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KOKKUVìTE 

Kªesolev viitedokument parima v»imaliku tehnika (PVT) kohaldamise kohta tººstuslikes 

jahutuss¿steemides (BREF-dokument) kajastab n»ukogu direktiivi 96/61/E¦ (IPPC kohta) artikli 

16 l»ike 2 kohast teabevahetust. Dokumendi puhul tuleb arvesse v»tta eess»na, milles kirjeldatakse 

dokumendi eesmªrki ja selle kasutamist. 

 

Saastuse kompleksse vªltimise ja kontrolli raames on tººstuslik jahutus mªªratletud horisontaalse 

k¿simusena. See tªhendab, et kªesolevas dokumendis hinnatakse parimat v»imalikku tehnikat 

(PVT) ilma jahutatava tººstusprotsessi p»hjaliku hindamiseta. Sellest olenemata kªsitletakse 

jahutuss¿steemi PVT kasutamist tººstusliku protsessi jahutusn»uete raames. Tunnistatakse, et PVT 

kasutamine protsessi jahutamiseks on keeruline k¿simus, mis tasakaalustab protsessi 

jahutusn»udeid, asukohaspetsiifilisi tegureid ja keskkonnan»udeid, v»imaldades selle rakendamist 

majanduslikult ja tehniliselt eluj»ulistel tingimustel. 

 

M»iste Ătººstuslikud jahutuss¿steemidñ viitab s¿steemidele, millega eemaldatakse liigne soojus 

mis tahes keskkonnast, kasutades soojusvahetust vee ja/v»i »huga, et alandada selle keskkonna 

temperatuur ¿mbritseva keskkonna tasemele. 

 

Kªesolevas dokumendis kirjeldatakse PVT-d selliste jahutuss¿steemide puhul, mida kªsitatakse 

tººstusliku protsessi tavapªrase toimimise abis¿steemidena. Tunnistatakse, et jahutuss¿steemi 

tººkindlus m»jutab positiivselt ka tººstusprotsessi tººkindlust. Kªesolevas BREF-dokumendis ei 

kªsitleta siiski jahutuss¿steemi toimimist seoses protsessi ohutusega. 

 

Kªesolevas dokumendis esitatakse terviklik lªhenemisviis, et leida PVT tººstuslikele 

jahutuss¿steemidele, tunnistades, et l»plik PVT lahendus on peamiselt asukohaspetsiifiline 

k¿simus. Jahutuss¿steemi valiku puhul saab kªesoleva lªhenemisviisi raames ¿ksnes arutada, 

millised elemendid on seotud jahutuss¿steemi keskkonnatoimega, mitte aga valida ja (mitte) 

kvalifitseerida m»nda rakendatavat jahutuss¿steemi. Kui kohaldatakse vªhendamismeetmeid, 

p¿¿takse PVT lªhenemisviisi puhul r»hutada sellega seotud keskkonnalisi ristm»jusid, r»hutades 

seega, et jahutuss¿steemide erinevate heidete vªhendamine vajab tasakaalustamist. 

 

P»hidokumendi viies peat¿kis kirjeldatakse PVT lªhenemisviisi, selle p»hik¿simusi ja 

p»him»tteid, jahutuss¿steeme ja nende keskkonnaaspekte, PVT peamisi tulemusi ning jªreldusi 

ja soovitusi edasiseks tººks. ¦heteistk¿mnes lisas esitatakse taustteavet jahutuss¿steemide 

projekteerimise ja kªitamise konkreetsete aspektide kohta ning nªiteid PVT lªhenemisviisi 

illustreerimiseks. 

 

 

1. Integreeritud lªhenemisviis 

 

PVT integreeritud lªhenemisviis kªsitleb jahutuss¿steemi keskkonnatoimet tººstusliku protsessi 

¿ldise keskkonnam»ju kontekstis. Selle eesmªrk on minimeerida nii jahutuss¿steemi toimimise 

kaudset kui ka otsest m»ju. See p»hineb kogemusel, et protsessi jahutamise keskkonnasªªstlikkus 

s»ltub suurel mªªral jahutuss¿steemi valikust ja konstruktsioonist. Seet»ttu keskendutakse uute 

kªitiste puhul heitkoguste vªltimisele sobiva jahutuskonfiguratsiooni valimise ning 

jahutuss¿steemi n»uetekohase projekteerimise ja ehitamise teel. Lisaks saavutatakse heitkoguste 

vªhendamine igapªevase tºº optimeerimisega. 

 

Olemasolevate jahutuss¿steemide puhul on l¿hiajaliselt vªhem v»imalusi heidete vªltimiseks 

tehnoloogiliste meetmete abil ning r»hk on heitkoguste vªhendamisel optimeeritud kªitamise ja 

s¿steemide juhtimise teel. Olemasolevate s¿steemide puhul v»ib suur hulk parameetreid, nagu 

ruum, kasutusressursside kªttesaadavus ja olemasolevad seadusandlikud piirangud, olla  
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fikseeritud ja jªtta vªhe v»imalusi muutusteks. Kªesolevas dokumendis esitatud ¿ldist PVT 

lªhenemisviisi v»ib siiski pidada pikaajaliseks eesmªrgiks, mis sobib olemasolevate kªitiste 

seadmete vªljavahetamise ts¿klitega. 

 

 

PVT lªhenemisviis tunnistab, et jahutus on paljude tººstusprotsesside oluline osa ja seda tuleks 

kªsitleda kui olulist elementi ¿ldises energiajuhtimiss¿steemis. Energia t»hus kasutamine 

tººstusprotsessides on keskkonna ja kulut»hususe seisukohast vªga oluline. PVT tªhendab 

eelk»ige seda, et enne jahutuss¿steemi optimeerimise meetmete v»tmist tuleb tªhelepanu pººrata 

tººstus- v»i tootmisprotsessi ¿ldisele energiat»hususele. ¦ldise energiat»hususe suurendamiseks 

p¿¿ab tººstus vªhendada mittetagastatava soojuse kogust, rakendades n»uetekohast 

energiajuhtimist ja v»ttes kasutusele mitmesuguseid integreeritud energiasªªstuprogramme. See 

h»lmab nii energiavahetust jahutatava tººstus- v»i tootmisprotsessi siseselt erinevate ¿ksuste 

vahel kui ka ¿hendusi vªljaspool seda protsessi ehk k»rvalolevate protsessidega. 

Tººstuspiirkondades valitseb suundumus soojuse taaskasutamise kontseptsiooni poole, kui 

tººstuspiirkonnad on omavahel seotud v»i kaugk¿tte v»i kasvuhoonetega ¿hendatud. Kui selle 

soojuse edasine tagastus ja taaskasutamine ei ole v»imalik, tuleb see v»ib-olla keskkonda suunata. 

 

Eristatakse madalat (10ï25 ÜC), keskmist (25ï60 ÜC) ja k»rget (60 ÜC) mittetagastatava soojuse 

taset. ¦ldiselt kasutatakse madala soojustaseme puhul mªrgjahutuss¿steeme ja k»rge soojustaseme 

puhul kuivjahutuss¿steeme. Keskmise taseme puhul ei eelistata ¿htegi jahutusp»him»tet ja leida 

v»ib erinevaid konfiguratsioone. 

 

Pªrast tººstus- v»i tootmisprotsessi ¿ldise energiat»hususe optimeerimist jªªb alles teatav hulk ja 

tase mittetagastatavat soojust ning selle soojuse hajutamiseks v»ib teha jahutuskonfiguratsiooni 

esimese valiku, tasakaalustades: 
- protsessi jahutusn»uded, 

- kªitise piirangud (sealhulgas kohalikud »igusaktid) ja 

- keskkonnan»uded. 

 

Tººstus- v»i tootmisprotsessi jahutusn»uded peavad alati olema tªidetud, et tagada protsessi 

usaldusvªªrsed tingimused, sealhulgas kªivitamine ja seiskamine. N»utav minimaalne 

protsessitemperatuur ja n»utav jahutusv»imsus peavad olema alati tagatud, et t»sta tººstus- v»i 

tootmisprotsessi t»husust ning vªhendada tootekadu ja heiteid keskkonda. Mida 

temperatuuritundlikumad on need protsessid, seda olulisem see on. 

 

Kªitise tingimused piiravad projekteerimisv»imalusi ja jahutuss¿steemi v»imalikke kasutusviise. 

Need on mªªratud kohaliku kliimaga, jahutus- ja heitvee kªttesaadavusega, ehitiste jaoks 

olemasoleva ruumiga ja ¿mbruskonna tundlikkusega heidete suhtes. S»ltuvalt protsessi n»uetest 

jahutusele ja n»utavast jahutusv»imsusest v»ib uue rajatise asukoha valik olla vªga oluline (nt 

suure k¿lmaveeallika lªhedus). Kui asukoha valik s»ltub muudest kriteeriumidest v»i kui tegemist 

on olemasolevate jahutuss¿steemidege, siis on protsessi jahutusn»uded ja asukoha omadused 

fikseeritud. 

 

Jahutamise puhul on oluline kohalik kliima, kuna see m»jutab l»pliku jahutusvee ja »hu 

temperatuuri. Kohalikku kliimat iseloomustab mªrja ja kuiva temperatuuri muster. ¦ldiselt 

projekteeritakse jahutuss¿steemid nii, et need tªidaksid jahutusn»udeid k»ige ebasoodsamates 

kliimatingimustes, mis v»ivad kohapeal esineda, st k»rgeima mªrja ja kuiva temperatuuriga. 

 

Jahutuss¿steemi valiku ja projekteerimise jªrgmise sammu eesmªrk on tªita PVT n»udeid, v»ttes 

arvesse jahutatava protsessi n»udeid ja kªitisega mªªratud piiranguid. See tªhendab, et r»hk on 

siinkohal sobivate materjalide ja seadmete valikul, et vªhendada hooldusn»udeid, h»lbustada 

jahutuss¿steemi toimimist ja keskkonnan»uete tªitmist. Lisaks soojuse eraldumisele keskkonda 

v»ib tekkida ka muid keskkonnam»jusid, nªiteks jahutuss¿steemide konditsioneerimiseks 

kasutatavate lisaainete heited. R»hutatakse, et kui on  
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v»imalik vªhendada hajutatava soojuse kogust ja taset, on tººstusliku jahutuss¿steemi 

keskkonnam»ju sellest tulenevalt vªiksem. 

PVT p»him»tteid saab kohaldada ka olemasolevatele jahutuss¿steemidele. Kªttesaadavad v»ivad 

olla tehnoloogilised v»imalused, nªiteks jahutustehnoloogia muutmine v»i olemasolevate 

seadmete v»i kasutatavate kemikaalide muutmine v»i modifitseerimine, kuid neid saab rakendada 

ainult piiratud ulatuses. 

 

 

2. Rakendatavad jahutuss¿steemid 

 

Jahutuss¿steemid p»hinevad termod¿naamilistel p»him»tetel ja on kavandatud selleks, et 

edendada soojusvahetust protsessi ja jahutusvedeliku vahel ning h»lbustada mittetagastatava 

soojuse eraldumist keskkonda. Tººstuslikud jahutuss¿steemid v»ib liigitada nende 

konstruktsiooni ja peamise jahutusp»him»tte jªrgi: jahutusainena kasutatakse vett, »hku v»i vee 

ja »hu kombinatsiooni. 

Soojusvahetust protsessikeskkonna ja jahutusaine vahel t»hustavad soojusvahetid. 

Soojusvahetitest edastab jahutusaine soojuse keskkonda. Avatud s¿steemides on jahutusaine 

kontaktis keskkonnaga. Suletud s¿steemides ringleb jahutusaine v»i protsessikeskkond torude v»i 

spiraalide sees ning ei puutu keskkonnaga otseselt kokku. 

 

Suure v»imsusega seadeldistes, kus on piisavalt jahutusvett ja vastuv»tvat pinnavett, kasutatakse 

tavaliselt lªbivoolus¿steeme. Kui tººkindel veeallikas ei ole kªttesaadav, kasutatakse 

ringlusvoolus¿steeme (jahutustorne). 

 

Avatud retsirkulatsioonitornides jahutatakse jahutusvesi kokkupuutel »huvooluga maha. Tornid on 

varustatud seadmetega, mis parandavad »hu ja vee kontakti. ìhuvoolu v»ib tekitada mehaanilise 

t»mbega, kasutades ventilaatoreid, v»i loomuliku t»mbega. Mehaanilise t»mbega tornid on laialt 

levinud nii vªikeste kui suurte v»imsuste puhul. Loomuliku t»mbega tornid on enamasti kasutusel 

suurte v»imsuste puhul (nt energeetikas). 

 

Suletud ringluss¿steemides jahutatakse torusid v»i spiraale, milles jahutusaine v»i 

protsessikeskkond ringleb, jahutades omakorda neis sisalduvat ainet. Mªrgades s¿steemides jahutab 

»huvool aurustumise teel torusid v»i spiraale, mida pihustatakse veega. Kuivades s¿steemides liigub 

torudest/spiraalidest mººda ainult »huvool. M»lema konstruktsiooni puhul v»ivad spiraalid olla 

varustatud lamellidega, mis suurendavad jahutuspinda ja seega ka jahutusm»ju. Tººstuses 

kasutatakse vªiksema v»imsuse puhul laialdaselt suletud ringlusega mªrgs¿steeme. Kuiva 

»hkjahutuse p»him»tet v»ib leida nii vªiksemates tººstuslikes kui ka suurtes elektrijaamades, kus 

ei ole piisavalt vett v»i on vesi vªga kallis. 

 

Avatud ja suletud h¿briidjahutuss¿steemid on spetsiaalsed mehaanilised tornikonstruktsioonid, 

mis v»imaldavad mªrg- ja kuivjahutust, et vªhendada nªhtava aurupilve teket. V»imalus kasutada 

s¿steeme (eelk»ige vªikeseid lahtrit¿¿pi seadmeid) madala »hutemperatuuriga perioodidel kuiva 

s¿steemina annab omakorda v»imaluse vªhendada iga-aastast veetarbimist ja nªhtava aurupilve 

moodustumist. 
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Tabel 1. Nªide erinevate tººstuslikes (mitte elektrijaamade) rakendustes kasutatavate 

jahutuss¿steemide tehniliste ja termod¿naamiliste omaduste kohta 

 

 
Jahutuss¿steem 

 

Jahutus-

keskkond 

 

Peamine 

jahutus-

p»him»te 

Miinimum -

tempera-

tuurivahe 

(K)
4)

 

Protsessikeskkonna 
minimaalne 

saavutatav 

l»pptemperatuur
5) 
(ÁC) 

Tººstusprotsessi 

v»imsus (MW th) 

Avatud lªbivoolu-

s¿steem ï otsene 
Vesi 

Juhtivus / 

konvektsioon 
3 ï 5 18 ï 20 <0,01 - > 2000 

Avatud lªbivoolu-

s¿steem ï kaudne 

Vesi Juhtivus / 

konvektsioon 
6 ï 10 21 ï 25 <0,01 - > 1000 

Avatud 

ringjahutuss¿steem ï 

otsene 

Vesi1) 

ìhk2)
 

 

Aurustumine3)
 

 

6 ï 10 
 

27 ï 31 
 

< 0,1 ï >2000 

Avatud 

ringjahutuss¿steem ï 

kaudne 

Vesi1) 

ìhk2)
 

 

Aurustumine3)
 

 

9 ï 15 
 

30 ï 36 
 

< 0,1 - > 200 

Suletud mªrg 

jahutuss¿steem 

Vesi1) 

ìhk2)
 

Aurustumine 

+ konvektsioon 
7 ï 14

7)
 28 ï 35 0,2 ï 10 

Suletud kuiv 

»hkjahutuss¿steem 
ìhk Konvektsioon 10 ï 15 40 ï 45 < 0,1 ï 100 

Avatud 
h¿briidjahutus 

Vesi1) 

ìhk2)
 

Aurustumine 

+ konvektsioon 
7 ï 14 28 ï 35 0,15 - 2,5 

6)
 

Suletud 

h¿briidjahutus 

Vesi1) 

ìhk2)
 

Aurustumine 

+ konvektsioon 
7 ï 14 28 ï 35 0,15 - 2,5 

6)
 

Mªrkused: 

1) Vesi on sekundaarne jahutuskeskkond ja seda kasutatakse enamasti ringlusena. Vee aurustumine annab soojuse ¿le »hku. 

2) ìhk on jahutuskeskkond, milles soojus kantakse ¿le keskkonda. 

3) Aurustumine on peamine jahutusprintsiip. Soojus kandub ¿le ka soojusjuhtivuse/konvektsiooni teel, kuid vªiksemas 

vahekorras. 

4) Temperatuurivahed seoses mªrg- v»i kuivtemperatuuriga.  
Tuleb lisada soojusvaheti ja jahutustorni temperatuurivahed. 

5) L»pptemperatuurid s»ltuvad asukoha kliimast (andmed kehtivad keskmiste Euroopa kliimatingimuste puhul: kuiv/mªrg 

temperatuur 30Á/21ÁC ja maksimaalne veetemperatuur 15ÁC. 

6) Vªikeste seadmete v»imsus ï mitme seadme kombinatsiooniga v»i spetsiaalselt ehitatud jahutusega on v»imalik 

saavutada suuremaid v»imsusi. 

7) Kui kohaldatakse kaudset s¿steemi v»i on kaasatud ka konvektsioon, suureneb temperatuurivahe selles nªites 3-5 K, mis 

toob kaasa protsessi temperatuuri t»usu. 

 

Tabelis on esitatud rakendatavate jahutuss¿steemide omadused antud kliimatingimustes. 

Jahutamise jªrel soojusvahetist vªljuva protsessikeskkonna l»pptemperatuur s»ltub jahutusaine 

temperatuurist ja jahutuss¿steemi konstruktsioonist. Vee erisoojusmahtuvus on suurem kui »hu 

oma ja seet»ttu on see parem jahutusaine. Jahutus»hu ja -vee temperatuur s»ltub kohalikust 

kuivast ja mªrjast temperatuurist. Mida k»rgemad on temperatuurid, seda raskem on protsessi 

madalate l»pptemperatuurideni jahutada. 

 

Protsessi l»pptemperatuuri saamiseks liidetakse kokku madalaim ¿mbritseva keskkonna 

(jahutusaine) temperatuur ja minimaalne n»utav temperatuurivahe jahutusaine (mis siseneb 

jahutuss¿steemi) ja protsessikeskkonna (mis vªljub jahutuss¿steemist) vahel ¿le soojusvaheti, 

mida nimetatakse ka (termiliseks) lªhenemiseks. Tehniliselt v»ib temperatuurivahe olla 

kavandatud vªga vªike, kuid kulud on pººrdv»rdelised selle suurusega. Mida vªiksem on 

temperatuurivahe, seda madalam v»ib olla protsessi l»pptemperatuur. Igal soojusvahetil on oma 

temperatuurivahe ja tªiendavate soojusvahetite puhul, mis on jªrjestikku, liidetakse k»ik 

temperatuurivahed jahutusaine temperatuurile (mis siseneb jahutuss¿steemi), et arvutada 

protsessis saavutatav l»pptemperatuur. Kaudsete jahutuss¿steemide puhul, kus rakendatakse 

tªiendavat jahutuskontuuri, kasutatakse ka tªiendavaid soojusvaheteid. See sekundaarne 

jahutuskontuur ja primaarne jahutuskontuur on ¿hendatud soojusvaheti kaudu. Kaudseid 

jahutuss¿steeme kasutatakse juhul, kui tuleb rangelt vªltida protsessiainete lekkimist keskkonda. 
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Energiatººstuses tavaliselt kasutatavate jahutuss¿steemide puhul on minimaalsed 

temperatuurivahed ja jahutusv»imsused m»nev»rra erinevad mitte-elektrijaamade rakendustest, 

sest aurukondensatsiooni protsessile kehtivad erin»uded. Erinevad temperatuurivahed ja 

asjakohased energiatootmisv»imsused on kokkuv»tlikult esitatud allpool. 

 

 
Tabel 2. Nªited erinevate jahutuss¿steemide v»imsuse ja termod¿naamiliste omaduste kohta 

energiatººstuses kasutatavate rakenduste puhul 

 

Jahutuss¿steem Rakendatud temperatuurivahed (K)  
Energiatootmisprotsessi 

v»imsus (MW th) 

Avatud lªbivoolus¿steemid 13-20 (l»pperinevus 3-5) < 2700 

Avatud mªrgjahutustorn 7-15 < 2700 

Avatud h¿briidjahutustorn 15-20 < 2500 

Kuiv »hkjahutusega kondensaator 15-25 <  900 

 

 

3. Rakendatud jahutuss¿steemide keskkonnaaspektid 
 

Jahutuss¿steemide keskkonnaaspektid varieeruvad s»ltuvalt kohaldatavast 

jahutuskonfiguratsioonist, kuid peamiselt keskendutakse ¿ldise energiat»hususe suurendamisele 

ja veekeskkonda eralduvate heitkoguste vªhendamisele. Tarbimine ja heitkogused on vªga 

asukohaspetsiifilised ja seal, kus neid on v»imalik kvantifitseerida, varieeruvad need suurel 

mªªral. Integreeritud PVT lªhenemisviisi filosoofia kohaselt tuleb iga keskkonnaaspekti ja 

sellega seotud vªhendamismeetmete hindamisel arvesse v»tta keskkonnalisi ristm»jusid. 

 

¶ Energiatarbimine 
 

Otsene ja kaudne erienergiatarbimine on oluline keskkonnaaspekt, mis on tªhtis k»igi 

jahutuss¿steemide puhul. Kaudne erienergiatarbimine on jahutatava protsessi energiatarbimine. 

See kaudne energiatarbimine v»ib suureneda kohaldatava jahutuskonfiguratsiooni 

mitteoptimaalse jahutusv»imsuse t»ttu, mis v»ib p»hjustada protsessi temperatuuri t»usu (K), 

ja seda vªljendatakse ¿hikutes kWe/MWth/K. 
Jahutuss¿steemi otsest energiatarbimist vªljendatakse ¿hikutes kWe/MW th ja see on 
jahutuss¿steemi k»igi energiat tarbivate seadmete (pumbad, ventilaatorid) poolt tarbitav 
energiakogus iga hajutatud MWth kohta. 

 

Meetmed kaudse energia erikulu vªhendamiseks on jªrgmised: 

- valida k»ige vªiksema kaudse energiatarbimisega jahutuskonfiguratsioon (¿ldiselt 

lªbivoolus¿steemid), 

- rakendada vªikeste temperatuurivahedega konstruktsiooni ning 

- vªhendada jahutuss¿steemi n»uetekohase hoolduse abil soojusvahetuse takistust. 

 

Nªiteks energiatººstuse puhul tªhendab ¿leminek lªbivoolujahutuselt ringjahutusele abiseadmete 

energiatarbimise suurenemist ja soojusringluse t»hususe vªhenemist. 

 

Otsese energiatarbimise vªhendamiseks on saadaval k»rgema kasuteguriga pumbad ja 

ventilaatorid. Protsessi takistusi ja r»hulangusi saab vªhendada jahutuss¿steemi projekteerimise 

ning madala takistusega triivik»rvaldajate ja tornitªidise rakendamisega. Pindade n»uetekohane 

mehaaniline v»i keemiline puhastamine sªilitab protsessi tºº ajal madala takistuse. 
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¶ Vesi 
 

Vesi on mªrgjahutuss¿steemide puhul oluline, sest see on peamine jahutusaine, kuid ka jahutusvee 

vªljavoolu vastuv»tukeskkond. Suurte veev»tukohtade puhul esineb kalade ja muude 

veeorganismide kaasat»mbamist ja s¿steemi sattumist. Suurte soojade veekoguste vªljavool v»ib 

samuti veekeskkonna seisundit m»jutada, kuid selle m»ju saab kontrolli all hoida, kui veev»tu ja 

vªljavoolu asukohad on sobivad ning hinnatakse loodete v»i suudmealade voolu, et tagada sooja 

vee piisav segunemine ja horisontaalne hajutamine. 
 

Vee kulu varieerub vahemikus 0,5 m3/h/MWth avatud h¿briidtorni puhul kuni 86 m3/h/MWth 
avatud lªbivoolus¿steemi puhul. Lªbivoolus¿steemide suurte veekoguste vªhendamine  eeldab 
¿leminekut ringjahutusele, samal ajal vªhendab see suurte koguste sooja jahutusvee vªljavoolu 
ning v»ib vªhendada ka kemikaalide ja jªªtmete heitkoguseid. Ringluss¿steemi veetarbimist saab 
vªhendada, suurendades ts¿klite arvu, parandades vee koostise kvaliteeti v»i optimeerides 
kohapeal v»i vªljaspool rajatist kªttesaadavate heitveeallikate kasutamist. M»lemad v»imalused 
n»uavad keerukat jahutusvee puhastamise programmi. H¿briidjahutus, mis v»imaldab m»nel 
perioodil aastas kuivjahutust, kui jahutusvajadus on vªiksem v»i kui »hutemperatuur on madal, ja 
v»ib seega vªhendada veetarbimist, sobib eelk»ige vªikeste lahtrit¿¿pi seadmete puhul. 

 

Veeorganismide sissev»tu ja s¿steemi sattumise vªhendamiseks kasutatakse sisselaskeava 

kujundust ja paigutust ning mitmesuguseid seadmeid (ekraanid, t»kked, valgus, heli). Seadmete 

m»ju s»ltub liigist. Kulud on suured ja meetmeid rakendatakse eelistatavalt uusehitiste korral. 

Vajaliku jahutusv»imsuse vªhendamine, kui see on v»imalik, suurendades soojustagastust, v»ib 

vªhendada sooja jahutusvee heiteid vastuv»tvasse pinnavette. 

 

 

¶ Soojuse eraldumine pinnavette 

 

Nagu eespool mainitud, v»ivad soojuse heited pinnavette avaldada vastuv»tvale pinnaveele 

keskkonnam»ju. M»jutavateks teguriteks on nªiteks vastuv»tva pinnavee olemasolev 

jahutusv»imsus, tegelik temperatuur ja pinnavee ºkoloogiline seisund. Jahutusveest tuleneva 

soojuse eraldumine pinnavette v»ib p»hjustada sooja suveperioodi jooksul temperatuuri t»usu ¿le 

keskkonnakvaliteedi normi. Kahe ºkoloogilise s¿steemi (l»he ja karpkala) puhul on soojusn»uded 

kaasatud direktiivi 78/659/EM¦. Soojusheite keskkonnam»ju puhul ei ole oluline mitte ainult 

tegelik temperatuur vees, vaid ka vettesuunatud soojusheitest tulenev temperatuurit»us 

segunemisvººndi piiril. Keskkonnam»ju ulatuse seisukohast on oluline pinnavette paisatava 

soojuse kogus ja tase, mis on seotud vastuv»tva pinnavee m»»tmetega. Olukordades, kus soojuse 

vªljavool toimub suhteliselt vªikestesse pinnaveekogudesse ja kuumaveepuhang j»uab j»e v»i 

kanali vastaskaldale, v»ib see tekitada t»kkeid l»helaste rªndele. 

Lisaks nendele m»judele v»ib soojusheite p»hjustatud k»rge temperatuur viia hingamistegevuse ja 

bioloogilise tootmise suurenemiseni (eutrofeerumine), mille tulemuseks on hapniku 

kontsentratsiooni vªhenemine vees. 

Jahutuss¿steemi projekteerimisel tuleb arvesse v»tta eespool nimetatud aspekte ja leida v»imalusi 

vªhendada pinnavette paisatavat soojust. 

 

 

¶ Ainete heited pinnavette 

 

Jahutuss¿steemidest tulenev heide pinnavette on p»hjustatud jªrgmisest: 
- rakendatavad jahutusvee lisandid ja nende reaktiivsed ained, 

- jahutustorni kaudu »hust sisenevad ained, 

- jahutuss¿steemide seadmete korrosioonist p»hjustatud korrosioonisaadused ning 

- protsessikemikaalide (toote) ja nende reaktsioonisaaduste lekkimine. 
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Jahutuss¿steemide n»uetekohane toimimine v»ib n»uda jahutusvee puhastamist, et vªltida 

seadmete korrosiooni, katlakivi ning mikro- ja makroorganismide teket. Avatud 

lªbivoolus¿steemide ja ringjahutuss¿steemide puhul on puhastusviisid erinevad. Viimati 

nimetatud s¿steemide puhul v»ivad jahutusvee puhastamise programmid olla vªga keerulised ja 

kasutatavate kemikaalide valik v»ib olla suur. Sellest tulenevalt on ka nende s¿steemide heidete 

tasemed vªljapesuvees vªga erinevad ja representatiivseid heitetasemeid on raske esitada. 

M»nikord tººdeldakse vªljapesuvett enne selle ªrajuhtimist. 

 

Oks¿deerivate biotsiidide heitkogused avatud lªbivoolus¿steemides, mida m»»detakse vaba 

oks¿deerijana vªljavoolus, varieeruvad 0,1 [mg FO/l] ja 0,5 [mg FO/l] vahel, s»ltuvalt 

doseerimismudelist ja -sagedusest. 

 

 
Tabel 3. Avatud ja ringjahutusega mªrgjahutuss¿steemides kasutatavad jahutusvee puhastuse 

keemilised komponendid 

 

 Veekvaliteedi probleemid 

Keemilise tººtluse 

nªited* 
Korrosioon Katlakivi  (Bio)saastumine 

 Lªbivoolu-

s¿steemid 

Ringlus-

s¿steemid 

Lªbivoolu-

s¿steemid 

Ringlus-

s¿steemid 

Lªbivoolu-

s¿steemid 

Ringlus-

s¿steemid 

Tsink  X     
Mol¿bdaadid  X     
Silikaadid  X     
Fosfonaadid  X  X   
Pol¿fosfonaadid  X  X   
Pol¿oolestrid    X   
Looduslikud orgaanilised 
ained 

   X   

Pol¿meerid (X)  (X) X   
Mitteoks¿deerivad 
biotsiidid 

     X 

Oks¿deerivad biotsiidid     X X 

* Kromaati ei kasutata selle suure keskkonnam»ju t»ttu enam laialdaselt. 

 
 

Kui valida kasutamiseks jahutusseadmed, mis on valmistatud materjalist, mis sobib keskkonda, 

kus need tººtavad, saab vªhendada lekkeid ja korrosiooni. Seda keskkonda kirjeldavad: 

- protsessitingimused, nªiteks temperatuur, r»hk, voolukiirus, 

- jahutatav keskkond ning 

- jahutusvee keemilised omadused. 

 

Soojusvahetite, torude, pumpade ja korpuste puhul kasutatavad materjalid on tavaliselt 

s¿sinikteras, vask-nikkel ja erineva kvaliteediga roostevaba teras, kuid ¿ha sagedamini kasutatakse 

ka titaani (Ti). Pinna kaitsmiseks kasutatakse ka katteid ja vªrve. 

 

 

¶ Biotsiidide kasutamine 

 

Avatud lªbivoolus¿steeme tººdeldakse makroorganismide vastu valdavalt oks¿deerivate 

biotsiididega. Kasutatavat kogust saab vªljendada aastas kasutatava oks¿deeriva lisandina, mida 
vªljendatakse kloori ekvivalendina MWth kohta seoses soojusvahetis v»i selle lªheduses esineva 

mªªrdumise tasemega. Lªbivoolus¿steemides oks¿datiivsete lisanditena halogeenide kasutamine 
p»hjustab keskkonnakoormust, peamiselt halogeenitud k»rvalsaaduste tekkimise kaudu. 
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Avatud ringluss¿steemides kasutatakse katlakivi, korrosiooni ja mikrosaastumise vastu vee 

eeltººtlust. Suhteliselt vªiksemate mahtude puhul kasutatakse edukalt alternatiivseid tººtlemisviise, 

nagu osoon ja UV-valgus, kuid need n»uavad spetsiifilisi protsessitingimusi ja v»ivad olla ¿sna 

kulukad. 

 

Jahutusvee vªljavoolu kahjulikke m»jusid vªhendavad operatiivsed meetmed on puhastusvee 

sulgemine lººkpuhastuse ajal ja vªljapesuvee tººtlemine enne vastuv»tvasse pinnavette suunamist. 

Vªljapesuvee puhastamisel reoveepuhastusrajatises tuleb jªlgida jªrelejªªnud biotsiidide 

aktiivsust, kuna see v»ib m»jutada mikroobipopulatsiooni. 

 

Heitvees sisalduvate heitkoguste vªhendamiseks ja veekeskkonnale avaldatava m»ju piiramiseks 

valitakse biotsiidid, mille eesmªrk on viia jahutuss¿steemide n»uded vastavusse vastuv»tva 

veekeskkonna tundlikkusega. 

 

 

¶ ìhuheited 

 

Kuivringlusega jahutustornidest vªljutatav »hk ei ole tavaliselt jahutamise k»ige olulisemaks 

aspektiks. Toote lekke korral v»ib tekkida saastumine, kuid seda saab vªltida n»uetekohase 

hoolduse abil. 

Mªrgjahutustornide vªljalaskes olevad tilgad v»ivad olla saastunud veepuhastuskemikaalide, 

mikroobide v»i korrosioonisaadustega. V»imalikke riske vªhendavad triivik»rvaldajate 

kasutamine ja optimeeritud veepuhastusprogramm. 

Veepuhangu tekkimist kaalutakse, kui tekib horisondi rikkumise efekt v»i kui on oht, et veepuhang 

j»uab kaldani. 

 

 

¶ M¿ra 
 

M¿raheide on suurte loomuliku t»mbega jahutustornide ja k»igi mehaaniliste jahutuss¿steemide 

puhul esinev kohalik probleem. Summutamata heliv»imsuse tasemed jªªvad vahemikku 70 

dB(A) (loomuliku t»mbega tornide puhul) kuni umbes 120 dB(A) (mehaaniliste tornide puhul). 

Varieeruvus tuleneb seadmete erinevustest ja m»»tmise kohast, kuna ka see on »hu sisselaske- ja 

vªljalaskeava vahel erinev. Peamisteks allikateks on ventilaatorid, pumbad ja langev vesi. 

 

 

¶ Riskiaspektid 
 

Jahutuss¿steemide riskiaspektid on seotud soojusvahetite lekete, kemikaalide ladustamise ja 

mªrgade jahutuss¿steemide puhul mikrobioloogilise saastumisega (nt legionelloos). 

 

Lekete ja mikrobioloogilise saastumise vªltimiseks kasutatakse ennetavat hooldust ja jªrelevalvet. 

Kui lekked v»ivad p»hjustada suure hulga veekeskkonnale kahjulike ainete vªljavoolu, kaalutakse 

kaudsete jahutuss¿steemide v»i eriliste ennetusmeetmete kasutamist. 

 

Legionella pneumophila (Lp) tekke vªltimiseks soovitatakse asjakohast veepuhastusprogrammi. 

Ei ole v»imalik kehtestada Lp kontsentratsiooni ¿lempiiri, m»»detuna kolooniaid moodustavate 

¿hikutena [CFU liitri kohta], millest madalamal ei ole ohtu oodata. Seda ohtu tuleb eriti arvesse 

v»tta hooldustººdel. 

 

 

¶ Jahutuss¿steemide kasutamisel tekkivad jªªgid 

 

Jªªkide ja jªªtmete kohta on vªhe andmeid. Jªªtmetena tuleb kªsitleda jahutusvee eelpuhastist v»i 

jahutustornide basseinist pªrinevaid setteid. Neid tººdeldakse ja k»rvaldatakse erineval moel,  
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s»ltuvalt nende mehaanilistest omadustest ja keemilisest koostisest. Nende 

kontsentratsioonitasemed s»ltuvad jahutusvee puhastamise programmist. 

 

Keskkonnaheiteid vªhendatakse veelgi, kasutades seadmete kaitsmiseks vªhem kahjulikke 

meetodeid ja valides materjali, mida saab pªrast jahutuss¿steemide seadmete kasutuselt 

k»rvaldamist v»i vªljavahetamist taaskasutada. 

 

 

4. Peamised jªreldused PVT kohta 
 

PVT v»i esmase PVT lªhenemisviis uute ja olemasolevate s¿steemide puhul on esitatud 4. 

peat¿kis. Jªreldused v»ib kokku v»tta jªrgmiselt. 

 

Tunnistatakse, et l»plik PVT lahendus on asukohaspetsiifiline lahendus, kuid m»nede k¿simuste 

puhul on v»imalik kindlaks mªªrata tehnikaid, mis on ¿ldine PVT. K»ikides olukordades tuleb 

uurida ja kasutada olemasolevaid ja kohaldatavaid v»imalusi soojuse taaskasutamiseks, et 

vªhendada mittetagastatava soojuse hulka ja taset, enne kui kaalutakse tººstuslikust protsessist 

pªrineva soojuse keskkonda juhtimist. 

 

K»ikide kªitiste puhul on PVT tehnoloogia, meetod v»i menetlus ning tººstusliku 

jahutuss¿steemi keskkonnam»ju vªhendamise integreeritud lªhenemisviisi tulemus, mis sªilitab 

tasakaalu nii otseste kui ka kaudsete m»jude vahel. Vªhendamismeetmeid tuleks kaaluda nii, et 

jahutuss¿steemi t»husus jªªks vªhemalt samaks v»i et t»hususe vªhenemine oleks t¿hine 

v»rreldes positiivse tulemusega keskkonnam»ju osas. 

 

Mitmete keskkonnaaspektide puhul on kindlaks tehtud tehnikad, mida v»ib pidada PVT 

lªhenemisviisi raames PVT-ks. Ei ole olnud v»imalik kindlaks mªªrata selgelt PVT-d jªªtmete 

vªhendamiseks v»i jªªtmete kªitlemiseks, vªltides samal ajal keskkonnaprobleeme, nagu pinnase 

ja vee saastumine v»i p»letamise puhul »hu saastumine. 

 

 

¶ Protsessi ja kªitise n»uded 

 

Valiku tegemisel mªrja, kuiva ja mªrja/kuiva jahutuse vahel, et vastata protsessi ja kªitise n»uetele, 

tuleks p¿¿da saavutada suurim ¿ldine energiat»husus. Suure ¿ldise energiat»hususe 

saavutamiseks, kui tººdeldakse suuri koguseid madala temperatuuriga (10ï25 ÜC) aineid, on PVT 

jahutada avatud lªbivoolus¿steemidega. Kui tegemist on uusehitisega, v»ib see »igustada sellise 

(rannikuªªrse) asukoha valimist, kus on tººkindlal moel kªttesaadavad suured jahutusveekogused 

ja mille pinnavee maht on piisav, et v»tta vastu suuri vªljavoolava jahutusvee koguseid. 

 

Kui jahutatakse ohtlikke aineid, mis (jahutuss¿steemi kaudu eraldudes) kujutavad endast suurt 

keskkonnaohtu, on PVT rakendada kaudseid jahutuss¿steeme, mis kasutavad 

sekundaarjahutuskontuuri. 

 

P»him»tteliselt tuleb vªhendada p»hjavee kasutamist jahutamiseks, nªiteks juhul, kui 

p»hjaveevarude ammendumist ei saa vªlistada. 

 

 

¶ Otsese energiatarbimise vªhendamine 

 

Jahutuss¿steemi vªhene otsene energiatarbimine saavutatakse vee- ja/v»i »hutakistuse 

vªhendamisega jahutuss¿steemis, rakendades madala energiatarbimisega seadmeid. Kui 

jahutatav protsess n»uab muutuvat tººd, on edukalt rakendatud »hu- ja veevoolu moduleerimist 

ning seda v»ib pidada PVT-ks. 

ix 
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¶ Vee tarbimise ja vee soojusheite vªhendamine 

 

Veetarbimise ja vee soojusheite vªhendamine on omavahel tihedalt seotud ning selleks on samad 

tehnoloogilised v»imalused. 

Jahutamiseks vajaliku vee kogus on seotud hajutatava soojuse kogusega. Mida suurem on 

jahutusvee korduvkasutamise tase, seda vªiksem on vajalik jahutusvee kogus. 

 

Jahutusvee ringlusse suunamine, kasutades avatud v»i suletud mªrga ringluss¿steemi, on PVT, kui 

vee kªttesaadavus on vªike v»i ebakindel. 

Ringluss¿steemi puhul v»ib ts¿klite arvu suurendamine olla PVT, kuid n»uded jahutusvee 

puhastamisele v»ivad olla piiravaks teguriks. 

PVT on kasutada triivik»rvaldajaid, et vªhendada triivi alla 0,01% kogu ringlusvoolust. 

 

 

¶ Kaasat»mbamise vªhendamine 

 

Kaasat»mbamise vªltimiseks v»i selle korral tekkivate kahjude vªhendamiseks on vªlja tººtatud 

palju erinevaid tehnikaid. Nende edu on olnud varieeruv ja asukohaspetsiifiline. Selget PVT-d ei 

ole kindlaks tehtud, kuid r»hku on pandud elupaiga anal¿¿sile, sest meetmete edukus ja 

eba»nnestumine s»ltuvad suuresti liikide kªitumisest ning sissevoolu n»uetekohasest 

kavandamisest ja paigutusest. 

 

 

¶ Keemiliste ainete veeheidete vªhendamine 

 

Koosk»las PVT lªhenemisviisiga tuleks kaaluda v»imalike tehnikate rakendamist veekeskkonda 

eralduvate heitkoguste vªhendamiseks ning seda jªrgmises jªrjekorras: 

 

1. vªiksema pinnavette paisatavate heitkoguste tasemega jahutuskonfiguratsiooni valimine, 

2. korrosioonikindlamate materjalide kasutamine jahutusseadmetes, 

3. protsessiainete jahutuskontuuri lekkimise vªltimine ja vªhendamine, 

4. jahutusvee alternatiivse (mittekeemilise) puhastuse kasutamine, 

5. jahutusvee lisaainete valimine nii, et vªheneks keskkonnam»ju, ning 

6. jahutusvee lisaainete optimeeritud kasutamine ( seire ja doseerimine). 

 

PVT on jahutusvee konditsioneerimise vajaduse vªhendamine, vªhendades n»uetekohase 

projekteerimise abil reostuse ja korrosiooni esinemist. Lªbivoolus¿steemide korraliku 

projekteerimise eesmªrk on vªltida stagnatsioonitsoone ja turbulentsi ning sªilitada vee 

minimaalne kiirus (soojusvahetite puhul 0,8 m/s, kondensaatorite puhul 1,5 m/s). 

 

PVT on valida vªga korrosiivses keskkonnas olevate ¿hekordsete s¿steemide jaoks materjal, mis 

h»lmab Ti v»i kvaliteetset roostevaba terast v»i muid sarnaste omadustega materjale, kui redutseeriv 

keskkond piiraks Ti kasutamist. 

 

Ringluss¿steemides on lisaks projekteerimismeetmetele PVT mªªrata kindlaks kohaldatavad 

kontsentratsioonits¿klid ja protsessiaine sººvitavus, et oleks v»imalik valida piisava 

korrosioonikindlusega materjal. 

Jahutustornide puhul on PVT kasutada sobivaid tªitet¿¿pe, v»ttes arvesse vee kvaliteeti (tahkete 

ainete sisaldus), eeldatavat saastumist, temperatuuri ja erosioonikindlust, ning valida 

konstruktsioonimaterjal, mis ei vaja keemilist konserveerimist. 

 

Keemiatººstuses kasutatava lenduvate korrosioonit»kestajate (VCI) kontseptsiooni eesmªrk on 

minimeerida protsessiainete lekke korral ohtu veekeskkonnale. See kontseptsioon seob 

protsessiaine keskkonnam»ju taseme n»utava jahutuskonfiguratsiooni ja seiren»uetega. Suurema 

v»imaliku keskkonnaohu korral  
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lekke korral toob see kontseptsioon kaasa parema korrosioonivastase toime, kaudse 

jahutuskonstruktsiooni ja jahutusvee suurema seiretaseme. 

 

 

¶ Heitkoguste vªhendamine jahutusvee optimeeritud puhastuse abil 

 

Oks¿deerivate biotsiidide kasutamise optimeerimine lªbivoolus¿steemides p»hineb biotsiidide 

doseerimise ajastamisel ja sagedusel. PVT-ks peetakse biotsiidide sisseviimise vªhendamist 

sihipªrase doseerimise abil koos makroorganismide liikide kªitumise jªlgimisega (nt ranna-

/j»ekarpide klappide liikumine) ja jahutusvee s¿steemis viibimise aja kasutamisega. S¿steemide 

puhul, kus erinevad jahutusvood on vªljavoolus segunenud, on impulsside vahelduv kloorimine 

PVT ja v»ib veelgi vªhendada vabade oks¿dantide kontsentratsiooni vªljavoolus. ¦ldiselt piisab 

lªbivoolus¿steemide katkendlikust puhastamisest, et vªltida saastumist. S»ltuvalt liikidest ja 

veetemperatuurist (¿le 10-12 ÁC) v»ib olla vajalik pidev madala tasemega puhastamine. 

 
Merevee puhul varieerub nende meetoditega seotud PVT-p»hine vaba jªªkoks¿deerija (FRO) tase 

heitvees s»ltuvalt rakendatavast doseerimisreģiimist (pidev ja katkendlik) ja 
doseerimiskontsentratsiooni tasemest ning jahutuss¿steemi konfiguratsioonist. Need jªªvad 

vahemikku 0,1ï0,5 mg/l, kusjuures 24 tunni keskmisena on vªªrtus 0,2 mg/l. 

 

PVT-l p»hineva veepuhastusmeetodi kasutuselev»tmisel, eelk»ige ringluss¿steemide puhul, kus 

kasutatakse mitteoks¿deerivaid biotsiide, on oluline teha teadlikke otsuseid selle kohta, millist 

veepuhastusreģiimi kohaldatakse ning kuidas seda tuleks kontrollida ja jªlgida. Sobiva 

puhastamiskorra valimine on keeruline ¿lesanne, mille puhul tuleb arvesse v»tta mitmeid 

kohalikke ja asukohaspetsiifilisi tegureid ning seostada need puhastuslisandite omadustega ning 

nende kasutamise koguste ja kombinatsioonidega. 

 

Et aidata kaasa kohalikul tasandil jahutusvee lisanditega seoses PVT kohta otsuste tegemisele, 

p¿¿ab BREF-dokument anda hindamisskeemi kohalikele asutustele, kes vastutavad saastuse 

kompleksse vªltimise ja kontrolli lubade vªljaandmise eest. 

 

Biotsiididirektiiv 98/8/E¦ reguleerib biotsiidide Euroopa turule viimist ja kªsitleb 

jahutuss¿steemides kasutatavaid biotsiide kui erikategooriat. Teabevahetusest selgub, et m»nes 

liikmesriigis on jahutusvee lisaainete kasutamise suhtes kehtestatud eriline hindamisreģiim. 

Tººstuslike jahutuss¿steemide alase teabevahetuse raames toimunud arutelu tulemuseks oli kaks 

kavandatud jahutusvee lisaainete kontseptsiooni, mida lubade andmisega tegelevad asutused 

saavad tªiendava vahendina kasutada: 

1. olemasolevatel kontseptsioonidel p»hinev hindamisvahend, mis v»imaldab jahutusvee 

lisaainete lihtsat suhtelist v»rdlemist seoses nende potentsiaalse m»juga veekeskkonnale 

(v»rdlushindamine, lisa VIII.1), 

2. kªitisekohaspetsiifiline hinnang vastuv»tvasse vette lastavate biotsiidide eeldatava m»ju 

kohta, lªhtudes biotsiidide direktiivi tulemustest ja kasutades p»hielementidena tulevase 

veepoliitika raamdirektiivi keskkonnakvaliteedi standardite (EQS) kehtestamise metoodikat 

(biotsiidide kohalik hindamine, lisa VIII.2). 

 

V»rdlushindamist v»ib vaadelda kui meetodit mitme alternatiivse jahutusvee lisaaine 

keskkonnam»ju v»rdlemiseks, samas kui biotsiidide kohalik hindamine annab m»»dupuu eeskªtt 

biotsiidide puhul PVT-ga sobiva lªhenemisviisi kindlaksmªªramiseks (PEC/PNEC <1). Kohalike 

hindamismeetodite kasutamine tººstuslike heitkoguste juhtimise vahendina on juba ¿ldlevinud 

praktika. 

xi 
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¶ ìhuheidete vªhendamine 

 

Jahutustorni kªitamisest »hku eralduvate heidete m»ju vªhendamine on seotud jahutusvee 

konditsioneerimise optimeerimisega, et vªhendada tilkade esinevaid kontsentratsioone. Kui 

peamine transpordimehhanism on triiv, peetakse PVT-ks triivik»rvaldajate kasutamist, mille 

tulemusena lªheb triividena kaduma vªhem kui 0,01% ringlusvoolust. 

 

 

¶ M¿ra vªhendamine 

 

Esmased meetmed on vªhese m¿raga seadmete kasutamine. Sellega seotud m¿ra vªhenemise tase 

on kuni 5 dB(A). 

Mehaaniliste jahutustornide sisse- ja vªljavoolu juures v»etavate sekundaarsete meetmete puhul 

on vastav m¿ra vªhenemise tase vªhemalt 15 dB(A) v»i enam. Tuleb mªrkida, et m¿ra 

vªhendamine, eelk»ige sekundaarsete meetmete abil, v»ib p»hjustada r»hulangust, mille 

kompenseerimiseks on vaja lisaenergiat. 

 

 

¶ Lekke- ja mikrobioloogilise riski vªhendamine 

 

PVT on: lekete vªltimine projekteerimise teel, tººtamine projekteeritud piirides, ning 

jahutuss¿steemi korrapªrane kontrollimine. 

Eelk»ige keemiatººstuse puhul peetakse veeheidete vªhendamisel PVT-ks rakendada 

ohutuskontseptsioonina lenduvate korrosioonit»kestajate (VCI) tehnikat, nagu eespool mainitud. 

 

Legionella pneumophila esinemist jahutuss¿steemis ei saa tªielikult vªltida. PVT-ks peetakse 

jªrgmiste meetmete rakendamist: 

- vªltida seisva veega tsoonide tekkimist ja hoida vee piisavat voolukiirust, 

- optimeerida jahutusvee puhastust, et vªhendada reostust ning vetikate ja amººbide kasvu ja 

paljunemist, 
- puhastada perioodiliselt jahutustorni basseini ning 

- vªhendada operaatorite hingamisteede haavatavust, andes neile tººtavasse ¿ksusesse 
sisenemisel v»i torni k»rgsurvepuhastuse ajal m¿ra- ja suukaitsevahendid. 

 

 

5. Uute ja olemasolevate s¿steemide eristamine 
 

K»iki peamisi PVT jªreldusi saab kohaldada uutele s¿steemidele. Kui see h»lmab tehnoloogilisi 

muudatusi, v»ib nende kohaldamine olemasolevate jahutuss¿steemide puhul olla piiratud. 

Seeriaviisiliselt toodetud vªikeste jahutustornide puhul peetakse tehnoloogia muutmist tehniliselt 

ja majanduslikult teostatavaks. Suurte s¿steemide puhul on tehnoloogilised muudatused ¿ldiselt 

kulukad ja n»uavad keerukat tehnilist ja majanduslikku hindamist, mis h»lmab suurt hulka 

tegureid. M»nel juhul v»ivad nendes suurtes s¿steemides olla teostatavad suhteliselt vªikesed 

kohandused, millega muudetakse vaid osa seadmetest. Suuremate tehnoloogiliste muudatuste 

puhul v»ib olla vajalik keskkonnam»ju ja kulude ¿ksikasjalik kaalumine ja hindamine. 

 

¦ldiselt on PVT uute ja olemasolevate s¿steemide puhul sarnane, kusjuures p»hir»hk on 

keskkonnam»ju vªhendamisel s¿steemi toimimise parandamise teel. See tªhendab jªrgmist: 

- jahutusvee puhastamise optimeerimine kontrollitud doseerimise ja jahutusvee lisaainete 

valiku abil, mille eesmªrk on vªhendada keskkonnam»ju, 
- seadmete korrapªrane hooldus ning 

- tººparameetrite, nªiteks soojusvaheti pinna korrosioonimªªra, jahutusvee keemilise koostise 
ning reostuse ja lekke mªªra jªlgimine. 
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Nªited tehnikatest, mida peetakse olemasolevatele jahutuss¿steemidele PVT-ks: 

- sobiva tªitematerjali kasutamine reostuse vastu v»itlemiseks, 

- pººrlevate seadmete asendamine madala m¿ratasemega seadmetega, 

- lekete vªltimine soojusvaheti torude seire teel, 

- k¿lgvooluna biofiltreerimine, 

- lisavee kvaliteedi parandamine ning 

- sihipªrane doseerimine lªbivoolus¿steemides. 

 

 

6. Jªreldused ja soovitused edaspidiseks tººks 
 

Kªesolev BREF-dokument on leidnud tehnilise tººr¿hma (TWG) suurt toetust. Tººstusliku 

jahutusprotsessi PVT hindamist ja kindlaksmªªramist peetakse ¿ldiselt keeruliseks ning vªga 

kªitise- ja protsessispetsiifiliseks, mis h»lmab paljusid tehnilisi ja kuluk¿simusi. Siiski on olemas 

selge toetus jahutuss¿steemide ¿ldise PVT kontseptsioonile, mis p»hineb BREF-dokumendi 

¿ldisel eess»nal ja 4. peat¿kis esitatud PVT sissejuhatusel. 

 

Teabevahetuse kªigus ilmnesid mitmed k¿simused, mille osas on kªesoleva BREF-dokumendi 

lªbivaatamisel vaja teha lisatººd. Jahutusvee puhastamise kohalik hindamine n»uab tªiendavat 

uurimist, kuidas v»tta arvesse k»iki asjakohaseid tegureid ja keemilisi omadusi, mis on kªitisega 

seotud, kuid samal ajal on vaja selgeid juhiseid ja toimivat protseduuri. Muud huvipakkuvad 

valdkonnad, kus oleks vaja teha tªiendavaid j»upingutusi, on seotud alternatiivsete jahutusvee 

puhastamise meetoditega, mikrobioloogilise riski minimeerimisega ja »huheidete 

asjakohasusega. 
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EESSìNA 
 

1. Kªesoleva dokumendi staatus 

 

Kui ei ole sªtestatud teisiti, tªhendab viide Ădirektiivileñ kªesolevas dokumendis n»ukogu 

direktiivi 96/61/E¦ saastuse kompleksse vªltimise ja kontrolli kohta. Kªesolev dokument on osa 

sarjast, milles esitatakse ELi liikmesriikide ja asjaomaste tººstusharude vahelise teabevahetuse 

tulemused parimate v»imalike tehnikate (PVT), seonduva seire ja nende arengu kohta. Selle 

avaldab Euroopa Komisjon vastavalt direktiivi artikli 16 l»ikele 2 ja seega tuleb seda vastavalt 

direktiivi IV lisale parimate v»imalike tehnikate kindlaksmªªramisel arvesse v»tta. 

 

2. IPPC-direktiivist tulenevad asjaomased »iguslikud kohustused ja PVT mªªratlus 

 

Et aidata lugejal m»ista »iguslikku konteksti, milles kªesolev dokument on koostatud, kirjeldatakse 

kªesolevas eess»nas m»ningaid IPPC-direktiivi k»ige asjakohasemaid sªtteid, sealhulgas m»iste 

Ăparim v»imalik tehnikañ mªªratlust. See kirjeldus on paratamatult ebatªielik ja esitatakse ¿ksnes 

teavitamise eesmªrgil. Sellel ei ole »iguslikku vªªrtust ning see ei muuda ega piira mingil viisil 

direktiivi tegelikke sªtteid. 

 

Direktiivi eesmªrk on saavutada direktiivi I lisas loetletud tegevustest tuleneva saastuse 

kompleksne vªltimine ja kontroll, mis viib keskkonna kui terviku k»rgetasemelise kaitsmiseni. 

Direktiivi »iguslik alus on seotud keskkonnakaitsega. Selle rakendamisel tuleks arvesse v»tta ka 

teisi ¿henduse eesmªrke, nagu ¿henduse tººstuse konkurentsiv»ime, aidates seelªbi kaasa 

sªªstvale arengule. 

 

Konkreetsemalt nªhakse ette lubade andmise s¿steem teatavate tººstusrajatiste kategooriate 

jaoks, mis n»uab nii kªitajatelt kui ka reguleerivatelt asutustelt terviklikku ja ¿ldist ¿levaadet 

rajatise saaste- ja tarbimispotentsiaalist. Sellise integreeritud lªhenemisviisi ¿ldine eesmªrk peab 

olema tººstusprotsesside juhtimise ja kontrolli parandamine, et tagada keskkonna kui terviku 

k»rgetasemeline kaitse. Selle lªhenemisviisi keskmes on artiklis 3 esitatud ¿ldp»him»te, et 

kªitajad peaksid v»tma k»ik asjakohased saaste vªltimise meetmed, eelk»ige rakendades parimat 

v»imalikku tehnikat, mis v»imaldab neil parandada oma keskkonnategevuse tulemuslikkust. 

 

M»iste Ăparim v»imalik tehnikañ on direktiivi artikli 2 l»ikes 11 mªªratletud kui Ătegevuste ja 

nende tººmeetodite k»ige t»husam ja tªiustatud arenguetapp, mis nªitab konkreetsete tehnikate 

praktilist sobivust, et anda p»him»tteliselt alus heite piirvªªrtustele, mille eesmªrk on vªltida ja 

kui see ei ole teostatav, siis ¿ldiselt vªhendada heiteid ja m»ju keskkonnale kui tervikuleñ. Artikli 

2 l»ikes 11 tªpsustatakse seda mªªratlust veelgi jªrgmiselt: 

 

Ătehnikañ h»lmab nii kasutatavat tehnoloogiat kui ka viisi, kuidas kªitis projekteeritakse, 

ehitatakse, hooldatakse, kªitatakse ja likvideeritakse; 

 

Ăv»imalikñ on tehnika, mis on vªlja tººtatud sellises ulatuses, mis v»imaldab seda asjaomases 

tººstussektoris majanduslikult ja tehniliselt eluj»ulistel tingimustel rakendada, v»ttes arvesse 

kulusid ja eeliseid, olenemata sellest, kas tehnikat kasutatakse v»i toodetakse k»nealuses 

liikmesriigis v»i mitte, eeldusel et see on kªitajale m»istlikult kªttesaadav; 

 

Ăparimñ on k»ige t»husam, et saavutada keskkonna kui terviku ¿ldine k»rge kaitsetase. 
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Lisaks sellele sisaldab direktiivi IV lisa loetelu Ăkaalutlustest, mida tuleb ¿ldiselt v»i konkreetsetel 

juhtudel PVT kindlaksmªªramisel arvesse v»tta ... pidades silmas meetme t»enªolist kulutasuvust 

ning ettevaatus- ja ennetusp»him»tteidñ. Need kaalutlused h»lmavad komisjoni poolt artikli 16 

l»ike 2 kohaselt avaldatud teavet. 

 

Loa vªljaandmise eest vastutavad pªdevad asutused peavad loa tingimuste kindlaksmªªramisel 

arvesse v»tma artiklis 3 sªtestatud ¿ldp»him»tteid. Need tingimused peavad sisaldama heite 

piirvªªrtusi, mida vajaduse korral tªiendatakse v»i asendatakse samavªªrsete parameetrite v»i 

tehniliste meetmetega. Vastavalt direktiivi artikli 9 l»ikele 4 peavad need heite piirvªªrtused, 

samavªªrsed parameetrid ja tehnilised meetmed ilma keskkonnakvaliteedi standardite jªrgimist 

piiramata p»hinema parimal v»imalikul tehnikal, ilma et oleks ette nªhtud mingi tehnika v»i 

konkreetse tehnoloogia kasutamine, kuid v»ttes arvesse asjaomase kªitise tehnilisi omadusi, selle 

geograafilist asukohta ja kohalikke keskkonnatingimusi. Igal juhul peavad loa tingimused 

sisaldama sªtteid kaug- v»i piiri¿lese saaste minimeerimise kohta ning tagama keskkonna kui 

terviku k»rgetasemelise kaitse. 

 

Direktiivi artikli 11 kohaselt on liikmesriigid kohustatud tagama, et pªdevad asutused jªrgivad 

parimate v»imalike tehnikate arengut v»i on neist teavitatud. 

 

3. Kªesoleva dokumendi eesmªrk 

 

Direktiivi artikli 16 l»ike 2 kohaselt peab komisjon korraldama Ăliikmesriikide ja asjaomaste 

tººstusharude vahelist teabevahetust parimate v»imalike tehnikate, nendega seotud seire ja nende 

arengu kohtañ ning avaldama teabevahetuse tulemused. 

 

Teabevahetuse eesmªrk on esitatud direktiivi p»hjenduses 25, kus on sªtestatud, et Ăparimat 

v»imalikku tehnikat kªsitleva teabe arendamine ja vahetamine ¿henduse tasandil aitab k»rvaldada 

tehnoloogilist tasakaalustamatust ¿henduses, soodustab ¿henduses kasutatavate piirvªªrtuste ja 

tehnikate levitamist kogu maailmas ning aitab liikmesriikidel kªesolevat direktiivi t»husalt 

rakendadañ. 

 

Komisjon (keskkonna peadirektoraat) asutas artikli 16 l»ike 2 kohase tºº toetamiseks 

teabevahetusfoorumi (IEF) ning IEFi raames on loodud mitu tehnilist tººr¿hma. Nii IEF kui ka 

tehnilised tººr¿hmad h»lmavad liikmesriikide ja tººstuse esindajaid, nagu on n»utud artikli 16 

l»ikes 2. 

 

Kªesoleva dokumendisarja eesmªrk on kajastada tªpselt artikli 16 l»ikes 2 n»utud teabevahetust 

ja anda loa andmisega tegelevale asutusele v»rdlusandmeid, mida ta v»ib loatingimuste 

kindlaksmªªramisel arvesse v»tta. Andes asjakohast teavet PVT kohta, peaksid need dokumendid 

olema keskkonnategevuse tulemuslikkuse edendamisel vªªrtuslikud vahendid. 

 

4. Teabeallikad 
 

Kªesolev dokument on kokkuv»te teabest, mis on kogutud mitmest allikast, sealhulgas eelk»ige 

komisjoni tºº abistamiseks loodud r¿hmade oskusteabest, ja mida komisjoni talitused on 

kontrollinud. K»igi panuste eest avaldatakse tªnu. 

 

5. Kuidas kªesolevat dokumenti m»ista ja kasutada 

 

Kªesolevas dokumendis esitatud teave on m»eldud kasutamiseks sisendina konkreetsete juhtude 

jaoks PVT kindlaksmªªramisel. PVT kindlaksmªªramisel ja PVT alusel loa tingimuste 

kehtestamisel tuleks alati arvesse v»tta ¿ldist eesmªrki saavutada keskkonna kui terviku 

k»rgetasemeline kaitse. 
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Kªesoleva jaotise ¿lejªªnud osas kirjeldatakse, millist teavet selle dokumendi igas jaotises 

esitatakse. 
 

1. peat¿kis antakse teavet tººstusprotsesside jahutamise kohta ja horisontaalse lªhenemisviisi 

kohta, mida tººstuslikele jahutuss¿steemidele rakendatava PVT tutvustamiseks kasutatakse. 
 

2. peat¿kis kirjeldatakse tººstuses tavaliselt kasutatavaid jahutuss¿steeme ja nende 

konfiguratsioone. Selles peat¿kis esitatakse m»ned seonduvad toimivusandmed ning antakse 

¿levaade asjakohastest keskkonnak¿simustest. 
 

3. peat¿kis kirjeldatakse p»hjalikumalt keskkonnak¿simusi seoses heidete vªhendamisega ja 

muude tehnikatega, mida peetakse k»ige asjakohasemaks, et mªªrata kindlaks PVT, seda nii 

¿ldiselt kui ka loatingimuste kehtestamise alusena. Vajaduse korral sisaldab see teave ka 

kohaldatavate jahutuss¿steemidega seotud tarbimis- ja heitetasemeid, mida peetakse 

saavutatavaks. Tehnikaid, mida ¿ldiselt peetakse vananenuks, ei ole kaasatud. 

 

Peat¿kk 4 kªsitleb esmase PVT lªhenemisviisi raames ¿ldist PVT-d, tunnistades, et 

jahutuss¿steemide puhul on PVT l»puks ikkagi asukohaspetsiifiline lahendus. 

 

5. peat¿kis esitatakse ¿ldine jªreldus tººstuslike jahutuss¿steemidega seotud teabevahetusprotsessi 

tulemuste kohta ja kirjeldatakse tulevase tºº elemente. 

 

Kaheteistk¿mnes lisas antakse tªiendavat teavet termod¿naamika, energia ja kªitamistegurite kohta, 

samuti teavet tehnikate ja tavade kohta, mida tuleb tººstusliku jahutuss¿steemi kªitamisel PVT 

rakendamisel arvestada. 

 

Eesmªrk on seega anda ¿ldised suunised heite- ja tarbimistasemete kohta, mida v»ib pidada 

asjakohaseks v»rdluspunktiks, et aidata kindlaks mªªrata PVT-l p»hinevaid loatingimusi v»i 

kehtestada artikli 9 l»ike 8 kohaseid ¿ldisi siduvaid eeskirju. Tuleb siiski r»hutada, et kªesolevas 

dokumendis ei tehta ettepanekuid heitkoguste piirvªªrtuste kohta. Asjakohaste loatingimuste 

kindlaksmªªramisel v»etakse arvesse kohalikke, asukohaspetsiifilisi tegureid, nagu asjaomase 

kªitise tehnilised omadused, geograafiline asukoht ja kohalikud keskkonnatingimused. 

Olemasolevate kªitiste puhul tuleb arvesse v»tta ka nende ajakohastamise majanduslikku ja 

tehnilist otstarbekust. Isegi ainueesmªrk, milleks on tagada keskkonna kui terviku k»rge 

kaitsetase, eeldab sageli kompromisside tegemist eri liiki keskkonnam»jude vahel ning neid 

otsuseid m»jutavad sageli kohalikud kaalutlused. 

 

Kuigi m»ningaid neist k¿simustest p¿¿takse kªsitleda, ei ole kªesolevas dokumendis v»imalik neid 

tªielikult anal¿¿sida. Seet»ttu ei pruugi 3. ja 4. peat¿kis esitatud meetodid ja tasemed olla k»ikide 

kªitiste puhul sobivad. Teisest k¿ljest tªhendab kohustus tagada keskkonna k»rge kaitsetase, kaasa 

arvatud kaug- v»i piiri¿lese saastuse minimeerimine, et loatingimusi ei saa kehtestada ¿ksnes 

kohalike kaalutluste alusel. Seet»ttu on ªªrmiselt oluline, et loa andvad asutused v»taksid 

kªesolevas dokumendis sisalduvat teavet tªielikult arvesse. 

 

Kuna PVT-d muutuvad aja jooksul, vaadatakse kªesolev dokument vastavalt vajadusele lªbi ja 

ajakohastatakse. K»ik mªrkused ja ettepanekud tuleks saata Euroopa saastuse kompleksse 

vªltimise ja kontrollimise b¿roole Tehnoloogiaprognooside Instituudis jªrgmisel aadressil: 

 
Edificio Expo-WTC; Inca Garcilaso s/n, E-41092 Seville ï Spain (Hispaania) 

Telefon: +34 95 4488 284 Faks: +34 95 4488 426 

E-post: eippcb@jrc.es 

Internet: http://eippcb.jrc.es 

 

http://eippcb.jrc.es/
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KOHALDAMISALA  

Kohaldamisala 

 

Kªesolev viitedokument tººstuslike jahutuss¿steemide PVT kohta on horisontaalne dokument, mis 

keskendub IPPC-direktiivi 1. lisas nimetatud tººstustegevuses tavaliselt kasutatavatele 

jahutuss¿steemidele. Vªga olulised tººstussektorid on kemikaalide, toiduainete, klaasi, raua ja 

terase, rafineerimistehaste, tselluloosi ja paberi ning p»letusrajatiste sektorid. Energiatººstuses on 

jahutamisega seoses kogutud v»rreldamatult rohkem teavet ja kogemusi. Samuti on 

energiatººstusel suhteliselt suurim otsene ja kaudne m»ju keskkonnale, kui jahutus ei ole 

optimaalne. Eraldi lisas pººratakse sellele sektorile erilist tªhelepanu ning hinnatakse v»imalikke 

erinevusi elektrijaamade ja muude tººstustegevuste vahel. Kuigi tuumaenergia tootmiseks 

m»eldud rajatised ei kuulu IPPC-direktiivi I lisa kohaldamisalasse, kªsitletakse kªesolevas 

dokumendis keskkonnatehnikaid, mida rakendatakse seoses nende rajatiste tavapªraste osade 

jahutuss¿steemidega. Vªikeste p»letusseadmete jahutuss¿steemid ja nii tººstus- kui 

kodumajapidamistes kasutatavad kliimaseadmed on vªlja jªetud. 

 

Kªesolevas viitedokumendis kasutatakse m»istet Ăjahutuss¿steemidñ ¿ksnes s¿steemide kohta, 

mis eemaldavad mis tahes keskkonnast heitsoojust, kasutades soojusvahetust vee ja/v»i »huga, et 

alandada selle keskkonna temperatuur ¿mbritseva keskkonna tasemele. See h»lmab ainult osa 

jahutuss¿steemidest, kuid ei h»lma selliseid k¿lmutusaineid nagu ammoniaak ja 

klorofluoros¿sivesinikud. Samuti ei hinnata otsekontaktiga jahutust ja baromeetrilisi 

kondensaatoreid, kuna neid peetakse liiga protsessispetsiifilisteks. Kªesolevas dokumendis 

kªsitletakse jªrgmisi tººstuslikke jahutuss¿steeme v»i -konfiguratsioone: 

 

¶ lªbivooluga jahutuss¿steemid (jahutustorniga v»i ilma), 

¶ avatud ringlusega jahutuss¿steemid (mªrgjahutustornid), 

¶ suletud ringlusega jahutuss¿steemid: 

- »hkjahutusega jahutuss¿steemid, 

- suletud ringlusega mªrgjahutuss¿steemid, 

¶ kombineeritud mªrg- ja kuivjahutuss¿steemid (h¿briidjahutuss¿steemid): 

- avatud h¿briidjahutustornid, 

- suletud ringlusega h¿briidtornid. 

 

Kªesolevas dokumendis kirjeldatakse PVT-d selliste jahutuss¿steemide jaoks, mida peetakse 

tººstusliku protsessi tavapªrase toimimise abis¿steemideks. Tunnistatakse, et jahutuss¿steemi 

tººkindlus m»jutab positiivselt ka tººstusprotsessi tººkindlust. Jahutuss¿steemi funktsioon seoses 

protsessi ohutusega ei kuulu siiski kªesoleva BREF-dokumendi kohaldamisalasse. 

 

Horisontaalse lªhenemisviisi raames tªhendab integreerimine k»igi asjakohaste 

keskkonnaaspektide ja nende omavaheliste seoste kªsitlemist, tunnistades samas, et erinevate 

aspektide tasakaalustamine n»uab eksperdihinnangut. Vajaduse korral osutatakse jahutuss¿steemi 

keskkonnam»ju asjakohasusele kogu tººstusprotsessi toimimise seisukohast. 

 

Dokumendis kªsitletakse jªrgmisi keskkonnaaspekte ning heidete vªhendamise meetodeid ja 

tehnikaid: 

¶ protsessi ja seadmete projekteerimise ning materjalide ja hoolduse m»ju, 

¶ ressursitarbimine (vesi, »hk, energia, keemilised ained), 

¶ kemikaalide ja soojuse heide nii vette kui »hku, 

¶ m¿ra- ja auruheitmed, 

¶ jªªtmeteke ning heide pinnasesse ja maismaaelupaikadesse, 

¶ riskiaspektid, 

¶ konkreetsetest s¿ndmustest (kªivitamine/seisakud) v»i vahejuhtumitest tulenev saastus ning 

¶ kªitiste tegevuse l»petamine. 



6 Tǀǀstuslikud jahutussǸsteemid 

 

 

Kohaldamisala 
 

Kªesolevas dokumendis antakse ¿levaade tººstuslikes jahutuss¿steemides kasutatavatest 

tehnikatest, kuid ei anta lahendusi selle kohta, milline on parim jahutuss¿steem, ning selle eesmªrk 

ei ole diskvalifitseerida ¿htegi olemasolevat rakendatavat s¿steemi. Samuti ei anta selles suuniseid 

selle kohta, kas protsess vajab ¿ldse jahutuss¿steemi. See tªhendab, et dokumendis ei kªsitleta 

¿ksikasjalikult jahutamist vajavaid tootmisprotsesse, mille puhul arutataks ¿ldisi energiat»hususe 

meetmeid. Jªrgitakse ¿ldist lªhenemisviisi, mis viib uue s¿steemi v»i olemasoleva jahutuss¿steemi 

optimeerimise meetmete tasakaalustatud valikuni, eesmªrgiga vªltida jahutuss¿steemide tººga 

seotud keskkonnaheiteid. 
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S»nastik 

Tººstuslike jahutuss¿steemide erinevate aspektide kohta kasutatav terminoloogia on vªga erinev 

ja sageli kasutatakse ¿he ja sama elemendi kohta erinevaid termineid. Segaduse ªrahoidmiseks ja 

selgitavate korduste vªltimiseks esitatakse kªesolevas punktis mitmete m»istete ja l¿hendite 

mªªratlused. 

 

 

Termod¿naamilised m»isted 

Temperatuurivahe (1) soojusjuhtivuse teel toimiva soojusvaheti puhul 

soojusvahetist vªljuva protsessikeskkonna temperatuuri 

ja soojusvahetisse siseneva jahutuskeskkonna 

temperatuuri erinevus, 
 

(2) soojusjuhtivuse teel toimiva soojusvaheti puhul 

soojusvahetist vªljuva protsessikeskkonna temperatuuri 

ja soojusvahetisse siseneva jahutuskeskkonna 

temperatuuri erinevus, 

 

(3) kondensaatoris vt l»pperinevus. 

 

Projekteeritud kuivtemperatuur  vªlis»hu temperatuur, mille jaoks soojusvaheti on  

projekteeritud. Tavaliselt kasutatakse 95% vªªrtusi ï 

95% ajast ei ¿letata projekteerimistemperatuuri. 

Kuivtemperatuur on tajutava soojus¿lekande jaoks 

oluline temperatuur. 

 
Projekteeritud mªrgtemperatuur madalaim temperatuur, milleni »hku saab adiabaatilise 

aurustumise teel jahutada. See on latentse 

soojus¿lekande jaoks oluline temperatuur. 

Projekteeritud mªrgtemperatuur on k¿llastunud »hu 

temperatuur, mida kasutatakse aurustava 

heitsoojusvaheti projekteerimisel. Tavaliselt 

kasutatakse 95% vªªrtusi ï 95% ajast ei ¿letata 

projekteerimistemperatuuri. Mªrgtemperatuur on alati 

madalam kui kuivtemperatuur. 

 

Soojuseraldusv»imsus soojuse kogus, mida jahutuss¿steem suudab eraldada,  

m»»detuna ¿hikutes kWth (v»i MW th). 
 

Latentne soojus¿lekanne soojus¿lekanne vee aurustumisel »hku. Vee aurustumise 

soojus¿lekandev»ime on palju suurem kui »hu 

soojus¿lekandev»ime. 

 

Heitsoojuse tase temperatuuritase, mille juures soojus tuleb ¿le kanda. 

S»ltuvalt protsessist tekib heitsoojus teatud 

temperatuuritasemel. 

 

LMTD  logaritmiline keskmine temperatuurierinevus on 

soojusvahetuse liikumapaneva j»u m»»t, mis s»ltub 

k¿lma voo (jahutusaine) ja jahutatava protsessivoo 

temperatuurist. 
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Vahemik soojusvaheti sisend- ja vªljundtemperatuuri vahe. 

 

Tajutav soojus¿lekanne Soojusjuhtivuse ja konvektsiooni kaudu toimuv  

soojus¿lekanne. 
 

L»pperinevus temperatuuride erinevus kondensaatoris. See vastab 

kondensaatorisse siseneva auru (v»i kondensaatorist 

vªljuva kondenseerunud auru) ja kondensaatorist 

vªljuva jahutuskeskkonna (vee) temperatuuri 

erinevusele. L»pperinevuse vªªrtused jªªvad 

vahemikku 3-5 K. 

 

Heitsoojus loomulik, kuid soovimatu, mittetagastatav soojus, mis 

tuleb tººstus- v»i tootmisprotsessidest eemaldada ja 

keskkonda suunata. 

 

 

Muud m»isted 

 

Parima v»imaliku tehnika lªhenemisviis kªesolevas dokumendis esitatud metoodika, et j»uda 

tººstuslike jahutuss¿steemide jaoks parima v»imaliku 

tehnika (PVT) mªªratluseni ja mªªrata kindlaks selle 

kohased tehnikad. 

 
Biokontsentratsioonitegur aine v»ime bioakumuleeruda, mis on mªªratletud kui suhe  

aine kontsentratsiooni vahel organismis ja selle 

kontsentratsiooni vahel vees (tasakaaluseisundis). 

Biokontsentratsioon mªªratakse alati eksperimendi teel. 

 

Vªljapesu (BD, kg/s) jahutuss¿steemi tahtlik t¿hjendamine, et tasakaalustada 

tahkete ainete suurenevat kontsentratsiooni 

jahutuss¿steemis; praktikas on see vesi, mis tuleb 

aurustavast jahutuss¿steemist vªlja v»tta, et 

kontsentratsioonits¿klit juhtida. See arvutatakse 

jªrgmiselt: BD = E*1/(x-1), kus E on aurustumiskadu ja 

x on kontsentratsioonitegur. Vªljapesu arvutamisel 

v»etakse tavaliselt arvesse ka muud kui aurustumiskaod, 

nagu tuulem»ju, triiv ja lekked. 
 

Biotsiid kemikaal, mis tapab soovimatuid organisme v»i 

aeglustab nende kasvu. Jahutusvees¿steemides tapab 

biotsiid makro- ja mikroorganisme ning aeglustab nende 

kasvu, vªhendades seelªbi orgaanilist saastust 

jahutuss¿steemis. K»ige olulisemad biotsiidid on: kloor, 

naatriumh¿poklorit, osoon, kvaternaarne ammoonium ja 

orgaaniline bromiid. 
 

Biotsiidivajadus biotsiidi kogus, mida vees olevad ained redutseerivad 

v»i muudavad biotsiidi inertseteks v»i vªhem 

aktiivseteks vormideks, v»i biotsiidi kogus, mis annab 

tªieliku reaktsiooni k»igi biotsiidiga reageerivate 

ainetega. 
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Biokeemiline hapnikutarve (BHT) vees olevate orgaaniliste ainete lagundamiseks vajaliku  

(nim. ka bioloogiliseks hapnikutarbeks) hapniku mªªr.  Suurem orgaaniline koormus n»uab  

suuremaid hapnikukoguseid ja v»ib vªhendada kaladele 

ja vee-elustikule kªttesaadava hapniku koguse allapoole 

vastuv»etavat taset. Seda saab hinnata standardse 5-

pªevase (BHT5) v»i 7-pªevase (BHT7) testi abil. 
 

Biokile ka mikroorganismid. Bakteriaalne kile, mis tekib mis 

tahes vette kastetud substraadil. See koosneb vetikatest 

ja sessiilsest mikroobipopulatsioonist, mis omakorda 

koosneb lima tootvatest bakteritest ja anaeroobsetest 

sulfaati redutseerivatest bakteritest. Mikrokile 

soodustab makroorganismide ladestumist. 

 

Murdepunkt  vees leiduva mustuse poolne oks¿deeriva biotsiidi 

vajadus, mis tuleb ¿letada, enne kui jahutusvees 

saavutatakse toimiv biotsiidikontsentratsioon. 
 

Keemiline hapnikutarve (KHT ) vees v»i heitvees (jahutusvees) sisalduvate anorgaaniliste  

ja orgaaniliste ainete hapnikutarbimise v»ime; keemilise 

oks¿deerija poolt konkreetses katses (tavaliselt 

dikromaadi oks¿deerimisega anal¿¿sis) tarbitud hapniku 

kogus. 

 

Pinnakattematerjalid  materjalid, mis kantakse pindadele, et moodustada kas 

vªhese h»»rdumisega pind pumpade v»imsuskadude 

vªhendamiseks v»i kaitsekiht erosiooni, korrosiooni ja 

saastumise vªhendamiseks. 
 

Kontsentratsioonitegur (CR) ka kontsentratsioonits¿kkel. Mis tahes konkreetse  

lahustunud aine ringlusse lastud jahutusvees leiduva 

kontsentratsiooni suhe selle aine lisavees leiduvasse 

kontsentratsiooni. Arvutatakse jªrgmiselt: CR = 

MU/BD, kus MU on lisavesi ja BD on vªljapesuvesi. 

 

Kondensaator jahuti, mida kasutatakse gaasivoo (v»i auru) 

kondenseerimiseks. Kondenseerimine esitab 

soojusvahetile lisan»udeid: ka aurumahule peab olema 

ruumi. Seet»ttu on elektrijaamade kondensaatorid 

ªªrmiselt suured ja spetsiaalselt projekteeritud. 

 

Jahutusaine jahutuskeskkonna s¿non¿¿m. Paljudel juhtudel on 

jahutusaineks vesi v»i »hk, kuid see v»ib olla ka vesi, mis 

on segatud jªªtumisvastase ainega, v»i mingi keskkond, 

nªiteks »li v»i gaas. 

 

Korrosioon v»ib mªªratleda kui metalli hªvimist keskkonnaga 

toimuva (elektro)keemilise reaktsiooni teel. 
 

Korrosioonit»kestajad keemilised ained, mis on v»imelised aeglustama vees 

toimuvat korrosiooniprotsessi. Nendeks on 

»huªrastusained, passiveerivad t»kestajad (nt kromaat, 

nitrit, mol¿bdaat ja ortofosfaat), sadestavad t»kestajad 

(tsinkfosfaat, kaltsiumkarbonaat ja kaltsiumortofosfaat) 

ning adsorptsiooni t»kestajad (gl¿tsiini derivaadid, 

alifaatsulfonaadid ja naatriumsilikaat). 
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Vastuvool p»him»te, mille puhul »hk voolab soojusvaheti sees 

protsessivedeliku suhtes vastupidises suunas. 

Vastuvoolutornides liigub »hk ¿lespoole, vastupidiselt 

jahutusvee allavoolule. Selline konstruktsioon tagab hea 

soojusvahetuse, sest k»ige jahedam »hk puutub kokku 

k»ige jahedama veega. Vee jaotamiseks kasutatakse 

kollektoreid ja pihustusd¿¿se. 

 

Ristvool p»him»te, mille puhul »hk voolab soojusvaheti sees 

protsessivedeliku suhtes risti. Ristvoolutornides voolab 

»hk horisontaalselt ¿le jahutusvee allavoolu. 

 
Kontsentratsioonits¿klid (ehk Ăts¿klidñ) on vªljapesuvees ja lisavees lahustunud  

tahkete ainete taseme v»rdlus. Seega on see mªªratletud 

vªljapesuvee soolakontsentratsiooni ja lisavee 

soolakontsentratsiooni suhtena. 

 

Dispergeerimisained ka dispergendid. Kemikaalid, mis takistavad vees 

olevate osakeste kasvu ja ladestumist, suurendades 

neeldumisest tulenevat elektrilaengut. Selle tulemusena 

t»rjuvad osakesed ¿ksteist ja jªªvad suspensioonina 

h»ljuma. 

 

Triivik»rvaldajad seadmed, mis muudavad »huvoolu suunda, tekitades 

tsentrifugaalj»u, et eraldada »hust veepiisad. 

 

Triivikadu  vee kadu vªikeste tilkadena, mis eralduvad 

tuulet»mbega »hku, mis vªljub jahutustorni tipust. 

 

Aurustuskadu (E, kg/s) jahutusvee mass, mis aurustava jahutuss¿steemi tººtamise  

ajal aja¿hiku jooksul aurustub. 
 

Vabad oks¿dandid (FO)/ vabade oks¿dantide sisaldus jahutusvees¿steemide heitvees. 
jªªkoks¿dantide koguhulk (TRO) Nimetatakse ka TRO v»i ¿ldklooriks (TC) v»i vabaks  

klooriks (FC). 

 

Vaba kasutatav kloor (FAC) vaba kloor kujutab endast h¿pokloorhappe (HOCl) ja  

v»i vaba jªªkkloor h¿pokloriti iooni (OCl-) tasakaalusegu jahutusvees¿steemis.  

M»lemad on oks¿deerijad, kuid OCl- on palju vªhem 

t»hus kui HOCl. 

 

Kareduse stabiliseerijad keemilised ained, mis veele lisatuna suudavad takistada 

karesoolade ladestumist, takistades 

kristalliseerumisprotsessi kristallide tuumade 

absorbeerimise teel. Sel viisil soodustatakse amorfsete 

kristallide kasvu, mida on suhteliselt lihtne 

suspensioonis hoida ja mis p»hjustavad vªhem 

ladestumist. 
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Ohtlikud ained ained v»i ainer¿hmad, millel on ¿ks v»i mitu ohtlikku 

omadust, nªiteks m¿rgisus, p¿sivus, bioakumulatiivsus, 

v»i mis on direktiivi 67/548 (ohtlike ainete direktiivi) 

kohaselt liigitatud inimesele v»i keskkonnale ohtlikuks. 

 

Makro organismid ebasoovitavad organismid jahutusvee ringlustes, mis on 

palja silmaga nªhtavad. Makroorganismideks on 

peamiselt ranna-/j»ekarbid, nuivªhid ja Serpulidae 

toruussid, mis katavad kontuuride seinad oma 

lubikodadega, niitjad organismid, nagu h¿droidid, ja 

muud organismid, nagu kªsnad, sammalloomad ja 

mantelloomad. 

 

Lisavesi (M, kg/s) mªªratletud kui kogu veemass aja¿hiku kohta, mis 

lisatakse s¿steemi, et kompenseerida aurustumisest ja 

vªljapesust tingitud veekadu. 

 
Maksimaalne lubatav riskitase aine kontsentratsioon pinnavees, mille puhul 95%  

liikidest on kaitstud. Olulised aspektid on m¿rgisus ja 

lagunevus. 

 

Mehaanilise t»mbega jahutustorn jahutustorn , mis on varustatud ventilaatoritega, mis  

suruvad (sundt»mme) v»i t»mbavad (indutseeritud 

t»mme) jahutus»hku lªbi torni. 

 

Mikroorgan ismid ka biokile. Bakteriaalne kile, mis tekib mis tahes vette 

kastetud substraadil. See koosneb vetikatest ja sessiilsest 

mikroobipopulatsioonist, mis omakorda koosneb lima 

tootvatest bakteritest ja anaeroobsetest sulfaati 

redutseerivatest bakteritest. Mikroorganismid 

soodustavad makroorganismide ladestumist. 

 

Loomuliku t»mbega jahutustorn suured jahutustornid, mis ei sisalda ventilaatoreid, kuid  

on projekteeritud nii, et jahutus»hu voolu tekitamiseks 

kasutatakse ªra torni siseneva »hu ja torni sees oleva 

soojema »hu tiheduse erinevust. 

 

Mitteoks¿deerivad biotsiidid enamasti orgaanilised ained, mida kasutatakse jahutusvee  

puhastamiseks, eelk»ige ringjahutuss¿steemides. Nende 

toime on spetsiifilisem kui oks¿deerivate biotsiidide 

oma, kuna nad oks¿deerivad m»ningaid liike t»husamalt 

kui teisi. Nad avaldavad oma m»ju mikroorganismidele, 

reageerides raku konkreetsete komponentidega v»i raku 

reaktsiooniteedega. 

 

Oks¿deerivad biotsiidid enamasti anorgaanilised ained, mida kasutatakse 

eelk»ige avatud lªbivoolus¿steemides veeorganismide 

vastu. Nad r¿ndavad organisme mittespetsiifilise 

mehhanismi kaudu. Biotsiid oks¿deerib rakuseina v»i 

siseneb rakku ja oks¿deerib raku komponendid. Need 

biotsiidid on kiiresti toimivad ja nende 

mittespetsiifilisuse t»ttu on neil laiem spekter kui 

mitteoks¿deerivatel biotsiididel. 
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Aurupilv  on aurustunud vee nªhtav taaskondenseerumine 

jahutustornist vªljuvas »hus. 

 

Sadestamisega pehmendamine Seda protsessi kasutatakse vee kareduse, leelisuse,

 rªnidioksiidi sisalduse ja muude koostisosade, 

vªhendamiseks. Vett tººdeldakse lubjaga v»i lubja ja 
sooda (karbonaatiooni) kombinatsiooniga. Sellisel viisil 

tººdeldakse sageli vett, mille karedus on m»»dukas v»i 
k»rge (150-500 ppm CaCO3). 

 

Protsessikeskkond viitab alati jahutatavale keskkonnale. 

 

Katlakivi teke  sadestumise protsess jahutusvee s¿steemis, mis toimub 

siis, kui soolade kontsentratsioon veekihis soojusvaheti 

lªhedal ¿letab nende lahustuvuse. 

 

Helir»hu tase (Lp) heli vastuv»tmise m»»t¿hik ï heli hulk kindlaksmªªratud  

suunas ja kaugusel heliallikast. Selle m»»t¿hikuks on 

dB sagedusvahemiku kohta v»i A-kaalutud dB(A). See 

m»»dik on logaritmiline, mis tªhendab, et helir»hu 

taseme kahekordistumine on v»rdne 6 dB(A) t»usuga. 

 

Heliv»imsuse tase (Lw) heli kiirgamise m»»t¿hik ï heliallikast kiiratava helienergia  

hulk. Selle m»»t¿hikuks on dB sagedusala kohta v»i A 

kaalutud dB(A). See m»»dik on logaritmiline, mis 

tªhendab, et heliv»imsuse taseme kahekordistamine on 

v»rdne 3 dB(A) t»usuga. 

 

H¿drauliline poolestusaeg aeg, mis on vajalik, et vªhendada mittelaguneva ¿hendi 

kontsentratsiooni 50%-ni selle algkontsentratsioonist. 

 
Kogu kªttesaadav kloor (TAC)  / vaba kloori ja kombineeritud kloori summa, kusjuures  

kogu jªªkkloor (TRC) kombineeritud kloor on klooramiinides v»i muudes N-C  

sidemetega ¿hendites sisalduv kasutatav kloor 

jahutusvees¿steemis. 

 
Jªªkoks¿dantide koguhulk (TRO) oks¿dantide maht jahutusvees¿steemis, mis on m»»detud  

stºhhiomeetrilise meetodi abil (Ăjodiid.jodiinñ). TRO on 

arvuliselt ja tººp»hiselt samavªªrne TRC ja TAC-ga. 

 

Muudetava kiirusega ajam mootori kiiruse reguleerimise viis, tavaliselt 

elektrooniliselt, kasutades inverterit. Kiirust v»ib muuta 

kªsitsi, kuid sagedamini reguleeritakse seda protsessist 

saadava signaali, nt r»hu, vooluhulga, nivoo jne kaudu. 
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L¿hendid 

 
L¿hend Selgitus Lk number  

   
ACC ìhkjahutusega kondensaator 304 

AOX Adsorbeeruvad orgaanilised halogeenid (X = Cl, Br) 98 

ATP Adenosiintrifosfaat 103 

PVT Parim v»imalik tehnika 1 

BCDMH Bromoklorodimet¿¿lh¿dantoiin 212 

BCF Biokontsentratsioonitegur 245 

BNPD Broomnitropropaandiool 130 

BNS Ç-bromo-Ç-nitrost¿reen 98 

BHT Biokeemiline hapnikutarve (ka bioloogiline hapnikutarve) 23 

BPM Parim praktiline vahend 108 

BREF BREF-dokument 5 

BTM Parim tehniline vahend 108 

CCA Vasksulfaat, kaaliumdikromaat, arseenpentoksiid 132 

CFU Kolooniaid moodustavad ¿hikud 154 

KHT Keemiline hapnikutarve 23 

CWS Jahutusvee s¿steem 26 

DBNPA Dibromo-nitrilopropionamiid 95 

DPD N-N-diet¿¿l-p-fen¿leendiamiin 103 

EDF Electricit® de France 36 

EIPPCB Euroopa Saastuse Kompleksse Vªltimise ja Kontrolli B¿roo 3 

EOX Ekstraheeritavad orgaanilised halogeenid (X= Cl, Br) 278 

EQS Keskkonnakvaliteedi standard 10 

EUR v»i ú Euroopa raha¿hik 48 

FAC Vabalt kªttesaadav kloor 24 

FO Vaba oks¿dant 11 

FRO Vaba jªªkoks¿dant 15 

IEF Teabevahetusfoorum 2 

ú v»i EUR Euroopa raha¿hik 10 

kWth or kWe 1000 vatti (soojuslik v»i elektriline) 9 

LD Leegionªride haigus 128 

Lp Legionella pneumpophila 128 

mg/l Milligrammi liitri kohta 15 

MBT Met¿leen(bis)tiots¿anaat 98 

MIC Mikrobioloogiliselt m»jutatud korrosioon 205 

Mt or Mt Meetertonn 188 

MW th or MWe 1 000 000 vatti (soojus- v»i elektrienergia) 8 

mwg meeter-veevool 82 

Nf Naegleria fowleri 128 

NOEC Tªheldatav m»jutase puudub 82 

PEC Prognoositav kontsentratsioon keskkonnas 15 

PHMB Pol¿heksamet¿leenbiguaniidkloriid (QAC) 130 

PNEC Prognoositav tªheldatav m»jutase puudub 15 
Pow Jaotuskoefitsient n-oktanooli ja vee faasides 108 

ppm Osakest miljoni kohta 26 

RIZA Hollandi veemajandusinstituut, mis tegeleb siseveekogude majandamise 
ja reoveepuhastusega 

155 

QAC Kvaternaarsed ammooniumi¿hendid 130 

QSARs Kvantitatiivne struktuuri-aktiivsuse suhe 245 

TBTO Tribut¿¿ltinoksiid 105 

TDS Lahustunud tahked ained kokku 263 

TEMA Torusoojusvahetite tootjate ¿hendus 194 

THM Trihalometaanid 211 

TOC Kogu orgaaniline s¿sinik 221 
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TRO Kogu jªªkoks¿deerija 24 

TWG Tehniline tººr¿hm 17 

UV Ultraviolett (valgus) 95 

VCI Saksamaa Keemiatººstuse Liit 14 

VDI  Saksa Inseneride Liit (Verein Deutscher Ingenieure) 118 

VFD Muudetava sagedusega ajam 290 

WFD Veepoliitika raamdirektiiv (v»etakse vastu edaspidi) 144 
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1 ¦LDINE PVT KONTSEPTSIOON T¥¥STUSLIKE 

JAHUTUSS¦STEEMIDE JAOKS 

Paljudes tººstuslikes protsessides tuleb soojus eemaldada nn heitsoojuse eemaldamise s¿steemi ehk 

jahutuss¿steemi abil. Nende jahutuss¿steemide kªitamisel on teatavad keskkonnam»jud. 

Keskkonnam»jude tase ja iseloom varieerub s»ltuvalt jahutusp»him»ttest ja nende s¿steemide 

kasutusviisist. Selle m»ju minimeerimiseks v»ib jªrgida lªhenemisviisi, mille eesmªrk on 

n»uetekohase projekteerimise ja tehnika valiku abil heiteid vªltida. 

 

Saastuse kompleksse vªltimise ja kontrolli raames tuleks jahutamist kªsitleda kui tººstusprotsessi 

¿ldise energiajuhtimise integreeritud osa. Eesmªrk peaks olema ¿he protsessi ¿leliigse soojuse 

taaskasutamine sama protsessi teistes osades v»i teistes kohapealsetes protsessides, et minimeerida 

heitsoojuse keskkonda suunamise vajadust. See m»jutab protsessi ¿ldist energiat»husust ja 

vªhendab n»udlust jahutuse jªrele, s¿steemi n»utavat v»imsust ja selle kasutamisn»udeid. 

Energiat»hususe optimeerimine on siiski keeruline ¿lesanne ja seda peetakse vªga 

protsessispetsiifiliseks ning seet»ttu jªªb see vªljapoole kªesoleva horisontaaldokumendi 

kohaldamisala. Kui kohapealse taaskasutamise v»imalused puuduvad, ei pea see automaatselt 

viima soojuse keskkonda heitmiseni, vaid kaaluda v»ib soojuse taaskasutamise v»imalusi 

vªljaspool kªitist, kas tººstuslikuks v»i tsiviilotstarbeks. Ja l»puks, kui soojuse taaskasutamise 

v»imalused on otsa saanud, tuleb kaaluda ¿leliigse soojuse keskkonda juhtimist. 

 

Kui eemaldatava soojuse hulk on hinnatud, saab otsustada sobiva jahutuss¿steemi esmase valiku 

¿le. Suur osa jahutuss¿steemi tººst tulenevatest keskkonnam»judest on muudetav n»uetekohase 

projekteerimise ja »ige materjali valimisega, v»ttes arvesse protsessi n»udeid ja kohalikke aspekte. 

On teatatud, et 80% jahutuss¿steemi j»udlusest mªªrab ªra juba projekteerimine ja 20% see, kuidas 

jahutuss¿steemi kªitatakse (nn 80/20 reegel). Paljud erinevad tegurid vajavad tasakaalustamist, et 

hinnata, milline on PVT, et vªhendada jahutamise keskkonnam»ju. Algusest peale on oluline 

m»ista, et jahutuss¿steem on tººstusliku protsessi jaoks abis¿steem, kuid ¿ldiselt oluline ja 

integreeritud s¿steem, ning et iga jahutusprotsessis tehtud muudatus v»ib potentsiaalselt m»jutada 

jahutatava tººstus- v»i tootmisprotsessi tulemuslikkust. 

 

Seet»ttu tuleks jahutuss¿steemide tarbimise ja heidete integreeritud hindamisel ning jahutustehnika 

rakendamise ¿le otsustamisel v»tta arvesse tehase kogu keskkonnam»ju ja jahutatava protsessi 

n»udeid, mis l»ppkokkuv»ttes tasakaalustatakse kuludega. Vajalik jahutuse tase peab olema 

tagatud, kusjuures selle tagajªrjed keskkonnale peavad olema minimaalsed. Vajalik jahutustase on 

protsessispetsiifiline. Kui m»ned protsessid v»ivad taluda teatavat ajutist temperatuuri t»usu, siis 

teised temperatuuritundlikumad protsessid ei pruugi seda taluda ning see m»jutab oluliselt kogu 

tehase keskkonnasooritust. 

 

Vastavalt IPPB-direktiivile tuleb kªesolevas BREF-dokumendis kªsitletavate jahutuss¿steemide 

keskkonnatoimet parandada PVT abil. K¿simus on selles, kas ja kuidas saab jahutuss¿steemide 

puhul mªªrata PVT-d ¿ldises m»ttes, kusjuures l»plik otsus selle kohta, mis on parim, on kindlasti 

kohalik k¿simus, mis vastab konkreetsetele protsessi-, keskkonna- ja majandusn»uetele. Et PVT 

kindlaksmªªramise keerulist protsessi struktureerida ja mingil viisil lihtsustada, jªrgitakse 

kªesolevas dokumendis eespool kirjeldatud ja joonisel 1.1 esitatud lªhenemisviisi. See 

lªhenemisviis peaks viima tasakaalustatud otsuseni jahutamiseks sobiva s¿steemi kasutamise kohta 

ja selle PVT alusel optimeerimise kohta ning seda nii uutes kui ka olemasolevates olukordades. 

 

PVT kontseptsioon koosneb jªrgmistest etappidest, mille eesmªrk on vªhendada heiteid ja 

minimeerida keskkonnam»ju: 
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¶ l»pliku toodetava heitsoojuse taseme vªhendamine, v»ttes arvesse taaskasutusv»imalusi, 

¶ protsessi n»uete mªªratlemine, 

¶ kªitise ¿ldiste tingimuste arvessev»tmine, 

¶ keskkonnan»uete hindamine: 

- ressursitarbimise minimeerimise v»imalused, 

- heidete vªhendamise v»imalused, 

¶ s¿steemi kªitamise arendamine (hooldus, seire ja riskide vªltimine), 

¶ majanduslike n»uete kohaldamine. 

 

Joonisel 1.1 on esitatud PVT lªhenemisviis, mis nªitab tººstusliku jahutuss¿steemi PVT mªªramisel 

k»ige asjakohasemaid tegureid. Selguse huvides ei ole sellesse skeemi lisatud k»iki seoseid, mida 

on v»imalik jahutuse eri aspektide vahel luua. Nªiteks on olemas seos helisummutusmeetmete ja 

konkreetse otsese energiatarbimise vªhendamise vahel ning jahutuss¿steemi saavutatav minimaalne 

l»pptemperatuur on piiratud kohalike kliimatingimustega. 

 

Jªrgmistes punktides kªsitletakse PVT lªhenemisviisi lªhemalt, v»ttes arvesse tººstuslike 

jahutuss¿steemide kªitamise ¿ldp»him»tteid ja nªidates v»imaluse korral, mida PVT kohaldamine 

IPPC-direktiivi vaimus tªhendab. Selline optimeerimine ei saa oma olemuselt olla erinevate 

lahenduste tªpne matemaatiline v»rdlus. Optimeerimisprotsess sisaldab sarnast vªljakutset k»igi 

keskkonnatasakaalude puhul, sest n»uab erinevate keskkonnam»jude v»rdlemist ja otsustamist selle 

kohta, millised neist on k»ige vªhem t»sised v»i k»ige vastuv»etavamad. Sellest hoolimata on 

soovitatud PVT lªhenemisviisi eesmªrk anda olulist teavet erinevate lahenduste m»ju kohta 

keskkonnale, kulude ja riskide kohta ning m»jutavate tegurite kohta. Selle teabe p»hjal saab teha 

otsuse, mis on palju p»hjendatum kui keskendumine ainult ¿he teguri (nt veev»tu, energiatarbimise, 

aurupilvede v»i m¿rataseme jne) optimeerimisele. 

 

Nªiteid tuuakse pigem muudatuste suuna nªitamiseks kui konkreetsete heitkoguste v»i 

vªhendamiste tªpsustamiseks. Vajaduse korral esitatakse andmed v»i viidatakse lisadele, kuid 

enamiku tegurite puhul on andmed ressursikasutuse ja jahutuss¿steemide heitkoguste kohta kas 

piiratud v»i on need liiga spetsiifilised, et olla ¿ldiselt kohaldatavad. 

 

Kokkuv»tvalt v»ib ºelda, et jahutuss¿steemi hindamine, mille kªigus tasakaalustatakse erinevaid 

tegureid, p»hineb jªrgmistel punktidel: 

¶ jahutatava protsessi n»uded on jahutuss¿steemi keskkonnam»ju vªhendamise meetmete suhtes 

¿limuslikud, 

¶ PVT lªhenemisviisi kohaldamise eesmªrk ei ole mitte ¿hegi 2. peat¿kis kirjeldatud 

konfiguratsiooni k»rvalejªtmine, 

¶ PVT lªhenemisviis annab uute kªitiste projekteerimisfaasis rohkem vabadust optimeerimiseks ja 

heidete vªltimiseks, kuid ka olemasolevate kªitiste puhul tuleks kaaluda projekteerimisv»imalusi, 

¶ jªrelikult eeldatakse, et olemasolevate kªitiste puhul alustatakse PVT lªhenemisviisi kasutamist 

edasipidi, jªrjestikustes hindamisetappides, 

¶ keskkonnam»ju taseme osas v»ib veel eristada suuri eritellimusel valmistatud jahutuss¿steeme ja 

vªiksemaid s¿steeme (seeriatootmisest), 

¶ optimeerimist tuleks vaadelda kui projekteerimisv»imaluste, vªhendamismeetodite ja heade 

kªitamistavade rakendamist, 

¶ PVT lªhenemisviisist tulenev heitkoguste vªhendamise tase ei ole prognoositav, vaid s»ltub 

jahutuss¿steemile esitatavatest n»uetest, 

¶ PVT lªhenemisviisi eesmªrk on jahutuss¿steemi kªitamine viisil, mis tasakaalustab jahutatava 

protsessi ja kohalike keskkonnaeesmªrkide n»uded, 

¶ tasakaalustatud valiku tegemisel on kasulikud valikukavad ning 

¶ l»puks on igal tasakaalustatud tulemusel teatav keskkonnam»ju. 
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Joonis 1.1 Struktuurne ¿levaade heitsoojust eraldavate s¿steemide PVT kindlaksmªªramisega seotud teguritest 

[tm134, Eurovent, 1998] 
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Joonis 1.1: (jªtk): Struktuurne ¿levaade heitsoojust eraldavate s¿steemide PVT kindlaksmªªramisega seotud teguritest 

[tm134, Eurovent, 1998] 
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Biol. riskid  
(Ä 3.7) 

Nt vastupidavad 
materjalid  
(IV lisa) 

3b. Keskkonnapii-
ranguid tŅitva 
jahutussǸsteemi 
tǸǸbi vƿi konstrukt-
siooni valik 

3c. Majandusliku 
tƿhususe 
saavutava 

jahutustehnoloogia 
ja konstruktsiooni 

valik 

4. Heitsoojuse 
eemaldamise 
tehnoloogia 
optimeerimine 
(jahutussǸsteemi 
projekteerimine), et 
vŅhendada energia- ja 
veetarbimist ning 
heiteid 

 
5. JahutussǸsteemi 
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1.1 Kuumuse allikad, kuumuse tasemed ja rakendusvahemikud 

K»ik tººstus- ja tootmisprotsessid, mis kasutavad energiat, muundavad erinevaid energiavorme 

(mehaanilist, keemilist, elektrilist jne) soojuseks ja m¿raks. S»ltuvalt protsessist ei saa seda 

soojust alati tªielikult tagastada ja/v»i taaskasutada, vaid see tuleb protsessist jahutamise teel 

eemaldada. Mittetagastatavat soojuse kogust v»ib nimetada heitsoojuseks ja see tuleb viia 

keskkonda, mis toimib soojuse neelajana. Allpool on nimetatud mitmeid protsesse, mille puhul 

tekib eriti palju heitsoojust ja esineb suur vajadus jahutamise jªrele. Paljudes protsessides on 

erinevaid heitsoojuse allikaid ja neil on erinevad tasemed: k»rge (¿le 60 ÁC), keskmine (25ï60 

ÁC) ja madal (10ï25 ÁC). Samuti v»ib ¿he ja sama tootmiskªitise piires esineda erinevaid 

protsesse, millel on oma spetsiifilised vajadused. Suurtes p»letusseadmetes (energiatººstuses), 

keemiatººstuses, rafineerimistehastes, raua- ja terasetººstuses, toiduainetººstuses, paberimassi- 

ja sellega seonduvas paberitººstuses, p»letusrajatistes ja klaasitººstuses on kasutusel suured 

jahutuss¿steemid. 

 

Samasuguse protsessi raames kasutatakse erinevatel eesmªrkidel jahutamist, nªiteks 

soojusvahetite, pumpade ja kompressorite, vaakums¿steemide ja auruturbiinide kondensaatorite 

jahutamiseks. Eristada saab jªrgmisi peamisi heitsoojuse allikaid ja nendega seotud heitsoojuse 

tasemeid. 

 

¶ H»»rdumine ï mªªratluse kohaselt on see mehaanilise energia muundamine soojuseks. Nende 

protsesside jahutuss¿steemid on tavaliselt kaudsed s¿steemid, mille peamine jahutusaine on 

»li. Kuna jahutuskeskkonnana kasutatakse »li, on jahutuss¿steem tundlik k»rgete 

temperatuuride suhtes. Seet»ttu on neis heitsoojuse keskmine temperatuur keskmisel tasemel. 

¶ P»letamine ï see on keemilise energia muundamine oks¿deerimise teel soojuseks. 

P»lemisprotsesside heitsoojuse tase on varieeruv. 

¶ Eksotermilised protsessid (keemilised) ï paljud keemilised protsessid on eksotermilised: 

keemiline energia muundub ilma p»lemiseta soojuseks. Eksotermilised protsessid on 

heitsoojuse eemaldamise t»hususe suhtes sageli vªga tundlikud. Olenevalt protsessist on 

heitsoojuse temperatuuritase keskmine v»i k»rge. 

¶ Kompressioon ï gaasi kokkusurumine toob kaasa soojuse tekkimise. See soojus tuleb tavaliselt 

keskmisel v»i k»rgel temperatuuritasemel heitsoojusena eemaldada. 

¶ Kondenseerimine (termod¿naamilised ts¿klid) ï paljud protsessid toimivad termod¿naamiliste 

ts¿klite p»him»ttel. Vedel keskkond aurustub, v»ttes energiat, ja seejªrel kondenseerub, 

eraldades selle energia soojusena. Termod¿naamilised s¿steemid on temperatuuri suhtes vªga 

tundlikud ja nende temperatuuritase on keskmine v»i madal. 

 

Heitsoojuse tase on oluline tegur, mida tuleb tººstusliku jahutuss¿steemi valikul arvesse v»tta. 

Tabelis 1.1 on esitatud jahutatava keskkonna temperatuurivahemikud ja sobivaimad 

jahutuss¿steemid. Mida madalam on heitsoojuse tase, seda raskem on protsessivoogusid 

»hkjahutusega kuivs¿steemide abil jahutada. Praktikas kasutatakse »hkjahutust sageli 

protsessitemperatuuride puhul, mis on ¿le 60 ÜC. ¦le 100 ÜC ulatuvat soojust jahutatakse tavaliselt 

eeljahutusena »hkjahutusseadmetega, kui soojuse taaskasutamise v»imalusi ei ole. Aurutusega 

jahutust kasutatakse p»him»tteliselt sageli keskmise ja madala temperatuuriga protsessivoogude 

jahutamiseks. Madalate temperatuuride puhul kasutatakse ka lªbivoolus¿steeme, eriti kui on vaja 

suuri v»imsusi. 

 

Jahutuss¿steemi valimisel ei tohiks vahemikke pidada fikseerituks. K»rge temperatuurivahemiku 

puhul kasutatakse nii 50 ÜC kui ka eespool nimetatud 60 ÜC. Samuti s»ltuvad temperatuurid 

suuresti kohalikust olukorrast (kliima ja jahutusaine temperatuur) ning vastavalt sellele varieerub 

ka s¿steemi v»imalik kasutusala. Seega kasutatakse lªbivoolus¿steeme ka k»rgemate 

temperatuuride korral, kuid tingimusel, et vastuv»tvasse vette suunduva vªljundi lubatud 

temperatuure ei ¿letata. Protsesside puhul, mis toimivad aastaringselt, seega muutuvates 

ilmastikutingimustes, v»ib olla vaja kasutada ka erinevate jahutuss¿steemide kombinatsiooni. 
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Tabel 1.1: Soojustemperatuuride tasemed ja rakendusalad  

[tm139, Eurovent, 1998] 

 

Temperatuurivahemik Sobiv jahutuss¿steem T¿¿pilised rakendused 

 

 
Madal temperatuur 

(10ï25 ÁC) 

¶ lªbivoolus¿steemid (otsene/kaudne) 

¶ mªrjad jahutustornid 

(mehaaniline/f¿¿siline t»mme) 

¶ h¿briidjahutustornid 

¶ kombineeritud jahutuss¿steemid 

¶ energiatootmine 

¶ (nafta-) keemilised protsessid 

 

 

 

 
Keskmine temperatuur 

(25ï60 ÁC) 

¶ lªbivoolus¿steemid (otsene/kaudne) 

¶ mªrjad jahutustornid 

(mehaaniline/f¿¿siline t»mme) 

¶ kinnise ringlusega jahutustornid 

¶ aurustavad kondensaatorid 

¶ »hkjahutusega vedelikujahutid 

¶ »hkjahutusega kondensaatorid 

¶ h¿briidjahutustornid/-kondensaatorid 

¶ h¿briidne kinnise ringlusega 

jahutustorn 

¶ jahutusts¿klid 

¶ kompressor 

¶ masinate jahutamine 

¶ autoklaavijahutus 

¶ pººrdahjude jahutamine 

¶ terasetehased 

¶ tsemenditehased 

¶ elektritootmine soojemates 

piirkondades (Vahemere piirkond) 

 

K»rge temperatuur 

(¿le 60 ÁC) 

¶ erijuhtudel lªbivoolus¿steemid 

(otsene/kaudne) 

¶ mªrjad jahutustornid 

(mehaaniline/f¿¿siline t»mme) 

¶ »hkjahutusega 

vedelikujahutid/kondensaatorid 

¶ jªªtmep»letusjaamad 

¶ mootorite jahutamine 

¶ heitgaaside jahutamine 

¶ keemilised protsessid 

 

1.2 Jahutuss¿steemi tase ja m»ju protsessi t»hususele 
 

1.2.1 Temperatuuritundlikud rakendused 
 

Paljud keemia- ja tººstusprotsessid on temperatuurikriitilised rakendused. Protsessi t»husus on 

temperatuuri ja/v»i r»hu suhtes tundlik ja seega korrelatsioonis heitsoojuse eemaldamise 

t»hususega. Nende protsesside puhul on parima v»imaliku jahutustehnoloogia horisontaalne 

lªhenemisviis seotud parima v»imaliku protsessitehnoloogia vertikaalse lªhenemisviisiga. Nªited 

temperatuurikriitiliste rakenduste kohta: 

¶ elektritootmine, 

¶ termod¿naamilised ts¿klid, 

¶ eksotermilised protsessid. 

 

Kompleksne saastuse vªltimine tªhendab, et parima v»imaliku jahutustehnoloogia valimisel ning 

tehnikate, tººtlemisviiside v»i kªitamisviiside rakendamisel tuleb lisaks erinevate 

jahutuss¿steemide otsestele keskkonnam»judele arvestada ka erinevate protsesside erinevast 

t»hususest tulenevaid kaudseid keskkonnam»jusid. Kohalikul tasandil tuleb otsustada, kas selle 

saavutamiseks tuleks keskenduda pigem jahutuss¿steemile kui tootmisprotsessile. Kaudsete 

m»jude suurenemine v»ib olla mªrkimisvªªrselt suurem kui valitud jahutuss¿steemi otseste 

m»jude vªhenemine. 

 

Elektrijaamad (vt XII lisa) on k»ige olulisem heitsoojuse allikas. Fossiilenergia muundamine 

elektrienergiaks on seotud paljude punktis 1.1 nimetatud heitsoojust tekitavate protsessidega. 

Heitsoojus tekib p»letamisel, turbiini h»»rdumisel, auru kondenseerimisel ja elektrienergia 

muundamisel. Eraldi jahutusvees¿steem abis¿steemidele, mis tagavad seadmete t»rgeteta 

toimimise ja kasutavad »li v»i gaasi, tekitab samuti vªikese koguse heitsoojust. Kui 

elektritootmiss¿steemi jahutusvajadust ei suudeta rahuldada, vªheneb kohe ¿ldine energiat»husus 

ja suurenevad »huheited. 
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Seda seost illustreerib jªrgmine nªide elektrijaama kohta, kus alternatiivne, eeldatavasti vªhem 

t»hus jahutuss¿steem toob kaasa elektrijaama energiat»hususe vªhenemise umbes 3% v»rra (tabel 

1.2). Selle tulemusel suurenevad elektrijaama ressursikulud ja »huheited samuti umbes 3% v»rra. 

Kuna heitkogused s»ltuvad ka kasutatavast k¿tusest, v»ivad need m»nes teises olukorras kergesti 

teistsugused olla, kuid selle punkti edasiseks anal¿¿simiseks puudusid andmed. 

 
Tabel 1.2: Keskmise Lªªne-Euroopa elektrijaama heitkogused 3%-lisest energiat»hususe 

vªhenemisest 

[tm139, Eurovent, 1998] 

 

ìhuheited 
Heitkogused / sisendenergia 

[g/kWh]  

Tªiendav heitkogus 3%-lise 

t»hususe kaotuse korral [g/kWh]  

CO2        485          14,6 

SO2 2,4 0,072 

NOx 1,0 0,031 

Tolm 0,2 0,006 

Primaarenergia sisend: 2,65 kW ja lisaenergia sisend: 0,08 kW. 

 
 

Seda, kuidas jahutuss¿steemi valik v»ib m»jutada j»udlust, illustreerivad hªsti jªrgmised 

Caudronilt [tm056, Caudron, 1991] v»etud nªited. Need arvud toovad esile jahutuss¿steemi valiku 

m»ju etteantud kliimatingimustes. Seega tuleb olla ettevaatlik, sest v»imalik energiat»hususe 

vªhenemine s»ltub jahutuss¿steemi valikust, kliimatingimustest ja turbiini konstruktsioonist. 

Kondensaatori vaakum (kondensaatori r»hk) varieerub vastavalt sellele, nagu on nªidatud 

jªrgmistes tabelites. Piirkondades, kus valitsevad k»rgemad keskkonnatemperatuurid, on 

vaakumitasemed kuivs¿steemide puhul suuremad ja v»ivad ulatuda kuni 425 mbarini. Kuid paljud 

muud tegurid, nagu biosaastus, katlakivi, korrosioon ja ebaoptimaalne konstruktsioon, v»ivad 

p»hjustada samasugust energiat»hususe vªhenemist. 

 

 
Tabel 1.3: Suhteline m»ju elektrienergia tarnimisele, mis tuleneb mªrg-, mªrg-kuiv- v»i 

kuivjahutustornide kasutamisest 1300 MW e v»imsusega seadmetes. 

[tm056, Caudron, 1991] 

 

 

Jahutuss¿steemi t¿¿p 

  

Mªrgjahutustorn 

Mªrg/kuiv-

jahutustorn  

 

Kuivjahutustorn  

Lªbi-

vooluga 

Mªrg 

loomuliku 

t»mbega 

Loomuliku 

t»mbega 

Sund-

t»mbega 

Sund-

t»mbega 

Loomuliku 

t»mbega 

Sund-

t»mbega 

Temperatuurivahe 

K (kuiv »hk 11 ÁC / 

mªrg »hk 9 ÁC) 

 

- 
 

12 
 

12,5 
 

12,5 
 

13,5 
 

16 
 

17 

Kondensatsiooni 

nimir»hk (mbar) 

 

44 
 

68 
 

63 
 

63 
 

66 
 

82 
 

80 

Soojusv»imsus 

(MW th) 
1810 1823 2458 - - - - 

Toodetud elektri-

energia (MWe) 
955 937 1285 1275 1275 1260 1240 

Toodetud 

elektrienergia 

erinevus (%)  

 

+ 1,9 
 

0 
 

0 
 

- 0,8 
 

- 0,8 
 

- 2 
 

- 3,5 

 

Tabelis on teiste s¿steemide v»rdlemisel lªhtekohaks v»etud lªbivoolus¿steem. 

Ringjahutuss¿steemide temperatuurivahed tªiendavad soojusvaheti (kondensaatori) 

temperatuurivahet, mis eeldatakse olevat k»ikide s¿steemide puhul v»rdne. 
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Tabelist selgub, et jahutuss¿steemi valik, nªiteks kuiv- v»i mªrgs¿steem, vajab hoolikat kaalumist. 

Tabel nªitab ka seda, miks paljud elektrijaamad asuvad eelistatavalt rannikul v»i suurte j»gede 

ªªres. Tootmise seisukohalt on lªbivoolus¿steemid energiat»husamad kui v»rdluss¿steem (mªrg 

loomuliku t»mbega s¿steem). 

 

Kombineeritud ts¿klite puhul varieeruvad kondensaatori r»hk ja tarnitud elektrienergia sarnaselt 

jahutuss¿steemi t¿¿bile ning suhteline energiakadu muutub veelgi selgemaks. 

 

 
Tabel 1.4: Suhteline m»ju elektrienergia tarnimisele, mis tuleneb mªrg-, mªrg/kuiv- v»i 

kuivjahutustorni kasutamisest 290 MW th kombineeritud ts¿kliga seadmetes 

[EDF, pers. comm., 1999] 

 

 
Jahutuss¿steemi t¿¿p 

 Mªrgjahutustorn 
ìhkjahutusega 

kondensaator Lªbivoolus¿steem 
Loomuliku 

t»mbega 

Sundt»mbega 

Temperatuurivahe K 

(kuiv »hk 11 ÁC/niiske 

»hk 9 ÁC) 

/ å8 å8 å29 

Kondensatsiooni 

nimir»hk (mbar) 
34 44 44 74 

Soojusv»imsus (MWth) 290 290 290 290 

Toodetud 

elektrienergia 

erinevus (MW e) 

 

+ 0,65 
 

0 
 

-1,05 
 

-5,65 

 
 

1.2.2 Mittetundlikud rakendused  
 

Muud rakendused on temperatuuri suhtes vªhem tundlikud. Nende protsesside t»husus on vªhem 

temperatuuri v»i r»huga seotud. Nende protsesside puhul tuleks keskenduda majanduslikult ja 

ºkoloogiliselt k»ige t»husamale jahutuss¿steemile, et hajutada heitsoojus, mis pªrast k»igi 

v»imalike taaskasutusv»imaluste ªrakasutamist alles jªªb. 

 

 

1.3 Primaarprotsessi optimeerimine ja soojuse taaskasutamine 

Kªesolevas viitedokumendis ei kªsitleta primaarprotsessi ¿ldise energiat»hususe optimeerimist 

p»hjalikult. Kuid saastuse kompleksse vªltimise ja kontrolli ennetava lªhenemisviisi kohaselt 

tuleks see optimeerimine teha k»igepealt, enne kui kaalutakse heitsoojuse eemaldamist. Teisis»nu, 

soojuse ªrajuhtimise vajadus tuleb minimeerida, mis m»jutab samaaegselt vajaliku 

jahutuss¿steemi konfiguratsiooni ja suurust. Lisaks sellele ei pea jahutuss¿steem tªhendama 

heitsoojuse juhtimist keskkonda, sest on tehtud edukaid katseid ka selle energia ªrakasutamiseks. 

 

 

1.3.1 Primaarprotsessi optimeerimine 
 

Primaarprotsessi optimeerimine v»ib ¿ldist keskkonnam»ju oluliselt vªhendada. Paljudes 

liikmesriikides tuleneb suurem osa jahutuss¿steemide poolt ªrajuhitavast mittetagastatavast 

soojusest elektritootmisest. S»ltuvalt ¿ldisest energiat»hususest lªheb kuni 60% k¿tuse energiast 

¿le heitsoojuseks. Kui elektritootmise protsessi energiat»husust suurendada, saab sellega 

vªhendada keskkonnam»jusid ja jahutuss¿steemil on siinkohal oluline roll. Seda p»him»tet saab 

rakendada ka teistes tººstussektorites, vªhendades samal ajal energiakulusid, keskkonda 

paisatava soojuse kogust ja »huheiteid (CO2). ¦ldiselt, mida suurem on soojuse tase, seda 

kergemini saab seda tagastada. 



1. peatǸkk  

23 Tǀǀstuslikud jahutussǸsteemid 

 

 

M»ned nªited praegu kasutatavatest tehnikatest: 

 

¶ k¿tuse v»i tooraine (metallide) eelsoojendamine, 

¶ pinch-tehnoloogia, 

¶ vªlised rakendused (nt kasvuhoonete/eluruumide k¿tmine), 

¶ energiatººstuses koostootmine. 

 

Ainult jahutusvee v»i -»hu kasutamise asemel on rafineerimistehastes tavaks k¿tuste 

eelsoojendamine, kasutades k¿lma sissetulevat s¿sivesinike voogu, et jahutada seadmest vªljuvat 

kuuma rafineeritud toodete voogu. Sellest tulenevalt vªheneb vajadus (k¿lma) toork¿tuse 

eelsoojendamise jªrele ja ka vajadus jahutusvee jªrele. S»ltuvalt protsessist v»ib k¿lmade voogude 

arv olla piiratud ja teatud vajadus jahutusvee v»i -»hu jªrele jªªb alles. 

Koostootmist ehk soojuse ja elektri koos tootmist kasutatakse energiatººstuses ja muudes 
tººstussektorites (nt paberitººstus, (nafta)keemiatººstus). Kui on vaja m»lemat liiki energiat, saab 

nende tootmise ¿hendada. See sªªstab energiat, vªhendab CO2- ja SO2-heiteid ning ei vaja peaaegu 
¿ldse jahutust, mist»ttu pole vaja ka (suuri) jahutuss¿steeme. 

 

 

1.3.2 Heitsoojuse kasutamine vªljaspool kªitist 
 

Kui heitsoojuse tekkeprotsessi optimeerimine ei too kaasa edasist heitsoojuse vªhendamist, oleks 

PVT alane lªhenemine hinnata, kas on v»imalik leida m»ni v»imalus heitsoojuse taaskasutamiseks. 

See k¿simus ei kuulu saastuse kompleksse vªltimise ja kontrolli kohaldamisalasse, kuna see on 

seotud ka ¿ldise hea keskkonnahoiu energiamajandusega. Seda v»ib teha nii olemasoleva kªitise 

puhul kui ka kªitise valiku lahutamatu osana (vt jªrgmine peat¿kk). Sobivate tarbijate leidmine ei 

ole siiski lihtne ¿lesanne. Sageli ei ole tarbijate n»uded ja jahutusn»uded ¿hitatavad. M»nel juhul 

n»uavad soojatarbijad planeeritust k»rgemat temperatuuritaset. Kui primaarprotsessi on tehniliselt 

v»imalik k»rgemal temperatuuritasemel kªitada, tuleb hoolikalt jªlgida ¿ldist energiabilanssi. Sageli 

kaalub primaarprotsessi energiat»hususe vªhenemine ¿les Ăraiskuñ mineva energia ªrakasutamisest 

saadava kokkuhoiu. Samuti tuleb olla ettevaatlik sellise olukorra loomisega, kus heitsoojusest tekib 

s»ltuvus. 

 

V»ib leida mitmeid nªiteid elektrijaamade heitsoojuse kªitisevªlise kasutamise kohta, nªiteks 

talvisel perioodil kodude ja kontorite kaugk¿tteks v»i kasvuhoonete k¿tmiseks, kasutades 

koostootmist v»i kombineeritud ts¿klit. Sellised rakendused v»ivad t»sta k¿tusekasutuse 

energiat»husust umbes 40%-lt kuni rohkem kui 70%-ni ja seega vªhendada kªitise 

jahutusvajadust. Teatatud nªidetes kasutatakse h¿briidjahutustorni, mille ventilaatori kiirus on 

reguleeritav, et kohandada seda vastavalt kaugk¿tte muutuvale vajadusele. ¦hel teisel juhul tuli 

torni kasutada kuivreģiimis ainult umbes 10% selle koguv»imsusest, niipea kui vªlis»hu 

temperatuur oli langenud 5 ÜC-ni, sest sel hetkel oligi juba saavutatud maksimaalne vªline 

soojustarbimine. See t»statab k¿simuse, mil mªªral v»ivad v»imalikud taaskasutusv»imalused 

m»jutada jahutuss¿steemi valikut, kui on vaja paindlikku kªitamist. Praegu ei ole teada ¿htegi 

nªidet, mis demonstreeriks, kuidas taaskasutusv»imalused jahutuss¿steemi valikus kajastuvad. 

 

 

1.4 Jahutuss¿steemi valimine vastavalt protsessi n»uetele ja kªitise 
tingimustele 

1.4.1 Protsessi n»uded 
 

Kui kuumuse tase (k»rge, keskmine ja madal) on hinnatud, v»ib tabeli 1.1 alusel teha esimese 

ligikaudse valiku. Lisaks soojuse tasemele on jahutuss¿steemi valikul lisaks veel palju muid  
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tegureid, mis vastavad protsessi n»uetele ja ¿ldistele kohapealsetele tingimustele, nªiteks 

jªrgmised: 

 

¶ jahutatava aine n»utav minimaalne l»pptemperatuur, 

¶ n»utav jahutusv»imsus, 

¶ n»ue kaudse ringluse jªrele, mis suurendab temperatuurivahet, 

¶ kliimatingimused, vee kªttesaadavus ja ruumivajadus. 

 

Arvestades protsessi mitteoptimaalse jahutamise kaudset m»ju, on jahutatava protsessi n»utav 

minimaalne l»pptemperatuur otsustava tªhtsusega. See tªhendab, et kasutatav(ad) 

jahutuss¿steem(id) peab (peavad) saavutama selle l»pptemperatuuri ja samal ajal vastama muudele 

(protsessiga seotud) n»uetele. Jahutuss¿steemi j»udlust tuleks eelistatavalt optimeerida, v»ttes 

arvesse jahutusaine aastast temperatuurivahemikku. Mªrgjahutuse puhul on oluline 

mªrgtemperatuur ning projekteerimisel on temperatuuri valikul on teatav paindlikkus, mis 

omakorda m»jutab jahutuss¿steemi suurust ja selle energiavajadust. Jahutuss¿steemide suuruse 

vªhendamist tuleb hoolikalt hinnata ja aktsepteerida seda ainult iga ¿ksikjuhtumi puhul eraldi. M»ni 

jaam peab tººtama aastaringselt, sªilitades vastuv»etava energiat»hususe ja maksimaalse 

nimiv»imsuse. Nªiteks kui kasutatakse mehaanilisi t»mbetorne v»i kuiv»hkjahuteid, on v»imalik 

s¿steemi k»ige ºkonoomsemalt kasutada, kui jahutid on mitme elemendiga. M»ned neist saab vee 

ja elektrienergia sªªstmiseks vªlja l¿litada, ilma et see vªhendaks oluliselt kªitise t»husust. 

 

 
Design Wet-Bulb Temperature (ÁC) ï Projekteeritud mªrgtemperatuur (ÁC) 

Tower Plan Area (m2) ï Torni projekteeritud pindala (m2) 

% Of Year Design Wet-Bulb Exceeded ï Projekteeritud mªrgtemperatuuri ¿letamise % aaastas  

 

Joonis 1.2: Torni projekteeritud pindala  suhe projekteeritud mªrgtemperatuuri ¿letamise 

protsenti 

(projekteeritud temperatuurid 40/24/18 ÁC), [tm083, Adams ja Stevens] 

 

 
Energiatººstuse puhul ei ole joonis 1.2 kohaldatav, kuna k¿lma otsa optimeerimine toimub 

valideeritud temperatuuride alusel: 

¶ mªrg- v»i kuivjahutustornide puhul m»»detakse mªrja (v»i kuiva) »hu temperatuur 

aastaringselt, kasutades ¿hte vªªrtust iga 3 tunni kohta; 

¶ lªbivoolus¿steemide puhul m»»detakse veetemperatuuri ja soovitatakse ¿hte vªªrtust iga 

kuu kohta. 
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Seejªrel toimub optimeerimine, v»ttes arvesse energia vªªrtustamist kogu aasta jooksul. Seda 

meetodit, mida nimetatakse globaalseks ajakohastatud bilansiks, selgitatakse XII lisas. 

 

¦ldiselt kohaldatakse enamikus tººstusharudes kindlusvaru, mis tagab, et jahutuss¿steem rahuldab 

jahutusvajaduse igal ajal ja eriti suvekuudel. Olukorras, kus mªrgtemperatuur jªªb kogu aeg 

tunduvalt alla projekteeritud mªrgtemperatuuri v»i kus soojuskoormus tundub olevat vªiksem, 

v»ib soojusvaheti olla ¿lemªªrase v»imsusega. Kui see on t»enªoline, v»iks kaaluda 

kªitamismeetmeid, nªiteks ventilaatori muutuvat tººd, mis v»imaldavad s¿steemil tººtada alla 

v»imsuse ja seega vªhendada otsest energiavajadust. 

 

Paljudes tººstusharudes on tavaks jahutuss¿steem paigaldamise etapis ¿le dimensioneerida, et jªtta 

ruumi v»imsuse suurendamiseks: vaba v»imsust kasutatakse siis jªrk-jªrgult ªra, kuni on vaja lisada 

uus torn. Kui kaalutakse loataotlust tootmis- ja jahutusv»imsuse suurendamiseks, tuleb alati hinnata, 

mil mªªral on olemasolevas jahutuss¿steemis vaba v»imsust, kas seda kasutatakse ebat»husalt 

(kuna see on alakasutatud) v»i ei ole see hªsti hooldatud. 

 
See strateegia v»imaldab mªªrata kindlaks vajaliku jahutusv»imsuse (kWth v»i MWth), 

jahutuss¿steemi (soojusvaheti) suuruse ja v»ib-olla isegi jahutusaine valiku (vesi v»i »hk). 
Euroopas eelistavad tººstusharud, mis vajavad suurt jahutusv»imsust madalate 

protsessitemperatuuride puhul (elektrijaamad ja (nafta-)keemiatººstus), selliseid asukohti, kus on 
olemas suur ja tººkindel veeallikas ja kus on v»imalik kasutada lªbivoolus¿steeme. Kui 

veevarustus on piiratud, kasutatakse suure v»imsusega avatud mªrg- v»i mªrg-/kuivjahutustorne. 

 

Vajadus jahutada (potentsiaalselt) kahjulikke aineid v»ib samuti m»jutada jahutuss¿steemi 

suurust ja v»imalikku l»pptemperatuuri (vt nt VCI ohutuskontseptsiooni 3. peat¿kis ja VI lisas). 

Sellises olukorras v»ib PVT lªhenemine viia jªreldusele, et lekke m»ju saab piisavalt ªra hoida 

ainult siis, kui kasutatakse sekundaarset (kaudset) s¿steemi. See tªhendab, et tuleb projekteerida 

teine ringlus ja projekteerimistemperatuur t»useb pªrast temperatuurivahe suurendamist. See toob 

kaasa jahutatava aine k»rgema l»pptemperatuuri ja ¿ldise energiat»hususe edasise vªhenemise. 

 

 

1.4.2 Asukoha valik 
 

On ilmselge, et optimaalse asukoha valikul on piir, mille ulatuses saab asukohaspetsiifilisi omadusi 

optimeerida. Olemasolevate s¿steemide puhul on asukoht lihtsalt etteantud vªªrtus ja keskkonna 

optimeerimist tuleb kaaluda vastavalt olemasoleva asukoha piirangutele. Nªiteks v»ib tunduda, et 

veekasutuse piiramine ¿leminekuga kuiv»hkjahutusele on ilmselge valik. Kuid kliimatingimused ei 

pruugi seda lubada, kui kuivtemperatuur ¿letab eeldatavasti suure osa aastast n»utavat 

projekteerimistemperatuuri, vªlja arvatud juhul, kui n»ustutakse tootmisprotsessi vªiksema 

v»imsusega ja samaaegselt tehase ¿ldise energiat»hususe vªhenemisega. 

 

Kui on asukohta on v»imalik valida, v»ib see oluliselt m»jutada jahutusprotsessi n»udeid. Seet»ttu 

on oluline, et projekteerimisfaasis v»etakse asukoha valikul arvesse k»iki jªrgmisi aspekte: 

 

¶ olemasoleva jahutusaine (nii vesi kui »hk) kogus, kvaliteet ja kulud, 

¶ olemasolev suurus (jahutusseadmete pindala, k»rgus, kaal), 

¶ m»ju vee kvaliteedile ja veeorganismidele, 

¶ m»ju »hu kvaliteedile, 

¶ meteoroloogiline m»ju, 

¶ keemiliste ainete sattumine vette, 

¶ m¿ra, 

¶ ehitise esteetilised aspektid, 
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¶ kapitalikulud jahutuss¿steemidele, pumpadele, torustikule ja veepuhastusele, 

¶ pumpade, ventilaatorite ja veepuhastuse tegevuskulud, 

¶ iga-aastased hooldus- ja remondikulud, 

¶ kªitamisparameetrid, nagu minimaalne kasutusiga, aastane tººaeg, keskmine soojusv»imsus 

ja veevooluhulk, 

¶ kªitamisn»uded, nagu n»utav temperatuurivahe ja s¿steemide kªttesaadavus, 

¶ keskkonnaalaste »igusaktide n»uded seoses soojusheidete, aurupilvede, m¿raheidete, ¿ldise 

k»rguse jms-ga, 

¶ elektrijaamade puhul: jaama t»hususe vªhenemine, kapitalikulud, et kompenseerida 

v»imsuse vªhenemist, jaama eluiga ja energiakulu vªhenemine, mis tuleneb jaama 

madalamast energiat»hususest. 

 
Ruum 

Erinevad jahutuss¿steemid vajavad sama jahutusv»imsuse saavutamiseks erineval hulgal ruumi 

ning erinevad ka pindalavajaduse, k»rguse ja kaalu poolest. See s»ltub sellest, millist 

soojus¿lekande p»him»tet nad jªrgivad (vt I lisa). 

 

Suurte s¿steemide puhul v»ivad ruumipiirangud olla probleemiks ja need on osa asukoha 

hindamisest. See kehtib tªielikult »huga jahutatavate protsesside puhul, kus n»utava 

jahutusv»imsuse tagamiseks on vaja suuri mitmekambrilisi konstruktsioone. Vªiksema v»imsuse 

puhul ei tohiks ruum olla piiravaks teguriks, kuna turul on olemas spetsiaalselt sellisteks 

olukordadeks m»eldud katusekonstruktsioonid. 

 

Ruumipiirangud olemasolevates kohtades, nªiteks tihedalt hoonestatud linnapiirkondades v»i 

tihedalt hoonestatud tººstuspiirkondades, on jahutuss¿steemide valikul oluline tegur. Nªiteks 

hoone peal asuv jahutustorn ei vaja tªiendavat maapinda, kuid katusel asumine v»ib seada 

piiranguid selle kaalule. 

 

Ruumi- ja k»rgusn»uded on olulised kriteeriumid »hkjahutusega ja h¿briids¿steemide puhul. ìhu 

ventileerimine v»ib toimuda loomuliku t»mbe teel v»i ventilaatoritega (mehaanilise t»mbega). 

Sama jahutusv»imsuse juures peavad loomuliku t»mbega jahutuss¿steemid olema palju suuremad 

ja k»rgemad kui mehaanilise t»mbega s¿steemid. 

 
Asukoha hindamine 

Mitmes liikmesriigis on asukoha valiku puhul tavaline, et suurte rajatiste puhul n»utakse 

keskkonnam»ju hindamist loa andmise menetluse osana. Kuna asukohavalikul v»ib olla suur m»ju 

jahutuse tulemuslikkusele, on tehtud algatusi, et teha optimaalsete jahutuspaikade eelvalik juba 

piirkondlike planeerimisprogrammide raames. 

 

Tabelis 1.5 [tm012, UBA, 1982] on esitatud nªide suure veevajadusega jahutuss¿steemide, nªiteks 

elektrijaamade jaoks asukoha hindamise kohta. Kohalike kriteeriumide kombinatsiooni alusel 

liigitatakse asukoht k»ige sobivamaks, keskmiselt sobivaks v»i k»ige vªhem sobivaks. Tuleb 

mªrkida, et sellise hinnangu kasutamine on jªllegi ainult osa ¿ldhinnangust ja et 3. klassi (kaheldav 

sobivus) kuuluv ala v»ib tegurite ¿ldise tasakaalu alusel olla ka soodne. 

 

Nªide asukohavaliku tagajªrgedest on ilmne, kui kasutada PVT lªhenemist 3. klassi kuuluva 

asukoha puhul. 
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Tabel 1.5: Suure jahutusn»udlusega seotud kriteeriumid asukoha valimiseks 

(saadud: [tm012, UBA, 1982]) 

 
 

Kriteeriumid  
Hinne 1  

(hea sobivus) 

Hinne 2  

(rahuldav sobivus) 

Hinne 3  

(kaheldav sobivus) 

 

Selgitused 

Piisav jahutusveevarustus W 

NNQ > ----------------- 

zc DT 

 

K¿llaldane jahutusveevarustus 

W 

NNQ º ----------------- 

zc DT 

 

Piisav jahutusveevarustus 

W 

NNQ < ----------------- 

zc DT 

 

Ilma tehniliste meetmeteta ebapiisav 

jahutusveevarustus 

NNQ: vªikseim teadaolev pinnavee 

vooluhulk 
W: vette ¿lekantav soojusvoog 

z: vee tihedus 

c: vee erisoojusmahtuvus 

DT:   pinnavee lubatud temperatuurit»us 

Sobiv vee kvaliteet Vee kvaliteediklass 

II m»»dukalt saastunud  

II/III kriitiliselt saastunud 

Vee kvaliteediklass 

III tugevalt saastunud 

S»ltumata kvaliteediklassist (Saksa vee kvaliteediklassifikatsioon)  
I  mitttesaastunud 

II       m»»dukalt saastunud 

II/III  kriitiliselt saastunud 

III -IV vªga tugevalt saastunud  

IV      ¿lemªªraselt saastunud 

Vastavus lubatud 

aurustumiskadudele 

V < A a 

Vªikesed aurustumiskaod 
V º A a 

Talutavad aurustumiskaod 

V > A a 

Ilma tehniliste meetmeteta 

vastuv»etamatud aurustumiskaod 

V: aurustumiskaod valitud kohas 

(mahuvool) 

A: tegevuskohas lubatud aurustumine 

a: osa A-st, mida v»ib kasutada, arvestades 

piirangutega, mis tulenevad muudest 

kªitise heitsoojuse allikatest 

M»ju joogiveevarustusele Jahutusvee ªrajuhtimine ei m»juta 

joogiveevarustust 

Jahutusvee ªrajuhtimine v»ib 

teatud tingimustel m»jutada 

joogiveevarustust, kuid negatiivset 

m»ju saab vªltida 

Jahutusvee ªrajuhtimine m»jutab 

joogiveevarustust, ilma tªiendavate 

tehniliste meetmeteta ei saa negatiivset 

m»ju vªlistada. 

Seda kriteeriumi tuleb arvestada, kui 

rajatisest allavoolu saadakse joogivett 

pinnaveest (praegu v»i tulevikus 

kavandatavalt). 

Pikkade madalate aurupilvede 

ja heitsoojuse ¿lekandumise 
sagedus tegevuskoha vahetus 

lªheduses (raadius 2 km). 

Pikkade (< 100 m) ja madalate (Ò 300 
m) aurupilvede vªga vªike sagedus 

(keskmiselt < 2% aastas) ja 
heitsoojuse ¿lekanne < 10 000 MW 

Sagedasemad pikad madala 
k»rgusega aurupilved ja 

heitsoojuse ¿lekanne < 10 000 
MW 

Heitsoojuse ¿lekanne > 10 000 MW  

Topograafiline olukord 

kªitise lªheduses 

Jahutustornist k»rgemaid k»rgustikke 

ei ole v»i on vaid ¿ksikuid, mis asuvad 

kªitisest umbes 20 km raadiuses. 

Mitu jahutustornist k»rgemat 

k»rgustikku kªitisest umbes 2-20 

km raadiuses 

Mitu jahutustornist k»rgemat 

k»rgustikku kªitisest vªhem kui 2 km 

raadiuses 

 

Heitsoojuse majandusliku 

ªrakasutamise v»imalus 

Suur potentsiaal majanduslikult 

otstarbekaks kasutamiseks kaugk¿ttes 

Vªike potentsiaal majanduslikult 

otstarbekaks kasutamiseks 

kaugk¿ttes 

Heitsoojuse majandusliku kasutamise 

v»imalus puudub v»i on kaheldav, sest 
seda ei ole p»hjalikult uuritud 

Heitsoojuse majandusliku kasutamise 

v»imalus suurendab asukoha atraktiivsust 
ning v»ib ¿letada muud puudused ja 

vªhendada soojusheiteid 
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Hindamist tuleks alustada soojuse taaskasutamise v»imaluste valikust, kuna see v»ib m»jutada 

jahutusveevajadust. Seda kriteeriumi ei saa tªita, kui soojuse kªitisevªline kasutamine ei ole v»imalik ja kogu 

mittekasutatav soojus tuleb ªra juhtida. Veevarustus ja lubatud aurustumine on piiratud ja aurupilved v»ivad 

kªitise lªheduses viibijaid hªirida. Kui protsessiga seotud p»hjustel on vaja kasutada vesijahutusega s¿steemi, 

siis tuleb kasutada veesªªstumeetodeid, nªiteks on soovitatav kasutada mitte lªbivoolus¿steemi (nt avatud 

mªrgjahutustorni), vaid ringlusvooluga s¿steemi. See tªhendab, et s»ltuvalt vee kvaliteedist ja 

kontsentratsioonits¿klitest tuleb rakendada mingisugust veepuhastust. Lisan»ue oleks aurupilvede 

summutamine, mis tingib h¿briidkonfiguratsiooni kaalumise. Kui on piisavalt ruumi ja kliimatingimused on 

soodsad, v»ib kaaluda ka »hkjahutuse kasutamist. Sellele jªrgneks integreeritud lªhenemisviis koos 

energiakasutuse ja kulude v»rdlemisega. 

Asukoha valimise protsess n»uab, et asukoha l»pliku kandidaadi puhul m»eldaks ¿ksikasjalikud lªbi v»imalike 

jahutuss¿steemide valik, et leida ¿ldine optimaalne lahendus. 

 

 

1.4.3 Kliimatingimused  
 

Kliima, mida vªljendatakse mªrg- ja kuiv»hutemperatuurina, on ªªrmiselt oluline asukohaspetsiifiline 

tingimus. See m»jutab nii jahutusviisi valikut kui ka jahutatava protsessi v»imalikku l»pptemperatuuri. ìhu 

ja/v»i veega jahutamise vastuolu seisneb selles, et kui jahutusvajadus on suur, on n»udeid raskem saavutada. 

Eriti piirkondades, kus k»rged »hu- ja veetemperatuurid langevad kokku vee vªhese kªttesaadavusega osal 

aastast, v»ib jahutuss¿steemi teatav paindlikkus olla vªga oluline ja seda saab saavutada vesi- ja »hkjahutuse 

kombineerimisega. M»nikord tuleb siiski leppida teatava energiat»hususe vªhenemisega. 

 

Vajaliku protsessitemperatuuri saavutamiseks on k»ikide jahutuss¿steemide puhul ilmne n»ue, et 

jahutuskeskkonna temperatuur peab olema madalam kui jahutatava keskkonna temperatuur, kuid see s»ltub 

kuiv- ja mªrgtemperatuuridest. Nii vesi- kui »hkjahutusega s¿steemide puhul v»ivad jahutusaine temperatuuri 

hooajalised k»ikumised piirata jahutuss¿steemi valikut ja n»uda teatud tººviisi. 

 

Mªrgtemperatuur on alati madalam kui kuivtemperatuur (tabel 1.6). Mªrg temperatuur s»ltub m»»detud 

atmosfªªritemperatuurist, »huniiskusest ja »hur»hust. Latentse (aurustumisega) soojus¿lekande puhul on 

asjakohane temperatuur mªrgtemperatuur. See on teoreetiliselt madalaim temperatuur, milleni vett saab 

aurustumise teel jahutada. Tajutava soojus¿lekande puhul on oluline kuivtemperatuur (kuiva »hu temperatuur), 

kus jahutusaine on »hk. 

 

Jahutuss¿steemi t¿¿bi ja konstruktsiooni valikul on oluline projekteeritud temperatuur, mis on tavaliselt seotud 

mªrg- ja kuivtemperatuuri suvise tasemega. Mida suurem on nende temperatuuride erinevus ja mida k»rgemad 

on kuivtemperatuurid, seda raskem on kuiv»hkjahutusega s¿steemide puhul saavutada madalaid 

l»pptemperatuure. Nagu eespool mainitud, v»ib see p»hjustada energiat»hususe vªhenemist. Kadude 

¿letamiseks saab v»tta meetmeid, kuid need n»uavad teatavaid investeeringuid. Majanduslikel p»hjustel on 

kasulik mªªrata kindlaks, kuidas need temperatuurid aasta jooksul varieeruvad ja kui suure osa aastast 

maksimaalsed temperatuurid tegelikult saavutatakse. 

 

Nªitena esitatakse tabelis 1.6, kuidas erinevate Euroopa kliimatingimuste puhul v»ib kuiv- v»i 

mªrgjahutuss¿steemi valik m»jutada Carnotô ts¿klist tulenevat protsessi energiat»hususe vªhenemist. Toodud 

nªites on mªrgjahutuse puhul temperatuurierinevus 4 K ja see tuleb lisada mªrgtemperatuurile, et saada 

jahutusaine minimaalne l»pptemperatuur. Kuivjahutuse temperatuurivahe on 12 K, mis tuleb 

kuivtemperatuurile lisada. Mida suurem on mªrg- ja kuiv-l»pptemperatuuri erinevus, seda suurem on 

energiat»hususe vªhenemine (antud nªites), kus keskmiselt tekib 0,35%-line kaotus K kohta. Samal ajal oleks 

nªiteks 5%-lise t»hususekao korral tavalise elektrijaama kasutegur 40% asemel 38,6% (vt XII lisa jaotist 6). 
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Tabel 1.6: Kliimatingimused Euroopas 

(saadud: [tm139, Eurovent, 1998]) 

 

 

Riik ja jaam  

 

Kuivtemp. 

(1%)
2 
(ÁC) 

Mªrgtemp 

(1%)
2
 

(ÁC) 

 

Erinevus K  
Kuiv -

l»pptemp.
3 

(ÁC) 

Mªrg-

l»pptemp
 4 

(ÁC) 

Mªrg/kuiv 

æT (K)  
T»hususe 

kaod
5 
(%)  

Kreeka Ateena 36 22 14 48 26 22 7,7 

Hispaania Madrid 34 22 12 46 26 20 7,0 

Prantsusmaa Pariis 32 21 11 44 25 19 6,7 

Itaalia Rooma 34 23 11 46 27 19 6,7 

Austria Viin 31 22 9 43 26 17 6,0 

Saksamaa Berlin 29 20 9 41 24 17 6,0 

Madalmaad Amsterdam 26 18 8 38 22 16 5,6 

Prantsusmaa Nice 31 23 8 43 27 16 5,6 

UK London 28 20 8 40 24 16 5,6 

Saksamaa Hamburg 27 20 7 39 24 15 5,3 

Norra Oslo 26 19 7 38 23 15 5,3 

Belgia Br¿ssel 28 21 7 40 25 15 5,3 

Hispaania Barcelona 31 24 7 43 28 15 5,3 

Soome Helsinki 25 19 6 37 23 14 4,9 

Taani Copenhagen 26 20 6 38 24 14 4,9 

Portugal Lisbon 32 27 5 44 31 13 4,6 

UK Glasgow 23 18 5 35 22 13 4,6 

Iirimaa Dublin 23 18 5 35 22 13 4,6 

Mªrkused. 

1) Tabelis 1.4 esitatud andmed illustreerivad kliima varieerumist Euroopas. Teised viited v»ivad anda veidi teistsuguseid andmeid. Tªpseid andmeid 

konkreetse asukoha kohta oskab anal¿¿sida meteoroloogiainstituut. 
2) Statistiliselt on ainult 1% maksimaalsetest temperatuuridest k»rgemad kui need andmed. 

3) Temperatuurierinevus: 12 K. 
4) Temperatuurierinevus mªrgs¿steemi puhul: 4 K. 

5) Energiat»hususe kadu keskmiselt 0,35% iga æT K kohta. 
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1.4.4 Matemaatiline modelleerimine, mudelite simulatsioonid ja katsed 

testkontuuridel 
 

Uute ja olemasolevate suurte jahutuss¿steemide m»ju hindamiseks ja nende toimivuse 

optimeerimiseks saab kasutada arvmudeleid, eriti tundlike ºkos¿steemide puhul. Simulatsioonid 

ja katsed testkontuuridel on v»imalik lªbi viia, prognoosides soojusheidetest p»hjustatud 

pinnavee termilisi muutusi lªhi- ja kaugulatuses ning optimeerides biosaastuse vastast tººtlust. 

 

Modelleerimise eesmªrk on uurida v»imalikke f¿¿sikalis-keemilisi m»jusid ja kohandada selle 

modelleerimise tulemusi rajatistele, et neid m»jusid v»imalikult suurel mªªral vªhendada. Eriti 

oluline on uurida: 

 

¶ veev»ttu ja heitvee ªravoolu, 

¶ kªitise visuaalseid aspekte, 

¶ aurupilvede teket, 

¶ termilist ja keemilist m»ju vastuv»tvale keskkonnale. 

 

Testkontuuride eesmªrk on mªªratleda jahutusvee optimaalne tººtlemine nii katlakivi kui 

biosaastuse osas. Selleks paigaldatakse umbes ¿heks aastaks tegevuskohale katserajatised, mis 

esindavad tegelikke, ªritegevuses esinevaid tººtingimusi. See v»imaldab v»tta arvesse vee 

kvaliteedi muutusi aastaaegade l»ikes ning katsetada m»ningaid v»imalusiĝesinduslikus 

m»»tkavas (nt jahutustorni tªidise valik, sulami valik). 

 

 

1.5 Jahutustehnika valimine keskkonnan»uete tªitmiseks 

Keskkonnan»uded v»ivad m»jutada jahutuss¿steemide rakendamist ja on tªiendav samm uue 

jahutuss¿steemi tasakaalustatud valikul v»i olemasoleva jahutuss¿steemi optimeerimisel. 

¦ldiselt v»ib eristada viit peamist aspekti, millel on m»ju jahutuss¿steemi valikule: 

 

¶ energiakasutuse minimeerimine, 

¶ soojusheidete minimeerimine, 

¶ suurte aurupilvede minimeerimine, 

¶ veeheidete minimeerimine , 

¶ m¿ra minimeerimine, 

¶ pinnasesse ja maismaaelupaikadesse sattuvate heidete minimeerimine. 

 

Need aspektid on omavahel seotud ja iga valik v»ib m»jutada m»nd teist aspekti. Eesmªrgiks on 

vªltida tavapªrase tegevuse kªigus tekkivaid keskkonnaheiteid. Selles hindamisetapis peaksid 

selguma vesi-, »hk- ja »hk-vesijahutuse erinevused ning konkreetse konstruktsiooni v»i materjali 

valimise tagajªrjed kªitise tººle. 

 

 

1.5.1 ìhk- ja vesijahutusega s¿steemide ¿ldine v»rdlus 
 

Keskkonnaaspektide minimeerimine vªljendub sageli vesi- ja »hkjahutusega s¿steemide 

v»rdluses. Kªesolevas dokumendis on varem soovitatud, et vee- ja »hkjahutuse vahelise valiku 

otsust ei tohiks teha ¿ldises m»ttes, sest see jªtab k»rvale kohalikud piirangud, mis v»ivad piirata 

kummagi s¿steemi kasutamist. Siiski v»ib olla asjakohane kaaluda v»i uuesti lªbi vaadata 

jahutuss¿steemi veevajadus, pidades silmas veesªªstu programme ja kasvavat n»udlust hea 

kvaliteediga vee jªrele muudel eesmªrkidel (tsiviil- ja tººstuslikel) kui jahutus. 
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Majanduslikust vaatenurgast ei ole kuiv»hk- ja vesijahutusega s¿steemide valiku vahel kindlat 

pººrdepunkti ja kirjanduse kohaselt jªªb see s»ltuvalt kohalikest kliimatingimustest kuskile 50 

ÁC ja 65 ÁC vahele (l»pptemperatuurina). 

 

Kuiv»hk- ja mªrgjahutuss¿steemide omaduste v»rdluses on tehtud m»ned ¿ldised mªrkused sama 

n»utava jahutusv»imsuse korral. [tm001, Bloemkolk, 1997] 

 

Ruumin»uded: 

¶ »hkjahutus vajab »hu vªikese erisoojusmahtuvuse t»ttu ruumi. Ruumi saab hoida 

minimaalsena, kui paigaldada »hkjahutusseadmed teiste protsessiseadmete v»i torusilla 

kohale, 

¶ »hkjahutuss¿steemide asukoha suhtes esineb piiranguid, kuna neid ei saa paigutada hoonetele 
liiga lªhedale, sest see v»ib p»hjustada sobimatut »huringlust, »huvarustuse blokeerimist ja 

kasutatud »hu sissev»tu ohtu. 

 

Hoolduskulud: 

¶ ¿ldiselt peetakse »hkjahutusega seotud hoolduskulusid vªiksemateks, kuna need ei n»ua 
katlakivi eemaldust ja veega kokkupuutuva pinna mehaanilist puhastamist ning ei vaja 

lisapinda, et kompenseerida vee poolel tekkiva saastuse p»hjustatud pinnakadu. 

 
Protsessi juhtimine: 

¶ protsessitemperatuuri juhtimine on »hkjahutusega v»i ringlusvooluga s¿steemides lihtsam kui 
lªbivoolus¿steemides, kus vee sisse- ja vªljavoolu tasakaal piirab temperatuurit»usu ja 

veevoolu juhitavust. Mehaanilise t»mbega jahutuse v»i aurustuss¿steemide puhul ei ole 

olemasolev »hukogus piiratud ja »huvoolu saab reguleerida vastavalt protsessi n»udlusele, 

kasutades ventilaatorite vahelduvat tººd , mitme ventilaatoriga kªitist v»i v»imsuse 

reguleerimist, 

¶ Jahutusvee lekkeid on lihtsam kontrollida, kuigi on teatatud, et kondensaatorite lekkeid on 

raskem tuvastada. Tavaliselt m»jutab see protsessi energiat»husust. 

 

 

1.5.2 Konstruktsioonitegurid ja materjalide valik  
 

Jªrgides PVT lªhenemisviisi, on jahutuss¿steemi projekteerimine ja kasutatavate materjalide valik 

oluline ennetav samm. M»lemad v»ivad m»jutada kªitise toimimist, m»jutades n»utavat otsest 

energiatarbimist, kontrollitud (veepuhastus) ja kontrollimatuid (lekked) keskkonnaheiteid, 

m¿rasaastet ning soojusheidete suunda (vesi v»i »hk). Samuti n»uavad valitud konstruktsioon ja 

materjalid teatud investeeringuid. Jªllegi p¿¿takse leida tasakaal ¿helt poolt projekteerimise ja 

kasutatavate materjalide abil heidete vªltimise taseme ja teiselt poolt kaasnevate 

investeerimiskulude vahel. See on jªllegi kohaspetsiifiline ja keeruline k¿simus, mille puhul 

v»etakse arvesse jªrgmisi tegureid: 

¶ kªitamisviis (nt lªbivooluga v»i ringlusega s¿steem), 

¶ jahuti konstruktsioon ja jahutuss¿steemi paigutus (otsene/kaudne), 

¶ r»hutase (kondensaator), 

¶ jahutusvee koostis ja sººvitavus, 

¶ jahutatava keskkonna koostis ja sººvitavus, 

¶ n»utav pikaealisus ja kulud. 

 
Saadaval on mitmesuguseid materjale, millest k»ige sagedamini kasutatakse jªrgmist valikut, siin 

toodud vastupidavuse suurenemise jªrjekorras: s¿sinikteras, kaetud (tsingitud) teras, 

alumiinium/messing, vask/nikkel, sobivad roostevaba terase liigid ja titaan. Nendes r¿hmades 

kasutatakse veel kvaliteedip»hist alajaotust. Eriti just vastupidavus korrosioonile, mehaanilisele 

erosioonile ja bioloogilisele saastumisele s»ltub suurel mªªral vee kvaliteedist koos v»imalike 

konditsioneerimisvahenditega. 
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IV lisas on esitatud m»ned kaalutlused lªbivooluga ja avatud ringlusega s¿steemide materjalivaliku 

kohta. Iga tººstusliku jahutuss¿steemi puhul v»ib teha sarnase hinnangu. Vesi- ja vesi-

»hks¿steemide puhul s»ltub valitav materjal nii jahutusainest kui protsessikeskkonnast, samas kui 

suletud primaarkontuuriga kuivjahutuse puhul on protsessikeskkond tªhtsam. 

 

On ilmne, et kªitise eri osades v»ib kasutada erinevaid materjale. Eelistatud on selliste omadustega 

materjal, mis on vee sººvitavuse v»i protsessitingimuste suhtes k»ige vªhem tundlik. Kui valitakse 

tundlikumad materjalid (sulamid), v»ib selle tagajªrjeks olla vajadus jahutusvee keerulise 

tººtlemise ja kontrolli programmi jªrele, mis toob kaasa tªiendavaid heiteid ja kulusid. 

 

Tabelis 1.7 on esitatud nªide konstruktsiooni erinevustest tuleneva m»ju kohta. Kolm torni on 

projekteeritud sama jahutusv»imsuse ja sama n»utava keskkonnanªitajaga. Jahutuss¿steemi valik 

tªhendab erinevaid suurusi, kuid eelk»ige erinevusi energiakuludes, sest suletud ahelaga 

jahutustorni puhul on vaja umbes 7 kW rohkem, et saavutada sama heliv»imsuse tasemega sama 

j»udlus. Sellisel juhul v»ivad tegevuskulud panna valima ¿he teistest v»imalustest. Muude 

projekteerimistegurite puhul v»ib teha sarnaseid v»rdlusi, mis v»ivad anda erineva tulemuse, 

eelistades m»nda teist varianti. 

 

 
Tabel 1.7: N»utava maksimaalse heliv»imsuse tasemega erinevate jahutuss¿steemide 

v»rdlus [tm139, Eurovent, 1998] 

 

 
Mehaanilise t»mbega 

mªrgjahutustorn 

 Suletud ringlusega 

jahutustorn 

H¿briidne suletud 

ringlusega jahutustorn 

Kliima : 

Kuivtemperatuur 26 ÁC 

Mªrgtemperatuur 18 ÁC 

Etteantud andmed: 

V»imsus 1200 kW 

Sisendtemperatuur 38 ÁC 

Vªljundtemperatuur 32 ÁC 

Vooluhulk 47,8 l/s 

Heliv»imsuse tase 90 dB(A) 90 dB(A) 90 dB(A) 

Konkreetsed andmed: 

Pikkus 3,7 m 3,7 m 5,2 m 

Laius 2,8 m 2,4 m 2,0 m 

K»rgus 3,2 m 4,2 m 3,0 m 

Ventilaatori v»imsus 5 kW 11 kW 5,0 kW 

Pihustuspumba 
v»imsus 

1 kW 2,2 kW 1,0 kW 

 
 

1.5.3 V»imalused olemasolevate s¿steemide tehnoloogiliseks muutmiseks 
 

Uue jahutuss¿steemi puhul on rohkem paindlikkust, et valida komplektsete s¿steemide vahel ja 

hinnata alternatiivseid v»imalusi, samas kui olemasoleva paigaldise puhul on tehnoloogia 

muutmine sageli drastiline lahendus. M»nikord on erijuhtudel v»imalik tehnoloogiat muuta, kuid 

olemasolevate kªitiste puhul on tehnoloogiliste lahenduste abil heitkoguste vªhendamise 

v»imaluste arv piiratud. Kuna PVT lªhenemisviisi kohaselt on heidete vªltimine esmatªhtis, siis 

v»ttes arvesse ka majanduslikke aspekte, tuleks enne jahutuss¿steemi kªitamise edasist 

optimeerimist kaaluda tehnoloogia muutmist. Jªrgnevates punktides esitatakse tarnijate 

tªhelepanekud ja kogemused, et tuua PVT lªhenemisviisi raames nªiteid v»imalike 

optimeerimismeetmete kohta (vt ka XI lisa). 
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1.5.3.1 Jªrelpaigaldamine ï p»hjused ja kaalutlused 
 

Olemasolevate kªitiste moderniseerimist v»ib kaaluda jªrgmistel p»hjustel: 

1. olemasoleva tehnoloogia asendamine teise, vªiksemate kªitamisvajadustega tehnoloogiaga, 

2. vananenud tehnoloogiaga seadmete asendamine kaasaegsete, suurema t»hususega seadmetega 

ning 

3. olemasolevate seadmete muutmine, et parandada nende j»udlust v»i rahuldada tªiendavaid 
n»udmisi. 

 

Erinevalt uue seadme valimisest, kus asukoha parameetrid v»ivad olla rohkem v»i vªhem 

mªªratletud, on moderniseerimise stsenaariumide puhul tavaliselt fikseeritud jªrgmine arv 

parameetreid: 

¶ ruum ï jªrelpaigaldatav seade peab sobima olemasolevasse ruumi, 

¶ kªitamisressursside kªttesaadavus ï uus paigaldis ei tohiks ¿letada vanale paigaldisele 

vajalikke kªitamisressursse, uus infrastruktuur tooks kaasa kulude suurenemise ning 

¶ seadusandlikud piirangud ï keskkonnam»jud, nªiteks m¿rakriteeriumid, peavad tavaliselt 

olema samal tasemel v»i madalamad kui vana kªitise puhul. 

 

Ruum on sageli ise oluline p»hjus moderniseerimiseks. Kui olemasolevale piiratud ruumiga alale 

ehitatakse uus kªitis v»i hoone, v»ib olla lahenduseks valida uut t¿¿pi jahutuss¿steem, mida saab 

paigutada hoone katusele v»i mis vajab vªhem ruumi kui vana. 

 

Eelistatud lahendus oleks uus paigaldis, mille kªitamisvajadused on vªiksemad, nii et 

moderniseerimisega kaasneksid ka vªiksemad tegevuskulud. Vªiksemad tegevuskulud on ¿ks 

peamisi moderniseerimise p»hjusi. Eelistatud on siiski selline moderniseerimise stsenaarium, mis 

vªhendab nii heiteid kui ka kªitamisressursside tarbimist. ¦ldiselt n»uab see suuremaid 

investeerimiskulusid. Arvestades tegevuskulude kokkuhoidu ja v»imalikku heidete vªhenemist, 

v»ivad suuremad investeerimiskulud end l¿hikese aja jooksul ªra tasuda. 

 

K»igi moderniseerimisstsenaariumide puhul tuleb arvesse v»tta nii jahutustehnoloogiat kui ka 

jahutatavat protsessi. M»lemat tuleb vaadelda ¿he s¿steemina. Muutused jahutuss¿steemis v»ivad 

m»jutada protsessi ja vastupidi. Iga moderniseerimise esimene eesmªrk peab olema jahutatava 

protsessi t»hususe sªilitamine v»i v»imaluse korral parandamine. Teisest k¿ljest p»hjustavad 

jahutatavas protsessis tehtavad muudatused ka erinevaid n»udeid jahutuss¿steemile. See v»ib olla 

veel ¿ks oluline p»hjus moderniseerimiseks. 

 
Muutused jahutatavas protsessis v»ivad p»hjustada jahutuss¿steemile esitatavate n»uete muutumise. 

¶ Uue tehnoloogia t»ttu tekib protsessis vªhem heitsoojust, mist»ttu on vaja vªhem 
jahutusv»imsust (nªide: arvutiterminalid, h»»rdumisega protsessid). 

¶ Heitsoojuse temperatuuritase on muutunud, kas k»rgemaks v»i madalamaks (nªide: 
p»letusprotsessid). 

¶ Suurem osa protsessis tekkivast soojusest tagastatakse, seega tuleb vªhem heitsoojust viia 
keskkonda. 

¶ Protsessi temperatuuritundlikkus on suurenenud, vaja on t»husamat jahutuss¿steemi. 

 

Tabelis 1.8 on esitatud kokkuv»te tehnoloogilise tªiustamise v»imalustest, mida tarnijate andmetel 

v»ib pidada tehniliselt lihtsaks (E), v»imalikuks (P), keeruliseks (D), v»imatuks (NP) v»i 

mittekohalduvaks (NA). ¦ldiselt on igal s¿steemil erinev arv moderniseerimisv»imalusi. NP-E 

nªitab, et v»imaluse rakendamine s»ltub suuresti konkreetsest olukorrast, milles jahutuss¿steem 

tººtab. (Vt ka 3. peat¿kk ja lisad).
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Tabel 1.8: Olemasolevate s¿steemide tehnoloogilise moderniseerimise v»imalused  

(isiklik teave) 
 

 

V»imalus 
Tººstuslikud jahutuss¿steemid

1
 

OTCS OWCT  OWDCT  CCWCT  CCDCT CCWDCT  

¦ldine E E E E E E 
V»imsuse 
suurendamine 

E E D D D D 

kWe vªhendamine D E D E D D 
Veekasutuse 
vªhendamine 

NA NP-E D NP-E NA D 

Aurupilvede 
vªhendamine 

NA NP-E NA E NA NA 

M¿ra vªhendamine NA E D E D E 
Triivi 
vªhendamine 

NA E E E NA E 

Mªrkused: 
1Koodide selgitused (vt ka 2. ptk): 

OTCS ï lªbivooluga jahutuss¿steem 

OWCT ï avatud mªrgjahutustorn 
OWDCT ï avatud mªrg-/kuivjahutustorn 

CCWCT ï suletud ringlusega mªrgjahutustorn 

CCDCT ï suletud ringlusega kuivjahutustorn 
CCWDCT ï suletud ringlusega mªrg-/kuivjahutustorn 

 
 

Jahutusprotsessi moderniseerimiseks on palju v»imalikke viise ja m»ned t¿¿pilised stsenaariumid 

koos asjakohaste kaalutlustega on loetletud jªrgmistes jagudes. 

 

 

1.5.3.2 Soojus¿lekande tehnoloogia muutmine 
 

Tavaliselt on uue tehnoloogiaga seotud madalamad tegevuskulud v»i seadusandlikud piirangud 

peamised p»hjused ¿he soojus¿lekandetehnoloogia asendamiseks teise tehnoloogiaga. 

 

T¿¿piline nªide on lªbivoolus¿steemi asendamine ringluss¿steemiga, millega hoitakse kokku 

tegevuskulusid (vesi ja kanalisatsioon) ning jªrgitakse piiranguid soojusheidetele pinnavette. 

Ringluss¿steemi majanduslikud nªitajad s»ltuvad vee, reovee ja elektrienergia erikuludest. Kui 

eeldada, et vee ja reovee keskmised kulud on 1 ú/mį ja elektrienergia kulud on 0,1 ú/kWh, on 

tegevuskulud selles nªites lªbivoolus¿steemi puhul 38 800 ú ja ringluss¿steemi puhul 48 000 ú 

(2100 ú vee eest ja 27 000 ú energia eest). Aastane kokkuhoid on 34 000 ú, mis on suurem kui 21 

000 ú investeeringukulusid. Kui tasakaal on eelk»ige keskkonna poole ja investeerimiskulud on 

palju suuremad kui aastased kulud, siis muutub oluliseks teguriks investeeringu tasuvusperiood. 

 

Selles nªites v»idavad tehnoloogia muutmisest samaaegselt nii keskkond seoses veevajadusega kui 

ka ettev»te. Samas kaasnevad keskkonnakulud tªiendava energiavajaduse t»ttu, mis tuleneb 

tªiendavast ventilaatori ja pumba energiavajadusest. Veekasutust m»jutab selles nªites suurel 

mªªral aurustumiskadu, mille arvutamisel on eeldatud, et see moodustab 1,8% ringlusest 10 K 

jahutuse kohta (vt V lisa jaotist 3). 

 
See nªide nªitab ¿ksnes, kuidas lªheneda tehnoloogia muutustele. Erinevate hinnatasemete korral 
on tulemus ¿sna erinev ja eelistatuks v»ib osutuda lªbivoolus¿steem. Nªiteks Itaalias, kus 
elektrikulu on umbes 0,05 ú/kWh ja veekulu lªbivoolus¿steemi puhul 0,01 ú/m3 v»rreldes suletud 
ringluse veekuluga 0,1-0,2 ú/m3, oleks majanduslikust seisukohast soodsam kasutada 
lªbivoolus¿steemi. 
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Tabel 1.9: Nªide lªbivoolus¿steemi muutmise kohta ringluss¿steemiks 

[tm139, Eurovent, 1998] 

 
Nªide: 

»hukompressor 500 kW  Lªbivoolus¿steem Ringluss¿steem 

Sisselasketemperatuur 15 ÁC 27 ÁC 
Vªljalasketemperatuur 35 ÁC 35 ÁC 
Vooluhulk 6 l/s 15 l/s 
Aastane tººtundide arv 1800 h 1800 h 
Aurustumiskadu - 1400 mį/a 
Vªljapesu - 700 mį/a 
Aastane veekasutus 38 800 mį/a 2100 mį/a 
Tªiendav ventilaatori ja 
pumba energiatarve 

- 15 kW 

Investeerimiskulud - 21 000 ú 
 
 

Kui kaalutakse jahutuskonfiguratsiooni muutmist, tuleb arvesse v»tta selle m»ju ¿ldisele 

energiat»hususele. V»imaluse korral tuleks energiat»husust suurendada. Temperatuuritundlike 

protsesside puhul tuleb kontrollida, kas jahutustehnoloogiaga on v»imalik saavutada sama 

ohutustaseme juures madalamaid l»pptemperatuure. 

 

Nªide vesijahutusega kondensaatori asendamisest avatud jahutustorniga aurustuskondensaatoriga 

nªitab m»ju l»pptemperatuurile ja s¿steemi energiat»hususele. Selline tehnoloogiline asendamine 

v»ib potentsiaalselt vªhendada kondenseerimistemperatuuri 4-6 K v»rra, s»ltuvalt tegelikest 

tingimustest. Sellisest moderniseerimisest tulenev energiat»hususe t»us v»ib olla hinnanguliselt 

12-15% k¿lmutusseadme kompressori energiavajadusest. [tm139, Eurovent, 1998] 

 

Keskmises temperatuurivahemikus temperatuuritundlike rakenduste puhul v»ib olla soodne 

h¿briids¿steemide kasutuselev»tt, kui tuleb vªhendada veekasutust ja/v»i vee- ja 

kanalisatsioonikulusid. Selline muudatus ei suurenda ¿ldjuhul elektrivajadust, kuid v»ib oluliselt 

vªhendada iga-aastast veetarbimist. S»ltuvalt tegelikest tingimustest ja n»utavast suurusest 

v»ivad h¿briidkontseptsioonid n»uda lisaruumi. 

 

 

1.5.3.3 Vananenud soojus¿lekandetehnoloogia asendamine kaasaegsega 
 

Sageli ei ole jahutustehnoloogia vahetamine erinevatel p»hjustel sobiv. Samas v»ib ka 

olemasoleva tehnoloogia muutmine tuua kaasa suurema energiat»hususe, parema j»udluse, 

vªiksemad heited ja madalamad tegevuskulud. ìhuliikumiss¿steemide ja soojus¿lekandepindade 

arendamine ning vastupidavamate konstruktsioonimaterjalide kasutamine on peamised p»hjused, 

mis tingivad tehnoloogiate asendamise. 

 

Kuna protsessi temperatuurid tavaliselt ei muutu (sama tehnoloogia), siis on selle stsenaariumi 

puhul p»hir»hk suunatud kªitamisressursside ja keskkonnam»jude vªhendamisele ning seadmete 

eluea pikendamisele. Uute vastupidavate materjalide kasutamisega on v»imalik pikendada 

seadmete kasutusiga ¿le 10 aasta. On vªga t»enªoline, et k»ik 15 v»i 20 aastat tagasi paigaldatud 

seadmed saab n¿¿d asendada kaasaegsete, suurema energiat»hususe ning parema keskkonna- ja 

majanduslike nªitajatega seadmetega. 

 

T¿¿piline nªide lªbivooluga jahutuss¿steemide tªiustamise kohta on t»husamate 

plaatsoojusvahetite kasutamine. Nªiteks aurustavate jahutuss¿steemide puhul on tehtud suuri 

arenguid, et parandada tªitematerjalide ja »huvahetuss¿steemide nªitajaid, mille tulemuseks on 

kompaktsem konstruktsioon ja suurem energiat»husus. ìhkjahutusega s¿steemide puhul on 

saavutatud sarnaseid tulemusi uue tehnoloogiaga, mis v»imaldab erinevaid lamellikujundusi. 

Nªide sellest, milline v»iks olla parema energiat»hususe m»ju energiakasutusele, on esitatud  
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tabelis 1.10. Sellisel juhul peavad investeerimiskulud olema tasakaalustatud aastaste 

energiakasutuse ja hooldustªitmise kuludega. 

 
Tabel 1.10: Nªide vananenud mehaanilise t»mbega mªrgjahutustorni ¿mberehitamise 

kohta kaasaegse konstruktsiooniga torniks 
[tm139, Eurovent, 1998] 

 

Nªide: 
Mehaanilise t»mbega 

mªrgjahutustorn 

Vananenud konstruktsioon: 
indutseeritud t»mbega 
kontseptsioon, madala 
t»hususega tªidis ja 

ventilaator 

Kasaegne konstruktsioon: 
indutseeritud t»mbega 
kontseptsioon, k»rge 

t»hususega tªidis ja ventilaator 

V»imsus 1200 kW 
Sisendtemperatuur 38 ÁC 
Vªljundtemperatuur 28 ÁC 
Mªrgtemperatuur 21 ÁC 
Vee vooluhulk 28,7 l/s 
Ventilaatori v»imsustarve 7,5 kW 4 kW 
Ventilaatorite 
energiatarbimine 

9 MWh/a 4,8 MWh/a 

Investeeringukulud - 14 000 ú 
 
 

1.5.3.4 Olemasoleva soojus¿lekandetehnoloogia moderniseerimine 
 

Sageli ei ole vaja kogu jahutuss¿steemi vªlja vahetada. Olemasolevate jahutuss¿steemide j»udlust 

saab parandada ka moderniseerimisega. S¿steemi peamised komponendid v»i lisaseadmed 

asendatakse v»i parandatakse, samas kui olemasolev paigaldis jªªb alles. Moderniseerimine v»ib 

suurendada s¿steemi t»husust ja vªhendada keskkonnam»ju. Moderniseerimise nªideteks on uued 

ja t»husamad jahutustornide tªitematerjalid ning helisummutuse kasutamine. 

 

Tabelites 1.11 ja 1.12 esitatud juhtumeid tuleks kªsitleda lihtsustatud illustreerivate nªidetena. 

Keskkonnakasu terviklikuks hindamiseks tuleb arvesse v»tta ka muid tegureid. Nªiteks 

jahutustorni tªitematerjali asendamisel tuleb arvesse v»tta ka k»rvaldatavate vanade 

tªitematerjalide keskkonnakulusid. 

 

Tabel 1.11: Nªide mehaanilise t»mbega mªrgjahutustorni vananenud tªitematerjali 

asendamise kohta kaasaegse k»rgtehnoloogilise tªitematerjaliga 

[tm139, Eurovent, 1998] 

 

Nªide: mehaanilise t»mbega 

mªrgjahutustorn 
Vananenud tªidis K»rge t»hususega tªidis 

V»imsus 3600 kW 
Sisendtemperatuur 38 ÁC 
Vªljundtemperatuur 28 ÁC 
Mªrgtemperatuur 21 ÁC 

Vee vooluhulk 86,1 l/s 

Olemasoleva kambri 

p»randapindala 

26 mĮ 

Ventilaatori v»imsustarve 22,5 kW 13,5 kW 

Ventilaatorite energiatarbimine 81 MWh/a 48,6 MWh/a 

Investeeringukulud - 29 000 ú 

 
 

Seda, et k»ik muudatused ei avalda ainult positiivset m»ju, v»ib tªheldada tabelist 1.12, kus on 

saavutatud mªrkimisvªªrne m¿rataseme vªhenemine. M¿ra vªhendamine toob aga tavaliselt kaasa 

r»hu languse, mida tuleb kompenseerida ventilaatorite suurema v»imsusega. See omakorda 

suurendab jahutuss¿steemi otsest energiakulu. See, kas seada prioriteediks vªiksem energiakulu 
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v»i madalam m¿ratase, on kohalike eelistuste k¿simus. Investeerimis- ja hoolduskulusid tuleks 

v»rrelda energiakulu vªhenemisega. 

 

Teine nªide energiat»hususe suurendamise kohta on tegevusstrateegia ajakohastamine. 

Ventilaatorite sisse- ja vªljal¿litamise v»ib muuta sagedusmuundurite abil moduleeritavaks. Selle 

tulemuseks v»ib olla mªrkimisvªªrne elektrienergia kokkuhoid, mis s»ltuvalt tingimustest v»ib 

olla 70% ja rohkem. 

 

Moderniseerimise investeerimiskulud v»ivad olla vªga erinevad ja s»ltuvad moderniseerimise 

t¿¿bist ja olemasoleva paigaldise vanusest. Investeeringuga kaasnevad suurema energiat»hususe 

t»ttu vªiksemad tegevuskulud. Moderniseerimise investeerimiskulud on ¿ldjuhul madalamad kui 

tehnoloogia muutmise v»i seadmete vªljavahetamise kulud. 

 

 
Tabel 1.12: Nªide akustilise toimivuse parandamise kohta, lisades helisummutuse 
[tm139, Eurovent, 1998] 

 

Nªide: mehaanilise t»mbega 

mªrgjahutustorn 

Olemasolev 

mªrgjahutustorn 

Moderniseerimine 

helisummutusega 

V»imsus 1200 kW 
Sisendtemperatuur 38 ÁC 
Vªljundtemperatuur 28 ÁC 
Mªrgtemperatuur 21 ÁC 

Vee vooluhulk 28,7 l/s 
Ventilaatori v»imsustarve 15 kW 18 kW 
Heliv»imsuse tase 90 dB(A) 81 dB(A) 
Investeeringukulud - 12 000 ú 

 
 

1.6 Majanduslikud aspektid 

Kulud on alati ¿ks olulisemaid tegureid jahutuss¿steemi valikul ja neid saab hinnata ainult 

individuaalse projekti tasandil. Eristada saab kolme olulist kululiiki: 

¶ investeerimiskulud, 

¶ hoolduskulud, 

¶ energia- (ja veevajadusega seotud) tegevuskulud, 

¶ keskkonnakulud, nªiteks maksud ja jªªtmete k»rvaldamise kulud. 

 

Absoluutsed kulud ja erinevate kulude vaheline suhe on erinevad ja s»ltuvad jahutuss¿steemist. 

K»ige madalamate investeerimiskuludega jahutuss¿steem ei ole tingimata ka s¿steem, mis n»uab 

minimaalseid kasutusressursse. Tehnilised lahendused ressursitarbimise minimeerimiseks toovad 

sageli kaasa suuremaid investeerimiskulusid. 

 

Seet»ttu on oluline, et majanduslikes kaalutlustes ei keskendutaks ainult lihtsale 

investeeringukulude v»rdlusele, vaid ka jahutuss¿steemi tegevuskuludele. Elektrijaamade puhul 

on tegevuskulud seotud ¿ldise energiat»hususega. Tuleb hinnata erinevate jahutuss¿steemide 

valikust tuleneva energiat»hususe muutuse rahalist m»ju. ¦ldiselt v»rreldakse elektrijaamade 

puhul erinevaid lahendusi eespool nimetatud tehnilis-majandusliku meetodi abil, kasutades 

Ătegelikkuñ v»i Ăvªªrtustatudñ suhtarvu, mis on riigiti erinev. [tm056, Caudron, 1991].
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2 RAKENDATAVATE JAHUTUSS¦STEEMIDE 
TEHNOLOOGILISED ASPEKTID  

2.1 Sissejuhatus 

Selles peat¿kis kirjeldatakse l¿hidalt m»ningate Euroopa tººstuses kasutatavate jahutuss¿steemide 

p»him»tteid. Nendes konfiguratsioonides v»ib leida erinevaid rakendusi, mis k»ik on suunatud 

protsessi, asukoha, keskkonna- ja majanduslike n»uete tªitmisele. Erinevad on ka soojusvaheti 

suurus ja t¿¿p, ventilaatorite t¿¿p ja kªitamistavad. Eri t¿¿pi jahutuss¿steeme v»ib liigitada 

erinevate kriteeriumide alusel. Standardkirjanduses kasutatakse jªrgmisi kriteeriume: 

 

¶ kuiv»hkjahutus ja aurustav mªrgjahutus ï domineeriva termod¿naamilise p»him»tte 

kohaselt on see vastavalt tajutav soojus¿lekanne ning latentse ja tajutava soojus¿lekande 

kombinatsioon. Aurutava jahutuse puhul on m»lemad p»him»tted ¿hendatud, kuid 

p»hiline osa soojusest kantakse ¿le latentselt; kuivjahutuse puhul toimub ainult tajutav 

soojus¿lekanne, 

¶ avatud v»i suletud s¿steemid ï avatud s¿steemis on protsessikeskkond v»i jahutusaine 

keskkonnaga kokkupuutes; suletud s¿steemis ringleb protsessikeskkond v»i jahutusaine 

torude, spiraalide v»i kanalite sees ning ei puutu keskkonnaga kokku, 

¶ otsesed v»i kaudsed s¿steemid ï otseses s¿steemis on ¿ks soojusvaheti, kus jahutusaine ja 

jahutatav keskkond vahetavad soojust; kaudses s¿steemis on vªhemalt kaks soojusvahetit 

ja suletud sekundaarne jahutuskontuur jahutatava protsessi v»i toote ja primaarse 

jahutusaine vahel. Tªiendava soojusvaheti t»ttu on kaudsete s¿steemide 

temperatuurierinevus suurem (umbes 5 K). Otseseid ja kaudseid s¿steeme nimetatakse ka 

primaarseteks ja sekundaarseteks s¿steemideks. P»him»tteliselt saab iga otsese 

jahutuss¿steemi muuta kaudseks s¿steemiks ja seda v»imalust kaalutakse olukordades, 

kus protsessikeskkonna leke ohustaks keskkonda. 

 

Kªesolevas BREF-dokumendis ei kirjeldata otsese kokkupuutega jahutuss¿steeme (mitte segi 

ajada otsese/kaudse jahutuss¿steemiga), sest nende omadused s»ltuvad suuresti tººstuslikust 

protsessist, mille puhul neid kasutatakse (nt kuum teras). Teine jahutusviis on baromeetriliste 

kondensaatoritega lªbivoolus¿steem, kus gaasivoolu jahutatakse otse selle kohale vee 

doseerimisega. Neid v»ib leida toiduainetººstuses. Kªesolevas dokumendis ei kªsitleta neid 

s¿steeme, samuti ei kªsitleta vaakumtehnikaid v»i konkreetseid k¿lmutusaineid, nªiteks HCFC-d, 

kasutavaid s¿steeme. 

 

Praktikas kasutatakse Euroopas ja ka vªljaspool Euroopat nii jahutusseadmete kui ka 

jahutuskonfiguratsioonide kohta mitmesuguseid nimetusi. Nende nomenklatuur on sageli seotud 

rakenduse eesmªrgiga ja elektrijaamade t¿poloogias viitab see kondenseerimisprotsessile (vt XII 

lisa). ¦ldiselt v»ib eespool esitatud p»him»tetest tuletada jªrgmise Euroopa tººstuses tavaliselt 

kasutatavate s¿steemide loetelu: 

 

¶ lªbivooluga jahutuss¿steemid (jahutustorniga v»i ilma), 

¶ avatud ringlusega jahutuss¿steemid (mªrgjahutustornid), 

¶ suletud ringjahutuss¿steemid: 

- »hkjahutusega jahutuss¿steemid, 

- suletud ahelaga mªrgjahutuss¿steemid, 

¶ kombineeritud mªrg- ja kuivjahutuss¿steemid (h¿briidjahutuss¿steemid): 

- avatud h¿briidjahutustornidm 

- suletud ringlusega h¿briidjahutustornid. 

 

Suletud ringjahutuss¿steemide puhul v»ib veel eristada vªikeseid valmisrakendusi ja suuri, 

kohapeal ehitatud v»i kokkupandavaid kohandatud jahutuss¿steeme. 
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¦ldiselt kasutatakse lªbivooluga ja avatud ringlusega s¿steeme suuremates elektri- ja (nafta-) 

keemiatººstuse rajatistes. 

 

Terminit torn kasutatakse nii kesta t¿¿pi konstruktsioonide (nt suured loomuliku t»mbega 

s¿steemid) kui ka kambri t¿¿pi konstruktsioonide puhul, mis v»ivad olla vªikesed ja asuda 

katusel. 

 

V»rdluseks on tabelis 2.1 esitatud m»ned k»ige levinumate tººstuslike jahutuss¿steemide 

tehnilised ja termod¿naamilised omadused. Need on nªited, mis on tuletatud teatud hulga eelduste 

p»hjal (vt tabeli legendi). Oluline on m»ista, et temperatuurierinevused v»ivad varieeruda ja 

s»ltuvad suuresti soojusvaheti konstruktsioonist ja vªlis»hu temperatuurist. Protsessikeskkonna 

minimaalsed l»pptemperatuurid varieeruvad vastavalt sellele. Elektrijaamade puhul arvutatakse 

temperatuurierinevused erinevalt (vt I lisa). 

 
Tabel 2.1: Nªide erinevate tººstuslikes (mitte elektrijaamade) rakendustes kasutatavate 

jahutuss¿steemide tehniliste ja termod¿naamiliste omaduste kohta 
[tm139, Eurovent, 1998] 

 

Jahutuss¿steem 

 

Jahutus-

keskkond 

 

Peamine 

jahutus-

p»him»te 

Miinimum -

tempera-

tuurivahe 

(K)
4)

 

Protsessikeskkonna 
minimaalne saavutatav 

l»pptemperatuur
5) 
(ÁC) 

Tººstus-

protsessi 

v»imsus 

(MW th) 

Avatud lªbivoolu-

s¿steem ï otsene 
Vesi 

Juhtivus / 

konvektsioon 
3 ï 5 18 ï 20 <0,01 - > 2000 

Avatud lªbivoolu-

s¿steem ï kaudne 

Vesi Juhtivus / 

konvektsioon 
6 ï 10 21 ï 25 <0,01 - > 1000 

Avatud 

ringjahutuss¿steem 

ï otsene 

Vesi1) 

ìhk2) 

 

Aurustumine3) 

 

6 ï 10 

 

27 ï 31 

 

< 0,1 ï >2000 

Avatud 

ringjahutuss¿steem 

ï kaudne 

Vesi1) 

ìhk2) 

 

Aurustumine3) 

 

9 ï 15 

 

30 ï 36 

 

< 0,1 - > 200 

Suletud mªrg 

jahutuss¿steem 

Vesi1) 

ìhk2) 
Aurustumine 

+ konvektsioon 7 ï 14
7)

 28 ï 35 0,2 ï 10 

Suletud kuiv 

»hkjahutuss¿steem 
ìhk Konvektsioon 10 ï 15 40 ï 45 < 0,1 ï 100 

Avatud 
h¿briidjahutus 

Vesi1) 

ìhk2) 
Aurustumine 

+ konvektsioon 
7 ï 14 28 ï 35 0,15 - 2,5 

6)

 

Suletud 

h¿briidjahutus 

Vesi1) 

ìhk2) 
Aurustumine 

+ konvektsioon 
7 ï 14 28 ï 35 0,15 - 2,5 

6)

 

Mªrkused: 
1) Vesi on sekundaarne jahutuskeskkond ja seda kasutatakse enamasti ringlusena. Vee aurustumine annab soojuse ¿le »hku. 
2) ìhk on jahutuskeskkond, milles soojus kantakse ¿le keskkonda. 
3) Aurustumine on peamine jahutusprintsiip. Soojus kandub ¿le ka soojusjuhtivuse/konvektsiooni teel, kuid vªiksemas 

vahekorras. 
4) Tuleb lisada soojusvaheti ja jahutustorni temperatuurivahed. 
5) L»pptemperatuurid s»ltuvad asukoha kliimast (andmed kehtivad keskmiste Euroopa kliimatingimuste puhul: kuiv/mªrg 
temperatuur 30Á/21ÁC ja maksimaalne veetemperatuur 15ÁC. 

6) Vªikeste seadmete v»imsus ï mitme seadme kombinatsiooniga v»i spetsiaalselt ehitatud jahutusega on v»imalik 
saavutada suuremaid v»imsusi. 

7) Kui kohaldatakse kaudset s¿steemi v»i on kaasatud ka konvektsioon, suureneb temperatuurivahe selles nªites 3-5 K, mis 
toob kaasa protsessi temperatuuri t»usu. 

 

Tabelis 2.1 toodud nªide nªitab, et konfiguratsioonidel on erinevad temperatuurivahemikud ja et 

protsessi soovitud temperatuurivahemik v»ib vajada teatud kindlat konfiguratsiooni. 

Ruumivajaduse ja kulude t»ttu ei kasutata vªga suurte v»imsuste puhul ¿ldiselt 

kuiv»hkjahutuss¿steeme, samas kui vesijahutust v»ib kasutada kuni 2000 MWth v»i suurema 

soojuse ªrajuhtimiseks. 
 

Kondensaatorite puhul on temperatuurierinevused suuremad. Lªbivoolus¿steemide puhul vastab 

temperatuurierinevus l»pperinevuse ja jahutusvee temperatuurit»usu summale. M»iste 

Ăl»pperinevusñ tªhistab temperatuuri erinevust kondensaatorisse siseneva auru (v»i kondensaatorist 
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vªljuva kondenseeritud auru) ja kondensaatorist vªljuva jahutuskeskkonna (vee) temperatuuri 

vahel. Vªªrtused jªªvad vahemikku 3 kuni 5 K. Kohaldatavad andmed on esitatud tabelis 2.2. 

 
Tabel 2.2: Nªited erinevate energiatººstuses kasutatavate jahutuss¿steemide v»imsuse ja 

termod¿naamiliste omaduste kohta 

[Kommentaar: EDF/[tm056, Caudron, 1991][tm056, Caudron, 1991][tm056, Caudron, 1991]] 

 

Jahutuss¿steem 
Rakendatud 

temperatuurierinevus (K)  
Energiatootmisprotsessi 

v»imsus (MW th) 

Avatud lªbivoolus¿steemid 13-20 (l»pperinevus 3-5) < 2700 

Avatud mªrgjahutustorn 7-15 < 2700 

Avatud h¿briidjahutustorn 15-20 < 2500 

Kuiv»hkjahutusega 
kondensaator 

15-25 <  900 

 

Selles peat¿kis antakse ¿levaade k»ige levinumatest tººstuslikest jahutuss¿steemidest ja nendega 

seotud keskkonnaaspektidest. ¦ksikasjalikum teave soojusvahetite ja materjalide kohta on esitatud 

III ja V lisas ning viidete loetelus olevates dokumentides. Jªrgnevas tekstis kasutatakse kirjanduses 

k»ige sagedamini esinevaid tehnilisi termineid. Viidetega tutvumise h»lbustamiseks mªrgitakse, 

kui kasutatakse ka muid m»isteid. 

 

 

2.2 Soojusvahetid 

Soojusvahetid on olulised soojust ¿lekandvad elemendid, mis on osa nii jahutatavast protsessist 

kui ka jahutuss¿steemist. Pªrast soojusvahetit kasutatakse erinevaid s¿steeme soojuse keskkonda 

juhtimiseks. Tavaliselt kasutatakse kahte t¿¿pi soojusvaheteid: kesta ja toru t¿¿pi (k»ige levinum) 

ning plaadi ja raami t¿¿pi. 

 

 

2.2.1 Manteltoru -soojusvahetid 
 

Seda t¿¿pi soojusvahetiga on tººtlevas tººstuses palju kogemusi ja see on osutunud k¿llaltki 

tººkindlaks. On olemas hulk erinevaid konstruktsioone, kus torud kulgevad sirgelt v»i U-kujuliselt 

v»i kus soojusvaheti on projekteeritud spetsiaalselt k»rgr»hu tingimusteks, k»rgeteks 

temperatuurideks, tººtamiseks auru v»i soojusvedelikega. Tavaliselt sisaldavad torud jahutusvett 

ja protsessikeskkond liigub ¿mber torude, mis asuvad mantli sees. P»hjalikumalt kªsitletakse 

manteltoru-soojusvaheteid II lisas. 

 

 

2.2.2 Plaatsoojusvahetid 
 

Plaatsoojusvaheteid kasutatakse ¿ha enam mitmesugustes suhkrurafineerimistehaste, (nafta-) 

keemiatººstuse ja elektrijaamade rakendustes. Need sobivad eriti hªsti kasutamiseks vªiksema 

temperatuurierinevuse juures, samuti k¿lmades rakendustes (< 0 ÜC). Samas ei sobi need 

soojusvahetid auru ja suurte gaasikoguste jahutamiseks ning olukordadesse, kus on oht sette ja/v»i 

biosaastuse tekkeks, ning protsessivedeliku ja jahutusaine vaheliste suurte r»huerinevuste korral. 

M»nel t¿¿bil on topeltkonstruktsioon, et tagada lekkevaba tºº, kuid on teatatud, et seda on vªga 

raske hooldada. Plaatsoojusvahetid on ºkonoomsed, kuna v»ivad olla palju kompaktsemad (nt 

ringikujulised) kui samavªªrse vahetuspindalaga manteltoru-soojusvahetid. 
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2.2.3 Soojusvahetite keskkonnak¿simused 
 

Keskkonna seisukohast on m»lema soojusvahetit¿¿bi puhul olulised jªrgmised k¿simused: 

- piisavalt hea konstruktsioon t»husa soojusvahetuse tagamiseks, 

- n»uetekohane konstruktsioon, et vªltida protsessivedeliku lekkimist jahutuskeskkonda, 

- materjali valik soojus¿lekande t»hususe tagamiseks, vees esineva korrosiooni vªltimiseks ja 
protsessikeskkonnast tuleneva korrosiooni vªltimiseks, 

- mehaaniliste puhastusseadmete kasutamise v»imalus. 

 

 

2.3 Lªbivooluga jahutuss¿steemid 

2.3.1 Otsesed lªbivoolujahutusega jahutuss¿steemid 

 
Tehniline kirjeldus  

Otsestes lªbivoolus¿steemides pumbatakse vesi allikast (nt j»est, jªrvest, merest v»i j»esuudmest) 

suurte vee sissevoolukanalite kaudu otse protsessi. Pªrast soojusvahetite v»i kondensaatorite 

lªbimist juhitakse soojenenud vesi otse tagasi pinnavette. Soojus kantakse protsessist jahutusainele 

¿le vaheseinte kaudu, mis esinevad manteltoru-soojusvahetite puhul torude kujul, v»i 

plaatsoojusvahetites. Lªbivoolus¿steeme tªhistatakse erinevate nimetustega. Nªiteks 

paberitººstuses nimetavad paljud tehased oma lªbivooluga jahutuss¿steemide jahutusvett Ătehase 

varustamiseksñ. [tm010, Betz, 1991] 

 

Joonis 2.1: Otsese lªbivooluga jahutuss¿steemi skeem 

[tm001, Bloemkolk, 1997] 

 
Jahutusv»imsus 
Lªbivoolus¿steemid on kavandatud enamasti suurte jahutusv»imsuste jaoks (>1000 MWth), kuid 
neid v»ib projekteerida ka vªikeste s¿steemide jaoks (< 10 kWth). Suurte elektrijaamade t¿¿pilised 
veevoolud 1 MWth jahutamiseks on vahemikus 0,02 m3/s ( T = 12K) kuni 0,034 m3/s ( T = 7K). 
Lªbivoolujahutusega on v»imalik saavutada madalad l»pptemperatuurid, mille vastav 
temperatuurivahe on 3-5 K.  

 
Keskkonnaaspektid 
Lªbivoolus¿steemide puhul on peamised keskkonnaaspektid jªrgmised: 

¶ suurte veekoguste kasutamine, 

¶ soojuse eraldumine, 

¶ kalade sissev»tmise oht, 

¶ tundlikkus biosaastuse, katlakivi v»i korrosiooni suhtes, 

¶ lisaainete kasutamine ja sellest tulenevad veeheited, 

¶ energiatarbimine, peamiselt pumpade puhul, 

¶ protsessivoolu lekke oht ning 

¶ vee sissev»tu s»elte mudaga ummistumine. 

Tarbijad 
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Rakendusalad 

Lªbivoolus¿steeme kasutatakse suurtes tººstusprotsessides, nªiteks energiatootmises, 

keemiatººstuses ja rafineerimistehastes. Lªbivoolujahutuseks kasutatav vesi on enamasti 

pinnavesi. Vªiksemate kasutusviiside puhul, nªiteks pumpade jahutamiseks, kasutatakse ka 

kraanivett v»i p»hjavett. Lªbivoolus¿steemide puhul on oluline tingimus, et kªitise lªhedal oleks 

tººkindel ja sobivalt madala temperatuuriga veeallikas. Pinnavee kvaliteet ja heitvee piirnormid 

v»ivad samuti s¿steemi kasutatavust m»jutada, kuid ¿ldiselt on vee kvaliteet ja vee keemiline 

koostis siin vªhem piiravad kui ringluss¿steemide puhul. [tm005, Van Donk ja Jenner, 1996]. 

 

 

2.3.2 Lªbivooluga jahutuss¿steemid koos jahutustorniga 
 

Kuna elektritootmise protsess tººtab vaakumi tingimustes, tªhendab leke elektrijaama 

kondensaatoris tavaliselt protsessivee reostumist jahutusveega. Mitmetes kªitistes kasutatakse 

lªbivoolus¿steeme koos jahutustorniga, et eeljahutada heitvett enne selle vastuv»tvasse pinnavette 

juhtimist. Sellist konfiguratsiooni kasutatakse olukordades, kus jahutusvesi v»ib uuele ringile 

minna ja t»sta sama kªitise v»i teiste rajatiste jahutusvee sissevoolutemperatuuri. J»e 

vastuv»tuv»ime, loodete liikumine, kªitise suurus ja pinnavee temperatuur on samuti olulised 

tegurid. Sellist eeljahutusviisi kasutatakse rannikuªªrsetes elektrijaamades (j»gede suudmealadel) 

ja sisemaal j»eªªrsetes kªitistes. 

 

Selliste jahutuss¿steemide suhtes kohaldatakse avatud mªrgjahutustornide keskkonnaaspekte. 

Jahutustorni tªidise valikul tuleb arvestada bioloogilist kasvu ja ladestumist. ¦ldiselt kasutatakse 

laia tªitega v»i pritsiva tªitega jahutustorne. 

 

Joonis 2.2: Energiatººstuses kasutatava otsese lªbivooluga ja jahutustorniga 

jahutuss¿steemi skeem 

[tm132, Eurelectric, 1998] 
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2.3.3 Kaudse lªbivooluga jahutuss¿steemid 

  
 

Joonis 2.3: Kaudse lªbivooluga jahutuss¿steemi skeem 

[tm001, Bloemkolk, 1997] 

 

 

Tehniline kirjeldus  
See jahutuss¿steemi konfiguratsioon on sarnane otsese lªbivoolus¿steemiga, kuid on kaudne, sest 

puudub otsene soojuse ¿leekanne protsessivedelikult/ aurult vªljastatavale jahutusainele. Selle 
kohta kasutatakse ka m»istet "sekundaarne jahutuss¿steem". Soojus kantakse protsessikeskkonnalt 
v»i tootelt ¿le jahutusainele, mis ringleb suletud kontuuris (t3 ja t4). Selles sekundaarsest 
jahutuskontuuris annab jahutusaine oma soojuse soojusvahetite kaudu ¿le jªrgmisele jahutusainele 
(nt pinnaveele), mis voolab lªbi soojusvahetite ainult ¿ks kord, nn primaarjahutusveele (t1 ja t2). 

See vesi juhitakse otse pinnavette, samas kui sekundaarne jahutusaine jªªb suletud kontuuri. 

 
Jahutusv»imsus 

Kaudse lªbivooluga jahutusega on v»imalik saavutada sama madalad l»pptemperatuurid, kuid tªnu 

tªiendavale soojusvahetile v»ib temperatuurivahe suureneda veel 3-5 K v»rra, s»ltuvalt 

soojusvaheti t»hususest. 

 
Keskkonnaaspektid 

Vt ka otsese lªbivooluga jahutuss¿steemi. Selline konstruktsioon tªhendab, et lekkinud 

protsessivedeliku sattumise oht pinnavette on minimaalne v»i null. 

 
Rakendusalad 

Kaudse lªbivooluga jahutusvees¿steemi kasutatakse seal, kus tekiks suur keskkonnarisk, kui 

protsessivedelikud lekiksid jahutusvette. Pinnavee kªttesaadavus ja kvaliteet on ka sellise 

jahutuss¿steemi puhul olulised. Samuti tekitab see s¿steem vastuv»tvale pinnaveele 

soojuskoormust. Kaudse lªbivoolus¿steemi ¿ks variant on hoida osa primaarts¿kli veest ringluses. 

Seda osa jahutatakse »hu abil, enne kui see segatakse uue sissetuleva jahutusveega. Seda 

tªiendavat jahutusv»imsust saab kasutada neil aastaaegadel, mil jahutusvett ei ole piisavalt. 

¦ldiselt ei ole tªiendava soojusvaheti t»ttu (st suurema temperatuurierinevuse t»ttu) saavutatavad 

protsessi l»pptemperatuurid nii madalad kui otsese lªbivoolujahutuse puhul. 

Tarbijad 
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2.4 Avatud ringjahutuss¿steemid 
 

 
Joonis 2.4: Avatud ringjahutuss¿steemi skeem 

[tm001, Bloemkolk, 1997] 

 

 
Tehniline kirjeldus  

Avatud ringjahutuss¿steeme nimetatakse ka avatud aurustavateks jahutuss¿steemideks. Nendes 

s¿steemides jahutatakse lªbi soojusvaheti(de) s¿steemi(de) juhitud jahutusvett jahutustornis, kus 

suurem osa soojusest juhitakse keskkonda. Jahutustornis jaotatakse kuumenenud vesi ¿le kogu 

jahutustorni tªidise, kus see kokkupuutel »huga maha jahtub ning kogutakse reservuaari, mille jªrel 

see pumbatakse tagasi sooja protsessi, et seda uuesti jahutusainena kasutada. ìhu liikumine 

tekitatakse loomulikul moel v»i ventilaatorite abil, mis suruvad v»i t»mbavad »hku lªbi torni. Vee 

jahutamine toimub vªikese osa jahutusvee aurustamise t»ttu ja vee otsesest »hu abil jahutamisest 

tuleneva tajutava soojuse kadude t»ttu, mida nimetatakse ka konvektsiooniks. Mªrg- ja 

kuivtemperatuur m»jutavad suurel mªªral seda, millisel tasemel need s¿steemid saavad tººtada. 

 

Enamik, kuid mitte kogu tornis jahutatud vesi lastakse ringlusse ja seda saab uuesti jahutusveena 

kasutada. Peamised veekao p»hjused on aurustumine, vªljavool (tuulem»ju, triivimine, 

puhastamine (tahtlik vªljalaskmine) ning lekked. Tahtlik vªljalaskmine ehk vªljapesu on vee 

ªravool ringlusest, mis on vajalik jahutusvee paksenemise vªltimiseks (VI lisa). Vªljapesu ja 

aurustumise kompenseerimiseks lisatakse vett, mida nimetatakse lisaveeks. ¦ldiselt on avatud 

ringluss¿steemi jaoks kasutatav lisaveevool umbes 1-3% sama jahutusv»imsusega 

lªbivoolus¿steemi vooluhulgast. Energiatººstuses v»ib see olla 1-5%. See on ligikaudu v»rdne 

n»udega Ă0,25% Ĭ jahutusvahemikñ, mis mªrgib lisavee kogust protsendina ringlusvee 

vooluhulgast. Vªljapesu jªªb tavaliselt vahemikku 0,15-0,80 m3/s 1000 MWth jahutuse kohta. (Vee 

poolestusaeg varieerub ¿hest tunnist kuni nelja pªevani). 

See s¿steem n»uab aastaringselt kªttesaadavat piisavat veekogust ja tavaliselt on vajalik jahutusvee 

puhastamine. 

 
Jahutusv»imsus 

Avatud ringluss¿steeme kasutatakse peamiselt tººstuslikes rakendustes, mille soojusv»imsus jªªb 

vahemikku 1-100 MWth, kuid ka palju suurema v»imsusega elektrijaamades. Neid s¿steeme 

kasutatakse enamasti sisemaal, kus vett ei ole piisavalt v»i kus vastuv»tva vee temperatuuri 

edasine t»us ei ole vastuv»etav, nagu see on soojade suvekuudel vªikese vooluhulgaga j»gede 

ªªres [tm005, Van Donk ja Jenner, 1996]. Mªrgjahutustornid annavad heitsoojust atmosfªªri 

umbes 80% ulatuses latentse soojusena (veeauruna) ja umbes 20% ulatuses tajutava soojusena 

[tm132, Eurelectric, 1998]. Tehniliselt ja majanduslikult on v»imalik saavutada vahemikus 15-30 

ÁC temperatuurierinevus 4 K. Temperatuurierinevused ja minimaalsed l»pptemperatuurid s»ltuvad 

kohapealsetest kliimatingimustest. 

Tarbijad 
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Keskkonnaaspektid 

Ringluss¿steemi keskkonnaaspektid s»ltuvad eelk»ige jahutustorni liigist ja kªitamisviisist. 

Need on jªrgmised: 

¶ jahutusvee lisandid ja nende heited vªljapesu kaudu pinnavette, 

¶ pumpade ja ventilaatorite energiatarve, 

¶ »huheited, 

¶ heitgaaside teke, kondenseerumine ja jªª moodustumine, 

¶ m¿ra, 

¶ jahutustorni tªidise asendamisest tulenevad jªªtmed ning 

¶ inimeste tervise aspektid. 

 
Rakendusalad 

Ringluss¿steemid on kasutusel mitmesugustes protsessides. Nende ¿ks omadus on vastuv»tva 

veekogu vªiksem soojuskoormus, kuna vªljuv heitsoojus suunatakse pinnavee asemel »hku. Teine 

omadus on jahutamiseks kasutatava vee koguse vªhenemine. Seet»ttu on levinud praktika 

lªbivooluga jahutuss¿steemide muutmine avatud aurustuvaks jahutuss¿steemiks kasutades ¿hte 

v»i mitut jahutustorni. 

 

Avatud ringjahutuse konfiguratsioonid on jªrgmised: 
- - avatud mªrgjahutustornid, 

- - avatud h¿briid- v»i mªrg-/kuivjahutustornid. 

 

 

2.4.1 Loomuliku t»mbega mªrgjahutustornid 

 
Konstruktsioon 

Suured tornid on tªnapªeval mantelt¿¿pi ja valmistatud raudbetoonist. Konstruktsioonid on 

enamasti pººrleva h¿perbooli kujulise mantliga, mis annab termod¿naamilisi/staatilisi eeliseid. 

Investeerimiskulud on suured, samas kui kªitamiskulud on suhteliselt madalad. Loomuliku 

t»mbega mªrgjahutustorne kasutatakse tavaliselt suurtes elektrijaamades ja suurtes 

tººstusettev»tetes. 

 
Veejaotuss¿steem 

Soojusvahetist tagasi tulev vesi tuuakse veejaotuss¿steemi abil torni. See s¿steem tekitab peened 

tilgad v»i veekile. Vee ¿htlane jaotamine parandab soojusvahetust. Pakutakse v»imalusi 

veejaotuss¿steemi osaliseks kasutamiseks, et vªhendada vajaduse korral jahutusv»imsust. Samuti 

pakutakse talviseid tººreģiime, mis p»hinevad jahutus»hu eelsoojendamisel. 

 
Jahutustorni tªidis 

Tªidisega osa on iga avatud mªrgtorni oluline osa, mis loob kokkupuutepinna veest »hku 

toimuvaks soojusvahetuseks. Tªidis v»ib olla kile- v»i pritsimist¿¿pi. Kiletªidis koosneb 

tavaliselt tihedalt pakitud lainelisest ja orgaanilisest materjalist vertikaalsetest lehtedest v»i 

plaatidest, mille t»ttu vesi voolab lªbi torni alla vªga »hukese kilena. Selline tªidis on vªga t»hus 

ja seda saab kasutada enamiku rakenduste puhul. M»ned t¿¿bid v»ivad n»uda teatud veekvaliteeti, 

olles biosaastusele tundlikud. 

 

Pritsimist¿¿pi tªidis on saadaval erinevates konfiguratsioonides ja see v»ib olla valmistatud 

erinevatest materjalidest (nt puidust). Pritsimist¿¿pi tªidis on palju vªiksema t»hususega kui 

kiletªidis, kuid seda kasutatakse eelk»ige olukordades, kus vesi on tugevalt reostunud v»i halva 

kvaliteediga ja kiletªidise kasutamine oleks pinna saastumise t»ttu problemaatiline. Kui h»ljuvaine 

sisaldus on suur, kasutatakse ka kiudtsementplaate. 

 
Triivik»rvaldajad 

Vee sªªstmiseks paigaldatakse veejaoturite kohale triivik»rvaldajad, et vªltida veepiiskade 

»huvooluga kaasaminekut. Tªnapªeval valmistatakse triivik»rvaldajaid mitmetest erinevatest  
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materjalidest, nªiteks plastist v»i kiudtsemendist, ja need on konstrueeritud nii, et need 

p»hjustavad vaid minimaalse r»hulanguse. 

 
Loomuliku t»mbega mªrgjahutustornide omadused: 

- »huvool on tingitud »hu tiheduse erinevusest ja torni kujust, nagu korstna puhul, 

- k»rgus on mªrkimisvªªrne (80-200 m); [konstruktsiooni k»rgus on takistuseks inimestele, 

lennundusele, elektroonilisele andmesidele ja aurupilvedele], 

- puudub ventilaatorite energiatarve, vªlja arvatud juhul, kui tornil on abiventilaatorid, mis 
v»imaldavad vªiksemaid k»rgusi, 

- need on konstrueeritud vastuvoolu ja sisemise tªidisega v»i ristivoolu ja vªlise tªidisega (vt 
jooniseid 2.5 ja 2.6), 

- need eeldavad baaskoormusega tººtamist, st torni tººtamist rohkem kui 60% tººaastast, 

- neid rakendatakse ¿ldiselt ¿le 200 MWth soojuse ªrajuhtimise korral, st suurtes rajatistes, 

nagu elektrijaamad v»i suured keemiatehased, 

- need pakuvad v»imalust vªªvlivaba suitsugaasi vªljastamiseks, kasutades jahutustorni 
korstnana, et vªltida keskkonnakaitselistel p»hjustel n»utavat suitsugaasi taaskuumutamist. 

 

 

 
Joonis 2.5: Vastuvooluga loomuliku t»mbega mªrgjahutustorn 

[tm103, BDAG, 1996] 
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Joonis 2.6: Ristvooluga loomuliku t»mbega mªrgjahutustorn 

[tm010, Betz, 1991] 

 

 

2.4.2 Mehaanilise t»mbega mªrgjahutustornid 

 
Konstruktsioon 
Mehaanilise t»mbega jahutustorne kasutatakse eri t¿¿pi konstruktsioonides. Nende jahutustornide 

ehitamiseks kasutatakse mitmesuguseid materjale, s»ltuvalt suurusest ja liigist ning asukoha, 

kasutusaja ja kapitalikulude n»uetest. Suuremad v»ivad olla ehitatud raudbetoonist, vªiksemad 
v»ivad olla vªga erinevad, kuid enamasti tehakse need s¿nteetilisest materjalist, terasplaadist, 

kaetud teraskonstruktsioonidest ja monteeritavast v»i valatud betoonist. Suhteliselt vªiksemate 

tornide (5 MWth) puhul kasutatakse endiselt puitu; need on odavamad, neid saab ehitada igal 

aastaajal ja nende ehitamine v»ib olla kiirem kui betoonist tornide ehitamine. 

 

Samuti on v»imalik kasutada mooduls¿steemi, st mitut paralleelselt paiknevat torni ¿hes ja samas 

betoonkonstruktsioonis. Sel viisil saab s¿steemi kasutada k»ige ºkonoomsemalt, valides tººtavate 

elementide arvu s»ltuvalt keskkonnatingimustest ja soojuse kogusest. 

 

Materjalid ning konstruktsiooni ja projekti t¿¿p m»jutavad jahutustorni keskkonnas»bralikkust. 

Viidates nende tornide kujule ja suurusele v»i kaubamªrgile, kasutatakse kirjanduses 

mitmesuguseid nimetusi, mis kirjeldavad nende kasutamist ja rakendamist. Nªitena v»ib tuua 

ringikujulise jahutustorni ja kambrit¿¿pi jahutustorni nii sund- kui indutseeritud t»mbega 

konstruktsioonina. 
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Vee jaotamise, tªidise ja triivi k»rvaldamise seadmete konstruktsioon v»ib erineda loomuliku 

t»mbega mªrgjahutustorni omast, kuid nende tººp»him»tted on samad. 

 

 
 

Joonis 2.7: Abiventilaatoritega loomuliku t»mbega jahutustorn 

[tm103, BDAG, 1996] 

 

 
Ventilaatorid  
Mehaanilised jahutustornid kasutavad »huvoolu tekitamiseks ventilaatoreid ja v»ivad seet»ttu olla 

palju vªiksemad kui suured loomuliku t»mbega jahutustornid. Mehaanilistes jahutustornides (nii 

kuiv-, mªrg- kui h¿briidtornides) kasutatakse suurt hulka erinevaid ventilaatorit¿¿pe. S»ltuvalt 

n»uetest erinevad ventilaatorite lªbim»»dud, labade suurused ja asendid (radiaalsed v»i 

aksiaalsed). Lisaks sellele v»imaldavad ¿he- v»i mitmekiiruselised ajamid paindlikku kªitamist. 

Ventilaatori t¿¿bi ja ajamite valik m»jutab jahutustorni energiavajadust ja m¿rataset. S»ltuvalt 

»huvoolu tekitamise viisist eristatakse sund- ja indutseeritud torne. 

 

Abiventilaatoritega torn on erikonstruktsioon, mida on kasutatud mitmetel juhtudel, kui kohalik 

olukord n»uab madalamat torni. 

 

 

2.4.2.1   Sundt»mbega mªrgjahutustornid 

 
Sundt»mbega jahutustorni omadused: 
- ventilaatorid jahutustorni p»hjas suruvad »hku lªbi torni, 

- soojusv»imsus on astmeliselt v»i moduleerimisega reguleeritav, 

- kasutatakse ¿he ja mitme ventilaatoriga konstruktsioone, 

- jahutustorni suurus on piiratud, vajades vªhem ruumi kui loomuliku t»mbega torn, 

- torni saab kohandada ¿mbritsevale maastikule (katusele paigaldamine), 

- otsene energiatarbimine on eeldatavalt vªike, 

- tavaliselt projekteeritakse vastuvoolu p»him»ttel, 

- seda saab projekteerida mitmesuguste rakenduste jaoks: tippkoormuse ja suurte 

soojushulkade ªrajuhtimiseks ning baaskoormusest kuni keskmise koormusega tººtamiseni, 

- rakendatakse mitmesuguste soojusv»imsuste puhul, alates vªhem kui 100 kWth kuni ¿le 

ligikaudu 100 MWth, 

- loomuliku t»mbega tornidega v»rreldes on kapitaliinvesteeringud madalad, 

- mehaanilise t»mbega jahutustornide kasutamisel tuleb jªrgida m¿ra, niiskust (aurupilvi) ja 
baktereid kªsitlevaid eeskirju. 
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From heat exchangers ï Soojusvahetitest 

Fill  ï Tªidis 

To heat exchangers ï Soojusvahetitesse 

Air out ï ìhk vªlja 

Drift eliminators ï Triivik»rvaldajad 

Fan ï Ventilaator 

Air in ï ìhk sisse 

Joonis 2.8: Vastuvooluga sundt»mbega jahutustorni skeem 

[tm010, Betz, 1991] 

 

 

2.4.2.2   Indutseeritud t»mbega mªrgjahutustornid 

 
Indutseeritud t»mbega jahutustorni omadused: 
- ventilaatorid jahutustorni ¿laosas t»mbavad »hku lªbi torni, 

- jahutusv»imsus on teatud piirides reguleeritav, 

- eelistatud on suhteliselt lihtne konstruktsioon (monteeritavad elemendid, valmis toode), 

- jahutustorni suurus on piiratud, vajades vªhem ruumi kui loomuliku t»mbega torni puhul, 

- jahutusv»imsust saab suurendada, tººtades mitme sektsiooniga, 

- torni saab kohandada ¿mbritsevale maastikule (katusele paigaldamine), 

- otsene energiatarbimine on eeldatavalt vªike, 

- projekteeritakse nii vastuvoolu kui ristvoolu p»him»ttel, 

- seda saab projekteerida mitmesuguste rakenduste jaoks: tippkoormuse ja suurte 

soojushulkade ªrajuhtimiseks ning baaskoormusest kuni keskmise koormusega tººtamiseni, 

- rakendatakse soojusv»imsuste puhul alates ligikaudu 100 MWth, 
- loomuliku t»mbega tornidega v»rreldes on kapitaliinvesteeringud madalad, 

- mehaanilise t»mbega jahutustornide kasutamisel tuleb jªrgida m¿ra, niiskust (aurupilvi) ja 
baktereid kªsitlevaid eeskirju. 
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Multi-blade fan ï Mitme labaga ventilaator; Distribution area ï Jaotusala; Splash or film fill with 

supports ï Pritsimise v»i kile t¿¿pi tªidis koos tugedega; Air flow ï ìhuvool; Louvers ï Lamellid; Drift 

eliminators ï Triivik»rvaldajad; Air flow ï ìhuvool; End-wall casing ï Korpuse otsasein; Air flow ï 

ìhuvool; Longitudinal partition ï Pikisuunas vahesein 

Joonis 2.9: Kambri t¿¿pi ristvooluga indutseeritud t»mbega jahutustorni skeem 

[tm010, Betz, 1991] 

 

 

2.5 Suletud ringjahutuss¿steemid 
 

2.5.1 ìhkjahutuss¿steemid 
 

ìhkjahutuss¿steemides ( ehk kuivjahutuss¿steemides) ringleb aine (vedelik, aur) lªbi spiraalide, 

torude v»i kontuuride, mida jahutab lªbiv »huvool. ¦ldiselt kasutatakse kuiv»hkjahutust jªrgmistel 

juhtudel: 

- peaaegu igasuguse keemilise koostisega keskkonna jahutamine, vaja lªheb ainult sobivat 
soojusvaheti materjali, 

- olukordades, kus jahutustorni lisavesi ei ole kªttesaadav v»i on kªttesaadav ainult l¿hikese 

aja jooksul, 
- kui aurupilvede teke ei ole lubatud. 

 
Tehniline kirjeldus  

Olenevalt rakendusest koosnevad suletud ringlusega kuiv»hkjahutuss¿steemid (ribidega) 

toruelementidest, kondensaatori spiraalidest v»i torudest, ajamiga ventilaatoritest ja kandvast 

teraskonstruktsioonist ehk tornist. Lªbi torude ringleb protsessikeskkond ise v»i jahutusvedelik 

(kaudse s¿steemi puhul). Loomulikul moel v»i ventilaatorite abil tekitatakse »huvool, mis voolab 

mººda torusid, jahutades seega soojusjuhtivuse ja konvektsiooni teel keskkonda. Peaaegu k»igil 

juhtudel voolab »hk risti lªbi soojusvaheti. Protsessikeskkond lªbib soojusvaheti ¿he- v»i 

mitmekªigulise konfiguratsiooni kohaselt. 

Protsessikeskkond on vedelik, jahutuss¿steemi nimetatakse »hkjahutusega vedelikujahutiks. Kui 

auru (gaasi v»i k¿lmutusainet) jahutatakse otse, et see kondenseeruks vedelikuks, nimetatakse 

jahutuss¿steemi »hkjahutusega kondensaatoriks. Rakenduses v»ib kasutada mehaanilist v»i 

loodusliku t»mbega konstruktsiooni. 
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Torni konstruktsioonis kasutatakse mitmesuguseid korrosioonikindlaid materjale. 

Konstruktsioonivalikuid on palju. ìhkjahutuss¿steeme v»ib leida nii suurte iseseisvate paigaldiste 

kui vªiksemate katusel asuvate seadmete kujul. Need v»ivad olla horisontaalsed, katuse t¿¿pi 

ristk¿likukujulised, vertikaalsed v»i V-kujulised, vastavalt kªitise paigutusvajadustele. 

 

Jahutusv»imsus 

Praktikas kasutatakse »hkjahutust sageli k»rge temperatuuritasemega (>80ÜC) protsessivoogude 

jahutamiseks tasemeni, mille puhul muutub sobivamaks vesijahutus. Soojusvahetuse 

liikumapanevaks j»uks on jahutus»hu ja protsessivoo temperatuuride vahe. Jahutus»hu 

maksimaalset projekteeritud temperatuuri v»ib praktikas ¿letada ainult m»ned tunnid aastas. 

Projekteerimistemperatuur s»ltub kuivtemperatuurist ja vªga olulised on kliimatingimused. 

 

Kuna »hu soojusmahtuvus on vªike (1,0 kJ/kg.K) ning juhtivus- ja konvektsioonikoefitsient on 

madal, on vaja palju »hku ja suuremat soojusvahetuspinda kui vesijahutuse puhul. Seet»ttu 

paigutatakse toru pinnale sageli ribid, et t»husat soojusvahetuspinda suurendada. Majanduslikel 

kaalutlustel kasutatakse »hkjahutusseadmete projekteerimisel minimaalset temperatuurierinevust 

10-15 ÁC. Selle tulemuseks on ¿ldiselt k»rgemad l»pptemperatuurid (vªhemalt 40-45 ÜC), kuigi 

piirkondades, kus vªlis»hu temperatuur on k»rgem, ¿letavad temperatuurierinevused ja 

l»pptemperatuurid tabelis 2.1 ja tabelis 2.2 nimetatud keskmisi vªªrtusi. Kaudsete 

konfiguratsioonide puhul suurenevad vastavalt temperatuurierinevus (13-20 ÜC) ja saavutatavad 

l»pptemperatuurid (50-60 ÜC). 

 
Keskkonnaaspektid 

Peamised keskkonnaaspektid on m¿ra ja ventilaatorite kªitamiseks kuluv energia. Vett ei 

kasutata, vªlja arvatud juhul, kui seda kasutatakse kaudse konstruktsiooni puhul sekundaarse 

jahutusainena. Kuna aga see vesi on suletud ringluses, vajab see vªhe v»i ¿ldse mitte mingit 

hooldust. 

(Ribiliste) torude vªlispinna puhastamine on vajalik ja m»nikord v»ivad tekkida probleemid »hus 

oleva prahi ja vªikeste putukate neile kogunemise t»ttu. 

 
Rakendusalad 

Kuiv»hkjahutusega soojusvaheteid kasutatakse paljudes tººstusharudes nii vªikese- kui 

suurem»»tmelistena. Neid kasutatakse keemia- ja naftakeemiatººstuses toodete jahutamiseks, 

elektrijaamades vaakumkondenseerimiseks ning heitgaaside jahutamiseks. 

 

Sama v»imsuse saavutamiseks vajab kuiv»hkjahutus suuremat pindala kui mªrgjahutuss¿steem 

ja kuivs¿steeme peetakse ¿ldiselt kallimaks. Seet»ttu kaalutakse energiatººstuses 

kuiv»hkjahutust ainult konkreetsetes olukordades, kus elektritootmist kavandatakse kohtades, kus 

veevarustus ei ole mªrgjahutuse jaoks piisav. 

 

 

2.5.1.1 Loomuliku t»mbega kuivjahutustorn 

 
Loomuliku t»mbega kuivjahutustornide omadused: 
- baaskoormusel tººtamine, st tººtamine rohkem kui 60% aastast, 

- soojuse ªrajuhtimine ¿le 200 MWth, st suured rajatised, nagu elektrijaamad, suured 

keemiatehased jne, 
- kasutatakse olukordades, kus on n»utav absoluutselt m¿ravaba tºº, 

- kasutatakse olukordades, kus jahutustorni lisavesi ei ole kªttesaadav v»i on kªttesaadav 
ainult l¿hikest aega. 
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AIR EXIT ï ìHU V LJAVOOL 
THROAT ï KìRI 

SHELL ï KEST 

DRIFT ELIMINATOR ï TRIIVIKìRVALDAJA 

WATER DISTRIBUTION ï VEE JAOTUS 
PACKING ï T IDIS 

AIR ENTRY ï ìHU SISSEVOOL 

SUPPORT COLUMNS ï TUGISAMBAD 

Joonis 2.10: Loomuliku t»mbega kuivjahutustorni p»him»tteskeem 

[Eurovent, 2000] 

 

 
 

Joonis 2.11: Nªide loomuliku t»mbega kuivjahutustorni kohta elektrijaamas 

[VGB, 2000] 
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2.5.1.2 ìhkjahutusega vedelikujahutuss¿steemid 

 
ìhkjahutusega vedelikujahutustorni omadused: 
- ventilaatori abil reguleeritav soojusj»udlus, 

- vajalik on suletud ringlus, 

- nii sund- kui indutseeritud t»mbega, 

- sisemise energiatarbimise kulu on eeldatavalt suurem kui mªrgjahutustornide puhul, 

- vªike soojuse ªrajuhtimine, st vªhem kui 100 MWth, 

- jahutatava protsessi jaoks peab olema vastuv»etav jahutuskeskkonna temperatuuri muutumine 
peaaegu lineaarselt (kuiv»hutemperatuuri suhtes), 

- kªitamiskulud koosnevad peaaegu tªielikult energiakuludest, 

- keskkonnaaspektid on eelk»ige m¿ra ja energiakulu. 

 

 
AIR DISCHARGE ï ìHU V LJAVOOL 

FLUID IN ï VEDELIK SISSE 

FLUID OUT ï VEDELIK V LJA 

AIR IN ï ìHK SISSE 
AIR IN ï ìHK SISSE 
 

Joonis 2.12: Kuiv -»hkjahutuss¿steemi p»him»tteskeem 

[Courtesy of Eurovent, 2000] 

 

 

 
 

Joonis 2.13: Nªide kuiv»hkjahutusega vedelikujahuti kohta keemilises protsessis 

[isiklik arhiiv ] 
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2.5.1.3 ìhkjahutusega aurukondensaatorid 

 

ìhkjahutusega kondensaatoreid (vt XII lisa) kasutatakse laialdaselt energeetikas ja keemiatehastes 

auru kondenseerimiseks. ìhk t»mmatakse ventilaatorite abil kondensaatorielementide alla ja 

surutakse neist lªbi. Lªbivoolav »hk jahutab kondensaatori torukimpudesse siseneva auru (vt 

joonist 2.14). Kaudse s¿steemi puhul jahutab kondensaatorit jahutusveevool, mida omakorda 

jahutatakse loomuliku t»mbega jahutustornis. 

 
ìhkjahutusega aurukondensaatorite omadused: 
- soojuse ªrajuhtimine vªikestes ja suurtes seadeldistes, 

- jahutusvett ei ole vaja, 

- otsene energiatarve on eeldatavasti suurem kui mªrgkondensaatorite v»i mªrgjahutustornide 
puhul, 

- n»uab suhteliselt vªikest ¿ldk»rgust, 

- v»imalik on kasutada l¿hikesi heitaurutorusid, 

- mªrkimisvªªrne ruumivajadus aurugeneraatori vahetus lªheduses, 

- seade peab kohanema koormuse ja temperatuuri suurte muutustega, mis n»uab ventilaatori 
muutuvat kiirust, 

- keskkonnaaspektideks on eelk»ige m¿ra ja energiakulu. 

 

 

 
Generator ï Generaator 

Turbine ïTurbiin 

Cooling air ïJahutus»hk 

Tube bundles ï Torukimbud 

Fan ï Ventilaator 

Condensate collection tank ï Kondensaadi kogumismahuti 

Pump ï Pump 

Boiler ï Katel 

 

Joonis 2.14: Otsese »hkjahutusega kondensaatori p»him»tteskeem 

[Balcke D¿rr, 2000] 
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Joonis 2.15: Nªide turbiini heitauru kondenseerimiseks m»eldud »hkjahutusega kondensaatorist 

[tm111, BDAG, 1996] 

 

2.5.2 Suletud ringlusega mªrgjahutuss¿steem 
 

Suletud jahutuss¿steemides ringleb jahutatav keskkond suletud ahelas ilma keskkonnaga kokku 

puutumata. Keskkond juhitakse lªbi spiraali (primaarkontuur). Spiraale niisutatakse vªljastpoolt 

(sekundaar- ehk pihustuskontuur). Soojus juhitakse keskkonnast pihustatavasse vette (tajutav 

soojus¿lekanne). Vªikese osa vee aurustumine tekitab aurustava jahutuse ja soojuse ¿lekandumise 

veest »hku. Lisaks toimub tajutav soojus¿lekanne spiraalist »hku. Praktikas on aurustavas 

jahutamises tajutav ja latentne soojus¿lekanne alati seotud. Niisutusvesi puhastatakse, et vªltida 

seadmete kahjustamist. Aurustumiskaod, triivimine ja tuulem»jud p»hjustavad saasteainete 

kontsentratsiooni t»usu, mist»ttu on vaja m»ningast puhastamist (vªljapesu) ja m»ningast tªiendavat 

vee lisamist. 

 
Jahutusv»imsus 

Soojuse ¿lekandev»ime on vªiksem kui avatud s¿steemide puhul, kuna spiraali soojuslªbivus on 
vªiksem. Seadmeid kombineerides v»ib saavutada suuremaid v»imsusi, 150ï400 kWth kuni 2,5 

MW th. Tavaliselt on v»imalik saavutada temperatuurierinevus 4 K. Eeliseks on saasteainetevaba 

suletud primaarjahutuskontuur (kehtib k»igi suletud jahutuss¿steemide puhul), mis m»nel juhul 

vªlistab vajaduse sisemiste soojusvahetite jªrele. Ressursside osas tuleb arvestada pihustusvee 
ringluse energiavajadust. Suletud jahutuskontuuri puhul on v»imalik saavutada 

l»pptemperatuurid vahemikus 25-30 ÁC, s»ltuvalt asukoha kliimatingimustest [tm139, Eurovent, 

1998]. 

Temperatuurid veekihis soojusvaheti pinnal on kuni 5 ÁC k»rgemad kui lahtise vee temperatuurid, 

mis tavaliselt jªªvad vahemikku 40-50 ÁC, kuigi praktikas v»ib esineda ka temperatuure kuni 70-

80 ÁC. 

 
Keskkonnaaspektid 

Kui suletud ringlusega jahutuss¿steemides kasutatakse sekundaarse jahutuskeskkonnana vett, on 

see tavaliselt leelistatud demineraliseeritud vesi v»i joogivesi. Vee viibimisaeg nendes s¿steemides 

v»ib olla kuni kuus kuud. Tªiendav vesi on vajalik ainult siis, kui pumba tihendite juures on 

toimunud lekked ja aurustumine v»i kui s¿steem on remondiks veest t¿hjendatud. Kuna lisavett on 

vaja vªhe, v»ib see tavaliselt olla k»rge kvaliteediga ja seet»ttu ei ole katlakivi ladestumine 

probleemiks. Kasutatud vesi v»ib p»hjustada katlakivi tekkimist torude v»i spiraalide vªlisk¿ljel ja 

vajalikuks v»ib osutuda tººtlemine (puhastamine) [tm010, Betz, 1991]. S»ltuvalt tehnilisest 

kontseptsioonist, tººreģiimist ja kliimatingimustest v»ivad tekkida aurupilved. Vett saab sªªsta, 

kuna torni saab kasutada kuivtornina, kui keskkonnatemperatuur on madal. Probleemiks v»ib olla 

ventilaatorim¿ra. 
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Rakendusalad 

Suletud jahutuss¿steeme kasutatakse paljudes rakendustes. Need sobivad hªsti gaasimootorite ja 

kompressorite jahutamiseks ning v»ivad anda tººkindla meetodi tººstusliku protsessi 

temperatuuri reguleerimiseks [tm010, Betz, 1991]. Neid saab kasutada nii suurtes kui vªikestes 

rakendustes. V»ivad leida rakendust vedelikujahutusena (nt mªªrde»lid, kompressorite 

jahutusvesi), gaasijahutusena (nt diiselmootorid, protsessigaas) ja »hkjahutusega 

kondensaatoritena (kombineeritud ts¿kliga elektrijaamad, auruturbiinid). 

Kui protsessikeskkond spiraalis v»i torudes on aur (gaas v»i k¿lmutusaine), mida tuleb jahutada, 

et see kondenseeruks vedelikuks, nimetatakse seda jahutuss¿steemi ka aurustavaks 

kondensaatoriks. 

 

 

2.5.2.1 Mehhaanilise t»mbega suletud ringlusega mªrgjahutuss¿steemid 

 
Mehhaanilise t»mbega suletud ringlusega mªrgjahutuss¿steemide omadused: 
- soojuse ªrajuhtimine vªikestes kuni suurtes kªitistes, 

- saavutatavad on madalad jahutustemperatuurid, 

- kompaktne konstruktsioon v»rreldes »hkjahutusega seadmetega, 

- vªhene energiavajadus, 

- vajadus veevarustuse ja pihustusvee ringluse jªrele, 

- aurupilve saab summutada, kasutades aurupilve vªhendavaid spiraale ja/v»i tººtades talvel 

kuivalt, 

- keskkonnaaspektid, eelk»ige veepuhastus ja heitvee k»rvaldamine. 

 

 
AIR DISCHARGE ï ìHU V LJAVOOL 

FLUID IN ï VEDELIK SISSE 

FLUID OUT ï VEDELIK V LJA 

AIR IN ï ìHK SISSE 

SPRAY WATER PUMP ï PIHUSTUSVEE PUMP 
 

Joonis 2.16: Indutseeritud t»mbega suletud ringlusega mªrgjahutustorni p»him»tteskeem 

[Eurovent, 2000] 
 

 
2.5.2.2 Aurustavad aurukondensaatorid 

 
Aurustavate aurukondensaatorite omadused: 
- soojuse ªrajuhtimine keskmiste ja suurte rajatiste puhul, 

- madalamad kondenseerimistemperatuurid kui »hkjahutusega aurukondensaatorite puhul, 

- vªhene energiavajadus, 

- ¿ldiselt suuremad kui »hkjahutusega aurukondensaatorid, kuid vªiksema ehitusaluse 

pinnaga, 

- keskkonnaaspektid on eelk»ige veepuhastus ja heitvee k»rvaldamine. 



2. peatǸkk  

58 Tǀǀstuslikud jahutussǸsteemid 

 

 

2.6 Kombineeritud mªrg-/kuivjahutuss¿steemid 

2.6.1 Avatud mªrg-/kuiv-(h¿briid)jahutustornid 

 
Tehniline kirjeldus  

Avatud mªrg-/kuivjahutustorn ehk h¿briidjahutustorn on eriline konstruktsioon, mis on vªlja 

tººtatud olulise lahendusena jahutusvee kasutamise ja aurupilvede tekkimise probleemile. See on 

mªrja ja kuiva jahutustorni ehk teisis»nu aurustava ja mitte aurustava protsessi kombinatsioon. 

H¿briidjahutustorni saab kasutada kas puhtalt mªrgjahutustornina v»i kombineeritud mªrg-

/kuivjahutustornina, s»ltuvalt ¿mbritseva keskkonna temperatuurist. Kuumutatud jahutusvesi 

lªbib esmalt jahutustorni kuiva osa, kus eemaldatakse osa soojuskoormusest »huvoolu abil, mida 

sageli tekitab ventilaator. Pªrast kuiva sektsiooni lªbimist jahutatakse vett edasi torni mªrjas 

sektsioonis, mis toimib sarnaselt avatud ringlustorniga. Kuivast osast pªrit kuumutatud »hk 

seguneb torni ¿lemises osas mªrjast osast pªrit auruga, vªhendades seega suhtelist niiskust enne 

kui »huvool jahutustornist vªljub, mis kaotab (peaaegu) tªielikult torni kohal olevad aurupilved. 

 

H¿briidjahutustorni toime optimeerimine tªhendab kuiva soojus¿lekande hulga optimeerimist, et 

tªita aurupilvede vªhendamise n»udeid. Samal ajal kasutatakse suurema osa jahutuse jaoks mªrga 

sektsiooni. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Joonis 2.17: H¿briidjahutustorni p»him»tteskeem (nªide energeetikas rakendamise kohta) 

[Eurelectric, 1999] 

 

 
Avatud h¿briidjahutustornide omadused: 
- baaskoormuse ja osalise koormusega tºº k»igi v»imsuste puhul, 

- jahutuskeskkond on ainult vesi, 

- suurema osa tººajast on vaja jahutustorni lisavett, 

- soojusj»udlus on sama, mis mªrgjahutustornide puhul, 

- lisavee kogus vªheneb, 

- keskkonnakaitse eeskirjad, nt ¿ldise k»rguse kahandamine (abiventilaatorite t»ttu) ja aurupilvede 
vªhendamine, 

- m¿rasaaste mªªruste t»ttu on n»utavad m¿rasummutusseadmed. 

H¿briidjahutustorn 

 

mªrgtºº mªrg-/kuivtºº 

 

1 Isotoopne segu  

2 Helineelajad 

3 Kuiva sektsiooni ventilaatorid 

4 Ribilised torud, kuivjahutuse osad 

5 Mªrja sektsiooni jahutuspaigaldis 

6 Mªrja sektsiooni ventilaatorid 

7 Kuiva sektsiooni k¿lma vee kontuur 
8 Jahutusvee peapumbad 
9 Turbiiniga kondensaatorid 
10 Mªrja sektsiooni sooja vee toru  
11 Kuiva sektsiooni sooja vee toru 
12 Jahutustorni v»imenduspumbad 
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H¿briidjahutustorni t»husaks kªitamiseks kasutatakse mitmeid seadmeid: 

- reguleeritava kiirusega ventilaatorid, 

- »hu sisselaskeavade sulgemisseadmed (nªiteks ribid v»i siibrid), 

- klapid mªrg- ja kuivsektsioonidesse suunduvate veevoolude reguleerimiseks, 

- mººdavoolus¿steemid, 

- v»imenduspumbad (erikonstruktsioonide puhul), 

- s¿steem mªrja aurupilve ja kuiva aurupilve segamiseks. 

 
H¿briidtorni konstruktsioon 

Praegu on saadaval ainult mehaanilise t»mbega h¿briidjahutustornid. H¿briidjahutustorn erineb 

t¿¿pilisest avatud mªrgtorni konstruktsioonist selle poolest, et sellel on kuiv- ja mªrgsektsioon, 

millel m»lemal on oma »hu sisselaskeava ja vastavad ventilaatorid. H¿briidjahutustorne 

kasutatakse pakettjahutustornidena, sundt»mbe ventilaatoritega suurte ¿mmarguste 

jahutustornidena v»i indutseeritud t»mbe ventilaatoritega kambri t¿¿pi jahutustornidena. Tªidis, 

veejaotuss¿steem, triivik»rvaldamine ja helisummutus on m»lema tornikonstruktsiooni ¿hised 

tunnusjooned. 

Mehaanilise t»mbega jahutustornid on varustatud sisemiste segamiss¿steemidega, et mªrg ja kuiv 

»huvool kokku segada. Neid saab vastavalt soojuskoormusele, veevoolule, vªlis»hule ja 

aurupilvede tingimustele automaatselt reguleerida. 

 
Jahutusv»imsus 

Neid saab ehitada pakettjahutustornidena, indutseeritud t»mbega v»i sundvooluga 

jahutustornidena ja suuremates m»»tmetes ka kambri t¿¿pi v»i ringikujuliste jahutustornidena, 

mille soojuse ªrajuhtimise v»imsus on vahemikus < 1 MWth kuni 2500 MWth. 

 
Keskkonnaaspektid 

Peamine erinevus h¿briidjahutustorni ja tavalise jahutustorni vahel on esimese suhteliselt vªiksem 

veekasutus (milleks on lisavesi), mis on 20% vªiksem kui mªrgjahutustorni puhul [tm132, 

Eurelectric, 1998]. 

 

H¿briidjahutustorni aastase energiatarbimise saab vªhendada 1,1ï1,5 kordseks v»rreldava 

mehaanilise t»mbega mªrgjahutustorni omast, kuna nominaaltingimustes on »huvool peaaegu 

kahekordne (mªrg- ja kuivsektsioon). Kaalumisel on mªrja/kuiva konstruktsiooniga 

jahutustornid, mis on loodusliku t»mbega. 

 
Rakendusalad 

Otsus paigaldada h¿briidjahutustorn tehakse lªhtuvalt asukohaspetsiifilistest n»uetest (k»rguse 

piirangud ja aurupilve vªhendamine) ning mitmeid selliseid torne v»ib leida energiatººstuses, 

eriti Saksamaal ja ¦hendkuningriigis (koostootmiss¿steemides). Selle konstruktsiooni 

kasutamine piirdub temperatuurivahemikuga 25-55 ÜC, sest on tªheldatud, et ¿le 55 ÜC toimub 

kergemini kaltsiumkarbonaadi sadestumine torudele. See ei tªhenda, et alla 55 ÜC ei toimuks 

sadestumist ja selle rusikareegli kasutamisel tuleb olla ettevaatlik. 

 

 

2.6.2 Suletud ringlusega h¿briidjahutuss¿steemid 

 
Tehniline kirjeldus  

Suletud ringlusega h¿briidjahutuss¿steemide omadusi v»ib kirjeldada sarnaselt suletud ringlusega 

mªrgjahutuss¿steemi omadustega, mis puudutab ventilaatoreid (aksiaal- ja radiaalventilaatorid), 

»huvoolu suunda (rist- v»i vastuvool) ja m¿rasummutuss¿steeme (vt jaotist 2.4). ¦ldiselt on 

nende seadmete ruumivajadus vªike. Suletud ringusega h¿briidjahutustornide puhul saab kasutada 

kolme tehnilist reģiimi: pihustatavad ribilised spiraalid, adiabaatiline jahutus v»i kombineeritud 

s¿steemid. 

 
Keskkonnaaspektid 

Suletud ringlusega h¿briidjahutustornid ¿hendavad endas suletud ringlusega jahutuse eelised ja 

mªrkimisvªªrse vee kokkuhoiu v»rreldes tavaliste suletud ringlusega mªrgjahutustornidega. 
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V»rreldes suletud ringlusega kuivjahutustornidega on nende eeliseks madalamad 

jahutustemperatuurid. Suuruse, energiatarbimise ja m¿rataseme poolest on nad v»rreldavad 

tavaliste suletud ringlusega mªrgjahutustornidega. S»ltuvalt nende konstruktsioonist (pihustatavad 

ribilised spiraalid) v»ib olla vajalik pººrata erilist tªhelepanu veepuhastuse kvaliteedile. Lisakulud 

saab enam kui tasa teha mªrkimisvªªrse veesªªstuga, kuna sellised tooted n»uavad vee kasutamist 

ainult vªga l¿hikese ajavahemiku jooksul aastas. Suletud ringlusega h¿briidjahutid vªhendavad 

oluliselt ka aurupilvede teket ja m»nedes konstruktsioonides isegi k»rvaldavad selle. 

 

 

2.6.2.1 Pihustatavad (ribilised) spiraalid  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Joonis 2.18: Suletud ringlusega h¿briidjahutustorni p»him»tteskeem 
 

 
Suletud ahelaga jahutustornis voolab protsessikeskkond lªbi jahutuselementide (torude/plaatide 

kogumik v»i ribiline spiraal) suletud kontuuris, mis on primaarjahutuskontuur. Neid 

jahutuselemente niisutatakse sekundaarse veekontuuri kaudu ja samal ajal liigub »hk ¿le elementide, 

et tekitada aurustussoojust. Elementidelt maha voolav jahutusvesi kogutakse basseini ja seda saab 

mitu korda ringlusse lasta, m»nikord teise jahutustorni abil v»i pªrast vªljapesu (vt joonist 2.19). 

Kaudse konfiguratsiooni puhul ei ole primaarjahutuskontuuris voolav keskkond mitte 

protsessikeskkond, vaid teine jahutusaine, mis omakorda jahutab teises soojusvahetis 

protsessikeskkonda. 

 

 

2.6.2.2 Adiabaatilised jahutusseadmed, mis niisutavad ja eeljahutavad spiraale jahutavat »hku 

 

Adiabaatilises reģiimis mººdub jahutatav vedelik peamise spiraali pinnast. Jahutusvesi tilgub 

mººda mªrga tekki alla ja tekki lªbiv »hk saab sealt nii palju niiskust, kui suudab vastu v»tta. Niiske 

»hk voolab ribilistest spiraalidest mººda ja v»tab sealt rohkem soojust kui kuiv »hk. V»rreldes 

tavapªraste aurustavate jahutusseadmetega on veekulu palju vªiksem. (Vt joonist 2.19) 

1 Primaarjahutuskontuur 

2 Sissevool 

3 Jahutuselemendid 

4 Vªljavool 

5 Soojusallikas 
6 Jahutuskontuuri pump 

7 Mªrgsektsiooni veekontuur 

8 Lisavesi 

9 Vee kogumismahuti 
10 Mudaªrastus 

11 Jahutus»hk 

12 Ventilaator 

13Ventilaatori ajam 
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WATER DISTRIBUTION SYSTEM ï VEE JAOTUSS¦STEEM 
AIR ï ìHK 

AIR OUT ï ìHK V LJA 

AIR IN ï ìHK SISSE 

AXIAL FAN ï AKSIAALVENTILAATOR  

PRIME SURFACE COIL ï PRIMAARNE JAHUTUSSPIRAAL 

SPRAY PUMP ï PIHUSTUSPUMP 

SUMP ï SUMP 

WET DECK SURFACE ï M RG TEKIPIND 

Joonis 2.19: H¿briidjahutuss¿steemi kombineeritud kuiv-/mªrgtºº 

[tm151, BAC, 1999] 
 

2.6.2.3 Kombineeritud tehnoloogia 

 

Kombineeritud tehnoloogia puhul kasutatakse ribilisi spiraale, pihustatavat primaarjahutusspiraali 

ja mªrga tekki. Kuivas reģiimis on sel juhul v»imalik sulgeda k»ik veepihustid ja juhtida jahutatav 

keskkond lªbi nii ribiliste spiraalide kui pihustatavate primaarjahutusspiraalide, mida m»lemaid 

jahutab ainult kuiv »hk. Mªrjas/kuivas reģiimis mººdub keskkond pªrast kuivadest spiraalidest 

mººdumist pihustatavatest primaarjahutusspiraalidest, enne kui see jahutatud keskkonnana 

protsessi tagasi j»uab. Primaarjahutusspiraalidelt alla voolav soojendatud vesi langeb ¿le mªrja teki 

pinna. ìhk t»mmatakse sisse ja lªbib nii primaarjahutusspiraali kui mªrja teki pinna, kus k¿llastub 

ja kogub soojust. Ribilist spiraali lªbides saab see veelgi soojust koguda (vt ka joonist 2.19). 

 

2.6.2.4 H¿briids¿steemide kulud 

 

H¿briids¿steemide rakendamisel viidatakse alati investeerimis- ja kªitamiskuludele. ¦ldiselt 

n»uavad h¿briids¿steemid suuremaid investeerimiskulusid. Aurupilve vªhendamise kulud s»ltuvad 

jahutuss¿steemist. V»rreldes sama jahutusv»imsusega jahutustorniga, arvutas Fluor [1995] vªlja, et 

300 MW suuruse avatud mªrgjahutusega jahutustorni paigalduskulud on umbes 2,5 korda suuremad 

kui ilma aurupilvede summutamiseta jahutustorni puhul. Teadete kohaselt on suletud ringlusega 

mªrgjahutustornide puhul aurupilve vªhendamise kulud 1,5ï2 korda suuremad kui aurupilve 

vªhendamiseta tornide puhul (Eurovent). Kulusid tuleb korrigeerida , v»ttes arvesse veev»tu kulude 

kokkuhoidu ja kªitamise paindlikkust. Aastased veekulud, sealhulgas veepuhastus ja elektrikulud, 

v»ivad m»nel juhul moodustada vaid umbes 10% jahutustorni aastastest kuludest. Need 

majanduslikud kaalutlused s»ltuvad muidugi konkreetsest rakendusest ning vee ja energia hindadest 

[tm139, Eurovent, 1998]. 
Energiatººstuse poolt esitatud kulunªitajad nªitavad, et mehaanilise t»mbega 
h¿briidjahutustornide kulud on 40 000ï70 000 eurot MWth kohta. Selles sektoris tªhendab see 
1,3ï1,6 korda suuremaid paigalduskulusid kui sarnase v»imsusega tornide puhul, millel ei ole 
aurupilve vªhendamise s¿steeme. 
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2.7 Ringjahutuss¿steemid 

Eespool esitatud peamiste jahutuskonfiguratsioonide kirjeldused selgitavad jahutusp»him»tteid ja 

nendega seotud erinevaid tehnilisi konstruktsioone, mida tººstuses kasutatakse, s»ltuvalt 

protsessi, tegevuskoha ja keskkonna n»uetest. Sissejuhatuses on selgitatud m»ningaid 

p»him»isteid ning s¿steemide kirjeldustes on kasutatud erinevust kuiva ja aurustava jahutuse ning 

avatud ja suletud s¿steemide vahel. Otsese ja kaudse s¿steemi kriteeriumi kohaldamine v»ib siiski 

p»hjustada palju segadust, kui need ei ole ringjahutuss¿steemide kontekstis defineeritud. 

 

 

2.7.1 Otsesed ringjahutuss¿steemid 
 

Nagu eespool ºeldud, on otseste jahutuss¿steemide puhul ainult ¿ks soojusvahetustasand, kus 

jahutusaine ja protsessikeskkond vahetavad soojust ja kus jahutusaine (vesi v»i »hk) puutub kokku 

keskkonnaga. Protsessikeskkonna ja jahutusaine (»hk v»i vesi) vahelise seina kaudu toimuv leke 

tªhendaks seega, et protsessikeskkond satub ¿mbritsevasse keskkonda v»i et vaakumi tingimustes 

(kondensaatorites) m»jutab vªliskeskkond protsessi. Seega, kuigi jahutusaine jahutamine, nagu 

seda tehakse jahutustornis, on samuti soojusvahetusprotsess, loetakse see siiski otseseks 

s¿steemiks. 

 

Nªide avatud jahutustorni kohta, mis jahutab vesijahutusega kondensaatori veekontuuri, on seega 

otsene s¿steem (kuigi nagu mainitud, m»jutab leke pigem protsessi kui jahutusainet). 

 

 

2.7.2 Kaudsed ringjahutuss¿steemid 
 

Kaudse s¿steemi mªªratlemise p»hielement on see, et protsessi leke ei saasta keskkonnaga avatud 

¿henduses olevat jahutusainet. See tªhendab, et jahutus toimub kahel tasandil. 

 

Avatud ringjahutustorni puhul vahetaks tornist vªljuv vesi soojusvahetajas soojust suletud kontuuris 

oleva veega. Suletud kontuuris olev vesi vªljub sellest soojusvahetist ja siseneb teise 

soojusvahetisse, kus vahetab soojust protsessikeskkonnaga. 

 

Suletud ringjahutustornides jªrgitakse sama p»him»tet ja spiraalid v»i torud on tªidetud veega, mida 

jahutatakse vee ja/v»i »huga. Jahutatud vesi siseneb protsessis asuvasse soojusvahetisse v»i 

kondensaatorisse, et vahetada soojust protsessikeskkonnaga. 

Kui suletud ringjahutuss¿steemid tººtavad talvel ja vajavad k¿lmumiskaitset, sisaldab suletud 

kontuur tavaliselt mitte ainult vett, vaid ka k¿lmutusainet v»i jªªtumisvastase ainega segatud vett. 

Tegelikult v»ib need s¿steemid taas liigitada otsesteks s¿steemideks, kuna k¿lmutusaine v»ib 

saastata keskkonnaga avatud kontaktis olevat jahutuskeskkonda. 

 

 

2.8 Jahutuss¿steemide kulud 
 
Iga konfiguratsiooni kohta on antud kulude nªitaja, kuid jahutuss¿steemide kulude kohta tehtud 

arvutused nªitavad ¿les suurt varieeruvust ja v»ib jªreldada, et eri s¿steemide kulude erinevused 

ei pruugi siiski nªidata k»ige odavamat varianti. Erinevatest teguritest, mis l»ppkokkuv»ttes 

m»jutavad kulusid, on vªga olulised kasutajate vajadused ja »iguslikud n»uded. Seet»ttu tuleks 

s¿steemi v»i tehnika rakendamise teostatavust iga ¿ksikjuhtumi puhul eraldi hinnata. Alati tuleb 

arvesse v»tta energiahindu. Need on olulised nªiteks juhul, kui kaalutakse soojustagastust. 
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Oluline aspekt jahutuss¿steemi ja v»imalike paranduste kulude arvutamisel on s¿steemi v»i 

rakendatud meetme algsete investeerimiskulude ja sellest tulenevate aastakulude v»rdlus. 

Praktikas v»ivad suured investeerimiskulud tuua kaasa vªiksemad hoolduskulud, kuid ka suuremad 

aastased p¿sikulud, mis v»ivad investeeringutele takistuseks olla. V»rdluse huvides tuleb kulusid 

vªljendada ka s¿steemi kavandatud soojusv»imsusena (kWth v»i MWth). 
 

Tººstuslike (mitte elektrijaamade) rakenduste puhul loetles [tm001, Bloemkolk, 1997] nii vesi- 

kui »hkjahutusega s¿steemide puhul mitmeid kulusid mªªravaid elemente, arvutas kogukulud ja 

v»rdles erinevaid s¿steeme. Jªrgnevalt selgitatakse neid elemente ja temperatuurierinevust ning 

tulemused on kokkuv»tlikult esitatud X lisas. Elektrijaamade puhul kohaldatakse teistsugust 

mudelit, mida selgitatakse XII lisas. 

 
Elemendid 

¦ldiselt tuleb arvesse v»tta jªrgmisi kulusid mªªravaid elemente: 

 

 
Tabel 2.3: Vesi- ja »hkjahutuss¿steemide kuluelemendid 

tm001, Bloemkolk, 1997] 

 

Kulut¿¿p Kuluelemendid Vesijahutuss¿steemid ìhkjahutuss¿steemid 

Fikseeritud 
Soojusvaheti(d) (t¿¿p, suurus ja 

mudel) 
x x 

 Soojusvaheti(d) (materjal) x x 

 Protsessis olevad torustikud, torusillad x x 

 Pumbad/varupumbad x x 

 Sisselaskeseadmed x  
 Torude sisselase/vªljalase x  
 Vªljalaskeseadmed x  
 Jahutustorn(id) (v»imalik) x x 

 Ventilaatorid x x 

 Helisummutus x x 

 Kaudne s¿steem (tªiendav 

soojusvaheti, torud, pumbad) 
x x 

    
Muutuvad Vesi (p»hjavesi, kraanivesi) x  

 Vee vªljalasketasu x  
 Lekkeseire x x 

 Vee konditsioneerimine x  
 Energiatarbimine (pumbad ja 

ventilaatorid) 
x x 

 Hooldus x x 

 

Metoodika 

Erinevate jahutuss¿steemide kulude v»rdlemiseks on vªlja tººtatud erinevaid metoodikaid. Siin 

kasutatud meetodit on l¿hidalt kirjeldatud X lisas. 

 
V»rdlused 

V»rdlused tuleks alati teha samade tººtingimuste ja sama v»imsuse korral ning vªljendatuna 

hajutatud MWth kohta. 

Arvutused on nªidanud, et kulutundlikkus s»ltub suures osas investeeringute tasemest ja 

energiatarbimisest. Vªga oluline on soojusvahetite (manteltorude) kulude erinevus, mis tuleneb 

valitud konfiguratsioonist ja materjalist. Odavad materjalid ja mudelid mªªravad ªra arvutuslikud 

alampiirid. Erimaterjalid mªªravad ªra ¿lemise piiri. Siinkohal ei tohiks unustada, et head 

materjalid v»ivad oluliselt vªhendada hooldus- ja kªitamiskulusid ning kemikaalide kasutamise 

kulusid. 
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Aastakuludena arvutatuna erinevad investeeringud ja tegevuskulud oluliselt. Sellised tegurid nagu 

(lisa)veevajadus ja -hind ning energiatarbimine on mªªrava tªhtsusega. Ka materjali valik m»jutab 

aastaseid kulusid. Kuiv»hkjahutuse kasutamisel on oluline saavutatav l»pptemperatuur ja mida 

madalam on n»utav l»pptemperatuur, seda kallimaks muutub »hkjahutus. Vesijahutuse puhul on 

madal l»pptemperatuur kulude hindamisel vªhem oluline, kui arvutustes kasutatavad 

temperatuurierinevused ei ole vªikesed. 

 

X lisa tabelis X.2 on esitatud erinevate suurte tººstuslike jahutuss¿steemide kulude vahemikud. 

Selles meetodis kasutatud andmete p»hjal selgus, et avatud mªrgjahutustorni kªitamiskulud on 

suuremad kui kuiv»hkjahutuse puhul. ìhkjahutusega seotud investeerimiskulud olid seevastu 

¿ldiselt k»rgemad kui teiste s¿steemide puhul. Lisaks sellele nªitab see, et eelk»ige 

jahutusvees¿steemide puhul v»ivad suuremad investeeringud tªhendada vªiksemaid 

tegevuskulusid (hooldus, konditsioneerimine). 

 

Eespool esitatud andmete p»hjal v»ib jªreldada, et eri s¿steemide kulude erinevus ei pruugi 

tªhendada k»ige odavamat varianti. See s»ltub selgelt kasutajate n»uetest ja ametiasutuste poolt 

kehtestatud heitkoguste tasemetele esitatavatest n»uetest. Seet»ttu tuleks iga ¿ksikjuhtumi puhul 

eraldi hinnata, mis on teostatav. Eespool esitatud andmeid v»ib kasutada esialgsete (¿ldiste) 

suunistena ja need on esitatud X lisas. 
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3 T¥¥STUSLIKE JAHUTUSS¦STEEMIDE KESKKONNA-

ASPEKTID NING RAKENDATAVAD ENNETUS - JA 

V HENDAMISTEHNIKAD 
 

3.1 Sissejuhatus 

Tººstuslike jahutuss¿steemide keskkonnaaspektid on iga 2. peat¿kis kirjeldatud konfiguratsiooni 

puhul erinevad. Jahutuss¿steemide keskkonnaaspektid on otsene ja kaudne energiatarbimine, 

soojuse ja jahutusvee lisaainete heide pinnavette, m¿ra ja aurupilve teke. Igal juhul tuleks nende 

k¿simuste (nt m¿ra) keskkonnatªhtsust alati kaaluda kogu keskkonnategevuse, sealhulgas 

jahutatava tººstusprotsessi keskkonnategevuse seisukohast. K»ik k¿simused ei ole iga s¿steemi 

puhul v»rdselt olulised, nªiteks veevajadus v»i aurupilve teke, mis ei mªngi rolli 

kuivjahutuss¿steemide puhul. K¿simused, mis on potentsiaalselt olulised ja mida loa andja peaks 

tººstusliku jahutuss¿steemi kaalumisel arvesse v»tma, on kvalitatiivselt iseloomustatud ja 

kokkuv»tlikult esitatud tabelis 3.1. On selge, et kui v»etakse asjakohaseid meetmeid, muutub see 

k¿simus vªhem oluliseks, kuid seda ei ole kªesolevas tabelis arvesse v»etud, kuna see on osa 

jªrgmistes peat¿kkides toodud arutelust. Keskkonda paisatavate heitkoguste iseloom ja tase ei 

s»ltu ainult rakendatud konfiguratsioonist, vaid suurel mªªral ka sellest, kuidas s¿steemi 

kªitatakse ja kuidas hallatakse jahutuss¿steemi kªitamiseks vajalikke ressursse. 

 

Kªesolevas peat¿kis kªsitletakse keskkonnaaspekte ja mikrobioloogilisi riske (v»i terviseriske), 

mida v»ib olla vaja keskkonnaloa taotluse lªbivaatamisel arvesse v»tta. Samal ajal kirjeldatakse 

nende tehnikate p»him»tteid, mida saab PVT kindlaksmªªramisel arvesse v»tta. Paljudel juhtudel 

on jahutuss¿steem juba olemas ja on ilmne, et selle parandamisv»imalused on piiratud, v»rreldes 

uusehitise olukorraga. ¦ldiselt saab protsessi kavandamise ning sobiva jahutustehnoloogia ja -

konstruktsiooni valimisega vªhendada tarbimist ja vªltida suurt osa keskkonda eralduvatest 

heidetest. ¦ksikjuhtudel tuleb kindlaks mªªrata prioriteedid, mida tuleks teha v»i mida saab teha, 

kusjuures olulist rolli mªngib asukoha spetsiifilisus. 

 

PVT kindlaksmªªramiseks kirjeldatakse PVT lªhenemisviisi iga keskkonnaprobleemi ja iga 

tehnika puhul eraldi, v»ttes arvesse v»imalikke keskkonnalisi ristm»jusid. Hindamisel jªrgitakse 

1. peat¿kis kirjeldatud ¿ldist lªhenemisviisi. Alustatakse jahutamisvajaduse ja soojuse keskkonda 

juhtimise vªhendamisest. Sellele jªrgneb v»imaluste hindamine, kuidas vªhendada heitkoguste 

vªltimiseks v»i vªhendamiseks kasutatavaid ressursse, pidades silmas, et see lihtsustab ka 

jahutusprotsessi toimimist: 

1. vªltimine tehnoloogiliste v»imaluste abil: 

- sisse-ehitatud tehnilised meetmed, 

- konfiguratsiooni muutmine, 

2. vªltimine s¿steemide tºº optimeerimise abil, 

3. l»pptehnoloogiate v»i lisatehnikate rakendamine. 

 

Arutatakse iga v»imaluse keskkonnam»ju ja hinnatakse iga tehnika m»ju kogu 

energiatarbimisele. K»igepealt nªidatakse, kuidas muutused jahutusoperatsioonides v»ivad 

energiatarbimist m»jutada. Seejªrel esitatakse lisades teave konkreetsete tehnikate ja nende 

tulemuslikkuse kohta. 
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Tabel 3.1: Erinevate tººstuslike jahutuss¿steemide keskkonnak¿simused 

[tm001, Bloemkolk, 1997] 
 

 

 Energia-

tarbimine 

(otsene) 

 

Veevajadus 
Kalade

(2) 

kaasa-

haaramine 

 

Heited pinnavette 
ìhuheited 

(otsesed) 

 

Aurupilve 

teke 

 
M¿ra 

 
Risk 

 
Jªªgid 

 

Jahutuss¿steem 

 

 

 

(Ä 3.2) 

 

 

(Ä 3.3)
(1)

 

 

 

 

(Ä 3.3) 

Soojus 

 

 

(Ä 3.3) 

Lisandid 

 

 

(Ä 3.4) 

 

 

 

(Ä 3.5) 

 

 

 

(Ä 3.5) 

 

 

 

(Ä 3.6) 

Lekked 

 

 

(Ä 3.7) 

Mikrobio -

loogiline 

risk (tervis) 

(Ä 3.7) 

 

 

 

(Ä 3.8) 

Lªbivooluga jahutus 

(otsene kontuur) 
Vªike ++ + ++ 

+ 
(biotsiidid) 

-- -- -- ++ --/ Vªike +
(6) 

Lªbivooluga jahutus 

(kaudne kontuur) 
Vªike ++ + ++ 

+ 
(biotsiidid) 

-- -- -- Vªike --/ Vªike +
(6) 

Avatud 

mªrgjahutustorn 

(otsene kontuur) 

+ + -- Vªike +
(3) Vªike 

(aurupilves) 
+ + + + --/ Vªike 

Avatud 

mªrgjahutustorn 

(kaudne kontuur) 

+ + -- Vªike +
(3) Vªike 

(aurupilves) 
+ + Vªike + + 

Avatud mªrg-

/kuivjahutustorn 
+ Vªike -- Vªike Vªike (3) -- --

(5) + Vªike ? + 

Suletud ringlusega 

mªrgjahutustorn 
+ + -- -- Vªike 

Vªike (4) 

(aurupilves) 
-- + Vªike Vªike --/ Vªike 

Suletud ringlusega 

kuivjahutus 
++ -- -- -- -- --/ Vªike -- ++ Vªike -- -- 

Suletud ringlusega 

mªrg-/kuivjahutus 
+ Vªike -- -- Vªike (3) Vªike -- Vªike Vªike Vªike --/ Vªike 

Mªrkused: 1: l»ik tekstis 

-- pole/ebaoluline 2: ka muid liike v»idakse kaasa t»mmata 

Vªike olulisus alla keskmise 3: biotsiidid, katlakivi eemaldajad, korrosioonikaitse 
+ oluline 4: potentsiaalselt, lekke korral 
++ vªga oluline 5: »igel kªitamisel ei ole probleemiks 
  6: jªªtmed tªhendavad veev»tu ja dekarboniseerimise kªigus tekkivaid setteid 
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3.2 Energiatarbimine 

Tººstuslike jahutuss¿steemide energiavajadust saab jagada otseseks v»i kaudseks tarbimiseks. 

Otsene tarbimine on energia kasutamine jahutuss¿steemi kªitamiseks. Peamised energiatarbijad 

on pumbad ja ventilaatorid. Mida suuremat takistust tuleb vajaliku »hu- v»i veevoolu 

sªilitamiseks kompenseerida, seda rohkem energiat vajab jahutuss¿steem. 

Kui jahutuss¿steemi ei kªitata »igesti, v»ib see kaudselt p»hjustada tootmisprotsessis suurenenud 

energia- v»i toorainekulu. Jahutuss¿steemi muudatuste hindamiseks tuleb arvesse v»tta nii 

jahutuss¿steemi kui tootmisprotsessi kogu energiabilanssi. 

 

 

 

3.2.1 Otsene energiatarbimine 
 

Jahutuss¿steemides vajatakse energiat jahutusvee pumpamiseks ja/v»i »huvoolu tekitamiseks. 
Seda vªljendatakse erienergiatarbimisena kilovattides (kWe) hajutatud soojuse megavati (MWth) 

kohta. Konkreetne energiatarbimine v»ib olla vªga erinev ja s»ltub kasutatava jahutuss¿steemi 

konfiguratsioonist (konstruktsioon (temperatuurierinevused), pumpamisr»hk) ja kasutusviisist 

(aastaringne, ainult suvel v»i talvel). Ka kohalikud tingimused p»hjustavad erinevusi, kusjuures 
sama jahutuss¿steem vajab soojemates kliimatingimustes tavaliselt rohkem energiat kui 

jahedamates kliimapiirkondades. M»nel juhul on energiat vaja ka lisaainete kohapealseks 

valmistamiseks. Jahutuss¿steemi peamised energiatarbijad on jªrgmised: 
 

¶ pumbad (mida kasutatakse k»ikides jahutusveega s¿steemides) nii vee sissev»tuks kui 
jahutusvee ringluseks: 

- nende energiakulu s»ltub vooluhulgast, pumbatava vee kogusest, r»hu langusest protsessis 
(soojusvahetite arv, konstruktsioon), jahutusvee sisse- ja vªljavoolu kohast ning 

pumbatavast keskkonnast (gaas, vedelik, tahke aine), 
- kaudsed s¿steemid on kahe ringlusega ja vajavad seet»ttu rohkem pumpasid, 

- jahutustorni puhul on t»stek»rgus suurem, mis n»uab lªbivoolus¿steemiga v»rreldes 
rohkem energiat, 

 

¶ ventilaatorid on ventilatsiooni jaoks kasutusel k»igis mehaanilistes jahutustornides ja 
mehaaniliselt jahutatavates kondensaatorites: 

- nende energiakulu s»ltub ventilaatorite arvust, suurusest ja t¿¿bist, »hukogusest ja »hu 
t»stek»rgusest, 

- kuivs¿steemid vajavad ¿ldiselt sama jahutusv»imsuse saavutamiseks rohkem »hku kui 
aurustavad (mªrg-) s¿steemid, kuigi see ei pruugi kaasa tuua suuremat energiatarbimist. 

 
Seotud tegevuste energiakasutus 

Jahutuss¿steemide energiavajaduse ¿ldiseks hindamiseks tuleks arvesse v»tta ka jahutuss¿steemi 
kªitamiseks vajalikke abiseadmeid. Selle kohta ei ole palju andmeid esitatud. T¿¿pilise nªitena 
on esitatud jahutusvee kemikaalide, nªiteks osooni kohapealne tootmine, mida kasutatakse 
biosaastuse vastu v»itlemiseks ning mille puhul 1 kg osooni tootmiseks kulub s»ltuvalt 
generaatorist 7ï20 kWh. Arvestades minimaalset kontsentratsiooni, mis on sissepuhkekohas 
vajalik, nimelt vahemikus 0,5ï1 g O3/m3, ja jahutusvee mahtu, on v»imalik energiavajadust 
hinnata. 

 

 

 

3.2.2 Kaudne energiatarbimine 
 

Tootmisprotsessi energiatarbimist nimetatakse jahutusprotsessi kontekstis kaudseks 

energiatarbimiseks. Ebat»husa jahutamise korral kaudne energiatarbimine suureneb. Madalam 

soojus¿lekanne (nt biosaastuse t»ttu) t»stab protsessi poolel temperatuuri ja see n»uab  
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rohkem energiat, mida tuleb toota kohapeal v»i vªljaspool. Ebat»hus jahutus p»hjustab 

tootekadusid ja vªhendab protsessi t»husust. 

 

Jaotistes 1.2.1 ja 1.4.3 kªsitletakse m»jusid temperatuuritundlikele rakendustele. Kondensaatori 

vªiksema jahutamise t»ttu v»ib kogu energia muundamine vªheneda 0,25% v»rra, mis on v»rdne 

energiat»hususe vªhenemisega umbes 0,4% Celsiuse kraadi kohta. Kui kasutatakse avatud 
mªrgjahutustorni, mitte lªbivoolus¿steemi, ja tulemuseks on nªiteks 5 ÁC k»rgem l»pptemperatuur, 

toodetakse maksimaalselt 2% vªhem energiat. Kui v»tta arvesse jahutustorni jaoks vajaliku 

pumpamisenergia erinevust (mis on 6-8 kWe jahutatava MWth kohta), p»hjustaks see tªiendavalt 

¿heprotsendilise energiat»hususe vªhenemise. Tavapªrase sºek¿ttel tººtava elektrijaama puhul 
tªhendab 1% vªhenemine, et kasutegur vªheneb 40%-lt 39,6%-le. 

 

Jahutamise keskkonnam»ju hindamine peaks h»lmama ka kaudse energiatarbimise hindamist. 
Kaudse energiatarbimise muutumise tagajªrgi kogu energiatarbimisele v»ib vªljendada kui 

protsessi poolse temperatuuri t»usu m»ju, mis tuleneb ebaoptimaalsest jahutusest. Seda on 

arvutatud ja peamiste jahutuskonfiguratsioonide vahel v»rreldud [tm059, Paping, 1995]. Tabelis 

3.2 esitatud andmed kajastavad iga jahutuskonfiguratsiooni otsest ja kaudset energiakasutust ning 
CO2-heiteid. Neid kolme muutujat kªsitletakse jªrgmiste projekteerimisparameetrite lineaarse 

funktsioonina: 

- jahutusvee vooluhulk, 

- pumpamisr»hk, 

- pumpamise t»husus (pººrdv»rdeliselt). 

 

Kªesolevas nªites on andmed iga jahutusp»him»tte puhul arvutatud, v»ttes v»rdluss¿steemiks 
lªbivoolus¿steemi. Lªbivoolus¿steemi v»imsus on 100 m3/tunnis MWth kohta (v»i 8,6 ÜC MWth 
kohta) ja see vajab vee n»utavale k»rgusele pumpamiseks 3 baari r»hku. See n»uab umbes 10 
kWe/MWth aastas, eeldades, et pumba kasutegur on 75%. Kaudse lªbivoolus¿steemi puhul tekib 
r»hulangus ja tuleb tekitada 4,5 baari lisar»hku, mis n»uab 15 kWe/MWth. Jahutustornis¿steem vajab 
lisaenergiat, et t»sta vesi ¿le nt 8 m ja lisaks sellele umbes 7 mwg ¿le d¿¿side. V»rreldes lªbivooluga 
jahutuss¿steemiga n»uab see 4,5 baari ja 15 kWe/MWth lisaks. 
Eeldatakse, et ventilaatorid vajavad 15 kWe/MW th. Kui neid kasutatakse ainult suvel (4 kuud), on 
keskmine energiavajadus 5 kWe/MW th. 

 

Samas tabelis on vªljendatud kaudne energia kui jahutusvee sissevoolutemperatuuri t»usu 

funktsioon. See toob kaasa protsessi poolse temperatuuri t»usu. Seda t»usu kajastav tegur on 
arvutatud kui 1,4 kWe/MWthÜC (vt II lisa). See tªhendab, et iga protseduuripoolse temperatuuri t»usu 
kohta suureneb n»utav energia 1,4 korda. 

 
Teades iga jahutuskonfiguratsiooni kogu energiatarbimist, on v»imalik vªljendada seda tarbimist 
CO2-heitkogustes vªljastatud MWth kohta. Arvutada saab energiatootmiseks vajaliku energia, et 
toota jahutuss¿steemi poolt tarbitud energiat. Kui eeldatakse, et elektrienergia tootmise kasutegur 
on 40%, tuleb iga jahutuss¿steemi kªitamiseks kuluv kWe korrutada 2,5-ga, mis vªljendab energia 
hajutamiseks (=jahutamiseks) vajalikku energiat ehk kWe kWe kohta (ă). Iga ă kohta tekib ka 
teatud koguse CO2 heide. Eeldatakse, et ¿he MWe kohta (pidevas tººs) eraldub keskmiselt 2000 
(1500ï2500) tonni CO2 aastas ehk 2 tonni CO2/ă. (See arv on tuletatud Madalmaade heitkoguste 
andmetest ja s»ltub k¿tusesegust). 

 

Tabelis 3.2 esitatud andmed jªªvad sarnase jahutusv»imsusega erinevate jahutuss¿steemide 

v»rdlemisel ¿ldiselt leitud suhtelise energiakasutuse vahemikku. Need andmed ei ole tªpsed ja 

neid ei tohiks sellistena kasutada. Samuti ei tªhenda need, et ¿ks s¿steem on vªhem eelistatud kui 

teine. Tabel nªitab selgelt seda, et jahutuse t»hususe vªhenemisest tulenev m»ju v»ib olla 

mªrkimisvªªrne ning et tagajªrjed kogu energiabilansile on v»rreldavad. See tabel nªitab, kui 

oluline on jahutuss¿steemi kªitamisel arvestada nii otsest kui ka kaudset energiatarbimist. 
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Tabel 3.2: Nªide erinevate jahutuss¿steemide aastase otsese ja kaudse erienergiavajaduse v»rdluse kohta ja selle m»ju kohta CO2-heitele MWth kohta 

[tm059, Paping, 1995] 

 

 

 

 

 
Jahutuss¿steem 

 
Otsene erienergiatarbimine 

(kWe/MW th) 

 
Suurenenud 

pumba T 

(ÜC) 

 

Kaudne 

erienergiatarbimine 

(kWe/MW th) 

 

Kogu energia-

tarbimine 

(kWe/MW th) 

 

Esisend / 

Ehajutatud 

(ă) 

 
CO2 

(t/a/MW th) 

 
 

Pumbad 

 
 

Venti-

laatorid  

 
 

Kokku  

 
Rakendatud 

parandustegur
1)

 

= 

1,4 kWe/MW thÜC 

 
Kokku 

otsene + kaudne 

  

Lªbivooluga  - otsene 10 (9ï12) - 10 0 0 10 25 50 

- kaudne 15 (12ï18) - 15 5 7 22 55 110 

Avatud mªrgjahutustorn 15 (13ï17) 5 20 5 7 27 68 136 

H¿briidjahutus 15 (13ï17) 8 23 5 7 30 75 150 

Suletud ringlusega jahutustorn >15 (13ï17) 8 >23 8 11 >34 >85 >170 

Kuiv»hkjahutus - 20 20 20 28 48 120 240 

1) paranduskoefitsiendi arvutamise kohta vt II lisa. 
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3.2.3 Jahutamiseks vajaliku energia vªhendamine 
 

Jahutuss¿steemide vajaliku energiakasutuse vªhendamine on keskkonnatasakaalu k¿simus. Ka siin 

vªhendavad tººstusprotsessi kaasatud soojuse taaskasutamise meetmed vajadust ¿lejªªva soojust 

keskkonda juhtida. Kui on vaja vªiksemat jahutusv»imsust, on jahutuss¿steemi kªitamiseks 

¿ldiselt ja absoluutselt vªhem energiat vaja. Tªiendavat vªhenemist v»ib saavutada t»husamate 

seadmetega ja jahutuss¿steemi n»uetekohase kªitamisega, millega vªlditakse protsessi poolel 

temperatuuri t»usu. 

 

ìige materjalide ja konstruktsiooni valik vªhendab jahutuss¿steemide vajalikku energiatarbimist. 

See on vªga keeruline k¿simus, mis h»lmab paljusid tegureid ja mille puhul on raske anda ¿ldisi 

n»uandeid. Kohaldatakse jªrgmisi tavasid, mida v»ib mainida kui v»imalusi, millest tuleks olla 

teadlik: 

1. jahutuss¿steemi osade »ige paigutus, nªiteks siledad pinnad ja v»imalikult vªhesed 
voolusuuna muutused, hoiavad ªra turbulentsi ja vªhendavad jahutusaine voolutakistust, 

2. mehaaniliste jahutustornide puhul on energiakasutuse vªhendamiseks v»imalik valida 
ventilaatorite t¿¿p ja asukoht ning reguleerida »huvoolu, 

3. »ige tªidise v»i tªitematerjalide valik (arvestades tººtingimusi), et tagada alati maksimaalne 
soojusvahetus, 

4. minimaalse »huvoolu takistusega triivik»rvaldajate valik. 

 

Materjalide ja konstruktsiooni muutmine ei tundu olevat kulut»husad v»imalused olemasolevate 

s¿steemide energiavajaduse vªhendamiseks, eriti suurte s¿steemide puhul. M»nel juhul on ¿ks 

v»imalus jahutustorni sisemiste osade (ventilaatorite, tªidise ja triivik»rvaldajate) vªljavahetamine. 

Vªiksemate s¿steemide puhul, nagu nªiteks avatud ja suletud ringlusega mªrgjahutuss¿steemid, 

mis on paigaldusvalmina m¿¿gil, on jahutuss¿steemi muutmine tehniliselt palju lihtsam. 

 

Hea nªide konstruktsiooni m»ju kohta on siledate (ribidega) tugisammaste kasutamine 

tuumaelektrijaama suure (178 m) loodusliku t»mbega jahutustorni sisselaskeava juures. Selline 

konstruktsioon parandas »huvoolu ja vªhendas r»hulangust, v»imaldades 0,3 ÜC v»rra k¿lmemat 

jahutust, kusjuures 1 ÜC v»rra jahedam on selle rajatise puhul ligikaudu v»rdne 250 000 euro 

suuruse aastase kokkuhoiuga. 

 

Vªga vªhe on teatatud v»imalustest vªhendada jahutustorni energiavajadust energiat»husamate 

ventilaatorite v»i paindlikuma tººs¿steemi abil. Tarnija teabest v»ib leida andmeid olemasolevate 

ventilaatorit¿¿pide ja energiavajaduse kohta. Saadaval on ventilaatorid, mida saab kasutada 

muutuvate kiirustega [tm97, Immell, 1996] v»i soovitatakse kasutajatel rakendada mitme 

ventilaatori s¿steemi, et vajaliku »huvoolu reguleerimine oleks paindlikum. 

 

Seoses triivik»rvaldajate m»juga ventilaatorite j»udlusele (indutseeritud r»hulanguse t»ttu) j»udsid 

[tm092, Becker ja Burdick, 1994] jªreldusele, et erinevate triivik»rvaldajate konstruktsioonide 

vahel on erinevusi ning et erinevus ventilaatorite j»udlusele avalduvas m»jus vajab hoolikat 

kaalumist, v»ttes arvesse kogu s¿steemi konteksti. See tªhendab, et tuleb lªbi viia kompleksne 

hindamine, mis h»lmab torni konfiguratsiooni ja voolu jaotumist ventilaatori ja triivik»rvaldajate 

vahel. Selle p»hjal on v»imalik teha kasulik v»rdlus erinevate ventilaatorikonstruktsioonide vahel. 

 

Nªited jahutustorni tªidise muutmise kohta nªitavad, et soojusvahetuse t»husus on 

mªrkimisvªªrselt suurenenud, jahutusvee temperatuur on langenud ja jahutustornist vªljuv vesi on 

paremini jahutatud ([tm034, Hobson et al., 1995], [tm041, Burger, 1994], [tm117, Remberg ja 

Fehndrich, 1993]. 

 

Tªite soojusvahetusv»imsuse parandamine parandab protsessi jahutamist soojusvahetis. Jªrelikult 

v»ib vªhendada ventilaatori tººd, saavutades samal ajal sama suure jahutuse kui varem. 

Muutumatul tººtasemel muutub jahutusv»imsus suuremaks. Vale tªidisekonfiguratsiooni  
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kasutamine v»ib tekitada mººda- v»i lªbivoolavale »hule tarbetut takistust, kuid oluline on ka torni 

geomeetria. Tihedast kilest tªidised tekitavad suuremaid »hu r»hulangusi ja n»uavad tavaliselt 

rohkem ventilaatori energiat. Pritsitavad tªidised on vªiksema »hupoolse r»hulangusega, kuid 

vªiksema t»hususe t»ttu n»uab see tªidis suuremaid torne v»i rohkem kambreid ning seda ei saa 

kompenseerida ventilaatori suurema energiatarbimisega. 

 

Praktilised kogemused nªitavad, et hooldus vªhendab selgelt jahutuss¿steemide kªitamiseks 

vajalikku energiakogust. ¦ldiselt tªhendab see vesijahutusega s¿steemide puhul s¿steemide 
n»uetekohast puhastust, et vªhendada s¿steemis esinevat takistust, mis tuleneb katlakivist, 

korrosioonist, biosaastusest jne. S¿steemide puhastamine hoiab jahutustornide soojusvahetite, 

kanalite ja tªidise pinna siledana. See hoiab ªra veevoolu takistuse, vªhendab vajalikku 

pumpamisv»imsust ja parandab soojusvahetust. Asjakohane jahutusvee tººtlemine (vt jaotist 3.4), 
mis tasakaalustab jahutusvee lisandi kasutamist ja protsessitemperatuuri t»usu, vªhendab nii otsest 

kui ka kaudset energiatarbimist. Paremast hooldusest tingitud kWe vªhenemist vªljastatud MWth 

kohta ei ole kvantifitseeritud. 

 

 

3.3 Jahutusvee tarbimine ja heited 

3.3.1 Veetarbimine 
 

3.3.1.1 Veetarbimine ja veevajadus 
 

Vesi on jahutuss¿steemide ja eriti suurte lªbivoolus¿steemide puhul oluline keskkond, samas kui 

kuiv»hkjahutusega s¿steemide puhul ei ole see oluline. Kasutatakse pinnavett, p»hjavett ja 

joogivett. P»him»tteliselt saab jahutuseks kasutada nii soolast vett, riimvett kui magevett. Soolane 

vesi on rannikualadel rohkesti kªttesaadav, kuid soolase vee puuduseks on selle sººvitavus. 

P»hjavee kasutamine jahutamiseks peaks lªhiaastatel vªhenema, sest p»hjavee kasutamine 

madalamateks otstarveteks (nªiteks jahutamiseks) on ¿ha vªhem lubatud, vªlja arvatud juhul, kui 

seda kombineeritakse muude vajadustega seotud hªdavajaliku p»hjaveev»tuga. Nªitena v»ib tuua 

p»hjavee taseme alandamise takistusteta kaevandamiseks v»i vee pumpamise meetmed 

h¿droenergia tootmiseks. P»hjavee vªiksema kªttesaadavuse t»ttu v»ib suureneda pinnavee 

kasutamine jahutuseks. 

 

Veekasutus ja veetarbimine on m»lemad terminid, mida jahutusvees¿steemide vajaduste kohta 

kasutatakse. Veekasutus tªhendab, et sama kogus kuumutatud jahutusvett suunatakse tagasi 

allikasse, kust see on v»etud (lªbivool). Veetarbimine tªhendab, et ainult osa jahutamiseks 

kasutatavast veest (ringluss¿steemide vªljapesu) suunatakse tagasi vastuv»tuvette, ¿lejªªnud osa 

lªheb jahutusprotsessi kªigus aurustumise ja triivimise teel kaduma. Tarbimine on eriti oluline 

nªitaja, kui jahutamiseks kasutatakse p»uatundlike alade p»hjavett. 

 

Kasutatava vee kogus on suures osas seotud tººstusharu t¿¿biga. Erinevad allikad nªitavad, et 

Euroopas on jahutusvee kasutamine mªrkimisvªªrne [Correia, 1995]. ¦ldiselt on suurim osa 

(pinna)veest vajalik elektrijaamadele. ¦lejªªnud osa kulub vªhestele suurematele 

tººstusharudele, millest keemiatººstus on suurim veekasutaja. 

 

Veevajadus on erinevate jahutusvees¿steemide puhul erinev (tabel 3.3). Lªbivoolus¿steemide 

(otsene ja kaudne) veekasutus s»ltub jªrgmistest asjaoludest: 

¶ - protsessi (kondensaatori) vajadusest, 

¶ - sissevooluvee temperatuurist, 

¶ - vastuv»tva vee maksimaalsest lubatud temperatuurit»usust, 

¶ - jahutusvee maksimaalsest lubatud temperatuurist selle vªljajuhtimisel. 
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Tabel 3.3: Erinevate jahutuss¿steemide veevajadus 

[tm001, Bloemkolk, 1997] 

 

Jahutuss¿steem 
Keskmine 

veekulu 

[mį/h/MWth] 

Suhteline veekasutus  
[%] 1 

Lªbivoolus¿steem ï otsene 86 100 

Lªbivoolus¿steem ï kaudne 86 100 
Avatud mªrgjahutustorn ï otsene 2 2,3 
Avatudmªrg jahutustorn ï kaudne 2 2,3 
Avatud mªrg/kuiv (h¿briid)jahutustorn 0,5 0,6 
Suletud mªrgjahutustorn muutuv muutuv 
Suletud ringlusega kuiv»hkjahutustorn 0 0 
Suletud ringlusega mªrg/kuivjahutustorn 1,5 1,7 

1) eeldused: jahutusv»imsus DT 10 K 

avatud mªrgjahutustorn:  kontsentratsioonits¿klid vahemikus 2ï4  

avatud mªrg-/kuivjahutus:  75% kuivtºº 
suletud ringlusega mªrg-kuivtorn: kuivtºº vahemikus 0ï25% 

 
 

Avatud ringluss¿steemide, suletud ringlusega mªrg- ja suletud ringlusega mªrg-/kuivjahutustornide 

puhul v»etakse suurem osa veest ringlusse ja soojus hajub atmosfªªri peamiselt aurustumise teel. 

Nendes s¿steemides on veekasutus vªga erinev ja konkreetsed andmed puuduvad, kuna t»husus 

s»ltub kasutatavast kontsentratsioonitegurist (mida reguleerib tahtlik vªljapesu), aurustumisest ja 

vªhemal mªªral ¿mbritseva »hu temperatuurist. 

 

Kaudsed suletud ringlusega kuivjahutustornid v»ivad kasutada vett sekundaarse jahutusainena, 

kuid v»rreldes vesijahutuss¿steemidega on selle kasutamine vªga vªike. Tavapªraselt on tªiendav 

vesi ehk lisavesi vajalik ainult siis, kui on tekkinud leke, nt pumbatihendite, ªªrikute ja ventiilide 

kaudu, v»i kui vesi on vªlja lastud, et v»imaldada s¿steemide remonti. Sellisel juhul on kogused 

vªikesed ja joogivett v»i isegi demineraliseeritud vett saab kasutada sªªstlikult. 

 
ìigusaktid 

Erinevad ametiasutused liikmesriikides tegelevad veega kui ressursiga v»i vastuv»tva keskkonnaga. 

Vee kasutamine peaks igal juhul olema osa integreeritud keskkonnalubadest, eriti kui varud on 

piiratud. Eeldatakse, et kogu Euroopas suureneb surve hea kvaliteediga veevarudele, mis suurendab 

survet veesªªstumeetmetele jahutuss¿steemides, piirates allikast v»etavaid koguseid. Vee 

kasutamise osas on Euroopa tasandil peamine »igusakt vee raamdirektiiv. See keskendub nii vee 

kvaliteedile kui ka p»hjavee kvantitatiivsele seisundile, mis on mªªratletud p»hjavee taseme m»ju 

kaudu seotud pinnavee ºkos¿steemidele ja veevarustuse jªtkusuutlikkusele. M»nedes 

liikmesriikides on pinnavee v»tmise ja kasutamisega seotud aspekte eraldi »igusaktidega 

reguleeritud. 

 
Probleemid seoses keskkonnaliste ristm»judega 

Veekasutuse piiramise k¿simus on seotud jªrgmiste keskkonnaaspektidega: 

- soojuse eraldumine pinnavette, 

- jahutusvee lisaainete kasutamine, 

- nii jahutuss¿steemi kui tootmisprotsessi energiatarbimine, 

- kaudsed heited. 

 

K»iki neid tegureid tuleb hinnata, et teha kindlaks, kas jahutusvee kasutamise vªhendamine on 

parim lahendus. Jªrgnevalt p¿¿takse kirjeldada kohaldatavaid vªhendamismeetodeid ja nende 

keskkonnalisi ristm»jusid. 
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3.3.1.2 Rakendatud meetodid veetarbimise vªhendamiseks 
 

Jahutamiseks vajaliku veetarbimise vªhendamine pakub erilist huvi seal, kus vee kªttesaadavus on 

looduslikel v»i ºkoloogilistel p»hjustel piiratud. Selleks v»ivad olla p»uaga v»i hooajaliselt vªhese 

sademete hulgaga piirkonnad. Muud t¿¿pilised nªited on p»hjaveeallikate ammendumise oht ja 

suhteliselt suure jahutusveevajadusega olukorrad, kus n»udlus lªheneb kogu j»evoolule v»i v»ib 

seda ¿letada v»i kus soojuse eraldamine pinnavette on piiratud. 

 
1. Jahutustehnoloogia 

Jahutuseks vajaliku veekoguse vªhendamisel on oluline s¿steemide valik. Uute ehitiste puhul 

soovitatakse kaaluda »hu jahutamist, nt avatud jahutustornide abil. Suurte s¿steemide puhul v»ib 

n»utav jahutusv»imsus piirata kuiv»hkjahutuse v»imalusi, kuna see n»uab suurt 

soojusvahetuspinda. Kui see on teostatav, tuleks tªhelepanu pººrata ¿ldise kasuteguri muutusele, 

ventilaatorite tººga seotud suurenenud kuludele ja m¿ra vªhendamise kuludele. 

Kuivjahutuss¿steemide kasutamine toob ¿ldiselt kaasa protsessi energiat»hususe vªhenemise. 

Seet»ttu tuleks eelistada mªrgs¿steeme. Kuivjahutus on vªltimatu ainult juhul, kui veevarustuse (v»i 

lisavee) tagamine ei ole v»imalik. 

Olemasolevates lªbivoolus¿steemides on ringluss¿steemi (avatud mªrgjahutustorni) kasutamine 

¿ks v»imalus veevajaduse vªhendamiseks. Tornid varustatakse standardselt triivik»rvaldajatega, 

et veelgi vªhendada aurustumisest tulenevat veekaotust. ¦ldjuhul tªhendab ringluss¿steem, et 

tuleb v»tta meetmeid soojusvahetuspinna katlakivi v»i korrosiooni eest kaitsmiseks. Teisest 

k¿ljest tªhendab jahutusvee ringlus samal ajal ka vªiksemat soojusheidet pinnavette. 

 
2. S¿steemide kªitamine 

Mªrgjahutusega ringluss¿steemides on sageli kohaldatav toiming kontsentratsiooniteguri 

suurendamine, vªhendades vªljapesu sagedust. See on seda lihtsam, mida puhtam on vesi, ning 

avatud mªrgjahutustorni n»uetekohane hooldus vªhendab jahutusvee saastumist ja v»ib suurendada 

ts¿klite arvu ja seega tagada harvema vªljapesu. 

Kontsentratsioonits¿klite arvu suurendamine toob ¿ldiselt kaasa suurema n»udluse biosaastuse 

vastaste kemikaalide jªrele, et v»imaldada suuremaid soolakontsentratsioone ilma kaasneva 

sadestumisohuta. Leidub mitmeid teateid, milles tutvustatakse veepuhastusprogramme, mis on 

kavandatud eelk»ige suurema kontsentratsioonits¿kliga tººtamiseks, et vªhendada veevajadust ja 

vªljapesu mahtusid [tm094, Alfano ja Sherren, 1995]. Loatingimustes tuleb tªhelepanu pººrata 

potentsiaalsele elementide kontsentratsiooni suurenemisele vªljapesuvees. 

Kriitilise ¿levaate jahutustorni ts¿klite maksimeerimise tulemustest ja tekkinud probleemidest 

v»ib leida dokumendis [tm095, Cunningham, 1995]. Kokkuv»ttes j»utakse jªreldusele, et ts¿klite 

arvu suurendamise v»ime s»ltub paljudest keemilistest ja f¿¿sikalistest teguritest (nt vee 

temperatuur, pH, vee kiirus) ja n»uab k»rgetasemelist oskusteavet. V»ttes arvesse erinevaid 

tººtingimusi ja vee keemiat, ei pruugi olla lihtne ennustada maksimaalseid 

kontsentratsioonits¿kleid ning enne jahutuss¿steemi majanduslikku kªitamist tuleb hoolikalt 

arvestada sellega kaasnevate kuludega. 

 

3. Lisatehnikad 

Ringluss¿steemides, kus kasutatakse suhteliselt piiratud veekoguseid, on rakendatud mitmeid 

lisatehnikaid. Nende tehnikate eesmªrk on parandada jahutusvee kvaliteeti. 

Jahutusvee eeltººtlus (nªiteks flokulatsioon, sadestamine, filtreerimine v»i 

membraanitehnoloogia) v»ib vªhendada veevajadust, kus sama kontsentratsiooniteguri 

sªilitamiseks on vaja vªhem vªljapesu. Veepuhastuse tulemusena tekib aga muda, mis tuleb 

k»rvaldada (vt vªljapesu kohta IV lisa). 

 

Aurustustiik on tehnika, mida kasutatakse veel m»nes vanemas rajatises ja mida arendatakse 

edasi. Seda saab kasutada selleks, et vªltida soojusheiteid pinnavette, jahutades jahutusvett enne 

selle vªljalaskmist, kuid see v»ib toimida sarnaselt jahutustorniga, olles osa ¿ldisest ringlusest. 

Aurustustiigis jahutatakse vett, pihustades seda ¿le suure valgala ja tekitades sellega suure  
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jahutuspinna, mille jªrel saab seda uuesti kasutada (XI lisa). Tuleb pººrata tªhelepanu aerosoolide 

moodustumisest tulenevatele mikrobioloogilistele riskidele (vt 3.7.3). 

 

Veevarude n»udlust p¿¿takse vªhendada ka erinevate tººstus¿ksuste veevoogude ¿hes v»i 

mitmes kohas ¿hendamisega. Selline veesªªstumeetod v»ib olla ¿sna edukas, kuid vajab hoolikat 

kaalumist. Tººstusobjektide veesªªstu alternatiivide hindamisel on loetletud mitmeid olulisi 

aspekte [tm065, Meier ja Fulks, 1990], mida tuleks arvesse v»tta: 

 
1. ¿levaade olemasolevatest veevarudest ja nende keemiast, 

2. k»nealuste allikate veekoguste ja nende k»ikumise hindamine, 

3. saasteainete ja tººtlemisviiside hindamine veeallikates, 

4. kehtivate veevarude tººtlemise programmide m»ju olemasolevatele jahutusvee 

konditsioneerimismeetoditele, 

5. ringlussev»etud vee v»imaliku soojusjuhtivuse suurenemise m»ju protsessile, kus vett kasutatakse, 

6. keemilise tººtlemise programmi v»imalused jahutuss¿steemide jaoks, 

7. alternatiivsete taaskasutamismeetodite ºkonoomsus. 

 

Eelpool loetletud tegurid m»jutavad veeallikate valikut ja korduvkasutatava vee kogust. Kohapeal 

kasutatavad veevarud on tavaliselt jahutustornide ja katelde vªljapesuveed, samuti kasutatakse 

tertsiaarselt tººdeldud heitvett munitsipaaljªªtmejaamadest. K»igil juhtudel on oluline vªltida 

vajadust veelgi keerulisema veepuhastusprogrammi jªrele, et v»imaldada vee korduvkasutamist 

(XI lisa). Aurutusvee tiikide vªljapesuvee korduvkasutamine on v»imalik ka rakendustes, mis ei 

ole vee suurenenud soolasisalduse suhtes tundlikud. 

 

Vªljapesuvee puhastamise ja taaskasutamise teel saab rakendada null-veeheites¿steemil 

p»hinevat tehnoloogiat. Tekkinud settega seotud k»rvaldamiskulusid tuleb hinnata v»rreldes 

vªljapesuvee puhastamisega ja keskkonda laskmisega seotud kuludega (XI lisa). 

 

 

3.3.2 Kalade kaasat»mbamine 
 

3.3.2.1 Kaasat»mbamise tase 
 

Suure veev»tu puhul, nªiteks lªbivooluga jahutusvees¿steemide puhul, on probleemiks kalade 

kaasat»mbamine ja s¿steemi sattumine. ¦ldjuhul ei v»eta kaasahaaratud kaladest proove ï need 

on peamiselt kalamaimud, kes lªbivad jahutusvee sisselaskeseadmete, pumpade ja kondensaatorite 

s»elad. Kaasat»mbamine on kohalik k¿simus ja kaasahaaratud kalade kogus p»hineb tehniliste ja 

h¿drobioloogiliste tegurite kompleksil, mis tªheendab vajadust leida kohaspetsiifiline lahendus. 

Vett t»mmatakse sissevoolukanalitesse suurtes kogustes ja mªrkimisvªªrse kiirusega. 

Sisselaskekanalid on tavaliselt varustatud prahifiltritega, et kaitsta soojusvaheteid ummistumise ja 

mehaaniliste kahjustuste eest. Kinnijªªmine toimub siis, kui kalad surutakse vastu 

kondensaatoritele v»i soojusvahetitele paigutatud s»elasid. Paljud vªiksemad elusolendid satuvad 

jahutusveega s¿steemi sisse ja hukkuvad mehaaniliste kahjustuste t»ttu, mida nimetataksegi 

kaasat»mbamiseks. 

 

Andmeid jahutusveega kaasat»mmatud v»i jahutuss¿steemi sissepªªsu juures kinnip¿¿tud kalade 

koguste kohta ei ole laialdaselt avaldatud. Anal¿¿siti 24-tunniste proovide tulemusi Madalmaades 

Reini j»el asuva 600 MWe v»imsusega elektrijaama [KEMA, 1992] jahutusveega (jahutusveevool 

22-25 m3/s) kaasahaaratud kalade arvu kohta. Tulemused nªitavad et nii aastate kui ka sama aasta 

eri hooaegade l»ikes on kalade arvukus vªga erinev. K»ige rohkem kalu leiti suvel. 

 

Uuringud Inglismaal Trenti j»el asuvas 2000 MW elektrijaamas nªitasid, et kaugelt k»ige rohkem 

kalu haarati s¿steemi »htuhªmaruses v»i varsti pªrast seda ning suvel. Sellel elektrijaamal ei ole 

lªbivooluga jahutuss¿steemi ning ei leitud ka t»endeid mªrkimisvªªrse  
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s»elalejªªmise kohta. Nii oli see ka ¿hes teises sarnase suurusega elektrijaamas Thamesi j»el 
[Carter ja Reader, ajakirjanduses]. M»lema elektrijaama s»elad on umbes 9 mm v»rgusilma 
laiusega. ¦heksa Hollandi elektrijaama kaasahaaratud ja s»elale jªªnud kalade uuringud 
nªitavad, et enam kui 95% tabatud kaladest olid 0+-kalad, kes s¿ndisid sama aasta kevadel ja 
olid alla 10 cm pikkused. Seda kinnitavad ka eespool nimetatud Trenti j»e elektrijaama 
tulemused, kuigi suremus oli seal 100%, samas kui v»rreldes tªheldatud loomuliku suremusega 

oli see surnud kalade hulk t¿hine [Carter ja Reader, ajakirjanduses]. 

 
Erinevate elektrijaamade vahel on erinevusi ka kaasat»mmatud kalade arvus ja kaasat»mmatud 

kalaliikides. Kuues Madalmaade elektrijaamas Reini j»el, Maasi j»el ja nende haruj»gedel lªbi viidud 

prooviv»tuprogrammi tulemused nªitavad, et kaasat»mmatud kalaliikide arv varieerub 12 ja 25 liigi 

vahel ning jahutusvee s»elale jªªnud kalade arv varieerub vahemikus 0,02 ja 2,45 kala 1000 m3 

jahutusvee kohta, arvestades aasta keskmisena [Hadderingh et al., 1983]. 

Jªrvedel, j»esuudmetes ja mererannikul asuvate elektrijaamade puhul v»ib s»elale jªªnud kalade 

arv olla palju suurem kui j»gede elektrijaamades, kuni 25 kala 1000 m3 kohta [KEMA, 1982]. 

 
Tabel 3.4: Kalade s»elale jªªmise mªªr (FIR) elektrijaamades. Aastane kogus, mis on 

jahutusvee vooluhulga suhtes normaliseeritud 

[tm164, Travade, 1987] ja [tm165, Turnpenny et al, 1985] 

 

Vesi Elektrijaam  V»imsus (MW e) 
FIR  

(kg/10
6 
m

3
) 

 

 

P»hjameri 

Sizewell A 480 73 

Kingsnorth 2000 4,4 

Dunkerque 600 19 

Gravelines 5400 48 

 

 

La Mancheôi vªin 

Dungeness A 410 190 

Dungeness B 1200 40 

Paluel 5200 43 

Fawley 2000 19 

Bristoli vªin Hinkley B 1300 24 

Merealad Le blayais 3600 79 

J»ed Loire (St Laurent A) 1000 1,8 

 
 

3.3.2.2 Rakendatavad vªhendamismeetodid 
 

Tººstuses on erinevate tulemustega vªlja tººtatud ja rakendatud mitmeid tehnikaid, et vªltida 

suurtest jahutusvee sissevooludest tingitud kalade kaasat»mbamist. Optimaalsed lahendused ja 

tulemused ning v»ime tªita PVT n»udeid s»ltuvad paljudest bioloogilistest, keskkonna- ja 

tehnilistest teguritest, mida tuleb hinnata kohaspetsiifiliselt. Seepªrast on erinevate tehnikate 

v»rdlemine v»imatu. 

 
1. Jahutustehnoloogia 

Kalade kaasat»mbamise vªltimiseks tehtud tehnoloogiamuudatustest ei ole teatatud. On ilmne, et 

kalade kaasat»mbamine ei ole probleemiks avatud v»i suletud ringlusega jahutuss¿steemidele 

¿leminekul, mis on kulukas toiming. Seda v»idakse kaaluda uusehitiste puhul. Kalade 

kaasat»mbamist takistavaid seadmeid v»ib leida nªiteks energiatººstuses ja rafineerimistehastes. 

Selle ennetamiseks kasutatavad lahendused on jªrgmised: 
- heliseadmed, mis suudavad suunata eemale soomustega kalaliikide parvesid, kuid ei toimi 

angerja puhul, 

- valguss¿steemid veealuste lampidega, mis suudavad angerjaid k»rvale suunata, 

- sisselaskeava asukoht, s¿gavus ja konstruktsioon, 
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- vee sissevoolu kiiruse piiramine (kuigi Inglismaal lªbi viidud uuringute andmed nªitavad, et 
kaasat»mmatud kalad lasevad end vooluga kaasa viia (st nad tahtlikult triivivad v»i hajuvad 

parvest laiali) isegi siis, kui nad on f¿¿siliselt v»imelised voolust ujumise teel pªªsema), 

- jahutusvee s»elade v»rgusilma suurus (jahutuss¿steemi kahjustamise vastu). Vaatluste 
kohaselt on samas elektrijaamas v»rgusilma suurus 5 x 5 mm keskmiselt kahekordistanud 

ellujªªvate kalade arvu jahutusvee vªljalaskeava juures, v»rreldes v»rgusilma suurusega  2 x 

2 mm, sest kalamaimude suremus on suurem kui kaasat»mmatud tªiskasvanud kalade suremus 

[KEMA, 1972] ja [Hadderigh, 1978]. 

 

Sisset»mmatud kalade suremust saab vªhendada hea s¿steemiga, mis uhub kalad jahutusvee 

s»elast vªlja ja kallab nad tagasi pinnavette. 

 
2. Kªitamistavad ja l»ppseadmed 

Sissevoolukiiruse vªhendamine alla 0,1-0,3 m/s nªitas selgelt positiivset m»ju ja vªhendas 

sissevoolava kala hulka. Samas v»ib kiiruse vªhendamine tªhendada, et on vaja suuremaid 

sissevoolukanaleid, millel v»ivad olla tehnilised ja rahalised tagajªrjed. ¦ldjuhul 

kªitamispraktika muutmine v»i l»ppseadmete tehnika rakendamine kalade kaasat»mbamist ei 

m»juta, kuid on ka arvamus, mida k»ik ei jaga, et kaasat»mbamist saaks vªhendada, kui v»tta 

arvesse kalade kaasat»mbamise seaduspªrasid nii ººpªeva kui aastaaegade l»ikes. 

 
Tabel 3.5: Jahutusvee sisselaskeseadmete olemasolevad kalakaitse tehnoloogiad 

Tuletatud allikast: [tm152, Taft,  1999] 

 

Kategooria Kaitsetehnika M»ju Mªrkused 

Kalade 

kogumise 

s¿steemid 

Liikuvate vees»elte 

v»rgusilma suuruse 

optimeerimine 

(suurendamine) 

Parandada kaasat»mmatud 

kalamaimude ja vªga noorte 

kalastaadiumide ellujªªmist 

Nende kalastaadiumide 

suremus kaasat»mbamisest 

on madalam kui nende 

staadiumide suremus s»elale 

jªªmisest 

Madalsurvega 

veepihustid, et pesta kalad 

liikuvatelt s»eltelt maha 

ja viia nad tagasi 

pinnavette 

Kalade transport tagasi 

pinnavette 

N»uab teist k»rgsurve 

joatoru s¿steemi, et 

liikuvaid s»elu puhastada 

Kalasumbad s»elade peal Parandab s»elale 

jªªnud kalade 

ellujªªmist 

Kalad jªªvad pinnavette 

tagasi transportimise 

ajal p¿sivalt vette 

Liikuvate s»elade pidev 

pººrlemine 

Parandab s»elale 

jªªnud kalade 

ellujªªmist 

S»elal viibimise aja 

l¿hendamine 

Kalapumbad Kalade transport tagasi 

pinnavette 

ìigete tingimuste 

sªilitamine torudes on 

keeruline 

Kalade 

¿mbersuunamise 

s¿steemid 

Nurga all s»elad v»i restid 

kalade mººdavooluga 

- - Tugevamate liikide 

ellujªªmine (50-100%) 

> tundlikumatel liikidel 

- Ei sobi kalamarjale,  

-maimudele ega 

vªikestele selgrootutele 

- N»uab ¿htlast ja 

pidevat madala 

kiirusega voolu 

- Jªªgid tuleb 

eemaldada 

Kªitumislikud 

t»kked 

Valgus 

- vilkuvad tuled 

- p¿sivad tuled 

- elavh»belambid 

- muud lambid 

Erinevate valguss¿steemide 

m»ju s»ltub kohalikust 

olukorrast, kalaliikidest ja 

kalade arengustaadiumist. 

Paljudes olukordades on 

vajalik mººdavool 

k»rvale juhitud kaladele 

Heli M»ju s»ltub kohalikust 

olukorrast, kalaliikidest ja 

kalade arengustaadiumist. 

Paljudes olukordades on 

vajalik mººdavool k»rvale 

juhitud kaladele 
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3.3.2.3 Heliseadmete ja valguss¿steemide kulud 
 

On selge, et igasugune olemasolevas s¿steemis tehtav muudatus on kulukas. Energiatººstuse 

andmetel on olemasolevatele rajatistele rakendatud kalakaitse tehnoloogia lisakulud 40 000ï200 

000 eurot, sealhulgas seisakukulud. Uute ehitiste puhul on alternatiivsete vee sissev»tu seadmete 

lisainvesteeringud t»enªoliselt vªiksemad. 

Hea energiat»hususe tagamiseks ei tohi vee vooluhulk lªbi heliseadmete ja valguss¿steemide olla 

suurem kui 0,3-0,5 m/s. See mªªrab s¿steemide pikkuse. 

Valguss¿steemi materjali- ja ehituskulud on 100 m pikkuse s¿steemi puhul 90 000ï140 000 eurot 

ja helis¿steemi (BAFF) puhul umbes 180 000 eurot 100 m kohta. 

 

 

3.3.3 Soojusheited pinnavette 
 

3.3.3.1 Soojusheite tasemed 
 

Kogu eralduv soojus satub l»puks »hku. Kui vahepealse jahutuskeskkonnana kasutatakse vett, 

lªheb kogu soojus »hku kas jahutustorni veepiiskadest v»i vastuv»tva vee pinnalt. Enne kui soojus 

on pinnaveest vªljunud, v»ib see m»jutada veeºkos¿steemi ja seda tuleks vªltida. 

 

Soojuse eraldumine on tihedalt seotud ka kasutatava ja vªljutatava jahutusvee kogusega. Nii 

otsesed kui ka kaudsed lªbivoolus¿steemid moodustavad juba oma mªªratluse kohaselt suurima 

pinnavette suunatud soojusallika, kuna soojus eraldub tªielikult jahutusvee kaudu. 

Ringluss¿steemi jahutusvesi eraldab suurema osa oma soojusest jahutustorni kaudu »hku. 

Jahutustornist vªljavoolava veega eralduva soojuse kogus moodustab umbes 1,5% ªrajuhitavast 

soojusest, samas kui umbes 98,5% eraldub »hku. Teavet soojusheitmete m»ju kohta 

veeºkos¿steemile on vªhe, kuid on olemas kogemused k»rgete suviste temperatuuride ja vªikeste 

vastuv»tvate veekogude kohta. Temperatuuri t»us v»ib p»hjustada vees hingamise suurenemist ja 

bioloogilise tootmise (eutrofeerumise) t»usu. Jahutusvee juhtimine pinnavette m»jutab kogu 

veekeskkonda, eriti kalu. Temperatuuril on otsene m»ju k»ikidele eluvormidele ja nende 

f¿sioloogiale ning kaudne m»ju, m»jutades hapnikutasakaalu. 

Soojenemine vªhendab hapniku k¿llastusvªªrtust; k»rge hapnikukontsentratsiooni korral toob see 

kaasa hapnikutaseme vªhenemise. Soojenemine kiirendab ka orgaaniliste ainete mikroobset 

lagundamist, mis p»hjustab suuremat hapnikutarbimist. Samuti, kui toimub jahutusvee ringlus v»i 

kui mitu tººstusharu kasutab sama piiratud pinnaveeallikat, tuleb soojusheiteid hoolikalt kaaluda, 

et vªltida allavoolu asuvate tººstusprotsesside tºº hªirimist. 

 

Vee erisoojusest, mis on ligikaudu 4,2 kJ/kg/K, saab arvutada vee temperatuurit»usu. Nªiteks kui 
jahutusvett soojendatakse keskmiselt 10 K v»rra, n»uab 1 MWth soojus jahutusveevoolu umbes 
86 m3/tunnis. Laias laastus vajab iga kWth soojust 0,1 m3/tunnis jahutusvett. Ringlusjahutusvee 

puhul antakse soojus »hule ¿le jahutusvee aurustumise kaudu jahutustornis, kusjuures vee 
aurustumissoojus on 2500 kJ/kg (20 ÜC juures). 

Eelk»ige energeetikatººstuses on uuritud tegureid, mis suure hulga soojuse pinnavette juhtimisel 

rolli mªngivad. Soojusheite hindamisel tuleb arvesse v»tta mitmeid f¿¿sikalisi nªhtusi, nªiteks: 

 

¶ vastuv»tva vee temperatuuri hooajaline varieerumine, 

¶ j»gede veetaseme ja voolukiiruse hooajaline varieerumine, 

¶ vªljavoolava jahutusvee segunemise ulatus vastuv»tva veega (lªhi- ja kaugulatuses), 

¶ rannikualade puhul loodete liikumine v»i tugevad hoovused ning 

¶ konvektsioon vees ja »hus. 
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Arusaam kuumaveepuhangu kªitumisest pinnavees on vªªrtuslik teadmine mitte ainult vastuv»tva 

keskkonna kaitsmisel, vaid ka sisse- ja vªljavoolu »ige koha valikul. Oluline on alati vªltida 

kuumaveepuhangu uuesti sisset»mbamist, mis m»jutab sissev»etava vee temperatuuri ja seega ka 

jahutuss¿steemi t»husust. Nªiteks kuumaveepuhangu ulatus, mida mªªratletakse kui soojenduse 

1 K isotermi piires asuvat ala (ilma tugevate hoovustega segunemiseta), on tavalise elektrijaama 

puhul umbes 1 ha MWe kohta v»i 5000 MWe elektrijaama puhul umbes 45 km2. P»hjalikum 

kirjeldus kuumaveepuhangu kªitumise kohta on esitatud XII lisas. 

 

 

3.3.3.2 ìigusaktide n»uded soojusheidetele 

 
N»uded konkreetsetele mageveekogudele 

Euroopa direktiiviga 78/659/EM¦ (18. juuli 1978) on kehtestatud keskkonnakvaliteedi standardid 

teatavatele ainetele ja soojusheidetele selleks mªªratud mageveekogudes. Direktiivi artiklis 11 

tunnustatakse kohalikke tingimusi, mis kªsitlevad liikmesriikidele tehtavaid erandeid. 

Kui temperatuurin»uded s»ltuvad kalaliikidest, eristatakse kahte t¿¿pi veekogusid, vastavalt nende 

kalapopulatsioonile: 

- l»helaste veekogud, 

- karpkalalaste veekogud. 

 
Iga ºkos¿steemi puhul kohaldatakse kolme termilist parameetrit: 

- vee maksimaalne temperatuur segunemistsooni piiril, 

- vee maksimaalne temperatuur k¿lmaveeliste liikide sigimisperioodi ajal, 

- vee maksimaalne temperatuurit»us. 

 

 
Tabel 3.6: Veetemperatuuri n»uded kahe ºkos¿steemi jaoks (Euroopa direktiiv 

78/659/EM¦) 

 

Parameeter L»heliste veed Karpkalalaste veed 

Tmax segunemistsooni piiril (ÜC) 21,5 28,0 

Tmax k¿lmaveeliste liikide 

sigimisperioodil (ÜC) 
10,0 10,0 

DTmax (ÜC) segunemistsooni piiril 1,5 3,0 

Mªrkus: temperatuuri piirvªªrtusi v»ib ¿letada maksimaalselt 2% ulatuses. 

 

 

Muud vastuv»tvad veekogud 

Liikmesriigid reguleerivad soojusheidet pinnavette mitmel viisil, s»ltuvalt ºkoloogilistest 

tingimustest ja muudest teguritest, nagu vastuv»tva pinnavee tundlikkus; kohalikud 

kliimatingimused; vastuv»tva veekogu v»ime v»tta vastu soojuskoormust; ning valitsevad 

hoovused ja lained (vee h¿drod¿naamika). Sageli arvestatakse eeskirjades soojusheiteid seoses 

konkreetse vastuv»tva pinnaveega. Selle nªited on jªrgmised: 

¶ maksimaalse vªljavoolutemperatuuri standardimine (nt suvel parasvººtme kliimas 30 ÜC ja 
kuumades riikides 35ÜC), 

¶ maksimaalse soojuse piiramine seoses vastuv»etud veega ja hooajaliste 

temperatuurierinevustega (nt DTmax 7-10 K, m»»detuna kogu tootmisprotsessi jahutusvee 
distantsi ulatuses), 

¶ pinnavee maksimaalse vastuv»etava temperatuuriprofiili ja pinnavee kogu kasutatava 

jahutusv»imsuse mªªramine. 

 

Need n»uded on lubades s»nastatud. 
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Teised eeskirjad ei nªe ette ¿ldiselt fikseeritud vªljalasketemperatuuri. Esialgu vastab vªljalaske 

piiritemperatuur jahutuss¿steemi t¿¿bile. Lisaks sellele on vªljalaske lubatud temperatuuri 

mªªramise juures oluline roll pinnavee temperatuuri hooajalisel muutumisel. M»ni piirkondlik 

ametiasutus liigitab vastuv»tvaid veekogusid tªiendavalt ka nende loomastiku omaduste alusel. 

 

 

3.3.3.3 Rakendatavad vªhendamistehnikad 
 

1. Jahutustehnoloogia 

K»ige parem viis soojusheidete vªhendamiseks on vªhendada ªravoolu vajadust, optimeerides 
primaarprotsessi v»i leides ¿leliigsele soojusele tarbijaid. Soojuse keskkonda juhtimise korral 

keskendutakse probleemile, mis puudutab soojuse heiteid pinnaveekogudesse. 

Vªhendamismeetodite kaalumisel on oluline m»ista, et l»ppkokkuv»ttes kaob kogu soojus »hku 
ja pinnavesi on selle juures vahepealne keskkond. Erinevate jahutuss¿steemide vahel valides saab 

otsustada, milline neist on eelistatavam. Seega saab soojuse ªrajuhtimise keskkonnam»ju 

vªhendada, juhtides rohkem soojust atmosfªªri ja vªhem soojust pinnavette, arvestades seejuures 

aurustumisest tingitud veekadudega. Soojuse pinnavette juhtimise vªhendamine on seotud 
veekasutuse vªhendamisega ja ¿ldise energiat»hususega. Mida enam soojust eraldub 

konvektsiooni ja aurustumise teel, seda rohkem energiat ªrajuhitud MWth kohta on ventilaatorite 

kasutamise t»ttu vaja, vªlja arvatud juhul, kui kasutatakse looduslikku t»mmet. See n»uab 
tavaliselt suuri investeeringuid ja palju ruumi. 

 

Suurte v»imsuste puhul on (peamiselt) j»gede ja jªrvede pinnavee soojuskoormuse vªhendamiseks 

laialt levinud lahendus valida sobiv soojus¿lekandetehnoloogia, nt lªbivoolus¿steemi asemel 

ringluss¿steem koos avatud mªrg- v»i mªrg-kuivjahutustorniga. 

 

2. Kªitamistavad 

¦htegi konkreetset kªitamisv»imalust, millega vªltida v»i vªhendada soojuse juhtimist 

pinnavette, ei ole teatatud. 

 

3. Lisatehnikad 

¦ks vana praktika, mida Euroopas ikka veel kasutatakse, kuid vªga vªikeses mahus ja mis on 

viimasel ajal taas tªhelepanu pªlvinud, on aurustustiikide (pritsimisveekogude) kasutamine. Vee 

jahutamise t»hustamiseks on oluline d¿¿si nurk ja aeg, mille jooksul vesi jªªb tiiki, enne kui see 

uuesti jahutuskontuuri siseneb, ning jahutustiigi piisav pindala. Selle tehnika hindamiseks tuleks 

seda v»rrelda sarnase v»imsusega jahutustorniga. Tªhelepanu tuleks pººrata jªrgmistele 

asjaoludele: 

¶ vajalik pindala, 

¶ aurustumisest tingitud veekadu, 

¶ energiakulu, 

¶ veepuhastuse vajadus, 

¶ aerosoolide moodustumisest tingitud mikrobioloogilised riskid (vt ka jaotist 3.7.3). 

 

Teine l»pptehnika on suurte elektrijaamade heitvee eeljahutamine jahutustorni abil. See on kulukas 

tehnika, mida kasutatakse juhul, kui heitvee juhtimine pinnavette v»ib m»jutada jahutusvee 

temperatuuri selle sissev»tukohas. Tªiendava jahutustorni lisakulusid ja aurustamisest tulenevat 

veekaotust tuleb v»rrelda kuludega, mis tulenevad k»rgema temperatuuriga sissevooluvee 

vªiksemast t»hususest. 

 

Veel ¿ks meede, mida soovitatakse soojuse vªljajuhtimise m»ju vªhendamiseks, on 

jahutuss¿steemi vee vªljavoolu projekteerimine nii, et vesi kaotab turbulentsuse t»ttu vªljavoolu 

ajal osa oma soojusest. Selle meetme k»rvalm»juks on jahutusvee hapnikusisalduse suurenemine, 

mis kompenseerib jahutusvee k»rgemast temperatuurist tingitud hapnikukaotuse. Andmed selle 

kohta puuduvad ja selle m»ju ulatus on samuti k¿sitav. 
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3.4 Jahutusvee tººtlemisel tekkivad heited 

Jahutusvee tººtlemisel tekkivaid heiteid pinnavette peetakse ¿heks k»ige olulisemaks 

jahutuss¿steemide probleemiks. V»ib eristada nelja mªrgjahutuss¿steemidest pinnavette sattuvate 

heidete allikat: 

¶ protsessikemikaalid (toode) ja nende reaktiivsed ained, mis tulenevad leketest, 

¶ jahutuss¿steemi seadmete korrosioonist tingitud korrosioonisaadused, 

¶ kasutatud jahutusvee lisandid ja nende reaktiivsed ained, 

¶ »hus olevad ained. 

 

Nende heidete ohjamiseks kasutatakse erinevaid meetodeid. Vªhendada saab nii lekkeohtu kui ka 

kontrollimatute heidete v»imalust pªrast lekke toimumist ning korrosiooni vªhendamiseks saab 

valida seadmetele k»ige sobivama materjali. Kªesolevas jaotises keskendutakse meetmetele, 

mille eesmªrk on vªhendada jahutusvee lisandite kasutamisest tulenevate heidete hulka ja m»ju: 

¶ - vªhendades veepuhastuse vajadust, 

¶ - valides keemilise tººtluse, millel on keskkonnale vªiksem m»ju, 

¶ - kasutades kemikaale k»ige t»husamal viisil (s¿steemide kªitamine). 

 

 

3.4.1 Jahutusvee tººtlemise rakendusalad 
 

Jahutusvee tººtlemine toimub t»husa soojus¿lekande edendamiseks ja jahutuss¿steemi 

kaitsmiseks, et k»rvaldada mitmed negatiivsed m»jud jahutusseadmete toimimisele. Teisis»nu on 

jahutusvee tººtlemise eesmªrk vªhendada kogu energiatarbimist. 

 

Ebasoodsad m»jud on tugevalt seotud jahutusvee keemilise koostisega ja jahutuss¿steemi 

kªitamise viisiga (nt kontsentratsioonits¿klitega). Soolase veega seonduvad n»uded erinevad 

magevee omadest ning probleemiks v»ivad olla ¿lesvoolu tekkivad tººstuslikud saasteainete 

heited. Samuti v»ib jahutusvesi saastuda protsessivedelike lekke t»ttu soojusvahetitest v»i kui 

tegemist on avatud mªrgjahutustornidega, siis torni lªbiva »hu t»ttu, mis toob sisse tolmu, 

mikroorganisme ja aurusid. 
 

Jahutusvee lisandeid kasutatakse lªbivoolus¿steemides, avatud mªrgjahutuss¿steemides, suletud 

mªrgjahutuss¿steemides ja mªrg-kuivs¿steemides. Kui vett kasutatakse vahepealse jahutusainena 

kuivs¿steemide spiraalis, v»ib suletud kontuuris oleva vee konditsioneerimiseks kasutada vªga 

vªikeseid lisandite koguseid. 

 

Keskkonna seisukohalt on lisaained olulised: need vªljuvad mingil etapil jahutuss¿steemist, 

sattudes pinnavette v»i palju vªhemal mªªral »hku. ¦ldiselt on kasutatavate kemikaalide keemia 

ja rakendusviisid teada, kuid mitteoks¿deerivate biotsiidide valik p»hineb peamiselt Ăkatse-

eksituse meetodilñ. Kasutatavate kemikaalide m»ju keskkonnale saab hinnata modelleerimise 

(risk/oht) v»i m»»tmise abil. Kuna neid kasutatakse t»husa soojusvahetuse parandamiseks, on 

nende kasutamine seotud ka kahjulike m»judega, mis tulenevad vªiksemast soojusvahetuse 

t»hususest. Kui soojus¿lekanne on ebat»hus, v»ib see m»jutada jahutatavat tººstusprotsessi, 

p»hjustades energiakasutuse suurenemist (st sarnaselt »huheidete suurenemisega) v»i suuremat 

n»udlust tooraine jªrele, et kompenseerida tootmiskadusid. Jahutuss¿steemi energiatarbimine v»ib 

suureneda, kuna soojusvahetuse vªiksema t»hususe kompenseerimiseks tekib suurem n»udlus 

pumpade ja ventilaatorite tºº jªrele. 

 

Vee kvaliteedist tulenevad probleemid, millega tavaliselt kokku puututakse, on jªrgmised: 

 

¶ jahutusvee seadmete korrosioon, mis v»ib p»hjustada soojusvahetite lekkeid ja 
protsessivedeliku sattumist keskkonda v»i kondensaatorite vaakumi kadu, 

¶ katlakivi, mis tekib peamiselt kaltsiumkarbonaatide, sulfaatide ja fosfaatide, Zn ja Mg 

sadestumisel, 
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¶ torude ja soojusvahetite (ka mªrgjahutustornide tªidise) (bio)saastumine mikro- ja 

makroorganismide ning h»ljuvate tahkete ainetega, mis v»ivad p»hjustada soojusvaheti torude 

ummistumise suurte osakestega (ranna-/j»ekarpidega) v»i jahutustornide »huheidete tekke. 
 

 

 
 
 

Joonis 3.1: Erinevate veekvaliteedi probleemide vaheliste seoste graafiline esitus 
 

 
Jahutusvee probleemid on sageli omavahel seotud. Katlakivi v»ib p»hjustada nii korrosiooni kui 

ka biosaastust. Korrosioonikolded p»hjustavad veevoolu mustrite muutumist ja tekitavad 

turbulentseid piirkondi, kuhu koguneb biosaastus. Biosaastus v»ib suurendada aluspinna edasist 

korrosiooni (joonis 3.1). 

 

Vee konditsioneerimiseks kasutatakse jªrgmisi kemikaalir¿hmi (vt ka V lisa): 

¶ Korrosioonit»kestajad: 

varem kasutati peamiselt metalle, kuid suundumus on asoolide, fosfonaatide, pol¿fosfaatide ja 

pol¿meeride suunas. See tªhendab, et toksilisus vªheneb, samas kui p¿sivus suureneb. Hiljuti 

on vªlja tººtatud m»ned paremad biolagundatavad pol¿meerid. 

¶ K»vaduse stabilisaatorid v»i katlakivi t»kestajad: 

valemid on olemas peamiselt pol¿fosfaatide, fosfonaatide ja teatavate pol¿meeride kohta. Ka 

selles valdkonnas on viimased arengud suunatud paremate biolagundatavate ¿hendite 

vªljatººtamisele. 

¶ Hajutuskemikaalid: 

enamasti kopol¿meerid, sageli koos pindaktiivsete ainetega. Peamine keskkonnam»ju on halb 

biolagundatavus. 

¶ Oks¿deerivad biotsiidid: 

kasutatakse peamiselt kloori (v»i kloori ja broomi kombinatsiooni) ja monokloramiini. Kloor 

(ka broom) on tugev oks¿deerija (akuutselt toksiline), mis tªhendab, et selle poolestusaeg on 

l¿hike, kuid kloorimise k»rvalm»judeks on halogeenitud k»rvalsaaduste moodustumine. Muud 

oks¿deerivad biotsiidid on osoon, UV-kiirgus, vesinikperoksiid v»i perªªdikhape. Osooni ja 

UV-kiirguse kasutamine n»uab vee eeltººtlust ja erimaterjale. Neist tulenev keskkonnam»ju 

on eeldatavasti vªhem kahjulik kui halogeenitud biotsiidide puhul, kuid nende kasutamine 

n»uab erilist hoolt, on kallis ja ei ole k»ikides olukordades rakendatav. 

¶ Mitteoks¿deerivad biotsiidid: 

isotiasoloonid, DBNPA, glutaaraldeh¿¿d ja kvaternaarsed ammooniumi¿hendid jne. Need 

¿hendid on ¿ldiselt ªgedalt toksilised ja sageli raskesti biolagundatavad, kuigi m»ned neist 

h¿drol¿¿suvad v»i lagunevad muude mehhanismide abil. Keskkonnam»ju on mªrkimisvªªrne. 

Korrosioon 

Katlakivi 

Setted 

(organismid) 
Biokile 
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Tabel 3.7: Avatud ja ringlusega mªrgjahutuss¿steemides kasutatavate jahutusvee 

tººtlusviiside keemilised komponendid 

Tuletatud allikast: [tm135, Nalco, 1988] 

 

 
 

Keemiliste tººtluste 

nªited
*
 

Veekvaliteedi probleemid 

Korrosioon Katlakivi  (Bio)saastumine 

Lªbivoolu-

s¿steemid 

Ringlus-

s¿steemid 

Lªbivoolu-

s¿steemid 

Ringlus-

s¿steemid 

Lªbivoolu-

s¿steemid 

Ringlus-

s¿steemid 

Tsink  X     
Mol¿bdaadid  X     
Silikaadid  X     
Fosfonaadid  X  X   
Pol¿fosfaadid  X  X   
Pol¿oolestrid    X   
Looduslikud 
orgaanilised ained 

   X   

Pol¿meerid X X X X X X 

Mitteoks¿deerivad 

biotsiidid 
     X 

Oks¿deerivad biotsiidid     X X 

Mªrkused: 
Kroomi suure keskkonnam»ju t»ttu ei kasutata seda enam laialdaselt. 

 
 

Jahutusvee tººtlemise vajadust ning kasutatavate kemikaalide t¿¿pi ja kogust on p»hjalikumalt 

kirjeldatud V lisas. Jahutusvee konditsioneerimise kasutamine on vªga keeruline ja kohaliku 

iseloomuga k¿simus, mille puhul meetodite valik p»hineb jªrgmiste elementide kombinatsioonil: 

- soojusvaheti seadme konstruktsioon ja materjal, 

- jahutusvee temperatuur ja keemia, 

- pinnavees olevad organismid, mida v»idakse kaasa t»mmata, 

- vastuv»tva veeºkos¿steemi tundlikkus vªljuva lisandi ja sellega seotud k»rvalsaaduste 
suhtes. 

 

Mis tahes tººtlemisviisi n»uetekohaseks toimimiseks on tavaliselt vaja hoida jahutusvee pH ja 

leelisus kindlaksmªªratud vahemikus. Hea pH ja leelisuse taseme tagamine on muutunud 

olulisemaks seal, kus kasutatakse pH-tundlikumaid veetººtlemise programme v»i kui avatud 

ringlusega jahutustornides kasutatakse tihedamaid kontsentratsioonits¿kleid, et vªhendada 

vªljapesu ja veevajadust. Tººstuses on ¿ha enam levinud tava, et hooldusprogrammid tººtab vªlja 

ja viib lªbi lisaainete tarnija, kuid vastutus s¿steemide toimimise eest jªªb jahutuss¿steemi 

omanikule. 

 
Arvestades erinevate kªitise ja s¿steemi eripªrasid, on raske leida eri s¿steemides kasutatavate 
lisandite t¿¿pilisi koguseid. Kui tasemed on esitatud, siis vªljendatakse neid kilogrammides v»i 
tonnides jahutusvee m3 kohta v»i hajutatud MWth kohta. Tabelis 3.8 on esitatud Madalmaades 
hiljuti tehtud inventuuri tulemused Madalmaade tººstuses laialdaselt kasutatava kloori kohta. 
Andmed nªitavad, et erinevusi on nii s¿steemide kui veet¿¿pide vahel. Muud ringluss¿steemides 
kasutatavad veeallikad on nªiteks joogivesi, p»hjavesi ja kondensaat. 
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Tabel 3.8: H¿pokloriti tarbimine Madalmaade mªrgjahutuss¿steemides 

[tm160, Bijstra,  1999] 

 

Jahutusvee allikas 
Aktiivkloori tarbimine, kg/MW th/a 

Lªbivoolus¿steemid Ringluss¿steemid 

Magevesi 85 (10-155) 
200 (20-850) 

Soolane v»i riimvesi 400 (25-2500) 

Muud veeallikad  400 (20-1825) 

 
 

3.4.2 Kemikaalide heited pinnavette 
 

Euroopa ja USAs on tehtud palju tººd jahutusvee optimaalsema konditsioneerimise, alternatiivsete 

tººtlemisviiside ja muude tehnikate rakendamise alal, et vªltida jahutusvee lisanditest tulenevat 

kahjulikku m»ju veekeskkonnale. Suuresti keskendutakse selles osas biotsiidide kasutamisele. 

 

Jahutusvee tººtlemisest tulenevaid eriheiteid v»ib olla raske hinnata, kui tººtlemiseks kasutatavate 

kemikaalide anal¿¿simeetodid ei ole kªttesaadavad. Lisaks jahutusvee tººtlemiseks kasutatavatele 

spetsiifilistele kemikaalidele v»ivad kasutatud kemikaalidest tulenevad k»rvalsaadused samuti 

avaldada olulist m»ju pinnavee keskkonnale. Lisaainena kasutatava kloori v»i broomi puhul 

reageerib 3-5% tootest, moodustades haloformi¿hendeid (kloroform v»i bromoform) [tm072, 

Berbee, 1997]. 

 
L¿hiajalise m»ju kvantifitseerimine on v»imalik, kui teostada vªljavoolava jahutusvee voogude 

(ªgeda) toksilisuse katsed. Neid tulemusi v»ib vaadelda kui minimaalset hinnangut 

keskkonnam»judele pinnavees, [sest pikaajalist (kroonilist) m»ju, biolagundatavust, 

bioakumulatsiooni (Pow) ja kantserogeenset m»ju ei ole neis katsetes arvesse v»etud]. Hiljuti on 
Madalmaades lªbi viidud mitmeid uuringuid oks¿deerivate biotsiidide (peamiselt h¿pokloriti) 

kasutamise kohta ([tm001, Bloemkolk, 1997], [tm072, Berbee, 1997] ja [tm160, Bijstra, 1999]) 

ning mitteoks¿deerivate biotsiidide kasutamise kohta ([tm001, Bloemkolk, 1997] ja [tm149, Baltus 
et al., 1999]). 

 

 

3.4.2.1 Oks¿deerivad biotsiidid 
 

Mitmetes riikides on loodud programme, et saavutada h¿pokloriti optimaalne kasutamine 

jahutusvees. Sageli kasutatakse jahutusvee kontrollparameetrina vaba oks¿deerijat [mg FO/l]. 

Madalmaades kasutatakse pideva doseerimisega (lªbivooluga) jahutuss¿steemide puhul 

sihtkontsentratsioonina 0,1ï0,2 [mg FO/l] heitvees. Aeg-ajalt toimuva v»i ġokk-kloreerimise korral 

on FO v»i FRO kontsentratsioon alati alla 0,2 mg/l pªevase (24 tunni) keskmise vªªrtuse. Kuid 

ġokk-doseerimise ajal v»ib FO v»i FRO kontsentratsioon olla 0,5 mg/l lªhedal v»i sellega v»rdne 

(tunnikeskmine vªªrtus). 

 

Optimeerimine biotsiidide seire ja kontrollitud (automaatse) doseerimise abil v»ib oluliselt 

vªhendada jahutusvees kasutatavate kemikaalide aastast tarbimist. Selle tulemusena v»ib vªheneda 

biotsiidide ja nende k»rvalsaaduste, nªiteks halogeenorgaaniliste ¿hendite, mille peamine saadus 

on bromoform, koormus [tm157, Jenner et al, 1998]. 

Mitmed keemiatººstuse ja energiatootmise sektori ettev»tted on eespool nimetatud 

optimeerimismeetmete kasutuselev»tuga vªhendanud h¿pokloriti kasutamist jahutusvees kuni 

50% [tm160, Bijstra, 1999]. 
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3.4.2.2 Mitteoks¿deerivad biotsiidid 
 

1999. aastal viidi lªbi uuring ringjahutuss¿steemides kasutatavate oks¿deerivate ja 

mitteoks¿deerivate kemikaalide keskkonnam»jude kohta. Nende kemikaalide puhul, mille 

anal¿¿simeetodid olid kªttesaadavad, m»»deti kemikaalide kontsentratsioonid jahutusvees. K»igi 

kasutatud kemikaalide puhul kasutati toksilisuse teste, et hinnata nende keskkonnam»ju pinnaveele. 

Kui jahutusvesi juhiti otse pinnavette, p»hjustas ringjahutuss¿steemides mitteoks¿deerivate 

kemikaalide kasutamine paljudel juhtudel pinnaveele tugevat keskkonnam»ju. Oks¿deerivate 

kemikaalide (h¿pokloriti) puhul leiti toksilisuse katsete p»hjal PEC/PNEC suhtarvud vahemikus 3 

(pidev doseerimine) ja 33 (ġokk-doseerimine) ning mitteoks¿deerivate kemikaalide puhul leiti 

PEC/PNEC suhtarvud 20 (isotiasoliinid), 2500 (BNS), 660-13 000 (BNS/MBT) ja 3700 (DBNPA) 

([tm149, Baltus et al.,, 1999] vt kokkuv»tet (lk 9-10), tabelit 16 (lk 64) ja 9. peat¿kki (lk 75-82))). 

 

Teine lªbiviidud uuring nªitas, et isotiasoliinide (1,2-bensisotiasoliin-3-on, 2-met¿¿l-4-

isotiasoliin-3-oon) kasutamisel jahutusvee lisandina ei saa vªlistada v»imalikku ohtu vastuv»tvale 

pinnaveele (vt [tm149, Baltus et al., 1999], lk 13 ja 14). 

 

Tººtlemisprogrammid on vªga erinevad ja s»ltuvad eespool nimetatud teguritest ning on seega 

kªitisespetsiifilised. Lisandite heited on erinevad nii mahu kui ka keemia (m¿rgisus, reaktiivsus) 

poolest. Lagunemine, koostoime ja v»imalikud puhastusmeetmed v»ivad m»jutada tegelikku 

heitkogust, mis l»puks vªlja lastakse, ja sellest tulenevat m»ju veekeskkonnale. Jahutusvee 

optimeerimine ning (automaatse) doseerimise ja seire abil kontrollitud konditsioneerimine v»ib 

oluliselt vªhendada kemikaalide kasutamist jahutusvees ja seega ka keskkonnam»ju vastuv»tvale 

veele. 

 

Hollandis on h¿pokloriidi ja broomi kasutamine jahutusvees ¿ks tªhtsamaid halogeenorgaaniliste 

¿hendite (m»»detuna kui AOX) allikaid pinnavees [tm001, Bloemkolk, 1997] ja [tm072, Berbee, 

1997]. 

 

M»nikord puhastatakse jahutusvett enne ªrajuhtimist reoveepuhastusrajatises. ¦ks nªide on 

rafineerimistehaste vªljapesuvee puhastamine koos teiste reoveevoogudega. Selline tººtlus v»ib 

vªhendada biotsiidide m»ju pinnaveele. Bioloogiline puhastus v»ib olla tundlik mitteoks¿deerivate 

biotsiidide madala taseme suhtes, mis v»ib hªirida puhastusseadme tººd. On teatatud aktiivse 

muda pªrsitusest 60% v»rra ja rohkem (100%). F¿¿sikaline/keemiline biotsiidide tººtlemine on 

veel eksperimentaalsel tasemel. F¿¿sikalise tººtlemise puhul on takistuseks mitteoks¿deerivate 

biotsiidide polaarsus, kuna need jªªvad veefaasi alles. 

 

Avatud ringluss¿steemide puhastamine on kontrollitavam tee, mille kaudu biotsiidid satuvad 

vªliskeskkonda. Suletud s¿steemide puhul vªljapesu ei kasutata. Puhastusi tehakse, kuid need on 

vªikesed ja tavaliselt juhitakse need veed kanalisatsiooni. On ilmne, et biotsiidide 

kontsentratsioon jahutusvees ja seega ka nende kontsentratsioon heitvees v»i puhastusvoolus on 

k»ige suurem kohe pªrast doseerimist. S¿steemide jahutusvees toimuvate keemiliste 

reaktsioonide, nªiteks h¿drol¿¿si t»ttu vªheneb biotsiidide kontsentratsioon jªrk-jªrgult ja seda 

teadmist saab kasutada, et hinnata nende eeldatavat kontsentratsiooni heitvees. Seda teavet 

kasutatakse ka puhastusvee vªljavoolu sulgemisel pªrast tººtlemist, et vªltida k»rge keemilise 

aktiivsusega biotsiidide vªljavoolu. Edasise optimeerimise saavutamiseks on olulised mitmed 

tegurid. Lisaks kontsentratsioonile vªljavoolus on siinkohal oluline ka protsessi juhtimine. 

 

 

3.4.2.3 Biotsiidide heiteid m»jutavad tegurid 
 

Tegureid, mis m»jutavad heiteid ja nende p¿sivust vastuv»tvas veekeskkonnas, on mitmete 

tavaliselt kasutatavate oks¿deerivate ja mitteoks¿deerivate biotsiidide puhul p»hjalikult 

kirjeldanud [tm004, Baltus ja Berbee, 1996]. Jahutusvee puhastamise programmi valikul mªngivad 

koos jahutusprotsessi tingimustega rolli jªrgmised tegurid: 
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¶ h¿drauliline poolestusaeg (kasutatakse ka s¿steemi poolestusaega), 

¶ h¿drol¿¿s, 

¶ biolagunemine, 

¶ fotol¿¿sid, 

¶ lenduvus. 

 

H¿drauliline poolestusaeg mªªratakse puhastamise mahu jªrgi. Mida suurem on puhastusvee 

kogus, seda vªiksem on h¿drauliline poolestusaeg ja seda l¿hem on biotsiidi sªilivusaeg. 

H¿drauliline poolestusaeg ei m»juta oks¿deerivate biotsiidide toimimist, sest need 

dissotsieeruvad ja toimivad kiiresti, kuid mitteoks¿deerivate biotsiidide puhul piirab see nende 

toimimist. 

Mitteoks¿deeriva biotsiidi h¿drol¿¿s toimub teatud pH ja veetemperatuuri juures. ¦ldiselt 

suureneb pH ja/v»i temperatuuri t»ustes ka h¿drol¿¿s ja biotsiidi toime vªheneb. Jªrelikult 

aeglustab vastuv»tva vee madalam temperatuur h¿drol¿¿si veelgi ja suurendab mitteoks¿deerivate 

biotsiidide p¿sivust veekeskkonnas. 

Biol¿¿s, fotol¿¿s ja lenduvus ei mªngi mitteoks¿deerivate biotsiidide lagunemisel olulist rolli. 

Fotol¿¿s saab toimuda, kui veekeskkond puutub kokku pªikesevalgusega. Oks¿deerivate 

biotsiidide (h¿pokloriti) puhul v»ib rolli mªngida aurustumine. Saab viidata uuringutele, mille 

kohaselt on leitud, et jahutustornide nn strippimisefekt p»hjustab 10-15% h¿pokloriti kadu iga 

kord, kui need jahutustorni lªbivad. H¿pokloriti aurustumist m»jutab pH. 

 

Biotsiidide biolagunemine s»ltub orgaaniliste ja anorgaaniliste ainete kogusest ning biotsiidi enda 

biolagundatavusest. Suur mikroobipopulatsioon, temperatuuri t»us ja jahutusvee v»i vastuv»tva 

vee suurem hapnikusisaldus suurendavad biolagunemist. Pinnavesi sisaldab palju h»ljuvat 

orgaanilist ainet, millesse biotsiidid v»ivad imenduda ja mille tulemuseks on akumuleerumine 

setetes. Samuti v»ib orgaaniline materjal biotsiide vªhendada. 

 

3.4.2.4 Heitkogused 
 

Pinnavette sattuvate jahutusvee heitkoguste representatiivseid kontsentratsioonitasemeid on raske 

esitada. On p¿¿tud kvantifitseerida ainete heitkoguseid jahutusvee vªljavoolus ja vªlja on tººtatud 

vastavad mudelid. Samas ei saa kªitisespetsiifilisuse t»ttu esitada ¿htegi ¿ldkasutatavat mudelit, mis 

v»taks arvesse k»iki aspekte. Tuleb teha palju eeldusi ja kuigi need annavad aimu, v»ib heiteid sel 

viisil kergesti ¿le- v»i alahinnata. IX lisas on esitatud nªide biotsiidide mudeli kohta avatud 

mªrgjahutustornis [tm004, Baltus ja Berbee, 1996]. 

 

 

3.4.2.5 ìigusaktid 
 

Paljudes liikmesriikides on jahutusvee kemikaalide heitkogused reguleeritud pinnavee reostust 
kªsitlevate »igusaktidega. Seadused keskenduvad tavaliselt heitvooludele, mille puhul on kindlaks 
mªªratud minimaalne heitvooluhulk (m3 ººpªevas). M»nes seadusandluses (nt Itaalias) on 
vastuv»tvad veed klassifitseeritud ja igale veele on mªªratud erinev vªljavoolava vee asjakohaste 
heiteparameetrite tase. 

 

Vªljalastava vee kvaliteedi osas on kehtestatud piirangud teatavate kemikaalide (nt kroomi, tsingi 

v»i elavh»beda¿hendite) sisaldusele, vªhendades seelªbi teatavate jahutusvee lisaainete 

kasutamist. 

 

Kehtestatud on n»uded suurte ja vªikeste heitveekoguste temperatuurile ja pH-vªªrtustele. 

¦ldiselt ei tohi temperatuur suurema osa aastast maksimaalset temperatuuri ¿letada. Ebasoodsate 

hooajaliste tingimuste korral, nªiteks kui mªrgtemperatuur v»ib Vahemere piirkonnas ulatuda 

kuni 40 ÁC-ni, v»imaldatakse teatavat paindlikkust, muutes heitvee temperatuuri piirmªªrasid. 
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Konkreetsemad n»uded keemilise koostise kohta on liikmesriigiti erinevad, kuid h»lmavad 

¿ldiselt n»udeid adsorbeeruvate orgaaniliste halogeenide (AOX), lahustunud hapniku, 

bioloogilise hapnikutarbe (BHT), keemilise hapnikutarbe (KHT), klooriainete ja fosfori¿hendite 

kontsentratsiooni kohta ning jªªkm»ju kohta luminoossetele bakteritele. M»nes »igusaktis 

eristatakse erinevaid jahutuss¿steemide t¿¿pe (lªbivooluga v»i ringlusega) v»i kªsitletakse 

konkreetseid toiminguid, nªiteks ġokk-tººtlust mikrobitsiidse ainega. 

 

Madalmaades p»hinevad vªhendamismeetmed ainete olemuslikel omadustel ja riskianal¿¿sidel. 

Selleks, et v»imaldada ettev»tetel ja veeametitel ¿heselt kindlaks teha ainete ja valmististe 

veereostuse m»ju, on vªlja tººtatud ¿ldine hindamismetoodika. See p»hineb klassifitseerimist, 

pakendamist ja mªrgistamist kªsitlevatel Euroopa »igusaktidel. 

S»ltuvalt aine omadustest tuleb kohaldada BTMi v»i BPMi. Pªrast BTMi/BPMi kohaldamist 

hinnatakse jªªkheidet vastavalt kohaldatavatele veekvaliteedi eesmªrkidele. Kui neid eesmªrke ei 

saavutata, v»ib mªªrata tªiendavaid meetmeid. 

 

Euroopa keemiaalased »igusaktid, mis m»jutavad eelk»ige jahutusvee lisaainete kasutamist, on 

esitatud jªrgmistes dokumentides: 

¶ n»ukogu direktiiv teatavate ¿henduse veekeskkonda juhitavate ohtlike ainete p»hjustatud 
reostuse kohta (76/464/EM¦), 

¶ vee raamdirektiiv, 

¶ preparaatide direktiiv, 

¶ biotsiidide direktiiv 98/8. 

 

 

3.4.3 Pinnavette sattuvate heidete vªhendamine 
 

3.4.3.1 ¦ldine lªhenemisviis 
 

Tehnikad jahutusvee kasutamisest tulenevate pinnaveeheidete vªhendamiseks on jªrgmised: 
1. jahutusseadmete korrosiooni vªhendamine, 

2. protsessiainete jahutuskontuuri lekkimise vªhendamine, 

3. jahutusvee alternatiivse tººtlemise rakendamine, 

4. vªhem ohtlike jahutusvee lisaainete valimine, 

5. jahutusvee lisaainete optimeeritud kasutamine. 

 

Vastavalt IPPC direktiivile peaks jahutusvee tººtlemisest tulenevate heidete vªhendamine olema 

suunatud puhastusvajaduse vªhendamisele (saastuse vªltimine) ning lisaainete valikule ja 

optimaalsele kasutamisele (saastuse kontroll), arvestades maksimaalse soojusvahetuse n»uet. 

 rajuhitavas jahutusvees sisalduvate kemikaalide heitkoguste vªhendamiseks on mitmeid 

v»imalusi. Lisaks 1. peat¿kis selgitatud sobiva jahutuskonfiguratsiooni hindamisele ja vastavalt 

ennetavale lªhenemisviisile, mille kohaselt rakendatakse tººstuslikes jahutuss¿steemides PVT-d, 

v»ib kaaluda vªhendamise v»imalusi teatavas jªrjekorras. Uute suure v»imsusega 

jahutuss¿steemide puhul on vªlja tººtatud lªhenemisviis, et vªhendada pinnavette sattuvaid heiteid 

[tm001, Bloemkolk, 1997]. 

 

Nii uute kui ka olemasolevate s¿steemide jaoks biotsiidide valimiseks on vªlja tººtatud teatud 

lªhenemisviis. [tm005, Van Donk ja Jenner, 1996] . M»lemad lªhenemisviisid h»lmavad enam-

vªhem samu samme ja nende sammude jªrgimine tagab, et v»etakse arvesse k»iki olulisi 

tegureid, mis lisaainete kasutamise vªhendamisega seonduvad. Need lªhenemisviisid on 

esitatud joonistel 3.2 ja 3.3. 
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Biotsiidide kasutamise optimeerimiseks on olemas mitmesuguseid v»imalusi, mis on sageli 

omavahel seotud. Optimeerimisskeemi koostamiseks pakub eeliseid struktureeritud lªhenemine. 

Jªrgnevalt esitatakse soovitused kahe vooskeemina, millest ¿ks on m»eldud projekteerimisjªrgus 

olevatele jahutusvees¿steemidele ja teine olemasolevatele jahutusvees¿steemidele. Need skeemid 

pakuvad biotsiidide optimeerimiseks samm-sammulist lªhenemisviisi. 

 

Joonist 3.2 selgitatakse jªrgmiselt [tm005, Van Donk ja Jenner, 1996] . Jahutusvees¿steemi 

projekteerimise etapis tuleb otsustada, millist jahutusviisi soovitakse kasutada. Kui kasutatakse 

vesijahutust, tuleks kaaluda tehnilisi lahendusi, mis hoiavad kontrolli all jahutusvees¿steemis 

eeldatavalt esineva biosaastuse populatsiooni. Olulised k¿simused, mida tuleb projekteerimisfaasis 

arvesse v»tta, on jªrgmised: piisavalt suure voolukiiruse sªilitamine k»ikides jahutusvees¿steemi 

osades ning kanalite ja soojusvahetite sujuv ehitus. See vªhendab biosaastuse settimist. 

Mittetoksiliste ja biosaastuse kinnitumist takistavate katete kasutamine aitab biosaastuse 

kogunemist veelgi vªhendada. Veehaarde konstruktsioon peaks olema projekteeritud nii, et prahi 

ja organismide kaasamine oleks minimaalne. Filtreerimisseadmed ja prahikammid v»ivad kaasa 

viidud brutomaterjali kogust veelgi vªhendada. Soojusvahetite puhul v»ib selleks olla titaan 

(korrosioonikindel, sileda pinnaga). H¿drod¿naamiliselt kujundatud soojusvahetite sisse- ja 

vªljalaskekarbid saab teha klaasiga tugevdatud plastist. Seda materjali v»ib kasutada ka s¿steemi 

torude ja ¿henduste jaoks. Samuti v»ib projekteerimisfaasis kasutada suhteliselt lihtsaid lahendusi, 

nªiteks ¿hendused keemilise ja bioloogilise saastuse seirevahendite v»i doseerijate jaoks (nt 

spetsiaalsed doseerimispunktid ja -raamid), v»i ka keerulisemaid lahendusi s¿steemide 

mehaaniliseks puhastamiseks, nªiteks ranna-/j»ekarbis»elad v»i kªsn-kummipallide s¿steem. 

M»nel juhul saab makro-biosaastuse t»rjumiseks kasutada kuumtººtlust ja siis ei ole biotsiidi ¿ldse 

vaja. Kuumtººtluse kohaldamiseks tuleb projekteerida jahutusvees¿steemile spetsiaalne kontuur. 

Tªiendavad optimeerimisv»imalused sarnanevad olemasolevate s¿steemide omadega. 

 

 

Joonis 3.2: Jahutusvees¿steemide projekteerimisskeem eesmªrgiga vªhendada 

biotsiidide kasutamist 

[tm005, Van Donk ja Jenner, 1996] 

WŀƘǳǘǳǎǎǸǎǘŜŜƳƛ ǘǸǸōƛ ƻǘǎǳǎǘŀƳƛƴŜ 

lƘƪƧŀƘǳǘǳǎ 

Insenertehnilised 
lahendused 

Vesijahutus 

¢ŅƛŜƴŘŀǾŀŘ Ƨŀ 
alternatiivsed tehnikad 

Bioloogilise saastuse 
kontroll 

Kontroll 
biotsiididega 

[ŅōƛǾƻƻƭǳǎǸǎǘŜŜƳΣ 
CWS 

YǳǳƳǘǀǀǘƭǳǎ 

wƛƴƎƭǳǎǎǸǎǘŜŜƳΣ 
CWS 

Viide 
heiteloale Vt 

voogskeemi 2 
Vt 

voogskeemi 2 

bŅƛǘŜŘΥ 
- korrosioonikindlad materjalid 
- sujuv konstruktsioon 
- suured voolukiirused 

bŅƛǘŜŘΥ 
- ŜŜƭǘǀǀǘƭǳǎŜ tehnikad 
- ƪŅǎƴ-ǇŀƭƭƛŘŜ ǎǸǎǘŜŜƳ 
- ǎƛƭƛƪƻƻƴƛǇƿƘƛǎŜŘ ƪŀǘǘŜŘ 
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Joonis 3.3: Lªhenemisviis biotsiidide kasutamise vªhendamiseks tººstuslikes jahutusvees¿steemides 

[tm005, Van Donk ja Jenner, 1996] 

Biosaastuse probleemid: 
- ƻǊƎŀƴƛǎƳƛŘŜ ǘǸǸǇ 
- ŀǎǳƪƻƘǘ ǎǸǎǘŜŜƳƛǎ 
- probleemi suurus 

¢ǳǾŀǎǘŀŘŀ ōƛƻǎŀŀǎǘǳǎŜ ǇƿƘƧǳǎ 

¢ƿǎǘŀ ǎƛǎŜƴŘǾŜŜ 
kvaliteeti? 

Protsessilekked? 

tŀǊŀƴŘŀŘŀ ǎǸǎǘŜŜƳƛ 
tingimusi? 

jah 

jah 
ei 

jah 

jah 

ei 

ei 

Biosaastuse kontroll 

[ŅōƛǾƻƻƭǳǎǸǎǘŜŜƳΣ 
CWS 

hƪǎǸŘŜŜǊƛǾŀ ōƛƻǘǎƛƛŘƛ 
ǘǸǸōƛ ǾŀƭƛƳƛƴŜ 

5ƻǎŜŜǊƛƳƛǎǊŜȌƛƛƳΥ 
- ǑƻƪƪΣ 
- pidev, 

- sihtoseerimine 
- doseerimisriiulid 

 

hƪǎǸŘŜŜǊƛǾŀ ōƛƻǘǎƛƛŘƛ 
ǘǸǸōƛ ǾŀƭƛƳƛƴŜ 

Biotsiidi doosi 
ǾŅƘŜƴŘŀƳƛƴŜ 

Seire: 
- biosaastus, 

- biotsiid 
 

Viide heiteloale Viide heiteloale 

Viide CWS-i soovitud 
ƧƿǳŘƭǳǎŜƭŜΥ 

- ǎƻƻƧǳǎŜ ǸƭŜƪŀƴƴŜ 
- ohutus 

Insenertehnilised lahendused: 
- ǎƛǎŜƴŘǾŜŜ ŜŜƭǘǀǀǘƭǳǎ 

- ǎƛǎǎŜǾƿǘǳƪƻƴǎǘǊǳƪǘǎƛƻƴƛ ƳǳǳǘƳƛƴŜ 

tƿƘƧǳǎŜ ƪƿǊǾŀƭŘŀƳƛƴŜ: 
- korrosioonikindlad materjalid 

- lisasoojusvahetite paigaldamine 

Insenertehnilised lahendused: 
- alternatiivsed ja lisalahendused 

 
- ƧŀƘǳǘǳǎǾŜŜ ǾŅƛƪŜ ƪƛƛǊǳǎ 

- ƳƛǘǘŜƳǸǊƎƛǎŜŘ ōƛƻǎŀŀǎǘǳǎŜ ƪƛƴƴƛǘǳƳƛǎǘ 
takistavad kattematerjalid 

- ǎŜƛǎǾŀ ǾŜŜƎŀ ƪƻƘǘŀŘŜ ǾŅƭǘƛƳƛƴŜ 
- ƧŅǊǎƪǳŘŜ ǘƻǊǳƴǳǊƪŀŘŜ ǾŅƭǘƛƳƛƴŜ 

Avatud ringlusega CWS 

YƿǊǾŀƭǾƻƻ ŦƛƭǘǊŜŜǊƛƳƛƴŜ 

.ƛƻǘǎƛƛŘƛ ǘǸǸōƛ Ǿŀƭƛƪ 

hƪǎǸŘŜŜǊƛǾŀ ōƛƻǘǎƛƛŘƛ 
doseerimine: 

-Ǒƻƪƪ 
- pidev 

- ŜŜǎƳŅǊƪ 
- pH 

aƛǘǘŜƻƪǎǸŘŜŜǊƛǾŀ 
biotsiidi doseerimine: 

-Ǒƻƪƪ 
- tolerantsuse 
kujundamine 

tǳƘŀǎǘǳǎǊŜȌƛƛƳƛ ƪƻƘŀƴŘŀƳƛƴŜΣ 
ǎƿƭǘǳǾŀƭǘ ōƛƻǘǎƛƛŘƛ ǘǸǸōƛǎǘ 

.ƛƻǘǎƛƛŘƛ Řƻƻǎƛ ǾŅƘŜƴŘŀƳƛƴŜ 

Seire: 
- biosaastus 

- biotsiid 

IŜƛǘǾŜŜ ƧŅǊŜƭǇǳƘŀǎǘǳǎ 
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Joonis 3.3 nªitab k»iki samme, mida tuleb biotsiidide valikul arvesse v»tta [tm005, Van Donk ja 

Jenner, 1996]. Olemasolevas jahutusvees¿steemis on oluline iseloomustada biosaastuse 

populatsiooni ja biosaastuse riski suurust. Selle eelduseks on piisav bioloogiline seire. 

 

Biosaastuse probleemi p»hjust tuleks anal¿¿sida ja kªsitleda. Jahutusvee kvaliteeti saab 

parandada vee eeltººtlusega (nt mikro- ja makrofiltreerimine). See v»ib k»rvaldada osa 

biosaastuse ohust, vªhendades sissetulevate organismide ja toitainete hulka. Kui bioloogilise 

kasvu peamiseks p»hjuseks on protsessilekked, tuleks need k»rvaldada, nªiteks kasutades 

korrosioonikindlaid materjale v»i paigaldades varusoojusvahetid, mis v»imaldavad sagedasemat 

mehaanilist puhastamist. S¿steemi tingimuste parandamiseks tuleks kaaluda k»iki skeemis 1 

nimetatud v»imalusi. 

 

Lªbivoolus¿steemides vªhendatakse makrobiosaastust m»nikord kuumtººtluse abil, ilma biotsiidi 

kasutamata. Naatriumh¿poklorii on k»ige olulisem kasutatav biotsiid. Selle annustamine toimub 

ġokina v»i pidevalt. Makrobiosaastuse t»rje doseerimisstrateegia peaks olema ennetav, sest kui 

makrobiosaastust on rohkesti tekkinud, on selle eemaldamiseks vaja vªga suuri annuseid ja pikema 

aja jooksul. Soovitatav on kaaluda sihtotstarbelise doseerimise v»imalust kohtades, kus on suur 

biosaastuse risk, nªiteks soojusvahetite sisse- ja vªljalaskekarpides. Minimaalse vajaliku biotsiidi 

annuse kindlaksmªªramiseks on oluline keemiline seire. Kuna rakendatud oks¿deeriva biotsiidi 

kontsentratsioon jahutusvees¿steemis vªheneb, on vaja keemilist seiret, et registreerida biotsiidi 

t»hus jªªktase jahutusvees¿steemi kriitilistes kohtades. V»rg¿uhendusega m»»tjaid tuleks 

kolorimeetrilise DPD-testi abil regulaarselt kªsitsi kalibreerida. Toksilisusel p»hinev biotsiidi 

kontsentratsiooni m»»tmine jahutusvees on kasulik ka optimeerimisskeemide puhul. 

Makrobiosaastuse seireseadmed annavad teavet organismide kogunemise ja kasvu ning biosaastuse 

t»rjeprogrammi tulemuslikkuse kohta. See teave on oluline biosaastuse optimeerimisprogrammide 

jaoks lªbivoolus¿steemides, kus esineb probleeme makrobiosaastusega. 

 

Avatud ringlusvoolus¿steemides on mikrobiosaastus palju olulisem probleem kui makrobiosaastus. 

Mikrobiosaastuse seirevahendid, nagu ATP-meetod ja plaatide loendamise meetod, annavad olulist 

teavet mikrobiosaastuse populatsiooni arengu ja seisundi kohta jahutusvees¿steemis. Et vªltida 

organismide ja toitainete koos jahutusveega sisset»mbamist, v»ib sisendvett eeltººdelda (nt 

mikrofiltreerimine, sadestamine). Lisaks aitab orgaanilise materjali koguse vªhendamisele 

jahutusvees kaasa k¿lgvooluna filtreerimine, mis on osa ringlusvee kogumahu pidevast 

filtreerimisest. Sellega saab vªhendada edukaks puhastamiseks vajaliku biotsiidi kogust. Biotsiidi 

ġokk-doseerimise ajal tuleks k¿lgvoolu filtrid eelistatavalt ajutiselt sulgeda, et vªltida filtri asjatut 

biotsiiditarvet ja hoida ªra mikroobipopulatsiooni hªvitamine filtris. 

 

Ringlusega jahutusvees¿steemides kasutatakse oks¿deerivaid ja mitteoks¿deerivaid biotsiide. 

Madalmaades tººdeldakse ligikaudu 90% ringluss¿steemidest naatriumh¿pokloritiga. 

Mitteoks¿deerivaid biotsiide kasutatakse ainult siis, kui oks¿deerivad biotsiidid ei suuda pakkuda 

piisavat kaitset. Oks¿deerivate ja mitteoks¿deerivate biotsiidide puhul soovitatakse nende 

kasutamise vªhendamiseks mittekatkestavat v»i s¿stemaatilist doseerimist, kuigi m»nel juhul v»ib 

madalal tasemel pidev halogeenimine tarbida vªhem kemikaale kui s¿stemaatiline doseerimine. See 

vªhendab ka bioloogilise tolerantsuse tekkimise ohtu. Mitteoks¿deerivate biotsiidide kasutamise 

optimeerimiseks on vaja nende tªpseid keemilisi anal¿¿simeetodeid. H¿pokloriti m»»tmise 

v»imalusi on juba varem mainitud. Bioloogilised meetodid biotsiidide kontsentratsiooni 

m»»tmiseks jahutusvees v»ivad olla kasulikud ka ringluss¿steemides. 

 

V»imaluse korral on soovitatav nii oks¿deerivate kui ka mitteoks¿deerivate biotsiidide ġokk-

doseerimise ajal puhastus tªielikult v»i osaliselt sulgeda, et vªhendada aktiivse biotsiidi 

heitkoguseid. See on eriti t»hus kiiresti reageerivate v»i lagunevate biotsiidide puhul. Lisaks on 

soovitatav kasutada h¿pokloritiga tººdeldud jahutusvee ringluss¿steemi pH vªªrtusel 8ï9, et 

vªhendada HOCLi aurustumiskadusid jahutustornis. Kogemused on nªidanud, et see ei vªhenda 

tingimata biotsiidi t»husust. Oluline on siiski ohjata katlakivi tekkimise ohtu. 
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H¿pokloriti ja bromiidi kombineeritud kasutamine v»ib olla atraktiivne v»imalus mageveega 

jahutusvees¿steemis ja ka lªbivooluga jahutusvees¿steemis, kuna m»ned k»rvalsaadused ï 

broomitud amiinid ï on tugevama biotsiidse toimega kui nende klooritud homoloogid ja nad 

lagunevad kiiremini. 

 

K»rge veekvaliteediga ringluss¿steemides v»ib ¿heks v»imaluseks olla osoon. Siin on oluline 

pººrata tªhelepanu korrosiooniriskile. M»ned kogemused Euroopas on osooni kasutamisel edukad 

olnud. L»puks v»ib ringluss¿steemides v»imaliku tªiendava tehnikana vªlja pakkuda ka UV-

valguse kasutamise. UV-valgus ¿ksi ei suuda siiski jahutusvees¿steemi pindadele settinud 

biosaastust k»rvaldada. Selleks, et see meetod oleks t»hus, on vaja suhteliselt puhast jahutusvett, 

sest valgus peab suutma lªbi veesamba tungida. 

 
Selle lªhenemisviisi v»ib kokku v»tta jªrgmiselt: 

1. Jahutuskonfiguratsiooni valiku (lªbivooluga, avatud v»i suletud mªrgjahutustorn v»i 
h¿briidjahutustorn) otsustab muude tegurite hulgas vee kªttesaadavus. Valitud 

konfiguratsioon ise v»ib omakorda m»jutada veepuhastuse viisi. Need on lªbivooluga ja 

avatud mªrgjahutustornide vahel tavaliselt erinevad, nªiteks seoses oks¿deerivate v»i 

mitteoks¿deerivate biotsiidide kasutamisega. 

2. Kui s¿steemi valik on tehtud (vt ka 1. peat¿kki), tuleb kohaldada keerukat hindamisskeemi, et 
sobitada arvukate kombinatsioonide vahel jªrgmisi v»imalusi, mis m»jutavad veelgi 

jahutusvee tººtlemise vajadust: 

¶ soojusvahetite ja kanalite materjali valik ja pinnatººtlus, 

¶ jahutuss¿steemi paigutus, et vªltida turbulentsi, setteid ja ranna-/j»ekarpide kasvu v»i 

suurendada n»utavat vee kiirust, 

¶ jahutusvee keemia parandamine, rakendades eeltººtlust, 

¶ jahutuss¿steemi mehaaniline puhastamine, 

¶ alternatiivsed tººtlusviisid, nªiteks termiline, UV-meetod ja k¿lgvooluna filtreerimine. 

 

S»ltuvalt selle hindamise tulemustest v»ib mªrgjahutuss¿steem siiski vajada teatavat kaitset 

katlakivi, korrosiooni v»i biosaastuse vastu. See s»ltub jahutusvee keemilisest koostisest, s¿steemi 

kªitamisviisist, nªiteks kontsentratsioonits¿klite arvust, ja valitud jahutuskonfiguratsioonist. 

On selge, et suletud ringlusega kuiv»hkjahutuse puhul v»i kuiv»hkjahutusega kondensaatorite puhul 

ei ole selline tººtlemine vajalik. Kemikaale v»idakse kasutada vªlisk¿lje (ribiliste) torude 

puhastamiseks, kuid tavaliselt mitte s¿steemi kªitamiseks. 

 

Kui jahutusvee tººtlemise vajadus on kindlaks tehtud, on asjakohane valida tªpselt seadusandlikele 

n»uetele vastav jahutusvee tººtlemise programm. Need n»uded v»ivad olla jªrgmised: 

¶ teatavate ainete kasutamise keeld jahutusvee tººtlemisel, nt kroom, elavh»beda¿hendid, 
metallorgaanilised ¿hendid, nitritid, merkaptobensotiasoolid, 

¶ teatavate ainete v»i ainer¿hmade (nt tsink, fosfor, kloor, AOX) sisalduse piiramine 
jahutusveest tulenevas heitvees, mªªratledes nende heitkoguste piirvªªrtused, 

¶ kompleksainete biolagundatavuse miinimumtaseme n»ue, 

¶ jahutusveest tuleneva heitvee ºkotoksikoloogilise m»ju piiramine. 

 

Jªrgmise lªhenemisviisi puhul toob jahutusvee puhastamiseks kasutatavate lisandite valik nii uute 

kui ka olemasolevate s¿steemide puhul kaasa jahutusvee kemikaalide heitkoguste vªhenemise: 

1. selgitatakse vªlja jahutusvee puhastamise vajadus pªrast seda, kui on rakendatud muud 

f¿¿sikalised puhastusmeetodid, 
2. valitakse vajalike lisaainete t¿¿p, 

3. hinnatakse kasutatavate ainete keskkonnariski, 

4. v»imaluse korral kasutatakse aineid, mille m»ju keskkonnale on vªiksem. 
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3.4.3.2 Vªhendamine materjalide valiku ja s¿steemide projekteerimise abil 
 

Uute s¿steemide puhul saab valida materjalid ja konstruktsiooni selliselt, et vªhendada lisaainete 

kasutamist. Jahutuss¿steemide seadmetes kasutatakse palju erinevaid materjale. Seadmete 

tarnijad pakuvad oma seadmeid tavaliselt paljude erinevate metallide ja sulamite kujul, et 

v»imaldada kªitajal valida materjal, mis sobib tema jahutusvee keemilise koostisega ja 

protsessitingimustega, mille jaoks see on ette nªhtud. IV lisas kªsitletakse materjale, mis on 

m»eldud lªbivoolus¿steemidele ja avatud ringlusega s¿steemidele, kus kasutatakse riimvett v»i 

soolast vett. Oluline on m»ista, et m»ned materjali omadused v»ivad olla vastupidiste toimetega, 

mis v»ib materjalide valiku keeruliseks teha ja jahutusvee tººtlemise programmi m»jutada. 

Nªiteks v»ib suurem tundlikkus biosaastuse suhtes esineda koos vªiksema sººvitavusega. 

 

Jahutuss¿steemi »ige paigutus ja konstruktsioon v»ivad m»jutada jahutusvee lisaainete vajadust. 

Kokkupaneku ajal tuleks vªltida ebavajalikke k»rgemaid servi ja jªrske muutusi veevoolu teel. 

M»lemad p»hjustavad turbulentsi ja seda tuleks v»imaluse korral vªltida, sest see suurendab 

korrosiooni v»i nªiteks ranna-/j»ekarpide kogunemist. 

S¿steemi kªitamine sobiva minimaalse veekiirusega ei sªilita ainult n»utavat jahutusv»imsust, vaid 

vªhendab ka makrobiosaastuse kogunemist ja materjali korrosiooni. 

 

Organismide pindadele kinnitumise vªhendamiseks, vee voolukiiruse m»ju tugevdamiseks ja 

s¿steemi puhastamise h»lbustamiseks kasutatakse spetsiaalseid pinnakatteid ja vªrve. Need 

biosaastuse vastased vªrvid v»ivad sisaldada m¿rgiseid aineid, mist»ttu on vªlja tººtatud ka 

m¿rgivabad pinnakatted ja vªrvid. Nende veealune rakendatavus ja hind varieeruvad ning s»ltuvad 

jahutuss¿steemi suurusest ja tingimustest. Nªiteks orgaanilisi pinnakatteid kasutatakse suhteliselt 

vªiksemates jahutusseadmetes ning kantakse peale pinna termilise kuivatamise teel. Need on 

pulbrilised pinnakatted, mida saab kasutada niiskes keskkonnas ja mis ei sisalda m¿rgiseid aineid, 

ei kasuta lahusteid ja on korrosioonikindlad, nii et tulemuseks on seadmete eluea oluline 

pikenemine. 

 

Suuremates mªrgjahutuss¿steemides kasutatakse samuti pinnakatteid ja energiatººstuse 

kogemused nªitavad, et neid tuleb iga 4-5 aasta jªrel uuendada. ¦ks nªide on esitatud XI lisas. On 

kasutatud biosaastuse vastaseid vªrve, mis sisaldavad m¿rgiseid aineid nagu vask ja 

tribut¿¿ltinooksiid (TBTO), mis eralduvad vªrvist aeglaselt. TBTO-d sisaldavaid vªrve ei kasutata 

veel suurtes rajatistes, nªiteks elektrijaamades. Vaske sisaldavaid vªrve v»ib endiselt piiratud 

ulatuses kasutada. 

 

 

3.4.4 Vªhendamine jahutusvee tªiendava ja alternatiivse tººtlemise teel 
 

Jahutusvee puhastusvajaduse vªhendamiseks on rakendatud mitmeid meetodeid. Biotsiidide 

kasutamise vªhendamiseks on kirjeldatud jªrgmisi tehnikaid [tm005, Van Donk ja Jenner, 1996]: 
- filtreerimis- ja eeltººtlustehnikad, 

- tºº kªigus puhastamine, 

- vªljal¿litamisega puhastamine, 

- kuumtººtlus, 

- pinnakatted ja vªrvid, 

- ultraviolett-(UV-)valgus, 

- helitehnoloogia, 

- osmootiline ġokk. 

 

Nende meetodite p»him»te on parandada jahutusvee bioloogilist kvaliteeti ja hoida 

jahutuss¿steemi elementide (kanalite ja soojusvahetite) pinnad v»imalikult puhtad, luues 

s¿steemis keskkonna, milles biosaaste kogunemine on vªiksem. Nende meetodite rakendamist on 

kokkuv»tlikult kirjeldatud XI lisas ja on ilmne, et m»ned neist ei pruugi olla ¿ldkasutatavad  
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v»i on veel uurimisel. Keskkonnakasu peaks olema tasakaalustatud kemikaalide vªiksema 

kasutamisega. 

 
Nªiteks UV-valguse puhul on vaja suhteliselt puhast vett, samas kui osoon ja helitehnoloogia 

vajavad tªiendavat energiakulu. Elektriline veetººtlus, mida rakendatakse vªga vªikestes 
jahutuss¿steemides (< 1 m3/min), tººtab temperatuuril 30-40 ÁC ja andis mikroobide 
mittekeemilise t»rjemeetodina paljut»otavaid tulemusi, kuid vajab veel edasisi uuringuid. 

 

Finantskulud v»ivad varieeruda, s»ltuvalt s¿steemi suurusest ja sellest, kui suures ulatuses tuleb 

tehnikat jahutuss¿steemi integreerida. 

 

Ringlusega mªrgjahutuss¿steemide puhul rakendatavat vee eeltººtlemist jahutusvee lisandite 

kasutamise vªhendamiseks v»ib vaadelda samas valguses kui vee eeltººtlemist veevajaduse 

vªhendamiseks (vt jaotist 3.3.1.2). Eeltººtlus m»jutab jahutusvee keemiat, nªiteks vªhendab 

soolasisaldust, mis m»jutab vajalikku katlakivi- ja korrosioonit»rje taset ning jahutuss¿steemi 

kªitamist. 

 

Samas on vªhe andmeid jahutusvee eeltººtluse m»ju kohta jahutusvee lisaainete kasutamise 

vªhenemisele, kuid suletud jahutuskontuuride puhul on teadaolevalt andnud hªid tulemusi invert-

osmoos ja suurema v»imsusega avatud jahutuss¿steemide puhul k¿lgvooluna filtreerimine (XI 

lisa). Teatatud on madalamatest kuludest veev»tule, vªljapesuvee puhastamisele ning 

korrosioonit»kestajate, katlakivi t»kestajate ja hajutusvahendite doseerimisele. Jahutuss¿steemi 

¿mberkonstrueerimine ei olnud vajalik. 

 

3.4.5 Heidete vªhendamine jahutusvee lisaainete hindamise ja valiku teel 
 

Pªrast k»igi tehnoloogiliste ja kªitamismeetmete hindamist on jªrgmiseks sammuks jahutusvee 

konditsioneerimise jaoks kasutatavate lisaainete hindamine ja valik, et kasutada aineid, mille 

n»uetekohase rakendamise korral on keskkonnam»ju tekkimise potentsiaal vªiksem. Jahutusvee 

tººtlemise teooriat on kirjeldatud jaotises 3.4.1 ja p»hjalikumalt V lisas ning »ige 

tººtlemisprogrammi valimine on selgelt kohaspetsiifiline ja vªga keeruline ¿lesanne. See v»tab 

arvesse paljusid tegureid, nagu nªiteks kªitises kasutatud materjal, vee kvaliteet ja kªitamistavad. 

Selle tulemusena on vªlja tººtatud suur hulk ¿hendeid ja nende kombinatsioone, mida praegu 

jahutusvee tººtlemisel kasutatakse. 

 

Nende toimivust jahutusringluses hinnatakse ja seda v»rreldakse jªªkreaktiivsusega 

veekeskkonnas pªrast nende keskkonda laskmist. Vªljakutse seisneb selles, et valida 

jahutuss¿steemis t»hus, kuid jahutuss¿steemist vªljudes ja vastuv»tvasse veekogusse sattudes 

kahjutu lisand. 

 

Kirjanduses on esitatud andmeid erinevate jahutusvee kemikaalide kasutamise kohta eri t¿¿pi 

jahutuss¿steemides. Ilmneb, et nende keskkonnam»ju on keeruline ja s»ltub paljudest erinevatest 

teguritest. Toodud nªited nªitavad selgelt, et optimeeritud tºº vªhendab n»utavate lisandite 

kogust ja et see v»ib viia ka erinevat t¿¿pi lisandite kasutamiseni. (Vt jaotist 3.4.6). 

 

¦ldiselt peetakse ELis kemikaalide hindamist vajalikuks ja vªlja on p¿¿tud tººtada integreeritud 

metoodika nende kasutamise keskkonnam»jude vªhendamiseks, kuid nii riiklikul kui ka Euroopa 

tasandil on tekkinud raskusi: 

¶ erinevate rakenduste puhul kasutatakse erinevaid hindamismeetodeid, 

¶ andmete kªttesaadavus preparaatides sisalduvate ainete ja komponentide kohta on (ikka veel) 

probleemiks, 

¶ ainete hindamise eest vastutavad erinevad osapooled, 

¶ paljudes riikides tuleb veel vªlja tººtada riskip»hine hindamine. 
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Tººtlemiskemikaalide rakendamise kontrollimiseks ja alternatiivide kasutamise t»hustamiseks on 

m»nes liikmesriigis teadmised tººtlemiskemikaalide omaduste kohta teisendatud jahutusvee 

tººtlemiskemikaalide suhtes kohaldatavateks »igusaktidega kehtestatud n»ueteks. Jªrgnevalt on 

esitatud Saksamaa »igusaktid. 

 

Saksamaa fºderaalse veeseaduse 31. lisa, mis kªsitleb jahutusvee heitkoguseid, on nªide 

»igusaktist, mille eesmªrk on optimeerida jahutusvee lisaainete kasutamist ja sªilitada pinnavee 

kvaliteeti. Selle tulemusena on kehtestatud piirangud teatavate ainete, nagu biotsiidide ja muude 

ainete, protsessi sisestamisele ning see h»lmab k»iki mªrgjahutuss¿steeme (vt VI lisa). 

 
K»nealune »igusakt p»hineb neljal etapil: 

1. keelatud ainete loetelu, mis sisaldab jªrgmist: 

- kroomi¿hendid, 

- elavh»beda¿hendid, 

- metallorgaanilised ¿hendid (nt tinaorgaanilised ¿hendid), 

- merkaptobensotiasool, 

- orgaanilised kompleksimaterjalid, mis ei ole kergesti biolagundatavad, 

- ġokk-tººtluse lubamatus muude biotsiidide kui kloori, broomi, osooni ja H2O2-ga, 

 

2. teatavate ainete ja ainer¿hmade sisalduse piiramine heitvees: 
- kloordioksiid, kloor ja broom, 

- AOX, 

- keemiline hapnikutarve, 

- fosfori¿hendid (anorgaanilised ja ¿ldfosfonaadid), 

- Zn. 

 

3. k»igi kasutatud orgaaniliste ainete kerge biolagundatavuse n»ue, kui kohaldatav n»ue Ăkerge 
biolagundatavusñ on koosk»las kemikaaliseaduse ja direktiivi 92/69 E¦ (31. juuli 1992) lisa 

C4 osaga, 

 
4. kasutatavate biotsiidide vªljavoolavas jahutusvees leiduva kogusisalduse ºkotoksilise m»ju 
piiramine ei keela nende kasutamist, kuna see teeks v»imatuks mikrobiotsiidide kasutamise. 

Samas v»ivad need olla avatud ja poolavatud jahutusvees¿steemide kªitamiseks ja 
n»uetekohaseks toimimiseks hªdavajalikud. Eeskirjades n»utakse teavet toksilisuse taseme ja 

iseloomu kohta ning n»utakse selle vªljendamist reprodutseeritaval viisil. Kasutatakse 
bioteste, nªiteks lahjendustegurit (TL), et vªljendada jªªkm¿rgisust heitvees v»rrelduna 

m¿rgisusega jahutuss¿steemis. 

 

Vaatamata seadusandlikele piirangutele mitmete jahutusvee kemikaalide kasutamisele, on 

saadaval suur hulk lisaaineid ning vaja on hinnata ja valida alternatiive, v»ttes arvesse 

kohaspetsiifilisi tegureid, nagu jahutuss¿steemide tºº ja vastuv»tva keskkonna tundlikkus. Samuti 

jªªks konkreetse siseriikliku regulatsiooni t»lkimine maha horisontaalse lªhenemisviisi raames 

n»utavast ¿ldkohaldatavusest. 

 

Seega on ¿ks v»imalus jahutusvee heidete keskkonnam»ju vªhendamiseks ainete asendamine 

teiste ainetega, mille m»ju keskkonnale on vªiksem. Madalmaades on lubade andmisega tegelevad 

asutused kasutanud lubade andmise menetlustes juba ¿le 20 aasta ainete asendamise vahendit. Selle 

vahendi aluseks on lubade heakskiitmise menetlus. Loaomanikud peavad enam-vªhem haldusliku 

menetluse kaudu esitama taotluse jahutusvee lisaainete kasutamise ja muutmise kohta. Lube 

vªljastavad asutused kasutavad selleks hindamiseks ¿ldtunnustatud menetlust. Eeldatakse, et 

lªhitulevikus lªhevad kemikaalide tarnijad ja tººstus ¿le isereguleerimise s¿steemile. S¿steemi 

¿levaatamine on osa ainete ja valmististe veereostuse alase m»ju kindlakstegemiseks m»eldud 

¿ldise hindamismetoodika vastuv»tmisest. See hindamismetoodika p»hineb Euroopa »igusaktidel 

klassifitseerimise, pakendamise ja mªrgistamise kohta (67/548/EM¦, 99/45/E¦). 
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¦ldiselt toimub jahutusvee lisaainete hindamine kolmes etapis [Benschop (1998)]. Esimeses etapis 

hinnatakse ainete olemuslikke omadusi. Aineid hinnatakse nende ºkotoksikoloogiliste omaduste 

alusel (kantserogeensus, ªge m¿rgisus veekeskkonnas, biolagundatavus, Log Pow ja 
biokontsentratsiooni tegur). Ainete ja valmististe hindamiseks on vaja teada aine v»i valmistise 

tªpset koostist. Rahvusvahelised tººstusprogrammid (Responsible Care, ICCA), Euroopa 

»igusaktid (biotsiidide direktiiv) ja kemikaalihalduse arendamine ELi tasandil aitavad kaasa sellele, 

et need andmed ainete omaduste kohta muutuvad ¿ha enam kªttesaadavaks. 

 

Esimese sammuna saadakse teave lisaaine ohupotentsiaali kohta. Aine v»i valmistise ohtlikkuse 

alusel hindamisel ja valimisel kohaldatakse ainetele ja nende valmististele ohtlikkuse tuvastamise 
testi. See on Madalmaades vªlja tººtatud katse ([tm070, Benschop, 1997] ja [tm071, Niebeek, 

1997]), mis p»hineb eelk»ige ohtlike ainete direktiivil (67/548/EM¦) ja ohtlike valmististe 

direktiivil (88/379/EM¦). Katse keskendub aine ºkotoksikoloogilistele omadustele. See h»lmab 

mutageensust, kantserogeensust, ªgedat toksilisust ja biolagundatavust, log Pow-d ja 
biokontsentratsiooni tegurit. Selleks on siiski vaja andmeid, mis ei ole alati kergesti 

kªttesaadavad, osaliselt konfidentsiaalsuse t»ttu ja osaliselt seet»ttu, et andmeid ei ole veel 

kogutud. 

 

Lisaainete hindamisel ja valikul v»ib olla abiks nende hindamine v»i v»rdlemine alternatiividega, 

mille m»ju vastuv»tvale keskkonnale on vªiksem. Lisas VIII.1 on toodud nªide selle kohta, kuidas 

tootmiskoha tasandil v»iks v»rdlusmeetodit rakendada, et saada esimesed andmed kavandatavate 

alternatiivsete lisaainete v»imaliku m»ju kohta. See v»rdlusuuring on kavandatud avatud mªrg-

ringjahutuss¿steemi (avatud jahutustorni) jaoks. Selle eesmªrk on arvutada j»es oleva PEC 

esialgseks hindamiseks standardne PEC. Tegemist on lihtsustatud mudeliga, mille puhul 

eeldatakse, et lisaaine ei lahjendu j»es, mist»ttu aine kontsentratsioon vastuv»tvas veekogus on 

selle mudeli puhul ¿lehinnatud. Samuti eeldatakse, et PEC ei s»ltu kªitise suurusest ja 

tººtingimustest, kuna mudel v»tab arvesse kemikaali(de) sissevoolukiirust. Oluline on vee 

raamdirektiivis sªtestatud kemikaalide keskkonnakvaliteedi standardite (EQS) olemasolu. 

 

Teine etapp h»lmab optimeerimismeetmeid, et vªhendada valitud lisaainete kasutamist 

k»ikv»imalikes tººetappides (vt jªrgmine jaotis 3.4.6). Kolmandas etapis hinnatakse jªªkreostust, 

v»rreldes seda kehtivate veekvaliteedi eesmªrkide v»i keskkonnakvaliteedi standarditega (EQS). 

Kui neid eesmªrke ei saavutata, v»ib osutuda vajalikuks v»tta tªiendavaid meetmeid. Kui on 

v»imalik kasutada alternatiivseid lisandeid, v»ib meetmete v»tmise vajadust vªltida, asendades 

ohtlikud lisandid vªhem ohtlike alternatiividega. 

 

K»nealusel lisaainete hindamise menetlusel, mis on seotud eespool nimetatud ELi direktiividel 

p»hineva kemikaalide mªªrusega, on jªrgmine lisavªªrtus: 
1. v»imalus mªªrata kindlaks k»ige vªiksema keskkonnam»juga lisaained ning 

2. v»imalus mªªrata kindlaks, kas kohalikud veekvaliteedi eesmªrgid on tªidetud. 

 

Kui seda hindamismeetodit (mis on ainete ja ¿hendite suhtes ¿ldiselt kohaldatav) kohaldatakse 

biotsiidide suhtes, tuleneb esimesest sammust automaatselt vajadus v»tta tªiendavaid meetmeid. 

Praktikas tªhendab see biotsiidi kasutamise ja doseerimise optimeerimisprogrammi jaoks uuringu 

lªbiviimist. Teine samm, mis kulgeb enam-vªhem paralleelselt optimeerimisuuringuga, h»lmab 

kohalikule veeºkos¿steemile prognoositava m»ju hindamist. 

 

Selle hindamisega kontrollitakse kolme kriteeriumi ja kui k»ik kolm kriteeriumi on tªidetud, tuleks 

kohaldada tªiendavaid vªhendamismeetmeid, sealhulgas heitvee puhastamist ja/v»i lisaaine 

asendamist. Madalmaades kontrollitakse biotsiidi prognoositava kontsentratsiooni vastavust 

maksimaalsele lubatud riskitasemele (MARL). 
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Seejªrel tuleks rakendada tªiendavaid meetmeid, kui: 

1. biotsiidi kontsentratsioon heitvees on suurem kui MARL ja kui; 

2. biotsiidi lisanduv kontsentratsioon pinnavees teataval kaugusel vªljavoolust ¿letab rohkem 

kui X % MARL-ist ja kui; 

3. biotsiidi ¿ldkontsentratsioon pinnavees teataval kaugusel vªljavoolust ¿letab MARL-i piiri.  
Kirjeldatud hindamismenetlus on ¿ksikasjalikumalt ªra toodud VIII lisa jaotises 2. 

 

 

3.4.6 Jahutusvee lisaainete kasutamise optimeerimine 
 

Jahutusvee lisaainete kasutamise optimeerimine tªhendab ka seda, et tuleb valida sobiv 

annustamisreģiim ja jªlgida veepuhastusprogrammi m»ju nii heidetele pinnavette kui ka 

jahutuss¿steemi soojus¿lekandele ja ohutusele. On ilmne, et m»lemad tehnikad on omavahel 

seotud ja et sobiva doseerimiskorra eelduseks on seire. 

 

Annustamisreģiimi valiku eesmªrk peaks olema vajaliku kontsentratsiooni saavutamine »igel ajal, 

ilma et see vªhendaks jahutuss¿steemi j»udlust. Kemikaalide aladoseerimine v»ib p»hjustada 

korrosiooni v»i katlakivi tekkimist ja jahutuss¿steemi vªiksemat j»udlust, mis toob kaasa ka 

kaudseid keskkonnam»jusid, ning ¿ledoseerimine v»ib p»hjustada soojusvahetuspindade 

biosaastust, suuremat heitetaset ja suuremaid tººtlemiskulusid. Graafiliselt saab seda kujutada 

joonise 3.4 kohaselt. Eba»igesti projekteeritud s¿steemis ei v»eta arvesse biotsiidi n»utavat 

miinimumkontsentratsiooni, et hoida s¿steem biosaastuse eest kaitstuna, mist»ttu v»ib siiski 

tekkida m»ningane biosaastus. ¦leannustamine aga viib sellise kontsentratsioonini, mis ¿letab 

n»utavat maksimaalset kontsentratsiooni ning liigne lisaaine satub keskkonda. 
 

 

 

 

¿lemine piirnorm 

 

 
eesmªrk 

 

 

 
 

 

 
Aeg 

alumine piirnorm 

 

 

Joonis 3.4: Valesti projekteeritud seire- ja annustamiskorrast tulenev lisaainete 

kontsentratsiooni muster 

 

 

Jahutusvee kvaliteedi anal¿¿sil p»hineva sihtdoosi (joonis 3.5) eesmªrk on sªilitada minimaalne 

n»utav kontsentratsioonitase, et tagada pidev kaitse. Vªlditakse ¿lemªªraseid 

kontsentratsioonitasemeid ja seega vªhendatakse heiteid keskkonda, mis vªhendab ka 

tººtluskulusid. Selleks vªhendavad »igesti kavandatud doseerimisskeemid vajaliku lisaaine kogust 

ja seda v»ib pidada kulut»husaks meetmeks. 
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Joonis 3.5: ìigesti projekteeritud seire- ja annustamiskorrast tulenev lisaainete 

kontsentratsiooni muster 

 

3.4.6.1 Jahutusvee lisaainete doseerimine 
 

3.4.6.1.1 Doseerimisreģiimid 
([tm010, Betz, 1991], [tm005, Van Donk ja Jenner, 1996] , [tm157, Jenner et al, 1998]) 

 
Jahutusvee kemikaalide doseerimine toimub jªrgmistel viisidel (vt ka V ja XI lisa): 

¶ pidevalt: 

ǐ hooaja l»pus, 

ǐ perioodiliselt settimise ajal, 
ǐ madala tasemena settimise ajal, 

¶ aeg-ajalt (nimetatakse ka s¿stimiseks, partii-doseerimiseks), 

¶ poolpidevalt v»i impulssidena vahelduvalt, 

¶ massiivselt ehk ġokk-doseerimisena, mille puhul jahutusveele lisatakse korraga suur kogus 

kemikaali. 

 

Pidevat doseerimist kasutatakse jahutuss¿steemides, kus tuleb pidevalt hoida lisaaine teatud taset. 

Paremates s¿steemides doseeritakse neid vastavalt tººdeldavale mahule ja kemikaalivajadusele. 

Seda kasutatakse endiselt lªbivoolus¿steemides, peamiselt makrobiosaastuse ja korrosiooni vastu. 

Kogemused nªitavad siiski, et vªhendatud kasutamine doseerimisviiside muutmise abil v»ib olla 

sama t»hus. 

 

Ajutise doseerimise korral sisestatakse kemikaali, kasutades kemikaali toitepumba sisse/vªlja 

l¿litamist v»i kemikaali vªljastamist kalibreeritud anumast v»i m»»tekambrist. Partii-doseerimist 

kasutatakse jahutuss¿steemides, biooks¿deerimisbasseinides ja muudes kohtades, kus s¿steemi 

mahu suhe vªljapesu mahusse on suur. Nendes s¿steemides asendab tªidab kemikaalikogus 

kaotatud v»i tarbitud materjalikoguse. Seda kasutatakse ka rakendustes, mis n»uavad ainult 

perioodilist doseerimist. Nªiteks jahutusvees¿steemide antimikroobseid aineid doseeritakse 

tavaliselt katkendlikult. Partii-doseerimist saab kasutada nii ringlus- kui lªbivoolus¿steemides. 

Seda ei saa kasutada ¿hekordse lªbivooluga s¿steemides, kus on vaja ¿htlast 

kemikaalikontsentratsiooni. 

 

Samuti saab doseerida sihtotstarbeliselt jahutuss¿steemi konkreetsetele piirkondadele, nªiteks 

soojusvahetite sisselaskele. Oluline praktika on ajaliselt sihipªrane doseerimine, mis on 

kohandatud makrobioloogilise kasvu hooajaliste omadustega. Annustamine s»ltub ka 

jahutuss¿steemi t¿¿bist. Ringluss¿steemi puhul m»jutab doseerimise ajastust ja kogust s¿steemi 

kªitamisviis. Lªbivoolus¿steemis on doseerimise aeg ja koht suurima m»ju saavutamiseks olulised, 

kuna kemikaali ja jahutusvee vaheline kokkupuuteaeg on l¿hike. 

Ǹlemine piirnorm 

ŜŜǎƳŅǊƪ 
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Vªikeste s¿steemide puhul toimub doseerimine kªsitsi, kuid suuremates s¿steemides on tavaliselt 

automaatne seade, mis seotakse seires¿steemiga. Nagu eespool mainitud, esineb suundumus tellida 

jahutusvee tººtlemine spetsialiseerunud ettev»tetelt. Suurte ja keerukate, mitmete 

jahutuss¿steemidega rajatiste puhul on tarnijate spetsialistid pidevalt kohapeal, et neid s¿steeme 

hallata. Vªiksemate s¿steemide puhul teostab igapªevast kontrolli sageli kohapealne personal ja 

neid toetab tarnija poolt teostatav regulaarne ¿levaatus. 

 

Doseerimise optimeerimisega on v»imalik biotsiidide kasutamist vªhendada. Biotsiidide 

doseerimise viis s»ltub biotsiidi toimimisest ja p¿sivusest, biosaastuse t¿¿bist ja hooajalisest 

mustrist (makro-/mikroorganismid), jahutuss¿steemi biosaastuse seisundist, s¿steemi 

veetemperatuurist ja jahutusvee toitainetesisaldusest. Biotsiide doseeritakse gaasilisel, vedelal v»i 

tahkel kujul. 

 

Doseerimine v»ib olla pidev v»i ġokk-doosidena. M»nes kirjanduses soovitatakse, et 

lªbivoolus¿steemides peaks toimuma pidev doseerimine, et pikendada antimikroobsete ainete 

kokkupuuteaega, kui doseerimine on madalatasemeline. Ringluss¿steemi puhul on samuti 

v»imalik pidev doseerimine, kuid sagedamini kasutatakse neis katkendlikku doseerimist. Aeg-ajalt 

toimuva tººtlemise eesmªrk nendes s¿steemides on tekitada antimikroobse aine k»rge 

kontsentratsioon, mis tungib biokile sisse ja l»hub selle ning l»puks hajub. V»rreldes pideva 

tººtlemisega v»ib katkendlik tººtlemine anda vªiksema keskmise aastase kontsentratsiooni 

heitvees ja olla ka kulutasuvam, kui on vaja vªiksemaid ¿ldkoguseid. Siiski on ka selle vastu 

vaieldud, kuna on tehtud tªhelepanekuid, et pidev doseerimine v»ib anda 40% parema FO 

vªhenemise kui ġokk-doseerimine. Selle kohta on vaja rohkem uuringuid, sest ¿ldiselt on kªitajate 

seisukohast pidevat doseerimist lihtsam kasutada kui ġokk- v»i katkendlikku doseerimist. Vaja 

lªheb seires¿steemi, et otsustada, millal on sobiv hetk tººtluse rakendamiseks. Doseerimisreģiimi 

optimeerimine peab toimuma nii, et samal ajal saavutatakse vªike vigade esinemissagedus. 

 

Ringluss¿steemides v»ib s¿nergilistest toimeainesegudest koosnevate toodete kasutamine 

vªhendada puhastusvee tººtlemise kontsentratsioone ja hoida kokku kulusid. Erineva 

toimespektriga biotsiide saab kombineeritult doseerida, et laiendada t»rjespektrit. Kasutatava 

antimikroobse toimeaine kogust suurendamata v»ib kogu segu toime ¿letada ¿heainsa lisaaine 

oodatava m»ju. Selline oluliselt suurem t»husus v»i s¿nergism saavutatakse ainult teatavate 

lisaainete kombinatsioonide abil. Ainete doseerimist ei pea tingimata tegema samaaegselt, vaid seda 

v»ib teha vaheldumisi, saavutades samasugused tulemused. Teine efekt on see, et resistentsuse 

tekkimine on vªhem t»enªoline, kui kasutatakse rohkem kui ¿hte mikroobitsiidi, mille puhul on 

ebat»enªoline, et mikroobid oleksid m»lemale (v»i k»igile neist) samaaegselt resistentseks 

muutunud. Tuleb arvestada erinevate ainete vastastikm»jusid, et mitte vªhendada ¿hegi doseeritud 

biotsiidi toimimist ja et vªltida ohtlike reaktsioonisaaduste tekkimist jahutusvee vªljavoolus. 

 
Biotsiididega tººtlemise eesmªrk v»ib olla erinev. S»ltuvalt sihtorganismidest ja biosaastuse 
ulatusest on ravi kas ennetav v»i raviv. ¦ks biotsiid, mida on intensiivselt uuritud, on 
naatriumh¿poklorit. H¿pokloriti doseerimine lªbivoolus¿steemi nªitab, et jahutuss¿steem toimib 
torureaktorina, kus h¿pokloriti ja orgaaniliste ainete vahel toimuvad paljud keerulised 

reaktsioonid. Selliste reaktsioonide tulemusel on t¿¿pilises kohas, kus kasutatakse j»esuudme v»i 
rannikuala jahutusvett, on h¿pokloriti annus sissev»tuvees 1,5ï3 mg Cl2/l, mille tulemuseks on 
soojusvaheti vªljalaskeava juures TRO-doos 0,25ï0,35 mg/1. See tªhendab umbes 4-8 minutit 
reaktsiooniaega. H¿pokloriti doosi on mªrkimisvªªrselt vªhendatud impulsskloorimise abil (XI 
lisa jaotis 3.3.3.2.1 ja X lisa jaotis 3.3.3.2.1). 

 

3.4.6.1.2 Doseerimiss¿steemid 
([tm010, Betz, 1991]) 

 

Kasutusel on mitmeid doseerimiss¿steeme. Doseerimiss¿steemi valikul tuleb eristada vedelaid ja 

kuivi kemikaale. Vedelkemikaalide puhul kasutatakse pumpasid, nªiteks doseerimispumpasid,  
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tihendatud kolbpumpasid (k»rgsurve all) ja membraanpumpasid. Kuivkemikaalide puhul 

kasutatakse selliseid doseerimiss¿steeme nagu mahtsººturid (pulbriliste ainete doseerimiseks), 

gravimeetrilised sººturid (kemikaalide massi jªrgi doseerimiseks) ja lahustussººturid (doseerimine 

segamismahutisse). Ei ole teada, kas ja kuidas erinevad kasutatavad doseerimiss¿steemid tegelikult 

lisaainete tarbimist vªhendavad. Kahtlemata parandab s¿steemi n»uetekohane hooldus ja 

kalibreerimine doseerimise tªpsust. Doseerimise kogust, asukohta ja ajastust saab tªpselt 

kontrollida ainult vesijahutuss¿steemi n»uetekohase seire teel. 

 

 

3.4.6.2 Jahutusvee seire 
 

Jahutusvee tººtlemiseks vajalike kemikaalide vajaduse jªlgimine on oluline, et vªhendada 

lisaainete kasutamist ja heiteid keskkonda, tavaliselt pinnavette. Seda v»ib pidada kuluefektiivseks 

meetodiks, kui heitvee tººtlemine, kui see ¿ldse v»imalik on, on ¿ldjoontes kallim. 

 

Eristada v»ib biotsiidide kasutamise seiret ja muude veepuhastuskemikaalide (katlakivit»kestajate, 

korrosioonit»kestajate ja hajutusvahendite) seiret, sest makrobiosaastuse puhul on oluline tªiendav 

tegur jahutuss¿steemis esinevate organismide kªitumise seire. 

 

3.4.6.2.1 Katlakivit»kestajate, korrosioonit»kestajate ja hajutusvahendite seire 
([tm067, Hoots et al, 1993]) 

 

Keemiliste t»kestajate kasutamine ja nende kasutamise optimeerimine on vªga keeruline ja 

olukorraspetsiifiline k¿simus. Igal juhul on tegemist tasakaaluga mitmete tegurite vahel: 

¶ jahutusvee kvaliteet ja eeltººtlusv»imalused (pehmendamine, filtreerimine), mis omakorda s»ltuvad 

vajaminevast vooluhulgast, 

¶ vajadus vªhendada veetarvet, suurendades ts¿klite arvu, samas kui suurenenud kontsentratsioon 

tingib katlakiviprobleemide suurenemise, 

¶ jahutusvee temperatuur ja soolade lahustuvus, 

¶ lisaainete vastastikm»jud. 

 

Ringjahutuss¿steemides kasutatakse jahutusvee t»kestuskemikaalide doseerimise kontrollimiseks 

mitmeid meetodeid. ¦levaates [tm067, Hoots et al, 1993] eristati jªrgmisi ¿ldisi meetodeid, mida 

jahutuss¿steemides rakendatakse: 

¶ kªsitsi katsetamine ja reguleerimine, 

¶ t¿hjendamine ja manustamine (vªljapesust poolt aktiveeritud doseerimine), 

¶ veem»»tja poolt kontrollitud ts¿klid, 

¶ k¿lgvoolu keemiline anal¿saator (mikroprotsessoriga), 

¶ fluorestsents. 

 

Igal meetodil on ilmselgelt omad eelised ja puudused. Joonisel 3.5 nªidatud optimeeritud mustrit 

ei pruugita saavutada. Erinevad seiretehnikad erinevad oma v»imaluste poolest doseerida »ige 

kogus. Siiski tuleks v»imalikult palju vªltida doosi muutumist, mis ei ole seotud jahutuss¿steemi 

n»udluse k»ikumisega. See v»ib p»hjustada kemikaalide ala- v»i ¿ledoseerimist. 

 
Doseerimise varieerumine v»ib toimuda mitmel p»hjusel: 

¶ operaator v»ib olla tªhelepanematu, 

¶ seadmete tººkindlus on madal, 

¶ kemikaalide taseme kaudne m»»tmine, 

¶ vale muutuja m»»tmine, 

¶ anal¿¿si ja reguleerimise vaheline aeg on liiga suur, 
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¶ anal¿¿simeetodi korratavus v»ib olla madal, 

¶ jahutuskoormuse ja lisavee kvaliteedi muutusi ei jªrgita tªpselt. 

 

Kogemuste p»hjal on ilmne, et k»ige tªpsemad seire- ja doseerimiss¿steemid m»»davad otse 

kemikaalide kontsentratsiooni jahutusvees ja neil on anal¿¿si ja doosireguleerimise vahel l¿hem 

aeg. Seires¿steemid peaksid suutma jªlgida jahutuskoormuse muutusi ja lisavee kvaliteedi 

muutusi (XI lisa). 

 

 

 

3.4.6.2.2 Biosaastuse seire 
([tm005, Van Donk ja Jenner, 1996] ja ([tm087, Engstrom ja Tully, 1994]) 

 

 

Biosaastuse seire p»hineb nii mikrobioloogilise aktiivsuse jªlgimisel jahutuss¿steemis kui ka 

tegelikul mikrobiotsiidiga tººtlemise tasemel. Mis tahes biotsiidiprogrammi t»hususe m»»tmise 

v»ti on v»ime m»»ta kiiresti ja tªpselt mikrobioloogilist aktiivsust jahutuss¿steemis. 

 

 

Hea doseerimiskorra saavutamiseks on lªbivoolus¿steemide puhul soovitatud jªrgmist strateegiat: 

¶ teha probleemianal¿¿s organismi(de) kohta, mille vastu on vaja tegutseda, 

¶ iseloomustada organismide esinemise hooajalisi erinevusi (nt ranna-/j»ekarpide 

sigimisperioodi), 

¶ v»tta arvesse veetemperatuuri ja vee kvaliteeti (magevesi/soolane vesi), 

¶ valida doseerimisprogramm (nt lokaalselt sektsiooni kohta: pidevalt v»i perioodiliselt), 

¶ otsustada, millised doosi¿hikud vªhendavad kulu, eriti seoses seires¿steemiga, 

¶ otsustada seireprogrammi ¿le (ranna-/j»ekarpide tuvastamise paak (sigimisperioodi 

mªªramine) v»i ranna-/j»ekarpide/austrite seire (kontsentratsiooni tuvastamine). 

 

 

Sarnast strateegiat v»ib kohaldada ka avatud mªrg-ringluss¿steemide suhtes. Samas h»lmab 

jahutustornides kasutatavate lisaainete doseerimisprogramm ka t»kestuskemikaale, mis 

suurendab veelgi tººtlemise keerukust. Tªiendavaks teguriks on kontsentratsioonits¿klite arvu 

suurendamise m»ju, mis ¿helt poolt sªªstab vett, kuid teisalt suurendab katlakivi ja korrosiooni 

tekkimise v»imalust ning vajadust spetsiifiliste lisaainete jªrele. Sellises olukorras v»ivad uute 

rajatiste projekteerimisel olla ilmselgelt heaks valikuks vªhem korrosioonitundlikud materjalid. 

Need v»ivad vªhendada vajadust t»kestajate jªrele (vt jaotist 3.4.3.2), v»imaldades tººd ilma 

keeruliste ainete lisamiseta, mis omakorda aitab sªªsta kulusid. 

 

Nii uute kui ka olemasolevate jahutuss¿steemide puhul on oluline kindlaks teha biosaastuse p»hjus 

(nt lekked) ja iseloomustada leitud organisme, enne kui otsustatakse, milline biotsiid on vajalik. 

 

Lªbivoolus¿steemide puhul on makrobiosaastus vªga oluline. Biotsiidiga tººtlemise eeltingimus 

on makrobiosaastuse seire. See on oluline minimaalse vajaliku biotsiidi annuse 

kindlaksmªªramiseks ja biotsiidide optimeerimiseks, sest see annab teavet makrobiosaastuse 

tekke ja kasvu ning biosaastuse t»rjeprogrammi tulemuslikkuse kohta. 

 

Veelgi sihipªrasem doseerimisreģiim on vahelduv impulsskloorimine, mille puhul v»etakse 

arvesse viibimisaja varieerumist protsessi eri osades. Erinevatel aegadel ja eri kohtades 

doseeritakse n»utavat kloorikogust vastavalt erinevates protsessietappides esinevatele jahutusvee 

voolu mustritele. Protsessi l»pus ja enne jahutusvee ªrajuhtimist toimub voolu lahjendamine 

erinevate protsessivoogude kokkusegamise teel. Kui ainult ¿ks voogudest on klooritud ja teine 

mitte, saab TRO-d veelgi vªhendada ja saavutada heitkoguste taseme < 0,1 mg/l (vt XI lisa). 

 

Avatud ringluss¿steemi puhul on mikrobiosaastus palju olulisem kui makrobiosaastus. Kuna 

lisavee kogus on tavaliselt palju vªiksem, saab mikroorganismide kaasat»mbamist vªltida nii vee  
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eeltººtluse kui ka ringlusvee osa k¿lgvooluna filtreerimise abil. Biotsiidide ġokk-doseerimise puhul 

on ringluss¿steemide eeliseks see, et s¿steemi saab ajutiselt sulgeda, mis v»imaldab biotsiidil 

toimida ja see vªhendab enne vªljapesu selle kontsentratsiooni. Samuti on ringluss¿steemide puhul 

biotsiidide kasutuse optimeerimise eelduseks biosaastuse t»rjeprogrammi seire.



3. peatǸkk  

101 
Tǀǀstuslikud jahutussǸsteemid 

 

 

 

3.5 Jahutus»hu kasutamine ja »huheited 

3.5.1 ìhuvajadus 
 

ìhu kui ressursi kasutamisel ei ole otsest keskkonnam»ju ja seda ei peeta pªristarbimiseks. ìhku 

kasutatakse k»igis jahutuss¿steemides peale lªbivoolujahutuse. Mehaanilistes jahutustornides on 

»huvajadus seotud ventilaatori tººks vajaliku energiaga. 

 

 
Tabel 3.9: Keskmine vajalik »hu vooluhulk erinevate jahutuss¿steemide puhul 

[tm134, Eurovent, 1998] 

 

Jahutuss¿steem ìhuvool (%)  

lªbivooluga jahutus 0 

avatud mªrgjahutustorn 25 

avatud mªrg-/kuiv(h¿briid)jahutus 38 

suletud ringlusega jahutustorn 38 

suletud ringlusega mªrg-/kuivjahutus 60 

suletud ringlusega kuiv»hkjahutus 100 

 
 

Mida suurem on vajalik »hukogus, seda suurem on ventilaatori v»imsus ja sellest tulenevalt ka 

energiakulu ja m¿ratase. Tabelis 3.9 on v»rreldud erinevate jahutuss¿steemide »huvoolu vajadusi. 

ìhuvool on tihedalt seotud tajutava ja latentse soojus¿lekande suhtega (I lisa). Kuivjahutus vajab 

rohkem »hku kui mªrgjahutus. 

M»nes eripiirkonnas (nt tihedates tººstuspiirkondades) v»ib »hukvaliteet olla probleemiks ja oma 

koostise t»ttu v»ib see p»hjustada (ribiliste) torude v»i spiraalide korrosiooni v»i pinna biosaastust, 

mis m»lemal juhul m»jub t»husale soojusvahetusele halvasti. Jahutus»hu eelpuhastamine tundub 

ebarealistlik ja selle kohta ei ole esitatud ka teavet. Jªrelikult v»ib olla vajalik soojusvaheti pinna 

puhastamine ja/v»i jahutusvee tººtlemine, s»ltuvalt »hu keemilisest koostisest. 

Teisest k¿ljest toimivad avatud mªrgjahutustornid m»nikord »hupuhastajatena , mis pesevad »hust 

vªlja mitmeid saasteaineid. See v»ib m»jutada jahutusvee puhastust ja potentsiaalselt ka 

jahutuss¿steemi tººd, kuid selel kohta ei ole andmeid esitatud. 

 

 

3.5.2 Otsesed ja kaudsed heited 
 

Tººstuslike jahutuss¿steemide kªitamisest tulenevad »huheited v»ivad olla otsesed v»i kaudsed. 

Kaudsed heited tekivad tootmisprotsessi tasandil seoses ebat»husa jahutusega. Need on tingitud 

asjaolust, et ebat»hus jahutamine n»uab suuremat ressurssi (nªiteks energiat), et kompenseerida 

toote v»i j»udluse kadusid. 

 

Mªrgjahutustornidest tulenevate otseste »huheidete tªhtsus on eriti oluline linnaliste asulate 

vahetus lªheduses. Neid peetakse jahutatava tººstusprotsessi »huheidetega v»rreldes suhteliselt 

vªikeseks. Kªitamisel v»ivad tekkida jªrgmised probleemid: 

1. tilgad v»ivad sisaldada m»ningaid veepuhastuskemikaale, 

2. ebakorrektse biotsiidiga tººtlemise ja jahutustorni hoolduse korral v»ivad tekkida bakterid 
(legionelloos) (jaotis 3.7.3). 

 

Avatud ja suletud ringlusega mªrg- ja mªrg-/kuivjahutustornides v»ib esineda m»ningaid heiteid 

triivimise ja lendumise t»ttu, mis p»hjustavad veepuhastuskemikaalide ja eelk»ige biotsiidide 

m»ningast kadu. On teada, et kemikaalide aurustumine, mida nimetatakse ka vªljalendumiseks,  
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suureneb temperatuuri kasvades, kuid heidete tekkimise mehhanism on keeruline ja h»lmab 

mitmeid tegureid. Seet»ttu on heidete kvantifitseerimine keeruline ja andmeid nende kohta ei ole 

esitatud. 

 

Triivik»rvaldajaid peetakse oluliseks vªhendamismeetmeks. K»ik mªrgjahutustornid on 

tªnapªeval varustatud triivik»rvaldajatega, kuid siiski v»ib vªike osa ringlusse lastud veevoolust 

veepiiskadena vªljuda. Need lahustunud osakesi ja keemilisi lisandeid sisaldavad tilgakesed 

langevad heit»hu voolust allatuult vªlja ja v»ivad tekitada hoonete pindadel plekke v»i katlakivi 

ladestumist [tm046, Vanderheyden ja Schuyler, 1994]. On teada m»ned konkreetsed juhtumid, kus 

on teatatud kroomiheidetest, kuid enamik liikmesriike on kroomi kasutamise keskkonna- ja 

tervisekaitsen»uetega seoses keelanud; samuti on teatatud, et see tekitab tehnilisi probleeme. 

 
Jahutustornide otseste »huheidete kvaliteet ja kogus on igas olukorras unikaalne, s»ltudes 
jahutusvee puhastamiseks kasutatavatest lisanditest, nende kontsentratsioonist ringlusvees ja 
triivik»rvaldajate t»hususest. Mªrgjahutustornides praegu kasutatavate standardsete 
tilgaeraldajate abil on v»imalik piirata triivimisest tulenevat veekadu 0,01%-ni kogu vooluhulgast 
v»i isegi alla selle. Jahutustorni heiteid on p¿¿tud hinnata lihtsustatud mudeli abil [tm046, 

Vanderheyden ja Schuyler, 1994]. Saadud andmete p»hjal j»uti jªreldusele, et heidete 
kontsentratsioonid on vªikesed (Õg/m3), kuid neid ei tohi siiski eirata, ning et jahutustorni 
vªljalaskeava projekteerimine ja paigutus on oluline, et vªltida »huheidete sattumist 
kliimaseadmete v»i muude jahutusseadmete sisselaskeavadesse. 

 

Praegu puudub standardiseeritud meetod triivikadude (ja keskkonna saastumise) arvutamiseks 

etteantud jahutustorni konfiguratsioonide puhul. Konkreetsete konfiguratsioonide triivikadude 

kontrollimiseks on olemas kaks katsemeetodit (mida ei ole artiklina avaldatud): 

- isokineetiline meetod (IK-meetod), 

- tundliku pinna triivi m»»tmine (SS-meetod). 

 
M»lemal meetodil on omad eelised ja puudused. 

IK-meetodi eelised on jªrgmised: 

1. suur kogumist»husus k»ikide tilgasuuruste puhul, 

2. v»imalus anal¿¿sida konkreetseid elemente, 

3. vªljundilt integreeritud proovi v»tmine. 

 
IK-meetodi puudused on jªrgmised: 

1. »hus leiduvad elemendid v»ivad tulemusi moonutada, 

2. suure t»hususega triivik»rvaldajate v»i madalate mineraalkontsentratsioonide puhul 
vajalik pikk prooviv»tuaeg. 

Olemas on katsekood, milles kirjeldatakse IK-katse lªbiviimist (CTI-140). 

 

SS-meetodi eelised on jªrgmised: 
1. v»imaldab tilkade suurust ¿le 30 Õm, 

2. seda ei m»juta »hus olevad elemendid, 

3. annab suhtelise nªitaja triivik»rvaldajate t»hususe kohta. 

 

SS-meetodi puudused on jªrgmised: 
1. vªhene t»husus vªikeste, alla 30 Õm suuruste tilkade kogumisel, 

2. ei v»imalda vahet teha kondenseerumise ja triivi vahel, 

3. puudub tilkade anal¿¿s konkreetsete koostisosade suhtes. 

 

Vanade jahutustornide kasutusest maha v»tmisel, mille puhul on kasutatud asbesttsementi, on 

teatatud asbestiosakeste juhuslikest heidetest, mis n»uavad erimeetmeid nende piiramiseks. 

Aruanne kasutusest maha v»tmisel tekkivate asbestiosakeste heidete vªhendamise kohta keskendus 

kaitsele otsese sissehingamise eest [tm082, Mittendorf, 1990]. Kuna asbesti ja samalaadsete 

materjalide kasutamine on EL-is keelatud, ei kasutata uutes ega hiljuti ehitatud jahutustornides 

asbesti. Asbesti v»ib siiski esineda umbes 20 aasta vanustes ja vanemates jahutustornides. 
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Jahutustornide »huheidete vªhendamisest ei ole teatatud ja tundub, et see ei ole kohaldatav 

meetod. Pidades silmas v»imaliku saastuse pªritolu ja transpordiviisi, on tehtud jªrgmised 

jªreldused: 

- jahutustornide »huheidete vªhendamine on positiivses seoses integreeritud meetmetega 
veev»tu vªhendamiseks, eelk»ige triivik»rvaldajate kasutamisega, 

- »huheidete vªhendamine on positiivses seoses jahutusvee puhastusvajaduse vªhenemisega 
ning 

- jahutustornide »huheidete vªhendamine on positiivses seoses jahutusvee tººtlemise 
optimeerimisega (s¿steemi tºº optimeerimine). 

 

 

3.5.3 Jahutustornide aurupilved 
 

3.5.3.1 Aurupilve de teke 
 

Aurupilve teke v»ib olla oluline avatud ja suletud mªrgjahutustornides, kui suure 

niiskusesisaldusega »hk vªljub jahutustornist, seguneb atmosfªªriga ja hakkab jahtuma. Selle 

protsessi kªigus kondenseerub uuesti vªlja osa ¿leliigsetest veeaurudest, mis on »hus neeldunud. 

Kuigi tegemist on peaaegu 100% veeauruga, v»ib suurte tornide puhul (energiatººstus, 

keemiatººstus) tekkida mªrkimisvªªrne ebameeldiv vm»ju horisondivaatele. Nªhtava aurupilve 

kuju ja ulatust m»jutavad atmosfªªri temperatuur ja suhteline »huniiskus ning ka tuul. Mida 

k¿lmem ja niiskem on atmosfªªr, seda stabiilsem ja p¿sivam on aurupilv. Seet»ttu v»ib seda pidada 

Euroopa parasvººtme v»i k¿lmemate piirkondade potentsiaalseks probleemiks ja seda peamiselt 

talvel. Suurtest rajatistest (elektrijaamad) lªhtuv ªªrmuslik aurupilvede teke v»ib madalamate 

tornide (40-50 m) puhul p»hjustada udu ka maapinnal. Samuti on teatatud, et ªªrmuslikes 

ilmastikutingimustes v»ib suurte aurupilvede ja neile jªrgnevate sademete tagajªrjel tekkida 

teedele jªide. 

 

 

3.5.3.2 Aurupilvede vªhendamine 
[tm101, BDAG, 1996], [tm123, Alt  ja Mªule, 1987] 

 

Aurupilve vªhendamine on tehnoloogiline integreeritud meede, mis muudab jahutuss¿steemi 

konfiguratsiooni. Aurupilve tekkimist saab vªltida, kuivatades mªrja heit»hu enne selle 

vªljastamist, nimelt segades seda sooja kuiva »huga. Avatud h¿briidjahutustornid (v»i mªrg-

/kuiv»hkjahutustornid) ja suletud ringlusega mªrg-/kuiv»hkjahutustornid (ehk korduvjahutajad) on 

projekteeritud spetsiaalselt aurupilve tekkimise vªltimist silmas pidades. (Vt jaotist 2.6.) 

 

S»ltuvalt kliimatingimustest ja protsessi n»uetest v»ib torni kasutada kuivalt. P»hja-Euroopa 

kliimatingimuste puhul vªidetakse, et peaaegu k»ikides ilmastikutingimustes on vaja ainult 20% 

kogu soojuskoormusest kanda ¿le kuivas sektsioonis, et jahutustorn tººtaks ilma nªhtava 

aurupilveta. Teatud tingimustes, nªiteks vªga madalal keskkonnatemperatuuril ja vªikese 

soojuskoormuse korral, v»ib torn tººtada ka tªiesti kuivas reģiimis. M»nikord tehakse eeskirjades 

vahet pªevasel ja ºisel tººajal ning ººsel on lubatud mªrgjahutus (koos aurupilvega), samas kui 

pªeval peab torn tººtama h¿briidreģiimil, mis takistab aurupilve tekkimist. (Vt ka 2. peat¿kki.) 
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3.6 M¿raheited 

3.6.1 M¿raallikad ja m¿ratasemed 
 

M¿raheited on olulised kohalikul tasandil. Tººstuskompleksi m¿ra tuleneb mitmetest m¿ra 

tekitavatest allikatest ja lubade vªljastamise praktikas kªsitletakse jahutuss¿steemi m¿ra kui kogu 

kªitise m¿ra lahutamatut osa. Jªrelikult tuleks jahutuss¿steemidest tulenevat m¿ra ja 

investeeringuid v»imalikesse summutusmeetmetesse hinnata kªitise kogu m¿rasaaste raames. 

M¿ra on ¿ldiselt probleemiks nii mehaanilise t»mbega jahutustornide kui suurte 

mªrgjahutustornide puhul. Teavet jahutustornide m¿raallikate omaduste ja arvutuste kohta v»ib 

leida VDI-direktiivist 3734 ja Saksamaa VGB-suunistes vªlja tººtatud standarditest elektrijaamade 

jahutuss¿steemide kohta [tm158, VGB, 1998]. 

 

Nende jahutuss¿steemide poolt p»hjustatud m¿ra puhul saab vªlja tuua kolm peamist allikat: 

¶ ventilaatorite s»lmed (ventilaator, hammasratas, ajam) ï k»igi mehaanilise t»mbega 

jahutustornide puhul, 

¶ pumbad ï k»igi jahutusveega tººtavate s¿steemide puhul, 

¶ jahutusvee basseini langevad tilgad / kaskaadina langevad veemassid ï ainult 

mªrgjahutustornide puhul. 

 

Helikiirgus v»ib olla otsene v»i kaudne. Heli kiirgavad otse: 

¶ »hu sisselaskekohad, 

¶ »hu vªljalaskekohad. 

Heli kiirgavad kaudselt: 

¶ ventilaatorite mootorid, 

¶ ventilaatorite vªljalaskekorvid ja jahutustorni katted (betoonkonstruktsioonide puhul ei ole 

see mªrkimisvªªrne panus). 

 

Kuiv»hkjahutusega tornide m¿ra on peamiselt m»jutatud kasutatavatest mehaanilistest seadmetest 

ja nende kªitamisviisist. Juhul, kui summutamise tulemusel on seadmete heliv»imsuse tase vªga 

madal, v»ib domineerida soojusvahetite v»i kondensaatorite torude ja kanalite m¿ra. 

 

Mªrgjahutustornide puhul tuleneb m¿ra ainult langevatest veetilkadest (loodusliku t»mbe korral) 

v»i nii langevatest tilkadest kui mehaanilistest seadmetest. ¦ldiselt on ventilaatorite summutamata 

m¿ra valjem kui veetilkade m¿ra. See ei s»ltu mªrgjahutustorni suurusest. Kui »huga seotud m¿ra 

summutusmeetmete abil vªhendatakse, v»ib veega seotud m¿ra muutuda domineerivaks ja kaaluda 

v»ib veem¿ra summutamist. 

 

Elektrijaamades ja suurtes tººstusettev»tetes kasutatavate keskmiste ja suurte jahutustornide puhul 

on teatatud jªrgmist. Loodusliku t»mbega jahutustornide puhul on vee vooluhulk ja torni k»rgus 

k»ige olulisemad tegurid, mis m»jutavad summutamata m¿ra taset. Tilkade langemisk»rgus on 

oluline kuni 5 m k»rguseni, teadete kohaselt ei ole suurema langemisk»rguse korral selle m¿ra 

m»ju kogum¿rale enam muutunud. Heliv»imsuse taset sisselaskeava juures saab arvutada vastavalt 

v»rrandile: 

 

Lw (dB(A)) = 68 + 10 *  (log M/M 0) Ñ 2 M0 = 1 t/h 
 

Heliv»imsuse taset loodusliku t»mbega jahutustornide »hu vªljalaskeava juures saab ligikaudselt 

arvutada jªrgmise v»rrandi abil: 

 

Lw (dB(A)) = 71 + 10 *  (log M/M 0) ï 0,15 * (H/H0) Ñ 5 

M0 = 1 t/h  (M = vee vooluhulk massi jªrgi) 
H0 = 1 m (H = jahutustorni k»rgus) 
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Ventilaatoriga tººtavate mªrgjahutustornide puhul ei ole veem¿ra spekter sisselaskeava juures 

kuigi erinev. Indutseeritud t»mbega jahutustornide puhul (ventilaator torni ¿laosas) saab »hu 

vªljavoolus (hajutil) tekkiva veem¿ra osakaalu kogu heliv»imsuse tasemes arvutada ligikaudselt 

jªrgmise v»rrandi abil: 

 

Lw (dB(A)) = 72 + 10 *  (log M/M 0) Ñ 3 M0 = 1 t/h 
 

Mehaaniliste jahutustornide puhul on k»ige olulisem tegur kasutatavad mehaanilised seadmed 

(ventilaatorid, reduktorid jne). Ventilaatori labatippude kiirus (25ï60 m/s) m»jutab oluliselt kogu 

m¿rataset. Oluline on ka kasutatud ventilaatorite t¿¿p (tsentrifugaal- v»i aksiaalventilaator) ning 

nende labade arv ja t¿¿p. Teatati, et reduktorite kasutamine v»ib avaldada m¿ratasemele (sama 

veevoolu ja ventilaatori labatippude kiiruse korral) halvasti m»juda, kui ventilaatorite kiirust 

vªhendatakse (nt ººsel), sest siis muutub reduktorite m¿ra domineerivamaks. 

 

Ventilaatori heliv»imsuse taset saab ligikaudselt arvutada v»rrandist: 

 

Lw (dB(A)) = 16 + 10 *  (log V/V0) + 20 *  (Dp/Dp0) Ñ 5 

(V0 = 1 m
3 
»hku/h; Dp0 = 1 hPa) 

 

Seda ¿ldist v»rrandit saab kasutada nii mehaanilise t»mbe (alt puhumisega) kui indutseeritud 

t»mbe (¿levalt imemisega) ventilaatorite puhul. Keskmiste ja suurte jahutustornide puhul on 

ventilaatorite panus heliv»imsuse tasemesse »hu vªljalaskeava juures ¿ldiselt vªiksem kui 

ventilaatori panus indutseeritud t»mbega tornis, mille ventilaatorid asuvad ¿leval. See erinevus 

v»ib olla kuni 5 dB(A). 

 

Kasutati jªrgmist v»rrandit, mis nªitab, kuidas telgventilaatorite heliv»imsuse tase on seotud 

ventilaatori labatippude kiirusega: 

 

Lw (dB(A)) = C + 30 log Utip + 10 log (Q*P) ï 5 log Dfan 

(C = ventilaatori iseloomulik kuju, Utip = ventilaatori labatippude kiirus, Q = ventilaatori 
vooluhulk, P = ventilaatori r»hulangus, Dfan = ventilaatori lªbim»»t) 

 

M¿ra s»ltub ka jahutustorni konstruktsioonist. Betoonist tornide m¿ra kiirgub tªielikult »hu sisse- 

ja vªljavoolu kaudu. Erinevatest kergematest materjalidest valmistatud jahutustornide puhul tuleb 

arvesse v»tta ka kestast lªhtuvat m¿ra. 

Lisaks sellele m»jutab mªrgjahutustorni m¿rataset ka vastuvoolu v»i ristvoolu 

konstruktsioonit¿¿p, kusjuures vastuvoolu puhul on teadaolevalt suurem pritsimism¿ra kui 

ristvoolu puhul. 

 

M¿ra saab iseloomustada erinevate sageduste jªrgi, millest see koosneb, ning loodusliku ja 

sundt»mbega mªrgjahutustornide vahel esineb erinevusi. Loodusliku t»mbega torni langev vesi 

tekitab laia sagedusalaga m¿ra, samas kui mehaaniliste jahutustornide ventilaatorim¿ra koosneb 

valdavalt madalatest sagedustest. See v»ib muude tegurite hulgas selgitada, miks kªitise lªheduses 

on tavaliselt valdav veem¿ra, samas kui ventilaatorite m¿ra muutub ¿ha enam domineerivaks, mida 

kaugemale ventilaatoreid kasutavast jahutustornist minnakse. 

 

Erinevate jahutustornide heliv»imsuse tasemed varieeruvad suuresti ja iga ¿ksik allikas annab 

kogum¿rasse oma panuse. Seda illustreerivad tabelis 3.11 toodud nªited elektrijaamade kohta 

[tm158, VGB, 1998] ja tabelis 3.10 esitatud vªªrtused erinevate rafineerimistehases kasutatavate 

jahutuss¿steemide kohta [tm001, Bloemkolk, 1997]. 

 

Mªrgjahutustorni langeva vee m¿ratasemed s»ltuvad vee langemisk»rgusest. Madalam 

langemisk»rgus annab indutseeritud t»mbega mªrgjahutustornides »hu sisselaskeava juures umbes 

1 dB(A) madalama heliv»imsuse taseme ja indutseeritud t»mbega nn kambri-t¿¿pi jahutustornide 

puhul 3 dB(A) madalama taseme. 
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Tabel 3.10: Nªited suure rafineerimistehase jahutuss¿steemi seadmete v»imsuse ja sellega 

seotud summutamata heliv»imsuse tasemete kohta 

[tm001, Bloemkolk, 1997] 

 

Seadmed V»imsus
1
 Lw, dB(A) 

Kompressorid 490/ 2000 kW 108/ 119 

Pumbad 25/ 100/ 1300 kW 94/ 98/ 108 

Auruturbiinid 1000/ 2000 kW 106/ 108 

ìhkjahutid 7 /20 / 60 kW 89/ 93/ 98 

ìhkjahuti/kondensaator 170 kW 102 

ìhkjahuti/kondensaator 2,7 MWth 97 

ìhkjahuti 14,7 MWth/ 18,8 kWe 105 

ìhkjahuti 1,5 MWth/ 7,5 kWe 90 

Jahutustornid 300 MWth 106 

Jahutustorn 2000 m
3
/h 105 

Mªrkused: 

1. viide pººrleva osa, mootori jne v»imsusele, st mitte jahutusv»imsusele 

 

 

Tabel 3.11: Summutamata heliv»imsuse tasemete v»rdlus »hu sisse- ja vªljavoolu juures, 

m»»detuna eri t¿¿pi tavapªraste mªrgjahutustornide puhul 

[tm158, VGB, 1998] 

 

Mªrgjahutustorni 

konstruktsioon 
ìhu sisselaskeava juures, dB(A) 

ìhu vªljalaskeava juures 

(difuusori ava), dB(A) 

Looduslik t»mme 84 Ñ 3 69 Ñ 3 

Avatud mªrgjahutustorn 86 Ñ 3 80 Ñ 3 

Avatud mªrgjahutustorn (kambri-

t¿¿pi, sundt»mbega) 
88 Ñ 3 85 Ñ 3 

Avatud mªrgjahutustorn (kambri-

t¿¿pi, indutseeritud t»mbega) 
85 Ñ 3 88 Ñ 3 

 

Eri t¿¿pi jahutuss¿steemide summaarse heliv»imsuse tasemete v»rdlemiseks on tabelis 3.12 

dokumenteeritud eri t¿¿pi jahutuss¿steemide summaarne m¿ratase ilma m¿rasummutuseta. 

¦laltoodud tasemete varieerumisest v»ib jªreldada, et vahemikud on laiad ning s»ltuvad 

kasutatavast konstruktsioonist ja seadmetest. 

 

 
Tabel 3.12: Erinevate jahutuss¿steemide m¿ratase ilma m¿rasummutuseta 

[tm134, Eurovent, 1998] 

 

Jahutuss¿steem 
M¿raheide 

dB(A) 

lªbivoolus¿steem  
jahutustorn ï looduslik t»mme 90-100 

jahutustorn ï mehhaaniline t»mme 80-120 

suletud ringlusega jahutustorn 80-120 

h¿briidjahutus 80-120 

kuiv»hkjahutus 90-130 
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3.6.2 M¿ra vªhendamine 
 

([tm158, VGB, 1998], [tm061, Eurovent/Cecomaf, 1997], [tm086, Van der Spek, 1993], [tm093, 

Mirsky, 1995]) 

 

M¿ra vªhendamisel tuleks eelk»ige keskenduda nn esmastele meetmetele ehk kªitisesisestele 

meetmetele, enne kui kaalutakse mis tahes teiseseid ehk kªitisevªliseid meetmeid nagu nªiteks 

piirded v»i suured t»kked. Erinevates suunistes jahutustornide m¿ra vªhendamise kohta eristatakse 

vee kaskaadist tulenevat m¿ra ja mehaaniliste seadmete m¿ra. ¦ldiselt on loodusliku t»mbega 

jahutustornid vªhem m¿rarikkad (summutamata), kuid mehaanilise t»mbega jahutustornide puhul 

on m¿ra summutamine t»husam. Ilmselgelt suudab m¿ra tekitavate seadmete n»uetekohane 

hooldus samuti aja jooksul m¿ra vªiksemana hoida. Enamasti vastavad m¿ra alastele n»uetele 

ainult mehaanilise t»mbega jahutustornid, sest ainult mehaanilise t»mbe korral on v»imalik 

tªiendav »hur»hu langus majanduslikult tasuval viisil ¿letada. Vªhem m¿rarikaste 

radiaalventilaatorite valimine tªhendab sageli suuremat energiatarbimist ja toob kaasa suuremad 

tegevuskulud kui telgventilaatorite puhul. 

 

¦ldine lªhenemisviis on, et m¿ra optimeerimiseks rakendatakse k»igepealt esmaseid meetmeid. 

Kui on vaja tªiendavat m¿ra vªhendamist, v»ib kaaluda tªiendavat summutamist. M¿ra 

summutamisel tuleks silmas pidada m¿ra vªhendamise meetmete m»ju, nªiteks r»hulangust 

(suurem energiavajadus) ja muude m¿raallikate domineerima hakkamist. ¦ksikute seadmete 

panust m¿ratasemesse tuleb vaadelda kui osa kogu m¿ramustrist. See tªhendab, et lisaks paljudele 

muudele teguritele tuleb arvesse v»tta ka lªhedal asuvaid hooneid, m¿ra levikut ja jªrelk»la. 

Jahutuss¿steemide erinevate v»imalike m¿raallikate m¿raheidete vªhendamiseks saab eespool 

esitatud v»rranditest selgelt nªha, millele tuleks m¿ra vªhendamise meetmetes keskenduda, 

nªiteks tilkumisk»rgusele ja ventilaatori labatippude kiirusele. 
 

3.6.2.1 Veekaskaadi m¿ra juhtimine (mªrgjahutustornid) 
 

Loodusliku t»mbega jahutustornide puhul keskendub m¿ra summutamine »hu sisselaskekohale, 

sest »hu vªljavoolu panus kogu m¿ratasemesse on ebaoluline, olles vªhemalt 5 dB madalam. M¿ra, 

mida langev vesi basseinis tekitab, vªheneb juba mingil mªªral torni sisese peegeldumise, torni 

tªidise ja aurupilve t»ttu (10ï15 dB). Tªiendav summutamine v»ib vªhendada »hu sisselaskekohast 

lªhtuvat m¿raheidet veel 5ï8 dB v»rra. Soovitatakse jªrgmisi meetmeid, mida v»iks kohaldada ka 

keskmise suurusega ja suurte mehaaniliste jahutustornide puhul. 

 

3.6.2.1.1 Esmased meetmed 
 

Esmaste meetmetena on tuvastatud jªrgmised tehnikad: 

¶ veepinna alandamine basseini kiirema t¿hjendamise abil kasutaks basseini seinu 
m¿rat»kkena, 

¶ vee langemisk»rguse vªhendamine on v»imalik »hu sisselaskeava ristl»ikepindala 
vªhendamise teel, mis on piiratud meede, 

¶ tilkade lººkide vªltimine basseinis on v»imalik tilkade p¿¿dmise ja nende basseini 
ªrajuhtimise seadmete abil (lººgisuunajad) M»ju: maksimaalselt 7 dB, 

¶ tªidise all olevatel veekogumisrennidel on samuti ¿mbersuunav m»ju: maksimaalselt 10 dB. 

¦mbersuunamise meetodite puuduseks on p¿¿dmisseadmete pindade vastuv»tlikkus 

biosaastusele, mis v»ib potentsiaalselt ka vett saastata. 

 

3.6.2.1.2 Teisesed meetmed 
 

Rakendatud on jªrgmisi teiseseid meetmeid: 

¶ helisummutid koos piiretega »hu sisselaskeava juures: maksimaalne vªhendamine 20 dB. 
Puuduseks v»ib olla »hu r»hulangus, mis v»ib olla ligikaudu kuni 10 Pa. R»hukao 

tasakaalustamiseks v»ib kuluda 20% paigaldatud ventilaatorite v»imsusest, 

¶ muldbarjªªrid torni aluse ¿mber: summutav m»ju 10 dB, 
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¶ heli neelavate kihtidega heliseinad (ehk summutusseinad) annavad helisummutuse 20 dB. 

Nende kasutamise t»husus s»ltub nende konstruktsioonist ja sellest, milline on nende kaugus 

torni alusest. 

 

3.6.2.1.3 Kuivjahutustornid  
 

Kuivjahutustornide m¿ra tuleneb peamiselt ventilaatoritest, kuid keskmise suurusega ja suurte 

kuivjahutustornide puhul v»ib vee m¿ra muutuda domineerivaks, kui vesi voolab suurema 

kiirusega lªbi soojusvahetite. Kondensaatorite m¿ra v»ib muutuda selgelt kuuldavaks, kui muud 

kasutatavad seadmed on madala m¿ratasemega, ja kondensaatorite torude voolum¿ra v»ib 

saavutada sama suuruse kui ventilaatorim¿ra. Sellistel juhtudel v»ib oluliseks osutuda tªiendav 

helisummutus ja tuleb kaaluda ¿hendustorustike isoleerimist. 

 

 

3.6.2.2 Mehaaniliste seadmete m¿rat»rje (mehaanilise t»mbega jahutustornid) 
 

Keskmise ja suure mehaanilise t»mbega jahutustornide veekaskaadi m¿ra vªhendamiseks v»ib 

viidata samadele esmastele meetmetele, mida mainiti loodusliku t»mbega jahutustornide puhul. 

Lisaks kohaldatakse jªrgmisi meetmeid: 

¶ peene v»rgusilmaga v»rgud v»i kootud struktuurid, mis triivivad veepinnal, et vªhendada 
langevate tilkade pritsimism¿ra. Vªhendavat m»ju ei ole kvantifitseeritud. 

 

Mehaaniliste seadmete m¿ra summutamine viitab peamiselt ventilaatoritega seotud m¿ra 

vªhendamisele nii mªrg- kui kuivjahutustornides. Rakendatavad meetmed on esmased (seadmed) 

v»i teisesed (neeldumine). Erinevate m¿rasummutusmeetmetega saavutatakse umbes m¿ra 

vªhenemine ligikaudu 20 dB(A) ja kuni 30 dB(A). Sellise suure m¿ravªhenduse saavutamiseks on 

vaja kombineerida vaiksemaid seadmeid tªiendava m¿rasummutusega, nªiteks akustiliste hajutite 

v»i m¿rasummutajatega. Sellised passiivse m¿rasummutuse seadmed suurendavad 

investeerimiskulusid, kuid kªitamiskulud jªªvad m»istlikuks. 

 
3.6.2.2.1 Esmased meetmed 

 

Teatatud on jªrgmistest esmastest meetmetest: 

¶ ventilaatorimeetmed: 

- vªikese v»imsusega ventilaatorid (vªhenemine paari dB(A v»rra), 

- suurem »hkjahutuse ventilaator v»ib anda 2-6 dB(A) erinevuse; oma panuse annab ka 

labade arv, st 6-8 laba asemel 4 laba (see vªhendab ka energiavajadust), 

- madala m¿ratasemega ventilaatorite kasutamine, millel on laiemad labad ning sama 
»huvoolu ja »hur»hu puhul vªiksemad labatippude kiirused (< 40 m/s), 

¶ madala m¿ratasemega reduktorid (vªikesed ¿lekandesuhted v»i mitmepooluselised 
ajammootorid), spiraalhammasrattad tªisnurksete hammasrataste asemel, rihm¿lekanded ja 

v»imaluse korral otse ¿hendatud ajamid, 

¶ rihm¿lekanded kiilrihma, lamerihma v»i madala m¿ratasemega vormitud rihmadega. 
V»imaluse korral peaksid rihmad olema kapseldatud, 

¶ madala m¿ratasemega ventilaatorimootorid, 

¶ tsentrifugaal-, mitte aksiaalventilaatorid, 

¶ v»imalikult suur vahemaa ventilaatori labade ja kandekonstruktsiooni vahel, 

¶ hammasrataste ja ventilaatorimootorite jaoks painduvate tugede kasutamine, 

¶ »hukanalite aerod¿naamiline konstruktsioon. 

 

Tªiendava vªhendamise saab saavutada seadmete kªitamise viisiga. Ventilaatorim¿ra saab veelgi 

vªhendada, langetades pººrete arvu minutis. Madalama n»udluse perioodil (ººsel) v»ib 

ventilaatorit kasutada vªiksema pººrlemiskiirusega ja 50%-lise kiiruse vªhendamisega v»ib m¿ra 

vªheneda umbes 6ï10 dB(A) v»rra. 
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3.6.2.2.2 Teisesed meetmed 

 

Mehaanilise t»mbega jahutustornide puhul on kasulikud teisesed meetmed »hu sisse- ja vªljalaskel. 

Vastukaaluks m¿ra 10ï25 dB(A) v»rra vªhenemise eelisele tuleb leppida suurema r»hulangusega 

20ï70 Pa v»rra, mis tuleb ¿letada tªiendava energiakulu v»i suuremate (m¿rarikkamate) 

ventilaatorite abil. 

 
Nªited on jªrgmised: 

¶ »huvoolu summutamine ja korpus v»ivad aidata kaasa m¿ra vªhendamisele 5 dB(A) v»rra, 

¶ heli neelavad konstruktsiooniristid, mis ehitatakse vªiksemate ventilaatorite jahutustornide 
»hu vªljavooluava (difuusori) sisse, vªhendavad m¿raheidet ja annavad ka parema 

voolujoonte mustri ja seelªbi parema t»mbe, 

¶ mªrgjahutustornide tilgaeraldajad v»ivad olla kaetud, 

¶ lisaks sellele on osutunud edukaks ka k¿nkad v»i seinad (hoonete seinad v»i helipiirded) »hu 
sisselaskeava ¿mber. M¿ra vªhenemine tªnu varjestusele v»ib jahutustorni lªheduses olla kuni 

20 dB(A). 

 

 

3.6.2.3 M¿ra vªhendamise kulud 
 

M¿rasummutusmeetmete kulud varieeruvad mªrkimisvªªrselt s»ltuvalt meetme t¿¿bist ja sellest, 

kas see on osa uue jahutusrajatise projekteerimisest v»i rajatise moderniseerimise kªigus v»etud 

meetmetest. Uue h¿briidtorni paigalduse puhul moodustasid m¿rasummutusmeetmete 

(ventilaatorite, piirete) kogukulud umbes 20% kogu investeeringust. 

 

Kulude kohta esitati nªide, mis osutab, kuidas koos parema m¿ravªhendamisega v»ivad kulud 

suureneda. Aksiaalventilaatori puhul saab kasutada erinevaid konstruktsioone (C-vªªrtus ja 

labatippude kiirus), ilma et see vªhendaks r»hulangust ja voolu/ventilaatori t»husust. Vªga madala 

ja ¿limadala m¿ratasemega ventilaatorite puhul on ajamile vaja lisakulusid tekitavaid 

lisameetmeid. 

 

 
Tabel 3.13: Nªide kulude suurenemisest erinevate heliv»imsuse taseme vªhendamiseks 

m»eldud ventilaatorikonstruktsioonide puhul 

Tuletatud allikast: [tm086, Van der Spek, 1993] 

 

Ventilaatori konstruktsioon  
Heliv»imsuse tase 

(dB(A)) 
Hinnaindeks 

Klassikaline 100 1 

Madal m¿ra 95 1,5 

Vªga madal m¿ra 90 3 

¦limadal m¿ra 85 4 

 
 

Tabelis 3.13 esitatud andmed nªitavad vaid kulude erinevusi erinevate 

ventilaatorikonstruktsioonide puhul, kuid arvesse tuleb v»tta ka ajami¿lekannete, helisummutuse 

ja jahutustorni konstruktsiooni kulusid. Esmaste meetmete, nªiteks ¿livªikese m¿raga 

ventilaatorite maksumus v»ib samal ajal anda vªiksema energiavajaduse t»ttu ka mªrgatavalt 

madalamaid tegevuskulusid. Seet»ttu ei saa ¿heselt jªreldada, et m¿ra vªhendamise tase ei oleks 

kulut»hus. 
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3.7 Tººstuslike jahutuss¿steemidega seotud riskiaspektid 
 

3.7.1 Lekkerisk  
[tm001, Bloemkolk, 1997] 

 

3.7.1.1 Esinemine ja tagajªrjed 
 

Lekkeid v»ib esineda nii vesi- kui »hkjahutuss¿steemides, kuid ¿ldiselt on lekked probleemiks 

vesijahutusega s¿steemide puhul. Eelk»ige lªbivoolus¿steemides satub saastus kohe jahutusvee 

kaudu veekeskkonda. Avatud ja suletud ringlusega mªrg- ja mªrg-/kuivs¿steemides ei toimu see 

kohe, kuid leke saastab jahutusvedeliku, mille keemiline koostis muutub ja sellel on tagajªrjed 

soojusvahetusprotsessile. Seda lekke m»ju oks¿deerivate ja mitteoks¿deerivate biotsiidide 

toimimisele on selgelt illustreeritud [tm090, Grab et al, 1994]. L»puks vªljuvad lekkinud 

protsessiained koos vªljapesuga. 

Otsestes »hkjahutuss¿steemides v»ivad lekked p»hjustada jahutus»hu saastumist, kuid ¿ldiselt ei 

peeta lekkeid kuiv»hkjahutuse puhul keskkonnaprobleemiks. Seega jªªb kªitaja vastutus 

kuivjahutuss¿steemide lekete vªltimisel muutumatuks. K¿lmutusaineid kasutavad jahutuss¿steemid 

ei kuulu kªesoleva dokumendi kohaldamisalasse. 

 

Soojusvahetite puhul esineb korrosiooni, erosiooni ja muud liiki kulumist. Seda m»jutavad 

sellised tegurid nagu materjali valik, vedeliku kiirus, seina temperatuur ja survetasemed. Selle 

tulemusena v»ib tekkida protsessivedeliku leke ja jahutusvedeliku saastumine v»i protsessi 

saastumine/hªired. Ka jahuti t¿¿p v»ib lekkeohtu m»jutada. Praktikas p»hjustab projekteeritust 

erinev toimimine vibratsiooni ja l»puks ka lekkeid. Lekkimine muutub oluliseks probleemiks, kui 

jahutatav voog sisaldab keskkonnale kahjulikke komponente. Elektrijaamade kondensaatorite v»i 

aurustusseadmete kondensaatorite lekkeid ei peeta probleemiks veekvaliteedi seisukohast, vaid 

pigem protsessitehnilisest vaatenurgast. Elektrijaamade puhul tªhendab leke kondensaatori 

vaakumi kadumist, mis toob kaasa elektritootmise protsessi kasuteguri vªhenemise. Ahjude 

jahutamise (aurutootmise) puhul v»ib veeleke p»hjustada plahvatuse. 

 

Tootekadu soojusvahetite lekke t»ttu v»ib olla olulise suurusega, kui korrodeerivas keskkonnas 

(nªiteks soolases vees) kasutatakse suhteliselt kergesti korrodeeruvat materjali (nªiteks 

vaskkondensaatorid). Vask on sageli kasutusel, kuna see vªhendab biosaastuse v»imalust, kuid 

praktikas esineb biosaastust ka vaskkondensaatorites. Vaseheited on ebasoovitavad ja neid saab 

vªltida paremate materjalidega, nagu titaan ja roostevaba teras, v»i lisades korrosioonivastaseid 

¿hendeid. 

 

M»nikord omistatakse lekkeid ka jahutite Ăhigistamiseleñ. See on seotud vªikeste juuspragude 

esinemisega v»i tihendusmaterjalide lekkimisega. K»ige sagedasemad soojusvahetite defektid, 

millest on tegelikus praktikas teatatud, on p»hjustatud jªrgmistest asjaoludest: 

¶ korrosioon/erosioon keemilise saastuse tagajªrjel (kaevanduskorrosioon), 

¶ bioloogilise saastuse, kemikaalide ja bakterite p»hjustatud korrosioon, 

¶ mehaaniline erosioon (pragude v»i vibreerivate ranna-/j»ekarpide t»ttu), 

¶ vibratsioon (p»hjustatud voolust v»i vªliste pumpade resonantsist jne), 

¶ lekked, defektsed tihendusmaterjalid, 

¶ valtsitud toru-plaadi¿henduste higistamine, 

¶ toru-plaadi kinnitusdetailide irdumine, 

¶ materjalide mehaaniline pinge, mis tuleneb eba»igest tººr»hust ja/v»i temperatuurist, 

¶ jahuti liiga k»rge temperatuurik»ver; ¿le 50Ü C v»ib p»hjustada probleeme. 

 

Suurte mahtudega lªbivoolus¿steemides on vªikeseid lekkeid raske avastada. Mitut soojusvahetit 

sisaldavate jahutuss¿steemide puhul v»ib alati olla mitu defektset soojusvahetit, mis tekitavad 

jahutusvees enam-vªhem p¿siva saastuse taseme, mis samas on suures veevoolus vªike ja vaevu  
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avastatav. Suuremaid lekketasemeid on v»imalik tuvastada, kuid ¿ldiselt tªhendab see ka 

mªrkimisvªªrset ja olulist heidet. Jahutustornidega ringluss¿steemides eemaldatakse v»imalikud 

lenduvad ¿hendid ja lekked juhitakse koos vªljapesuga ªra. Sellisel juhul on t¿hjendusvoolu 

vªikese mahu t»ttu lekete avastamine lihtsam ja vajaduse korral saab vªljapesuvett puhastada. 

 
Lekke suurus saab tavaliselt teatavaks vahejuhtumite tulemusel ja piiratud ulatuses ka 
lªbivoolus¿steemides teostatavate m»»tmiste teel. Suuremad lekked avastatakse ja need on 
tavaliselt kohe ¿sna olulised. Tegelikest juhtumitest saadud andmed on nªidanud, et suurte 
vªljavoolude puhul (10 000 m3 tunnis ja rohkem) v»ivad kergesti tekkida saastuse tasemed 100ï
3000 kg/24 h, arvestades vªljavoolude ¿hikuks mg/l. Eri t¿¿pi soojusvahetites on rikete 
esinemissagedus vªga erinev. 

 

 

3.7.1.2 Lekete vªhendamine 
 

Soojusvahetid tuleb projekteerida nii, et lekkeid ei tekiks. Erinevad organisatsioonid on andnud 

soovitusi nende hoolduse olemuse kohta. See koosneb ennetava ja parandava hoolduse 

kombinatsioonist, sest on nªidatud, et ainult ennetamisega ei ole v»imalik probleeme tªielikult 

kontrolli all hoida. Ennetav hooldus on sageli osa tootmise peatamisest, mis toimub kord kahe aasta 

jooksul. Parandushoolduse puhul l¿litatakse jahuti vªlja ja parandatakse lekked, nªiteks lekkiva 

toru sulgemise v»i torupanga vªljavahetamise teel. Soojusvahetite puhul, mida ei saa 

tootmistehnilistel p»hjustel vªlja l¿litada, on oluline, et oleks olemas teine reservjahuti. ¦ha enam 

selgub, et Ărikkeidñ ja lekkeid p»hjustavad peamiselt konstruktsioonivead. Tººtlevas tººstuses on 

kallima konstruktsiooni v»i paremate materjalidega seotud lisakulud tavaliselt kaugelt vªiksemad 

kui rikete kulud. Investeerimiskulud on tootmiskahjudega kaasnevate kuludega v»rreldes madalad. 

Seet»ttu tuleks soojusvahetite projekteerimisel lªhtuda Ăprognoositavast kªttesaadavusestñ. 

 

Lekete esinemise vªhendamiseks v»ib rakendada jªrgmisi ¿ldisi meetmeid: 

¶ valida mªrgjahutuss¿steemide seadmete materjal vastavalt kasutatava vee kvaliteedile, 

¶ kªitada s¿steemi vastavalt selle projekteeritud nªitajatele, 

¶ kui jahutusvee puhastamine on vajalik, siis valida »ige jahutusvee puhastusprogramm, 

¶ jªlgida ringlusega mªrgjahutuss¿steemides lekkeid jahutusvee vªljavoolus (vªljapesus). 

 

Kui praktikas tekivad probleemid, siis on nende lahendamiseks mitmeid v»imalusi, mis 

osaliselt s»ltuvad probleemide p»hjusest. 

Komponentide tasandil (soojusvahetis): 

¶ kontrollida erosiooni, korrosiooni p»hjuseid, 

¶ kontrollida tººtingimusi v»rreldes projekteeritud tingimustega, 

¶ asendada jahuti parema t¿¿biga, kontrollides selle konstruktsiooni ja materjali, 

¶ juhtida lekke t»ttu saastunud vool puhastusseadmesse (seonduva alamvoolu puhastamine), 

¶ suunata seonduva jahuti jahutusvee vool ¿le »hkjahuti ja/v»i kaudse vesijahuti ringlusse (see 
v»imalus ei k»rvalda loomulikult jahuti rikke tagajªrjel tekkinud tootmiskatkestusi). 

 
S¿steemi tasandil (kogu jahutusvees¿steem v»i selle osad): 

¶ sªilitada jahutusvee ja protsessivee vahel v»imalikult vªike r»hkude vahe v»i luua v»i 
sªilitada jahutusvees ¿ler»hk, 

¶ muuta s¿steem kaudseks s¿steemiks v»i kui tehniliselt v»imalik, siis jahutustorniga 
ringluss¿steemiks (v»ttes arvesse v»imalikku aurude eraldumist komponentidest). 
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Keemiatººstuses rakendatav VCI ohutuskontseptsioon nimetab lekkimiseks ainete ajutist 

vªljavoolu, mis p»hjustab veekogudes pikaajalisi kahjulikke muutusi. Selle vªltimiseks ja 

kontrollimiseks hinnatakse keemiliste protsesside aineid (kasutades R-lauseid) ja l»plik hinnang 

on seotud n»uetega, mis kªsitlevad (kaudse) jahutuskonfiguratsiooni s¿steemi valikut ja 

lekkeseire meetodit (vt VII lisa). 

 

On ilmselge, et kaudse s¿steemi v»i jahutustorniga ringluss¿steemi kasutamine v»imaldab lekkeid 

peaaegu 100% ulatuses kontrollida. Ainult siis, kui s¿steemi r»hk langeb, v»ib vabaneda saastunud 

vett, kuid see vooluhulk on vªike ja kontrollitav. M»lema variandi puhul tuleb siiski arvestada 

jahutatava protsessi n»uetega. Kaudse s¿steemi projekteerimine v»i jahutustorni kasutamine 

suurendab temperatuurierinevust ja t»stab protsessiaine minimaalset l»pptemperatuuri. Kui 

jahutatav protsess suudab seda taluda, v»ivad protsessiaine(te) omadused »igustada kaudset 

projekteerimist, et kaitsta vastuv»tvat pinnavett lekke t»ttu tekkiva soovimatu heite eest. 

 

M»ned ettev»tted kasutavad teadlikult jahutuss¿steemi, mille puhul lekkeohtlikud osad on 

varustatud kaudse jahutusega ja mitte-lekkeohtlikud osad mitte. Kuna lekete kontrollimine nªib 

olevat keeruline, ei tohiks prioriteetsete ainete v»i muude keskkonnaohtlike toodete jahutamisel 

eelistatavalt lªbivoolus¿steeme kasutada, eriti arvestades olemasolevaid alternatiive. 

 

Olemasoleva jahutuss¿steemi puhul ei ole kaudne konstruktsioon ¿ldiselt ei tehniliselt ega 

majanduslikult k»ige sobivam lahendus. Hªid tulemusi on andnud praktilised kogemused kindla 

hooldus- ja kontrolliprogrammi kohaldamisel suurele lªbivoolujahutuss¿steemile, kus 

kasutatakse merevett. M»ned jahutid tuli vªlja vahetada, kuid erinevate soojusvahetite rikkeid oli 

v»imalik n»uetekohase biosaastet»rje ja hooldusega (vibratsiooni jªlgimine, pumba kªitlemine ja 

voolu piiramine) 90% ulatuses vªhendada. Rakendatakse lekete tuvastamise s¿steeme ning »igete 

kohtade seirega saab l¿hendada aega soojusvaheti lekke ja selle tuvastamise vahel. 

 

Lªbivoolus¿steemides on lekete avastamine keeruline, kuid soovitatav lªhtepunkt on lekkele 

kalduvate ja kahjulikke aineid jahutavate soojusvahetite kindlakstegemine. Seejªrel on v»imalik 

lekkeid selektiivsemalt ja tªpsemalt m»»ta. Lekkeprobleemide ¿letamiseks on olulised nii ennetav 

kui parandav hooldus, kuid ¿ldjuhul on k»ige kulutasuvam korralik projekteerimine. 

 

 

3.7.1.3 Vªhendamine ennetava hoolduse abil 
 

Nªitena varasematest kontrollimeetoditest v»ib tuua t»mmatud torude visuaalse kontrollimise, 

h¿drostaatilise katsetamise ja tªiendava uurimise. Nende meetodite piirangud seisnesid selles, et 

kontroll keskendus torude otseselt nªhtavatele osadele. Sageli varjab mustus defektide varajased 

staadiumid ja ¿htlast korrosiooni on raske palja silmaga nªha. H¿drotestimine tuvastab ainult 

lekkivad torud. K¿simus on selles, kuidas valida edasiseks uurimiseks representatiivne toru. 

Seet»ttu ei ole eespool kirjeldatud varasemate kontrollimeetoditega v»imalik vªltida 

keskkonnareostust, mis tuleneb ootamatutest leketest, riketest, v»imsuse vªhenemisest ja/v»i 

spetsifikatsioonivªlise toote esinemisest. Teisest k¿ljest pidi ootamatuks toruvahetuseks olema laos 

suur hulk varutorusid. 

 

Kogemused soojusvahetitorude uut t¿¿pi uurimisega (keerisvoolu-uuringuga) on nªidanud, et 

soojusvahetitorude tººkindlust saab oluliselt suurendada ja leketest tulenevaid heiteid vªhendada. 

Kuna selle meetodi abil on v»imalik kontrollida ¿hte toru ja anda prognoos ¿he toru rikke kohta, 

p»hineb kontrollimise sagedus faktidel. Selle tulemusena saab soojusvaheti ¿ksikute torude 

rikkeohtu prognoosivate kontrollimeetodite abil vªhendada torude kulu, parandada varude haldust 

ja saada teadmisi korrosioonikªitumise kohta juba varajases staadiumis. See toob endaga torude 

lekkimisest tingitud ootamatute rikete vªhenemise, mis omakorda toob kasu keskkonnale, kuna 

vªhenevad heited jahutusvee kaudu. 
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Selle meetodi rakendamine ¿he keemiatehase territooriumil on alates selle meetodi 

kasutuselev»tust 1990. aastal vªhendanud toruvahetuste osakaalu ¿le 90% [Paping, Dow Chemical 

Benelux Terneuzen, 1999]. Selle tulemusel on vªhenenud ka aastased kulud. Keskmine aastane 

kokkuhoid, mis tuleneb toruvahetuste arvu vªhenemisest, on umbes 5 korda suurem kui 

kontrollimise kulud. Lekkivatest torudest tingitud ootamatute protsessikatkestuste arv on viimase 

10 aasta jooksul 90% v»rra vªhenenud.ñ 

 

3.7.2 Kemikaalide ladustamine ja kªitlemine 
 

Kemikaalide ladustamine ja kªitlemine on mªrgjahutuss¿steemide potentsiaalne 

keskkonnaprobleem. Jahutuss¿steemide lisaainete doseerimine v»ib olla pidev v»i katkendlik 

ning kemikaale v»idakse doseerida lahjendatult v»i puhtalt. Kemikaalide kogused ja omadused 

on vªga erinevad ja s»ltuvad mitmetest teguritest (nt vee keemiline koostis ja soojusvaheti 

materjal): kemikaalide ladustamisest ja kªitlemisest tulenev risk varieerub vastavalt sellele. 

 

Nªiteks pH reguleerimiseks kasutatakse kontsentreeritud vªªvelhapet, mida tavaliselt hoitakse 

vªhese s¿sinikusisaldusega terasest mahutites. Selleks, et vªltida plahvatusohtliku vesinikgaasi 

tekkimist mahutis, on vaja n»uetekohast ventilatsiooni. Soovitatav on kasutada hapnikupumpade 

ees s»elureid, et eemaldada k»ik korrosioonijªªgid ja muud tahked ained, mis v»ivad 

ladustamispaagis leiduda. 

 

M»nikord toodetakse lisandeid kohapeal. Nªiteks saab merealadel toota merevee elektrol¿¿si teel 

h¿pokloritit. See protsess, mida nimetatakse elektrokloorimiseks, v»ib olla ohtlik v»imaliku 

gaasilise kloori tekkimise t»ttu. Samuti tuleb seadeldist sageli hapete abil puhastada. Nende ohtude 

vªltimiseks kasutatakse v»imaluse korral alternatiivseid puhastusviise (nt XI lisa jaotis 3.4.7). 

 

Jahutuslisandeid v»ib kªitaja doseerida kªsitsi v»i keerukate arvutip»histe s¿steemide abil v»i 

tellida selle spetsialiseerunud ettev»tetelt, tavaliselt lisandite tegelikelt tarnijatelt. Kªsitsi 

doseerimisel on suurem oht, et ained v»ivad vªlja voolata, ning keskkonna ja inimeste tervise 

huvides tuleks kohaldada ohutuid kªitlemisprotseduure. Automatiseeritud s¿steemide puhul on 

oht, et need jªetakse hooletusse, kuid need n»uavad regulaarset kontrollimist. 

 

ELis tuleb jªrgida kemikaalide transporti, ladustamist ja kªitlemist kªsitlevaid erieeskirju ning 

keskkonnalubade puhul on vaja rakendada kohaspetsiifilisi meetmeid. ¦ldiselt on eesmªrk 

vªhendada lekke- ja lekkeohtu, et vªltida pinnase ja/v»i p»hjavee saastumist ning vªhendada 

plahvatusohtu, mªªratledes piiratud ala, kus kemikaalide ladustamine ja kªitlemine on lubatud. 

Sellised alad on varustatud mittelªbilaskvate p»randate v»i v»rega kaetud p»randatega ning on 

eraldatud, et hoida reageerivad kemikaalid lahus, samuti tuleb tagada n»utav minimaalne 

ventilatsioonikiirus. 

 

Ohtlike ainete ladustamise PVT-sid on kirjeldatud BREF-dokumendis, mis kªsitleb hoidlate 

heiteid. 

 

3.7.3 Mikrobioloogiline risk  
 

3.7.3.1 Mikroobide esinemine 
 

Jahutuss¿steemidest tulenevad mikrobioloogilised riskid on seotud erinevate haigustekitajate liikide 

esinemisega jahutusvees v»i s¿steemi osades, mis puutuvad kokku jahutusveega, nªiteks biokiled 

soojusvahetites ja jahutustornide tªidises. Kuivade jahutuss¿steemide puhul neid riske pole. 
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Peamised termofiilsed haigustekitajad, mida leidub j»evett kasutavates mªrgjahutuss¿steemides, 

on bakterid Legionella pneumophila (Lp) ja amººbid Naegleria fowleri (Nf). Merevees v»ivad 

lªbivoolujahutuss¿steemides areneda m»ned halofiilsed vibrioosiliigid, mis on kaladele v»i 

inimesele patogeensed. Nimetatud liigid esinevad looduskeskkonnas ¿ldiselt vªikestes ja ohututes 

kontsentratsioonides. K»rgema temperatuuri t»ttu v»ib jahutuss¿steemides tekkida soodne 

kliima, mis soodustab nende bakterite arengut, mis v»ib tekitada potentsiaalset ohtu inimeste 

tervisele. Legionella arengut soodustavad biosaastus, amººbide, viburlaste ja vetikate olemasolu. 

See levib aerosoolide kaudu. Pªrast m»ningaid suuri haiguspuhanguid on legionelloosi esinemist 

ja omadusi ning Lp arengut meditsiinilisest/bioloogilisest vaatepunktist laialdaselt uuritud. Samas 

on paljud keemilise ja protsessitehnoloogiaga seotud asjaolud endiselt ebaselged. 

 

Mªrkimisvªªrse k»rgusega ja hªsti toimiva triivik»rvaldajaga loodusliku t»mbega mªrgjahutustorni 

aurupilves on bakterite emissioon vªhem oluline, kuid mitte v»imatu. On teatatud Lp k»rgest 

kontsentratsioonist loodusliku t»mbega mªrgjahutustorni aurupilves, mis oli tingitud jahutustorni 

betoonseina sisek¿ljel esinevast biosaastusest. See kiht oli seina k¿ljest lahti tulnud ja 

triivik»rvaldajale langenud [tm145, Werner ja Pietsch, 1991]. 

 

Mitmel korral on teatatud Lp esinemisest tººstuslikes mehaanilise t»mbega jahutustornides, mille 

k»rgus on palju vªiksem kui loodusliku t»mbega tornide puhul [tm040, Schulze-Robbecke ja 

Richter, 1994], kuid selget p»hjuslikku seost jahutustornide ja LD-puhangute vahel ei ole 

suudetud kindlaks teha. Kui jahutuss¿steemide ja LD-puhangute vahel on siiski esinenud seos, 

siis on see alati olnud seotud halvasti hooldatud s¿steemidega [Morton et al., 1986]. 

 

T¿¿pilised Legionella arengut soodustavad tingimused mªrgjahutustornides on jªrgmised: 

 

¶ veetemperatuur jahutustornis on 25ï50 ÁC; 

¶ pH on vahemikus 6ï8; 

¶ esineb biosaastus. 

 

Vªhem teavet esitati teiste haigustekitajate, nªiteks Nf esinemise ja k»rrvaldamise kohta. On 
tªheldatud, et Nf arengut takistab messing ja soodustab roostevaba teras. Samuti on amººbid 
sagedamini esindatud avatud ringjahutuss¿steemides kui ¿hekordse lªbivooluga 
jahutuss¿steemides. Nf k»rvaldamist uuriti, kui pªrast kondensaatorite vªljavahetamist ¿hes 

Prantsuse elektrijaamas suurenes Nf sisaldus elektrijaama jahutusvees (3000 1
-1
). Pidev 

kloorimine maksimaalse vaba jªªkkloori tasemega vahemikus 0,3ï0,5 mg/l vªhendas koheselt Nf 
kontsentratsiooni ja tase jªi alla 4 patogeeni/l. [tm 144, Cabanes et al, 1997]. 

 

3.7.3.2 Bakterite m»»tmine 

 
Lp baktereid m»»detakse kolooniaid moodustavates ¿hikutes ehk CFU-des liitri kohta ja nende 
kontsentratsioon jahutustorni vees varieerub teadete kohaselt vªga madalast (kuni 10 CFU/l) kuni 
vªga k»rge tasemeni (105ï106 CFU/l). Biokiledes on leitud Lp kontsentratsioone kuni 106 
CFU/cm2. 

Kliimaseadmete puhul kasutatakse ¦hendkuningriigis vªªrtusi 100-1000 CFU, kuid ei ole selge, 

kas seda saab v»rrelda hªsti hooldatud mªrgjahutustornide tasemega ja taolistes olukordades 
esineva seonduva riskiga. Esitati soovitus hoida Lp kontsentratsioon alla 104 CFU/l. Tººstuslikes 
mªrgjahutuss¿steemides esinevate Lp kontsentratsioonide kvantifitseerimine ja sellise CFU 
taseme kindlaksmªªramine mªrgjahutuss¿steemides, mis on inimeste tervise seisukohast veel 
vastuv»etav, v»ib vajada tªiendavaid uuringuid. 

 

3.7.3.3 Mikrobioloogiliste riskide vªhendamise tehnikad 

([038, Millar  et al., 1997] ja [tm040, Schulze-Robbecke ja Richter, 1994], [tm166, Morton  et al, 1986] 

[tm167, Fliermans, 1996], ) 

 

Legionella puhangu tekkimise s¿ndmuste ahel h»lmab jªrgmist: 
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- virulentse bakterit¿ve tekkimine jahutuss¿steemis, 

- tingimused, mis soodustavad bakterite paljunemist, 

- saastunud vesi, mis pªªseb aerosoolidena atmosfªªri, 

- piisavad tilgad, mida vastuv»tlikud isikud s¿gavalt sisse hingavad. 

 

Legionelloosi ennetamine peaks seega p»hinema bakterite arengu ja paljunemise ennetamisel 

jahutuss¿steemis. Eriti just USAs ja ¦hendkuningriigis on vªlja tººtatud soovitused LD 

ennetamiseks. Legionellat soodustava keskkonna tekkimist v»ivad ennetada v»imaliku reservuaari 

(nt jahutustorni) korrapªrane anal¿¿s ja tªiendav rutiinne hooldus, »ige pH ja temperatuur, piisav 

biotsiidijªªkide tase ja lisavee kvaliteedi kontroll. 

 

Lp bakterite (ja muude bakterite) kogunemise vªltimiseks tuleks jahutustornides rakendada 

jªrgmisi meetmeid: 

¶ kasutada puhast vett ja v»imaluse korral jahutusvee eelpuhastust, 

¶ vªltida protsessilekkeid jahutuss¿steemi, 

¶ vªltida seisvate tsoonide tekkimist, 

¶ vªltida valgusenergia vªhenemist jahutustornis ja sellest tulenevat vetikate teket; vªltida tuleb 

avatud veekogusid, 

¶ tagada lihtne juurdepªªs regulaarseks puhastamiseks, 

¶ kasutada h»lpsasti puhastatavaid v»i vahetatavaid triivik»rvaldajaid, 

¶ projekteerida k¿lma vee temperatuur v»imalikult madalaks (vªikesed 

temperatuurierinevused), 

¶ vªltida katlakivi ja korrosiooni, 

¶ optimeerida konstruktsiooni, et soodustada sobivat veekiirust ja »hukiirust, 

¶ CT minimaalset kaugust asustatud aladest ei ole v»imalik mªªrata, kuid tuleks kaaluda 

meetmeid, et vªltida aurupilve j»udmist maapinnale v»i asustatud aladele, kui ruum seda 

v»imaldab, 

¶ aurupilve tekkimise vªhendamine v»ib aidata piirata LD levikut. 

 

Seoses jahutustorni asukohaga on tehtud ettepanek hinnata jahutustorniga seotud mikrobioloogilist 

riski, mis p»hineb peremeespopulatsioonil ja peremehe potentsiaalsel vastuv»tlikkusel. 

Hinnangulised kategooriad on jªrgmised: 

 

- 1. kategooria: k»rgeim risk ï jahutustorn, mis teenindab haiglat, hooldekodu v»i muud 

tervishoiuasutust, kus hooldatakse inimesi, kes v»ivad olla immunoloogiliselt ohustatud, v»i 

asub selle lªheduses (< 200 m), 

- 2. kategooria: jahutustorn, mis teenindab vanadekodu, hotelli v»i muid hooneid, kus on palju 
inimesi, v»i mis asub nende lªheduses (> 200 m), 

- 3. kategooria: elamu- v»i tººstuspiirkonnas asuv jahutustorn, 

- 4. kategooria: madalaim risk ï elamurajoonist eraldatud jahutustorn (> 600 m). 

 

Selle klassifikatsiooni alusel tehakse Legionella esinemise kontrolli igakuiselt (k»rgeim risk), 

igakuiselt kuni kord kvartalis (2. kategooria), kord kvartalis kuni kord aastas (3. kategooria) ja 

kord aastas pªrast suve (4. kategooria). 

 

Jahutustornide kªitajatele soovitatakse jªrgmisi meetmeid: 

¶ protsessi peatamise ja kªivitamise korral tuleb olla ettevaatlik, eriti kui jahutusringluse 
s¿steem seisab ¿le nelja pªeva, 

¶ jahutustornidesse sisenevad operaatorid peavad vªltima »hu sissehingamist, kasutades suu- ja 

ninakaitset (P3-mask on t»estatult toimiv), 

¶ kui jahutuss¿steemi puhastatakse pªrast Lp tuvastamist, tuleb kasutada mehaanilise 

puhastamise ja biotsiidi ġokk-doosi kombinatsiooni. 
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Nende soovituste kohta v»ib teha m»ned lisamªrkused. Pªrast pikaajalist seiskamist on hªdavajalik 

jahutuss¿steemide tººtlemine biotsiidiga (kloor). Kui on t»endeid mªªrdunud v»i saastunud 

s¿steemist, sealhulgas tarvikutest, nagu nªiteks helisummutus, tuleb see enne kªivitamist 

puhastada ja biotsiidiga ġokk-tººdelda. Sellise tººtlemise peab lªbi viima pªdev 

veepuhastusettev»te. Kui s¿steem on tugevalt saastunud, v»ib olla vajalik s¿steemi 

desinfitseerimine. 

 

Kogemuste p»hjal on selge, et keemiline tººtlemine k»rvaldab peamiselt vees olevaid baktereid. 

Jahutuss¿steemi p»hjalikumaks kontrollimiseks ja puhastamiseks tuleb tªhelepanu pººrata ka 

jahutuss¿steemi pinnal olevatele setetele ja biosaastusele, mist»ttu on oluline mehaaniline 

puhastamine. 

 

Kirjanduses mainitud vaba kloori tase 50 mg/l on selgelt ġokk-doosi tase, mida on kohaldatud 

pªrast LD puhangut. Kuna tegemist on suure hulga h¿pokloritiga, on selge, et see tººtlusviis ei 

sobi jahutustorni hooldustasemeks. Igal juhul on pªrast ġokk-doseerimist vaja tººdeldud 

jahutusveele enne selle ªrajuhtimist detoksikatsioon teha ja selleks on tavaliselt kasutatud 

bisulfititººtlust. 

 

Tuleks eelistada k»rget hooldustaset, et vªltida Lp arengut nii palju kui v»imalik. ¦ldiselt 

eelistatakse vees olevate Legionellade hªvitamiseks oks¿deerivaid biotsiide. Biokiledes olevate 

bakterite r¿ndamiseks on vaja aeglasema toimega aineid. See eeldab tººtlemist 

mitteoks¿deerivate biotsiididega. Nende hulgas on QAC-ained nªidanud paremaid tulemusi kui 

isotiosoliinid. 

 

Hiljutises Hollandi aruandes [tm155, Berbee, 1999] esitati m»ned tulemused jahutustornides CFU 

taseme vªhendamiseks, mis kinnitasid, et biotsiidide selge minimaalne kontsentratsioonitase ei ole 

veel kindlaks mªªratud. Jªreldati, et CFU-kontsentratsioonide vªhendamiseks on vaja k»rgeid 

biotsiidide kontsentratsioone, kuid need avaldasid ainult ajutist m»ju. K»rvalm»juna tuleb arvestada 

m¿rgiste k»rvalsaaduste k»rgema tasemega. Madalam veetemperatuur tundus olevat t»husam kui 

biotsiidide kasutamine (tabel 3.14), kuid see ei pruugi olla alati rakendatav. Protozoa k»rvaldamise 

keskkonnam»ju uurimine nªitas, et protozoa hªvitamiseks on vaja vªga suuri kontsentratsioone ja 

nende ts¿stid on kasutatud mitteoks¿deerivate biotsiidide suhtes peaaegu tundetud. 

 
Tabel 3.14: Temperatuuri ja biotsiididega tººtlemise m»ju CFU tasemele jahutustornides 

Tsiteeritud: Kusnetsov, [tm155, Berbee, 1999] 

 

Jahutustorn 
Madalama 

temperatuuri m»ju 

Biotsiidi 

kontsentr. (mg/l) 
Biotsiidi m»ju Mªrkused 

 
A 

T 25ÜC~10
5 
CFU 

kuni 

T 15ÜC~10
3 
CFU 

 
PHMB, 3, ġokk 

 

Ajutiselt alla 

avastamispiiri 

 

 
B 

T 25ÜC~10
4 
CFU 

kuni 

T 15ÜC~10
3 
CFU 

 
BNPD, 5, ġokk 

Ajutiselt alla 

avastamispiiri 

 

 

C 
 

n.r. 
PHMB, 2-250, 

ġokk 

 

Pole selge 
Vahetada kraanivee 

vastu 

 

D 
 

n.r. 
PHMB, 4-11, 

ġokk 

Ajutiselt,  

10
4 

CFU/l kuni 

10
3 
CFU/l 

 

 

E 

 

n.r. 
BNPD, 65-190, 

ġokk 

Ajutiselt,  

10
5 

CFU/l kuni  

10
3 
CFU/l 

 

Mªrkused: 
PHMB: pol¿heksamet¿leenbiguaniidkloriid (QAC) 

BNPD: bromonitropropaandiool 
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3.8 Jahutuss¿steemi kªitamisel tekkivad jªªtmed 

Jahutuss¿steemide kªitamisel tekkivate jªªtmete v»i jªªkide kohta on vªhe andmeid. K»igi 

jahutuss¿steemide puhul v»ib mingil etapil tekkida k¿simus s¿steemi osalisest v»i tªielikust 

kasutusest maha v»tmisest. Seadmete ja ka kªitusmeetodite moderniseerimine ja asendamine 

toovad kaasa jªrgmised k»rvaldatavad jªªtmed: 

¶ sissevooluvee eeltººtlusest (nt dekarboniseerimine), jahutusvee tººtlemisest v»i ringlusega 
mªrgjahutustorni kªitamise kªigus toimuvast vªljapesust tulenev muda (vt XI lisa, jaotis 3.4), 

¶ ohtlikud jªªtmed (nt vªikesed mahutid, lekked), mis on seotud jahutusvee keemilise 
tººtlemisega mªrgjahutuss¿steemides, 

¶ puhastustoimingutest tulenevad heitveed, 

¶ jªªtmed, mis tekivad kªitise ¿mberehitamisel, asendamisel v»i tegevuse l»petamisel. 

 

 

3.8.1 Muda teke 
 

Mªrgjahutuss¿steemide kogumismahutites v»ib tekkida muda. Kvantitatiivselt tekib rohkem muda 

dekarboniseerimisprotsessist, kui seda praktiseeritakse kohapeal. Ei ole teatatud konkreetsetest 

meetmetest, mis vªhendaksid muda tekkimist. Sobiv jahutusvee konditsioneerimine vªhendab 

t»enªoliselt muda settimist. Praegu mªªravad muda k»rvaldamise meetodi muda keemiline koostis 

ja kohalikud (v»i riiklikud) »igusaktid. M»nes liikmesriigis v»ib muda tagastada pªritoluvette, kuid 

teistes liikmesriikides tuleb neid tººdelda rangemini mªªratletud viisil. 

 

Jahutustornide veekogude p»hja ladestunud setted ja muda v»ivad sisaldada patogeensete bakterite 

ja algloomade ts¿ste v»i resistentseid vorme (vt jaotist 3.7.3). Patogeenseid amººbe ja Legionella 

pneumophilat leidub vªga suures kontsentratsioonis kondensaatorite torudest seisakute ajal v»i 

rauakloriidist puhastamise kªigus kogutud mudas [tm145, Werner ja Pietsch, 1991]. Lp ts¿ste 

leidub ka tªidise katlakivis. Sellest tulenevalt on soovitatav uurida enne PVC-tªidise k»rvaldamist 

v»i ¿mbertººtlemist seda t¿¿pi jªªkide mikrobioloogilist kvaliteeti. Kui nende jªªtmete kªitlemine 

ja ¿mbertººtlemine p»hjustab mªrkimisvªªrset ohtu tervisele, v»ib olla vajalik eritººtlus. 

 

 

3.8.2 Jahutusvee tººtlemise ja puhastustoimingute jªªgid 
 

Jahutusvee tººtlemine (eriti suuremate s¿steemide puhul) toimub tªnapªeval automaatselt ning 

paljudel juhtudel hoitakse vastavaid aineid taaras ja mahutites ning neid rakendab, ladustab, 

transpordib ja kªitleb tarnija. 

Sama kehtib ka puhastustoimingutest tuleneva heitvee kohta. Ka siin on ¿ha rohkem 

spetsialiseerunud ettev»tteid, kes neid toiminguid teevad. 

Selliste jªªtmete tekkimine ja k»rvaldamine ei ole siiski tººstuslikele jahutuss¿steemidele 

t¿¿piline. See, mil mªªral see kujutab endast keskkonnaprobleemi, on tihedalt seotud 

jahutuss¿steemi kasutusviisiga, sissevooluvee eeltººtlemisega ja jahutusvee puhastuse 

t»hususega. Selle keskkonnak¿simuse kohta ei ole teavet esitatud. 

 

 

3.8.3 Jªªtmed kªitise moderniseerimisest, asendamisest ja kasutuselt 
k»rvaldamisest 

 

¦ldiselt on jahutuss¿steemid projekteeritud ja ehitatud pika elueaga (kuni 20 aastat ja rohkem). On 

selge, et mida paremini neid kªitatakse ja hooldatakse, seda pikem on nende kasutusiga, kuid need 

tuleb projekteerida ja ehitada ka vastavalt konkreetsetele kasutustingimustele. Jahutuss¿steemi 

osade rakendamisel, kasutuselt k»rvaldamisel v»i asendamisel tuleb arvestada ka konkreetsete 

materjalide keskkonnam»juga. Esitati jªrgmised nªited. 
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3.8.3.1 Plastide kasutamine 
 

Jahutustornide ehituses kasutatakse ¿ha enam erinevaid plaste, nagu pol¿vin¿¿lkloriid, 

pol¿prop¿leen, pol¿et¿leen ja klaasiga tugevdatud plastid. Nende omadused teevad neist vªga 

sobivad materjalid jahutustorni sageli korrosiivses, vªga n»udlikus keskkonnas kasutamiseks. 

Praeguseid kogemusi on kirjeldatud Saksamaa Elektrijaamade Kªitajate Liidu tehnilises 

dokumendis [tm..., VGB, 2000]. Plastide kasutamine v»ib olla v»imalus jªªtmete vªhendamiseks, 

kui pªrast plastelementide vªljavahetamist on v»imalik neid taaskasutada. Seni ei ole veel teatatud 

kogemustest, mis v»iksid seda illustreerida. 

 

3.8.3.2 Mªrgjahutustornide ehitamiseks kasutatava puidu tººtlemine 
 

Puitu on kasutatud ja kasutatakse ka praegu jahutustornide ehitamiseks, kuid seda tuleb tººdelda, 

et tagada selle pikaealisus. Jahutustornides nii tªitekihi kui kandekonstruktsioonide jaoks 

kasutatavat puitu v»ib keemiliselt tººdelda. Tººtlemine p»hines ja v»ib ka praegu p»hineda CCA-

l (vasksulfaat, kaaliumdikromaat ja arseeni pentoksiid), kuna see suudab puidu k¿lge pidama jªªda. 

Vªidetakse, et kasutusaja jooksul kaob ainult 10% selle massist. 

 

Seda, kui suures ulatuses satuvad CCA-ga tººdeldud puidust tulenevad heited veekeskkonda, ei 

ole v»imalik kvantifitseerida. On teatatud, et kuigi tººdeldud puidul on aega kuivada, on puidu 

pinnal ikka veel mªrkimisvªªrne kogus kemikaale. Need v»ivad jahutustornis esimese veevooluga 

maha pestud saada ja varem v»i hiljem vastuv»tvasse veekogusse sattuda. 

 

Kuna CCA-s sisalduvad Cr ja As, tundub, et seda ei kasutata t»enªoliselt enam kuigi kaua. Puidu 

CCA-ga tººtlemine ei ole PVT ja t»enªoliselt see keelatakse. Puidu kaitsmiseks on juba vªlja 

tººtatud ja rakendatud alternatiivseid tººtlemisviise. Seet»ttu eeldatakse, et CCA-st tulenevad 

heited pinnavette hakkavad jªrk-jªrgult vªhenema. 

 

Kui CCA-tººdeldud puit tuleb k»rvaldada (m»ned riigid lubavad kontrollitud k»rvaldamist 

asjakohases pr¿gilas), siis on oodata vªhesel mªªral leostumist. Teistes liikmesriikides eelistatakse 

p»letamist asjakohases rajatises, kus enamik elemente jªªb tolmufiltrisse. CCA-ga tººdeldud puidu 

k»rvaldamiseks k»ige soodsama tehnika kindlaksmªªramine ei kuulu kªesoleva BREF-dokumendi 

kohaldamisalasse, kuid ka siin tuleb hinnata erinevate v»imaluste l»plikku keskkonnam»ju. 

 

3.8.3.3 Mªrgjahutustorni tªidis 
 

Niipea kui jahutustorni tªidis tuleb asendada, tuleb see ka k»rvaldada. Tªidised on valmistatud 

erinevatest materjalidest ja see mªªrab ªra, kuidas neid tuleb tººdelda. Tªidise saastetaseme kohta 

ei ole andmeid esitatud. 

Erijuhtumiks on asbestpaberist tªidise kasutamine. Ei ole olnud v»imalik hinnata, kas seda on 

Euroopas kasutatud, kuid asbesti v»ib olla varem kasutatud paljudes rakendustes, sealhulgas 

jahutustornide ehitamisel v»i nende tªidises. Kuna asbesti kasutamise ohtlikkuses enam ei 

kahelda, ei kasutata seda enam jahutustornides. Vanades jahutustornides v»ib veel asbesti leiduda 

ja selle eemaldamiseks on vaja erimeetmeid. 

 

¦hes viites on esitatud nªide, kus asbestist tªidis murenes 10-17 aasta jooksul, p»hjustades 

soojusvahetuse vªhenemist. Vajalik oli tªidise eemaldamine ja asendamine, mida tehti rangetes 

ohutustingimustes [tm082, Mittendorf, 1990]. 
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4 T¥¥STUSLIKE JAHUTUSS¦STEEMIDE PARIM VìIMALIK 

TEHNIKA  
 

4.1 Sissejuhatus 

Kªesoleva peat¿ki ja selle sisu m»istmisel juhitakse lugeja tªhelepanu uuesti selle dokumendi 

eess»nale ja eelk»ige eess»na viiendale osale: ĂKuidas kªesolevat dokumenti m»ista ja kasutadañ. 

Kªesolevas peat¿kis esitatud tehnikad ja meetodid ning nendega seotud heitkoguste ja/v»i tarbimise 

tasemed v»i tasemete vahemikud on hinnatud iteratiivse protsessi kªigus, mis h»lmab jªrgmisi 

etappe: 

 

¶ protsessi peamiste keskkonnaprobleemide kindlaksmªªramine; jahutusprotsessis on 

r»huasetus selgelt energiat»hususe suurendamisel (protsessi ¿ldise energiat»hususe 

suurendamisel), samuti pinnavette sattuvate heitkoguste vªhendamisel jahutusvee 

optimaalsema konditsioneerimise abil, 

¶ nende p»hik¿simuste lahendamiseks k»ige asjakohasemate tehnikate uurimine, 

¶ parimate keskkonnat»hususe tasemete kindlaksmªªramine, tuginedes Euroopa Liidus ja kogu 
maailmas kªttesaadavatele andmetele; enamikul juhtudel peetakse t»hususe tasemeid 

kªitisespetsiifilisteks, 

¶ tingimuste uurimine, milles need toimivustasemed saavutati; nªiteks kulud, keskkonnalised 

ristm»jud, peamine motivatsioon selle tehnika rakendamiseks; jahutuss¿steemide tehnikate 

hinnanªitajaid on ¿ldiselt esitatud vªga piiratud ulatuses, 

¶ PVT valimine ja sellega seotud heite- ja/v»i tarbimistasemete kaalumine selles sektoris 

¿ldiselt, k»ik vastavalt direktiivi artikli 2 l»ikele 11 ja IV lisale. 

 

Euroopa IPPC b¿roo ja asjakohase tehnilise tººr¿hma (TWG) eksperthinnangud on mªnginud 

olulist rolli k»igis nendes etappides ja selles, kuidas teave on siin esitatud. 

 

Selle hindamise p»hjal on kªesolevas peat¿kis esitatud tehnikad ja v»imaluse korral PVT 

kasutamisega seotud heite- ja tarbimistasemed, mida peetakse asjakohaste jahutuss¿steemide 

puhul sobivaks ja mis paljudel juhtudel kajastavad m»nede kohaldatavate seadmete praegust 

toimivust. Kui esitatakse PVT-ga seotud heite- v»i tarbimistasemed, tuleb seda m»ista nii, et need 

tasemed esindavad keskkonnategevuse tulemuslikkust, mida v»ib eeldada kirjeldatud tehnika 

rakendamise tulemusena protsessi- ja asukohaspetsiifilistes tingimustes, v»ttes arvesse PVT 

mªªratlusega kaasnevat kulude ja eeliste tasakaalu. Need ei ole siiski ei heitmete ega tarbimise 

piirvªªrtused ega minimaalsed n»utavad t»hususe tasemed ning neid ei tohiks sellisena m»ista. 

M»nel juhul v»ib olla tehniliselt v»imalik saavutada paremaid heite- v»i tarbimistasemeid, kuid 

sellega seotud kulude v»i keskkonnam»jude t»ttu ei peeta neid asjakohase 

jahutuskonfiguratsiooni puhul PVT-na sobivaks. Selliseid tasemeid v»i rakendusi v»ib siiski 

pidada p»hjendatuks erijuhtudel, kui esinevad erilised ajendid. 

 

PVT kohaldamisega seotud heite- ja tarbimistasemeid tuleb vaadelda koos mis tahes 

kindlaksmªªratud v»rdlustingimustega (nt kliima, asukoha piirangud). 

 

Eespool kirjeldatud m»istet "PVT-ga seotud tasemed" tuleb eristada m»istest "saavutatav tase", 

mida kasutatakse mujal kªesolevas dokumendis. Kui tase on kirjeldatud kui Ăsaavutatavñ, 

kasutades konkreetset tehnikat v»i tehnikate kombinatsiooni, tuleks seda m»ista nii, et see tase on 

eeldatavalt saavutatav mªrkimisvªªrse aja jooksul, hªsti hooldatud ja kªitatud rajatise v»i 

protsessi puhul, kasutades k»nealust tehnikat. 
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V»imaluse korral on kuludega seotud andmed esitatud koos eelmises peat¿kis v»i lisades esitatud 

tehnikate kirjeldusega. Need annavad ligikaudse ettekujutuse kulude suurusest. Tehnika 

rakendamise tegelik maksumus s»ltub siiski suuresti konkreetsest olukorrast, nªiteks maksudest, 

l»ivudest ja asjaomase kªitise tehnilistest omadustest. Kªesolevas dokumendis ei ole v»imalik 

selliseid kohaspetsiifilisi tegureid tªielikult hinnata. Kulusid kªsitlevate andmete puudumisel 

tehakse jªreldused tehnikate majandusliku teostatavuse kohta, lªhtudes olemasolevate rajatiste 

kohta tehtud tªhelepanekutest. 

 

Kªesolevas peat¿kis esitatud ¿ldine PVT peaks olema v»rdluspunktiks, mille alusel hinnata 

olemasoleva kªitise praegust toimivust v»i uue kªitise rajamise ettepanekut. Sel viisil aitavad need 

kaasa kªitise jaoks sobivate PVT p»histe tingimuste kindlaksmªªramisele v»i artikli 9 l»ike 8 

kohaste ¿ldiste siduvate eeskirjade kehtestamisele. Nªhakse ette, et uusi kªitisi saab projekteerida 

nii, et need vastavad siin esitatud ¿ldistele PVT tasemetele v»i on neist isegi paremad. Samuti 

arvatakse, et olemasolevad kªitised v»ivad liikuda ¿ldiste PVT tasemete suunas v»i saavutada 

paremaid tulemusi, s»ltuvalt iga konkreetse juhtumi puhul tehnikate tehnilisest ja majanduslikust 

rakendatavusest. 

 

Kuigi PVT-dokumentidega ei kehtestata »iguslikult siduvaid standardeid, on nende eesmªrk anda 

tººstusele, liikmesriikidele ja ¿ldsusele teavet konkreetsete tehnikate kasutamisel saavutatavate 

heite- ja tarbimistasemete kohta. Iga konkreetse juhtumi puhul tuleb kindlaks mªªrata asjakohased 

piirvªªrtused, v»ttes arvesse IPPC-direktiivi eesmªrke ja kohalikke aspekte. 

 

 

4.2 Horisontaalne lªhenemisviis jahutuss¿steemide PVT 

mªªratlemiseks 

Enne kªesolevas peat¿kis esitatud PVT jªrelduste kokkuv»tet selgitatakse l¿hidalt, kuidas tuleks 

t»lgendada kªesoleva BREF-dokumendi horisontaalset iseloomu. 

 

Horisontaalse lªhenemisviisi puhul eeldatakse, et kohaldatavate tehnikate keskkonnaaspekte ja 

nendega seotud vªhendamismeetmeid saab hinnata ning et saab kindlaks mªªrata ¿ldise PVT, mis 

ei s»ltu tººstuslikest protsessidest, milles tehnikat kasutatakse. 

 

Tººstuslikud jahutuss¿steemid on jahutatava tººstusprotsessi integreeritud osa. Kªesoleva 

dokumendi reguleerimisalasse kuuluvaid jahutuss¿steeme kasutatakse paljudes saastuse 

kompleksne vªltimise ja kontrolli alla kuuluvates tººstussektorites. Sellest tulenevalt on 

rakenduste, tehnikate ja tººtavade mitmekesisus tohutu. Lisaks sellele toob protsessi 

termod¿naamiline iseloom kaasa tªiendavaid erinevusi j»udluses ja sellest tulenevalt ka 

keskkonnam»judes. 

 

Sellise suure varieeruvuse t»ttu on keeruline v»rrelda eri meetodeid, et teha PVT kohta ¿ldisi 

jªreldusi. Peetakse v»imalikuks ¿ldise ennetava lªhenemisviisi kindlaksmªªramist, tuginedes 

praktilistele kogemustele jahutuss¿steemide heidete vªhendamisel. 

 

Selle ennetava lªhenemisviisi ehk esmase PVT lªhenemisviisi puhul pººratakse k»igepealt 

tªhelepanu jahutatavale protsessile. Teine oluline samm on jahutuss¿steemi projekteerimine ja 

ehitamine, eelk»ige uute kªitiste puhul. Ja l»puks, seadmete muutmine ja jahutuss¿steemi kªitamise 

viisid on k¿ll uunatud uutele kªitistele, kuid on eriti olulised olemasolevate s¿steemide puhul, kus 

tehnoloogilised v»imalused on mªrkimisvªªrselt piiratud ja kulukad. Iga juhtumi puhul tuleb 

teostada hoolikas hindamine. 
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4.2.1 Integreeritud soojuse juhtimine 
 

4.2.1.1 Tººstuslik jahutus = soojuse juhtimine 
 

Tººstusprotsesside jahutamist v»ib pidada soojuse juhtimiseks ja see on osa kogu kªitise 

energiamajandusest. Hajutatava soojuse kogus ja tase n»uavad jahutuss¿steemide teatavat 

j»udlust. See j»udlustase m»jutab omakorda s¿steemi konfiguratsiooni, projekteerimist ja 

kªitamist ning sellest tulenevalt ka jahutuss¿steemide keskkonnatoimet (otsene m»ju). 

Tagasipººrduvalt m»jutab jahutuse j»udlus ka tººstusprotsessi ¿ldist t»husust (kaudne m»ju). 

M»lemad m»jud, nii otsene kui kaudne, tuleb tasakaalustada, v»ttes arvesse k»iki muutujaid. Iga 

jahutuss¿steemi muutust tuleb kaaluda, arvestades nende v»imalikke tagajªrgi sellele tasakaalule. 

 

Seda kontseptsiooni v»ib kasutada lªhtepunktina, et s»nastada jahutuss¿steemide PVT esimene 

p»him»te. PVT k»igi kªitiste puhul on integreeritud lªhenemisviis, et vªhendada tººstusliku 

jahutuss¿steemi keskkonnam»ju, sªilitades tasakaalu nii otsese kui ka kaudse m»ju vahel. 

Teisis»nu, heidete vªhendamise m»ju tuleb tasakaalustada ¿ldise energiat»hususe v»imaliku 

muutusega. Praegu ei ole keskkonnakasu ja ¿ldise energiat»hususe v»imaliku vªhenemise 

minimaalset suhet, mida saaks kasutada v»rdlusalusena, et j»uda PVT-na kªsitletava tehnikani. 

Sellegipoolest saab seda kontseptsiooni kasutada alternatiivide v»rdlemiseks (jaotis 3.2 ja II lisa). 

 

 

4.2.1.2  rajuhitava soojuse vªhendamine soojuse sisemise/vªlise taaskasutamise 

optimeerimise abil 
 

Ennetav lªhenemisviis peaks alustama tººstusprotsessist, mis n»uab soojuse ªrajuhtimist, ja selle 

eesmªrk peaks olema eelk»ige soojuse ªrajuhtimise vajaduse vªhendamine. Tegelikult on soojuse 

ªrajuhtimine energia raiskamine ja sellisena mitte PVT. Soojuse taaskasutamine protsessis peaks 

alati olema jahutusvajaduse hindamise esimene samm. Protsessi integreeritud energiameetmed ei 

kuulu kªesoleva dokumendi reguleerimisalasse, kuid viidatakse muudele PVT 

viitedokumentidele, mis on koostatud IPPC-direktiivi raames ja milles kirjeldatakse 

energiameetmete v»imalusi. 

 

Uute ehitiste puhul v»ib vajaliku soojusv»imsuse hindamine olla PVT ainult siis, kui see tuleneb 

olemasoleva sisemise ja vªlise soojuse maksimaalsest ªrakasutamisest ning rakendatavatest 

v»imalustest ¿lejªªva soojuse taaskasutamiseks. 

Olemasoleva rajatise puhul peab kohaldatava jahutuss¿steemi v»imaliku v»imsuse mis tahes 

muutmisele samuti eelnema sisemise ja vªlise taaskasutamise optimeerimine ning ªrajuhitava 

soojuse koguse ja taseme vªhendamine. Olemasoleva jahutuss¿steemi t»hususe suurenemist 

tulenevalt s¿steemi toimimise parandamisest tuleb hinnata, v»rreldes seda t»hususe 

suurenemisega tehnoloogiliste meetmete abil moderniseerimisest v»i tehnoloogilistest 

muudatustest. ¦ldiselt ja suurte olemasolevate jahutuss¿steemide puhul peetakse s¿steemi 

toimimise parandamist kulutasuvamaks kui uue v»i tªiustatud tehnoloogia rakendamist ja seet»ttu 

v»ib seda pidada PVT-ks. 

 

 

4.2.1.3 Jahutuss¿steem ja protsessin»uded 
 

Kui on kindlaks tehtud protsessis tekkiva heitsoojuse tase ja kogus ning kui heitsoojuse edasine 

vªhendamine ei ole enam v»imalik, v»ib 1. peat¿kis kªsitletud protsessin»udeid silmas pidades 

teha esialgse jahutuss¿steemi valiku. Igal protsessil on oma unikaalne n»uete kombinatsioon, kus 

olulist rolli mªngivad protsessi juhtimise tase, protsessi tººkindlus ja ohutus. Seet»ttu on 

praeguses etapis peaaegu v»imatu anda esialgset iseloomustust PVT kohta, kuid mitmete protsessi 

omaduste suhtes v»ib teha jªrgmised jªreldused. 
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¦mbritseva temperatuuri tasemete kohaldamine p»hineb Euroopas saadud kogemustel, mis on 

saadud jahutuss¿steemide kohaldamisel erinevates kliimatingimustes. ¦ldiselt ei »igusta 

kuivtemperatuur madalatasemelise heitsoojuse ªrajahutamist ning eelistatud on vesijahutus. Kuid 

piirkondades, kus on madalad keskmised kuivtemperatuurid, kasutatakse kuiv»hkjahutust, et 

jahutada vesi madalamale protsessitemperatuurile (pªrast taaskasutusv»imaluste uurimist). Kui 

vett on piisavalt, v»ib jªrelejªªnud heitsoojuse seejªrel vesijahutuse teel hajutada. 

Ohtlikke protsessiaineid, mille lekke korral tekib suur keskkonnarisk veekeskkonnale, tuleks 

kontrollimatute olukordade vªltimiseks jahutada kaudsete jahutuss¿steemidega. 

 
Jahutuskonfiguratsiooni valik peaks p»hinema erinevate teostatavate alternatiivide v»rdlusel, 
v»ttes arvesse k»iki protsessin»udeid. Protsessin»uded on nªiteks keemiliste reaktsioonide 
juhtimine, protsessi toimimise tººkindlus ja n»utava ohutustaseme sªilitamine. Eesmªrk on 

minimeerida valitud alternatiivi kaudset m»ju. Iga alternatiivi keskkonnam»ju saab k»ige 
paremini v»rrelda, kui vªljendada seda otsese ja kaudse energiakasutuse (kWe) kaudu vªljastatud 
energia¿hiku (kWth) kohta. Teine v»imalus konfiguratsioonide v»rdlemiseks on vªljendada 
jahutuss¿steemi otsese energiakasutuse muutust (kWe) ja protsessi tootmistaseme muutust 
tonnides, m»lemal juhul vªljastatud energia¿hiku (kWth) kohta.  

 

Jahutustehnoloogia muutmist keskkonnam»ju vªhendamiseks saab pidada PVT-ks ainult siis, kui 

jahutuse t»husus jªªb samale tasemele v»i veelgi paremal juhul suureneb. 

 

 
Tabel 4.1: Nªited protsessin»uete ja PVT kohta 

 

Protsessi omadused 
Kriteeriumid  

Esmane PVT 

lªhenemisviis 
Mªrkus Viide 

 
K»rge (> 60ÜC) hajutatava 

soojuse tase 

Vee ja kemikaalide 

kasutuse vªhenemine ja 

¿ldise energiat»hususe 

paranemine 

 
(Eel)jahutamine 

kuiva »huga 

Energiat»husus ja 

jahutuss¿steemi 

suurus on piiravad 

tegurid 

 
Jaotis 1.1/1.3 

 
Keskmine (25ï60ÜC) 

hajutatava soojuse tase 

 
¦ldise energiat»hususe 

parandamine 

 
 

Pole teada 

 
 

Asukohaspetsiifiline 

 
Jaotis 1.1/1.3 

 
Madal (<25ÜC) hajutatava 

soojuse tase 

 
¦ldise energiat»hususe 

parandamine 

 
 

Vesijahutus 

 
 

Asukoha valimine 

 
Jaotis 1.1/1.3 

 
Madal ja keskmine 

soojustase ja -v»imsus 

Optimaalne ¿ldine 

energiat»husus koos 

veesªªstu ja nªhtava 

aurupilve 

vªhendamisega 

 
Mªrg- ja h¿briid-

jahutuss¿steem 

Kuivjahutus on 

ruumivajaduse ja 

vªiksema ¿ldise 

energiat»hususe t»ttu 

vªhem sobiv. 

 

 

Jaotis 1.4 

 

Jahutada tuleb ohtlikke 

aineid, mis kujutavad 

endast suurt 

keskkonnariski. 

 
Lekkeohu 

vªhendamine 

 
Kaudne 

jahutuss¿steem 

 
Tuleb aktsepteerida 

temperatuurierinevuse 

suurenemist 

 

Jaotis 1.4 ja 

VI  lisa 
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4.2.1.4 Jahutuss¿steem ja asukohan»uded 
 

Asukoha poolt seatud piirangud kehtivad eelk»ige uute kªitiste puhul, kus tuleb jahutuss¿steem 

veel valida. Kui vajalik soojuse ªrajuhtimise v»imsus on teada, v»ib see m»jutada sobiva asukoha 

valikut. Temperatuuritundlike protsesside puhul on PVT valida koht, kus on kªttesaadav vajalik 

jahutusvesi. 

 

Mitmetel p»hjustel ei p¿stitata uusi rajatisi alati jahutustehnoloogia osas eelistatud asukohale, 

samas kui nii uute kui ka olemasolevate rajatiste puhul on asukoha omadused selged, kui asukoht 

on teada. Asukoha k»ige olulisem termod¿naamiline omadus on selle aastane kliimamuster, mida 

kirjeldavad kuiv- ja mªrgtemperatuurid. 

 

 
Tabel 4.2: Nªited asukoha omaduste ja PVT kohta 

 

Asukoha 

omadused 

 

Kriteeriumid  
Esmane PVT 

lªhenemisviis 

 

Mªrkused 

 

Viide 

 
Kliima 

 

N»utav 

projekteeritud 

temperatuur 

 

Hinnata mªrg- ja 

kuivtemperatuuri 

varieeruvust 

K»rge kuivtempera-

tuuri korral on 

kuiv»hkjahutusel 

¿ldiselt madalam 

energiat»husus 

 

Jaotis 1.4.3 

 
Ruum 

 

Piiratud kohapealne 

pind 

 

(Monteeritavad) 

katuset¿¿pi 

konstruktsioonid 

Piirangud 

jahutuss¿steemi 

suurusele ja kaalule 

 

Jaotis 1.4.2 

 

Pinnavee 

kªttesaadavus 

 

Piiratud 

kªttesaadavus 

 
Ringluss¿steemid 

Teostatav on mªrg-, 

kuiv- v»i 

h¿briids¿steem 

 

Jaotised 2.3 

ja 3.3 

 

Vastuv»tva 

veekogu tundlikkus 

soojuskoormuse 

suhtes 

 
Vastavus 

soojuskoormuse 

vastuv»tuv»imele 

- Optimeerida soojuse 

taaskasutamise taset 

- Kasutada ringluss¿steeme 

- Asukoha valik (uus 

jahutuss¿steem) 

  

 
Jaotis 1.1 

P»hjavee piiratud 

kªttesaadavus 

 

P»hjavee 

kasutamise 

vªhendamine 

ìhkjahutus, kui puudub 

piisav alternatiivne 

veeallikas 

 

Energiatrahvi 

aktsepteerimine 

 
Jaotis 3.3 

 

 

 
Rannikuala 

 

 

 

Suur mahtuvus, 

> 10 MWth 

 

 

 
Lªbivoolus¿steemid 

Vªltida kohaliku 

soojuspuhangu 

segunemist 

sissev»tuga, nt v»ttes 

vett s¿gavalt altpoolt 

segunemistsooni, 

kasutades 

temperatuuride 

kihistumist 

 

 

Jaotis 

1.2.1 / jaotis 

3.2 

/XI  lisa jaotis 3 

 

 

Konkreetsed 

asukohan»uded 

Juhul, kui on 

kohustus 

vªhendada 

aurupilve ja torni 

k»rgust 

 

 

Rakendada 

h¿briidjahutuss¿steemi 

 

 

Tuleb aktsepteerida 

energiakahju 

 

 
2. peat¿kk 
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Muud kindlaks mªªratud omadused on ruum, vee kªttesaadavus jahutamiseks ja soojuse 

ªrajuhtimiseks ning ¿mbritsevad tundlikud piirkonnad (linna- ja tººstuspiirkonnad). P»hjavee osas 

v»ib olla PVT rakendada kuivjahutuss¿steemi, jªrgides p»him»tet, et p»hjavee kasutus oleks 

v»imalikult vªike, eriti piirkondades, kus p»hjavee ammendumist ei saa vªlistada. 

 

Tabelis 4.2 on toodud PVT nªited, mis on m»ne asukohaomaduse puhul kindlaks tehtud. 

 

4.2.2 PVT rakendamine tººstuslikes jahutuss¿steemides 
 

1. peat¿kis on esitatud ennetava lªhenemisviisi ¿levaade, milles nªidatakse, kuidas k»igi piirangute 

jªrkjªrguline hindamine v»ib viia selleni, mida v»ib nimetada parimaks v»imalikuks jahutustehnikaks. 

Selle lªhenemisviisi raames kªsitletakse 1. ja 3. peat¿kis ning sellega seotud lisades tegureid ja 

pakutakse vªlja tehnikaid, mis on seotud potentsiaalse PVT kindlaksmªªramisega peamiste vett ja/v»i 

»hku kasutavate jahutuskonfiguratsioonide jaoks. Jahutuss¿steemi optimeerimine selle 

keskkonnam»ju vªhendamiseks on keeruline ¿lesanne ja mitte tªpne matemaatiline v»rdlus. 

Teisis»nu, PVT tabelitest valitud tehnikate kombineerimine ei vii PVT-ga jahutuss¿steemini. L»plik 

PVT lahendus on kohaspetsiifiline lahendus. Siiski usutakse, et tººstuskogemuste p»hjal saab teha 

PVT kohta jªreldusi, v»imaluse korral kvantifitseeritud kujul. 

 

3. peat¿kis on esitatud tehnilise tººr¿hma antud teabel p»hinevad v»imalused keskkonda 

paisatavate heidete vªhendamiseks. Iga keskkonnak¿simuse ja iga asjakohase jahutusseadme 

konfiguratsiooni puhul on p¿¿tud kindlaks mªªrata ¿ldine lªhenemisviis ja j»uda PVT 

mªªratlemiseni. M»nda tehnikat on lisades ¿ksikasjalikumalt kirjeldatud. R»hk on selgelt veega 

seotud probleemidel, keskendudes biotsiidide ja musta nimekirja kantud ainete kasutamise 

vªhendamisele. 

 

Vªljapakutud tehnikad on kasutusel olevad tehnikad. Need on osutunud t»husaks, kuigi nende 

kvantifitseerimine on keeruline ja need v»ivad tekitada ebarealistlikke ootusi. V»ib eeldada, et 

k»iki meetmeid, mis on esitatud PVT-na ja mis ei s»ltu tªielikult kohalikust olukorrast, v»ib uute 

s¿steemide puhul kaaluda. Olemasolevate rajatiste puhul tuleb olla ettevaatlik, sest hindamine on 

keerulisem, kui v»imalused on piiratud ja s»ltuvad paljudest (protsessi)teguritest. Tundub, et 

olemasolevates jahutuss¿steemides ei ole operatiivsete meetmete rakendamisel kuigi palju 

takistusi, vªlja arvatud juhul, kui tehnoloogiline konstruktsioon piirab modifitseerimise 

v»imalusi. 

 

Tabelites 4.3ï4.12 on esitatud tehnikad, mida peetakse PVT-ks, lªhtudes esmase PVT 

lªhenemisviisist: 

 

¶ ¿ldise energiat»hususe suurendamiseks, 

¶ vee ja jahutusvee lisaainete kasutamise vªhendamiseks, 

¶ »hku ja vette eralduvate heidete vªhendamiseks, 

¶ m¿ra vªhendamiseks, 

¶ veeorganismide kaasahaaramise vªhendamiseks ning 

¶ bioloogiliste riskide vªhendamiseks. 

 

Jªªtmete vªhendamiseks v»i kªitlemiseks ei ole kindlaks tehtud ¿htegi selget PVT-d, millega 

vªltida keskkonnaprobleeme, nªiteks pinnase ja vee v»i p»letamise korral »hu saastumist. 

 

Iga keskkonnak¿simuse puhul on kindlaks mªªratud vªhendamise tehnika kohaldamise tagajªrjed 

teistele keskkondadele. ¦ldiselt tuleb iga jahutuss¿steemis tehtava muudatuse puhul hoolikalt 

kaaluda sellega seotud m»jusid ja selles m»ttes on tººstusliku jahutuse optimeerimine k¿simus, 

mis m»jutab mitut keskkonda. 
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M»ne meetme puhul on kindlaks mªªratud PVT-le vastavad vªªrtused. Samas ei v»imalda 

erinevate jahutustehnikate rakendamine paljudes erinevates protsessitingimustes mªªrata selgeid 

seonduvaid tasemeid. Sellistel juhtudel on antud kvalitatiivne kirjeldus. 

 

Uute jahutusrajatiste puhul on PVT alustada vªhendamismeetmete kindlaksmªªramist 

projekteerimisfaasis, rakendades madala energiavajadusega seadmeid ja valides sobivad materjalid 

seadmetele, mis puutuvad kokku protsessiainega ja/v»i jahutusveega. Selles m»ttes on eeskujuks 

jªrgmine tsitaat: "praktikas ... on jahutusvees¿steemi projekteerimisele, paigutusele ja hooldusele 

pººratud tªhelepanu suhteliselt vªike asi v»rreldes halvasti projekteeritud ja/v»i kªitatud 

jahutusvees¿steemi keskkonnam»judega. Kuna projekteerimisele pººratakse vªhe tªhelepanu, 

peavad tººtlemisviisid sageli selle halva projekteerimise korvama ja seet»ttu tuleb need valida nii, 

et need vªhendaksid biosaastuse ohtu. Sellises suhtumises on oodata vªhe muutusi seni, kuni 

ollakse vªhe teadlikud kehvasti projekteeritud jahutusvees¿steemi kªitamise ja hooldamise 

pikaajalistest kuludestñ [tm005, Van Donk ja Jenner, 1996]. 

 

Kui eelistatakse kuiv»hkjahutuss¿steeme, on meetmed peamiselt seotud otsese energiatarbimise ja 

m¿ra vªhendamisega ning vajaliku jahutuspinna suuruse optimeerimisega. 

 

Olemasolevate rajatiste puhul v»ivad tehnoloogilised meetmed olla teatud tingimustel PVT. 

¦ldiselt on tehnoloogia muutmine kulukas, kui sªlilitada tuleb ¿ldine t»husus. Kulude hindamisel 

tuleks siis v»rrelda muudatuse investeerimiskulusid ja kªitamiskulude muutust ning hinnata 

vªhendamism»ju ja muude keskkonnam»jude omavahelist tasakaalu. Nªiteks oleks vaja v»rrelda 

jahutusvee ringlusena kasutamise (mis n»uab vee biotsiididega tººtlemist) ja lªbivoolus¿steemi 

(ilma biotsiidita, kuid suure soojusemissiooniga veekeskkonda) keskkonnam»ju. 

 

Eelnevalt kokkupandud valmis jahutustornide puhul nªib tehnoloogia muutmine olevat nii 

tehniliselt kui ka majanduslikult teostatav. V»rreldavaid andmeid ei ole esitatud, mis v»iksid seda 

kinnitada, kuid tarnijate kogemuste kohaselt on suhteliselt lihtne muuta vªikese suurusega 

jahutustorne, nªiteks suletud ringlusega mªrgkonfiguratsioonilt suletud ringlusega h¿briid- v»i 

mªrg-/kuivkonfiguratsioonile ¿leminekuks. See ei n»uaks suuri protsessimuudatusi ega ehitustºid. 

Eritellimusena kohapeal p¿stitatavate suurte tornide puhul ei ole tehnoloogilisi muudatusi lihtne 

teha. Teistsugune tehnoloogia tªhendab tavaliselt tªiesti uut jahutustorni. 

 

Olemasolevate mªrgjahutuss¿steemide puhul, kus keskendutakse peamiselt 

keskkonnameetmetele, et vªhendada veekasutust ja kemikaalide heidet pinnavette, ei ole PVT 

mitte niiv»rd tehnoloogilise, vaid pigem kªitusliku iseloomuga. Siinkohal on p»hik¿simusteks 

jªrelevalve, kªitamine ja hooldus. 

 

 

4.3 Energiatarbimise vªhendamine 

4.3.1 ¦ldist 
 

PVT jahutuss¿steemi projekteerimisetapis on: 

¶ vee- ja »huvoolu takistuse vªhendamine, 

¶ suure kasuteguriga/vªikese energiakuluga seadmete kasutamine, 

¶ energian»udlike seadmete hulga vªhendamine (XI lisa,. jaotis 8.1), 

¶ rakendada lªbivoolus¿steemides ja mªrgjahutustornides optimeeritud jahutusvee tººtlemist, 
et hoida pinnad puhtad ja vªltida katlakivi, bioloogilist saastust ja korrosiooni. 
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Iga ¿ksikjuhtumi puhul peaks eespool nimetatud tegurite kombinatsioon viima jahutuss¿steemi 

kªitamiseks vajaliku madalaima v»imaliku energiatarbimise saavutamiseni. PVT osas on kindlaks 

tehtud mitu tehnikat/meetodit. 

 

 

4.3.2 Kindlaksmªªratud vªhendamistehnikad PVT lªhenemisviisi raames 
 

Tººstusprotsessi jahutamise integreeritud lªhenemisviisi puhul v»etakse arvesse nii otsest kui 

kaudset energiakasutust. Kªitise ¿ldise energiat»hususe seisukohalt on lªbivoolus¿steemide 

kasutamine PVT, eelk»ige protsesside puhul, mis n»uavad suurt jahutusv»imsust (nt > 10 MWth). 

J»gede ja/v»i suudmete puhul v»ib lªbivoolus¿steem olla vastuv»etav ka juhul, kui: 
 

¶ soojuspuhangu laienemine pinnavees jªtab kalade rªndeks lªbipªªsu, 

¶ jahutusvee sissevool on projekteeritud nii, et see vªhendab kalade kaasahaaramist, 

¶ soojuskoormus ei hªiri teisi vastuv»tva pinnavee kasutajaid. 

 

Elektrijaamade puhul, kus lªbivoolus¿steem ei ole v»imalik, on loodusliku t»mbega 

mªrgjahutustornid energiat»husamad kui muud jahutuskonfiguratsioonid, kuid nende kasutamine 

v»ib nende ¿ldise k»rgusega kaasneva visuaalse m»ju t»ttu piiratud olla. 

 

 
Tabel 4.3: PVT ¿ldise energiat»hususe suurendamiseks 

 

 
Asjakohasus 

 
Kriteerium  

Esmane PVT 

lªhenemisviis 
 

Mªrkused 

 
Viide 

 
Suur 

jahutusv»imsus 

 
¦ldine 

energiat»husus 

 
Lªbivooluvalikule asukoha 

valimine 

 
Vt teksti eespool 

toodud tabelis 

 
Jaotis 

3.2 

 
 

K»ik s¿steemid 

 
¦ldine 

energiat»husus 

 
Muutuva tºº v»imaluse 

rakendamine 

 
Tuvastada tuleb 

vajalik 

jahutusvahemik 

 
Jaotis 

1.4 

 
 

K»ik s¿steemid 

 
Muutuv 

tºº 

 
ìhu/veevoolu 

moduleerimine 

S¿steemis tuleb 

vªltida ebastabiilsust 

ja kavitatsiooni 

(korrosioon ja 

erosioon) 

 

 
 

K»ik 

mªrgs¿steemid 

 

Puhtad kontuuri / 

soojusvaheti 

pinnad 

 
Optimeeritud veepuhastus 

ja torupindade tººtlemine 

 
N»uab piisavat 

jªrelevalvet 

 
Jaotis 

3.4 

 
Lªbivoolu-

s¿steemid 

 

Jahutuse t»hususe 

sªilitamine 

Sooja heitvee uuesti 

sisset»mbamise vªltimine 

j»gedes ja selle vªhendamine 

j»esuudmetes ja merealadel 

  
 

XII  lisa 

 
K»ik 

jahutustornid 

 

Erienergia-

tarbimise 

vªhendamine 

 

Vªiksema 

energiatarbimisega 

pumpade ja ventilaatorite 

kasutamine 
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4.4 Veevajaduse vªhendamine 

4.4.1 ¦ldist 
 

Uute s¿steemide puhul v»ib mªrkida jªrgmist: 

¶ ¿ldist energiabilanssi silmas pidades on veega jahutamine k»ige t»husam, 

¶ uute rajatiste puhul tuleks asukoht valida nii, et suure jahutusveevajaduse korral oleks olemas 

piisav kogus (pinna)vett, 

¶ jahutusveevajadust tuleks vªhendada, optimeerides soojuse taaskasutamist, 

¶ uute kªitiste puhul tuleks asukoht valida nii, et oleks olemas piisav vastuv»tuvesi, eriti 
jahutusvee suure vªljavoolu korral, 

¶ kui vee kªttesaadavus on piiratud, tuleks valida tehnoloogia, mis v»imaldab erinevaid 
tººreģiime, mis vajavad n»utava jahutusv»imsuse saavutamiseks igal ajal vªhem vett, 

¶ k»ikidel juhtudel on ringjahutus ¿ks v»imalustest, kuid see vajab hoolikat tasakaalustamist 
teiste teguritega, nagu nªiteks vajalik vee konditsioneerimine ja madalam ¿ldine 

energiat»husus. 

 

Olemasolevate vesijahutuss¿steemide puhul v»ib vajalikku jahutusvee kogust vªhendada soojuse 

taaskasutamise suurendamine ja s¿steemi toimimise parandamine. J»gede puhul, kus pinnavee 

kªttesaadavus on piiratud, on ¿ks tehnoloogiline v»imalus ¿leminek lªbivoolus¿steemilt 

ringjahutuss¿steemile ja seda v»ib pidada PVT-ks. 

Suure jahutusv»imsusega elektrijaamade puhul peetakse seda ¿ldiselt kulukaks ja uusehitust 

n»udvaks meetmeks. Arvesse tuleb v»tta ruumivajadust. 

 

4.4.2 Kindlaksmªªratud vªhendamistehnikad PVT lªhenemisviisi raames 

 
Tabel 4.4: PVT veevajaduse vªhendamiseks 

 

Asjakohasus 
 

Kriteerium  
Esmane PVT  

lªhenemisviis 

 

Mªrkused 
 

Viited  

 

 

 

 

 

 

 

 
K»ik 

mªrgjahutus-

s¿steemid 

Jahutamisvajaduse 

vªhendamine 

Soojuse taaskasutamise 

optimeerimine 

  

1. peat¿kk 

Piiratud allikate kasutamise 

vªhendamine 

P»hjavee kasutamine 

ei ole PVT 
Asukohaspetsiifiline, 

eelk»ige 

olemasolevate 

s¿steemide puhul 

 
2. peat¿kk 

 

Veekasutuse vªhendamine 
Ringluss¿steemide 

rakendamine 

Erinevad n»udmised 

vee 

konditsioneerimisele 

 

2. peat¿kk / 

jaotis 3.3 

Veekasutuse vªhendamine, 

kui on kohustus vªhendad 

aurupilve ja tornik»rgust 

H¿briidjahutus-

s¿steemi 

rakendamine 

 

Tuleb aktsepteerida 

energiakahjusid 

Jaotis 

2.6 / 

jaotis 

3.3.1.2 

Kui vesi (lisavesi) ei ole 

protsessi (osa) ajal 

kªttesaadav v»i on vªga 

piiratud (p»uased 

piirkonnad) 

 

 
Kuivjahutuse 

rakendamine 

 

Tuleb aktsepteerida 

energiakahjusid 

 

Jaotised 3.2 

ja 3.3, XII  

lisa jaotis 6 

K»ik ringlusega 

mªrg- ja mªrg-

/kuivjahutus-

s¿steemid 

 

 

Veekasutuse vªhendamine 

 
Kontsentratsiooni-

ts¿klite optimeerimine 

Suurenenud vajadus 

vee konditsioneeri-

mise jªrele, nªiteks 

pehmendatud lisavee 

kasutus 

 

Jaotis 3.2 ja 

XI  lisa 
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Mitmel korral on soovitatud kuiv»hkjahutuse rakendamist. Kui v»tta arvesse ¿ldist 

energiat»husust, on kuiv»hkjahutus vªhem atraktiivne kui mªrgjahutus. Samas ei diskvalifitseeri 

see kuivtehnoloogiat. On arvutatud, et l¿hema eluea puhul on erinevused kuiv- ja mªrgjahutusega 

seotud kulude vahel vªiksemad kui pikema eluea puhul. Kui v»tta arvesse vee ja veepuhastuse 

kulusid, muutuvad erinevused samuti vªiksemaks. Kuivjahutus v»ib olla soovitatav teatud 

tingimustel, samuti eeljahutuseks k»rgematel temperatuuritasemetel, kus oleks vaja liigselt vett. 

 

 

4.5 Organismide kaasahaaramise vªhendamine 
 

4.5.1 ¦ldist 
 

Veev»tuseadmete kohandamine kalade ja muude organismide kaasahaaramise vªhendamiseks on 

vªga keeruline ja kohaspetsiifiline meede. Olemasoleva veev»tukoha muutmine on v»imalik, kuid 

kulukas. Rakendatud v»i katsetatud kalakaitse- v»i t»rjumistehnoloogiate hulgast ei saa veel 

¿htegi konkreetset tehnikat PVT-ks pidada. Kohalik olukord mªªrab, milline kalakaitse- v»i 

t»rjumistehnika on PVT. M»ningaid ¿ldisi rakendatavaid strateegiaid veev»tukoha 

projekteerimisel ja paigutamisel v»ib pidada PVT-ks, kuid need kehtivad eelk»ige uute 

s¿steemide puhul. 

S»elte kasutamise kohta tuleb mªrkida, et s»eltega kogutud orgaaniliste jªªtmete k»rvaldamise 

kulud v»ivad olla mªrkimisvªªrsed. 

 

 

4.5.2 Kindlaksmªªratud vªhendamistehnikad PVT lªhenemisviisi raames 

 
Tabel 4.5: PVT kaasahaaramise vªhendamiseks 

 

 
Asjakohasus 

 
Kriteerium  

Esmane PVT 

lªhenemisviis 
 

Mªrkused 

 
Viited  

 

 

 

 

K»ik 

lªbivoolus¿steemid 

v»i pinnavee 

sissevooluga 

jahutuss¿steemid 

Vee sisselaskeava 

sobiv asukoht ja 

konstruktsioon ning 

kaitsetehnika valik 

 

Pinnaveeallika biotoobi 

anal¿¿s 

Ka kriitilised alad, 

nagu kudemisalad, 

rªndepiirkonnad ja 

kalade kasvukohad 

Jaotis 

3.3.3 ja 

XII  lisa 

jaotis 3.3 

 

 

 
Veev»tukanalite 

ehitamine 

 

Vee kiiruse optimeerimine 

sissev»tukanalites, et 

piirata setete teket; 

makrobiosaastuse 

hooajalise esinemise 

jªlgimine. 

  

 

 
Jaotis 

3.3.3 

 
 

4.6 Vette juhitavate heidete vªhendamine 

4.6.1 ¦ldine PVT lªhenemisviis soojusheidete vªhendamiseks 
 

See, kas soojusheited pinnavette avaldavad keskkonnam»ju, s»ltub suuresti kohalikest 

tingimustest. Selliseid kohapealseid tingimusi on kirjeldatud, kuid need ei anna alust teha PVT 

kohta ¿ldist jªreldust. 
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Kui praktikas on soojusheidete piiranguid kohaldatud, oli lahenduseks ¿leminek 

lªbivoolutehnoloogialt avatud ringjahutusele (avatud mªrgjahutustorn). Olemasoleva teabe p»hjal 

ja k»iki v»imalikke aspekte arvesse v»ttes tuleb olla ettevaatlik, kui tahetakse teha jªreldus, et seda 

v»ib pidada PVT-ks. Tuleb tasakaalustada ¿helt poolt mªrgjahutustorni (jaotis 3.2) kohaldamisest 

tulenev ¿ldise energiat»hususe suurenemine ja teiselt poolt vªhenenud keskkonnam»ju, mis 

tuleneb vªiksema soojuse ªrajuhtimisest. Tªielikult kaasaval hindamisel kogu j»e valgala tasandil 

v»iks see h»lmata nªiteks teiste protsesside suurenenud ¿ldist energiat»husust, mis kasutavad 

sama, kuid n¿¿d k¿lmemat veeallikat, kuna sinna ei paisata enam suurt hulka sooja vett. 

 

Kui meetmete eesmªrk on ¿ldiselt vªhendada vªljavoolava jahutusvee T-d, v»ib teha m»ned 

jªreldused PVT kohta. Suurte elektrijaamade puhul on rakendatud eeljahutust (XII lisa), kui 

konkreetne olukord seda n»uab, nªiteks selleks, et vªltida sissevooluvee temperatuuri t»usu. 

 

Heitvee koguseid tuleb piirata, v»ttes arvesse direktiivi 78/659/EM¦ mageveekogusid kªsitlevaid 

n»udeid. Vastavad kriteeriumid on kokkuv»tlikult esitatud tabelis 3.6. Viidatakse k»nealuse 

direktiivi artikli 11 sªtetele, mis kªsitlevad n»uetest teatud tingimustel tehtavaid erandeid. 

 

 

4.6.2 ¦ldine PVT lªhenemisviis, et vªhendada kemikaalide heiteid vette 
 

Liikmesriikide poliitikas ja tººstuses on k»ige rohkem tªhelepanu pººratud jahutuss¿steemidest 

tulenevate kemikaalide heidete vªltimisele ja kontrollile. Neid peetakse jahutamise puhul 

soojusheidete k»rval endiselt k»ige olulisemaks probleemiks. 

 

Viidates vªitele, et 80% keskkonnam»just otsustatakse projekteerimisel, tuleks 

mªrgjahutuss¿steemi projekteerimise etapis v»tta meetmeid jªrgmises jªrjekorras: 

¶ mªªrata kindlaks protsessi tingimused (r»hk, temperatuur, aine sººvitavus), 

¶ mªªrata kindlaks jahutusvee allika keemilised omadused, 

¶ valida sobiv materjal soojusvaheti jaoks, arvestades nii protsessi tingimusi kui ka jahutusvee 

omadusi, 

¶ valida jahutuss¿steemi muude osade jaoks sobiv materjal, 

¶ mªªrata kindlaks jahutuss¿steemi kªitamisn»uded, 

¶ valida teostatav jahutusvee tººtlemisviis (keemiline koostis), kasutades vªhem ohtlikke 

kemikaale v»i kemikaale, mille m»ju keskkonnale on vªiksem (jaotis 3.4.5, VI ja VIII lisa), 

¶ rakendada biotsiidide valikukava (3. peat¿kk, joonis 3.2), 

¶ optimeerida doseerimisreģiimi, jªlgides jahutusvee ja s¿steemi seisundit. 

 

Selle lªhenemisviisi eesmªrk on vªhendada eelk»ige jahutusvee tººtlemise vajadust. 

Olemasolevate s¿steemide puhul on tehnoloogilised muudatused v»i seadmete muutmine 

keeruline ja ¿ldiselt kulukas. Keskenduda tuleks s¿steemide kªitamisele, kasutades optimeeritud 

doseerimisega seotud seiret. On tuvastatud m»ned nªited heade tulemustega tehnikate kohta. Need 

on ¿ldiselt kohaldatavad teatud s¿steemikategooriate puhul, neid peetakse kulut»husaks ja need ei 

vaja jahutusseadmetes suuri muudatusi. 

 

Pªrast seda, kui jahutuss¿steemi tundlikkust biosaastuse ja korrosiooni suhtes on vªhendatud, v»ib 

t»husa soojusvahetuse sªilitamiseks olla siiski vaja veepuhastust. Jªrgmiseks sammuks on siis 

veekeskkonnale vªhem kahjulike jahutusvee lisaainete valimine ja nende v»imalikult t»hus 

rakendamine. 

 

Kemikaalide valiku osas on j»utud jªreldusele, et tººtlemisviiside ja nende kemikaalide pingerida 

on raske, kui mitte v»imatu ¿ldisel moel koostada ning t»enªoliselt ei j»uta sellega PVT 

jªreldusteni. Tingimuste ja tººtlemisviiside suure varieeruvuse t»ttu saab sobiva lahenduse leida 

ainult kohapealse hindamise teel. 
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Selline hindamine ja selle osad v»ivad olla lªhenemisviis, mida v»ib pidada PVT-ks. 

 

Selline lªhenemisviis on esitatud kªesolevas BREF-dokumendis ning see koosneb vahendist, mis 

aitab koostada valitud kemikaalide esimest jªrjestust, ja lªhenemisviisist biotsiidide hindamiseks, 

mis seob jahutuss¿steemi n»uded vastuv»tva veeºkos¿steemi n»uetega (VIII lisa). Lªhenemisviisi 

eesmªrk on minimeerida jahutusvee lisaainete ja eelk»ige biotsiidide m»ju. Selle lªhenemisviisi 

p»hielemendid on biotsiidide direktiiv 98/8/E¦ (BPD) ja vee raamdirektiiv (WFD). Oluline on 

kasutada erinevate ainete PEC- ja PNEC-vªªrtusi, kusjuures PEC/PNEC suhe v»iks olla PVT 

mªªramisel m»»dupuuks. 

 

Konkreetsete ainete kohaldamisel on palju kogemusi saadud lªbivoolus¿steemides, kus 

kasutatakse kloorist saadud komponente (eelk»ige h¿poklorit, klooramiin) ja kloori/broomi 

kombinatsioone, samuti vªhendatud kontsentratsioonitasemete rakendamisel. 

 

Sama kehtib ka biotsiidide kasutamise kohta ringluss¿steemide konditsioneerimisel. Sellistes 

s¿steemides kasutatakse sageli mitut ainet sisaldavaid puhastusviise. On selge, et m»ned 

komponendid v»i ained ei ole PVT v»i neid ei tohiks ¿ldse kasutada. ¦ldine lªhenemisviis sobiva 

biotsiidi valimiseks h»lmab kohalikke aspekte, nªiteks vastuv»tva pinnavee veekvaliteedi 

eesmªrke. 
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4.6.3 Kindlaksmªªratud vªhendamistehnikad PVT lªhenemisviisi raames 
 

4.6.3.1 Ennetamine projekteerimise ja hoolduse teel 

 
Tabel 4.6: PVT veeheidete vªhendamiseks projekteerimise ja hoolduse teel 

 

Asjakohasus Kriteerium  Esmane PVT 

lªhenemisviis 

Mªrkused Viited  

 

 

 

 
K»ik 

mªrgjahutuss¿s

teemid 

 
Kasutada vªhem 

korrosioonitundlikku 

materjali 

Protsessiaine ja 

jahutusvee 

korrosioonitekitavuse 

anal¿¿s, et valida »ige 

materjal 

  

 
Jaotis 3.4 

 

Vªhendad 

biosaastust ja 

korrosiooni 

 

Jahutuss¿steemi 

projekteerimine nii, et 

vªltida stagnatsioonitsoone 

  

XI  lisa 

jaotis 

3.3.2.1 

 

Manteltoruga 

soojusvaheti 

 

Puhastamist 

h»lbustav 

konstruktsioon 

 
Jahutusvee voolamine 

toru sees ja tugeva 

biosaastusega keskkond 

toru poolel 

S»ltuvalt 

konstruktsioonist, 

protsessi 

temperatuurist ja 

r»hust 

 

 
III  lisa jaotis 

1 

 

 

 

 

 

 

 
Elektrijaamade 

kondensaatorid 

 

Vªhendada 

korrosiooni-

tundlikkust 

 
Ti kasutamine 

kondensaatorites, kus 

kasutatakse merevett v»i 

riimvett. 

  

 
XII  lisa 

 

Vªhendada 

korrosiooni-

tundlikkust 

Vªhese korrosiooniga 

sulamite (k»rge 

punktsiooninªitajaga 

roostevaba teras v»i vask-

nikkel) kasutamine 

¦leminek madala 

korrosioonitasemega 

sulamitele v»ib 

m»jutada patogeenide 

teket 

 

XII  lisa 

jaotis 5.1 

 

 
Mehhaaniline 

puhastamine 

 
Vahtpallide v»i harjadega 

automaatsete 

puhastuss¿steemide 

kasutamine 

Lisaks sellele v»ib 

olla vajalik 

mehaaniline 

puhastamine ja 

k»rge veesurve 

 

XII lisa 

jaotis 5.1 

 

 

 

 

 

 

 
Kondensaatorid 

ja soojusvahetid 

 
Vªhendada 

kondensaatoritesse 

tekkivaid setteid 

(biosaastust) 

Vee kiirus uute seadmete 

puhul > 1,8 m/s ja 

torukimpude 

jªrelpaigalduse korral 1,5 

m/s 

S»ltuvalt materjali 

korrosioonitundlik-

kusest, vee 

kvaliteedist ja 

pinnatººtlusest 

 

XII lisa 

jaotis 5.1 

 
Vªhendada 

soojusvahetitesse 

tekkivaid setteid 

(biosaastust) 

 

 
Vee kiirus > 0,8 m/s 

S»ltuvalt materjali 

korrosioonitundlik-

kusest, vee 

kvaliteedist ja 

pinnatººtlusest 

 

XII  lisa 

jaotis 3.2 

 

 
Vªltida ummistusi 

Soojusvahetite kaitsmiseks 

pr¿gifiltrite kasutamine, kui 

esineb ummistumisoht. 

  

 
XII  lisa 
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Tabel 4.6 (jªtk): PVT veeheidete vªhendamiseks projekteerimise ja hoolduse teel 

 

Asjakohasus Kriteerium  Esmane PVT 

lªhenemisviis 

Mªrkused Viited  

 

 

 

 

 

 

 
 

Lªbivooluga 

jahutuss¿steem 

 
 

Vªhendada 

korrosioonitundlik-

kust 

 

Jahutusvees¿steemides 

s¿sinikterase kasutamine, 

kui korrosioonin»udeid on 

v»imalik tªita 

 
 

Mitte riimvee 

puhul 

 
 

IV lisa jaotis 1 

 
 

Vªhendada 

korrosioonitundlik-

kust 

Maa-aluste torustike puhul 

tugevdatud 

klaaskiudplasti, kaetud 

raudbetooni v»i kaetud 

s¿sinikterase kasutamine 

  
 

IV lisa jaotis 2 

 
 

Vªhendada 

korrosioonitundlik-

kust 

Vªga korrosioonitekitavas 

keskkonnas soojusvahetite 

jaoks Ti-torude v»i sarnas-

te omadustega k»rgkvali-

teetsest roostevabast 

terasest torude kasutamine 

Ti ei ole 

redutseerivas 

keskkonnas, vajalik 

v»ib olla 

optimeeritud 

biosaastuse kontroll 

 

 

IV lisa jaotis 2  

 

 

 

 
 

Avatud 

mªrgjahutus-

tornid 

 
 

Vªhendada 

biosaastust soolase 

vee tingimustes 

 
Avatud, madala 

biosaastuse tasemega ja 

suure koormuse toega 

tªite kasutamine 

  

 
IV lisa jaotis 4 

 

Vªltida 

biosaastuse 

t»rjest tulenevaid 

ohtlikke aineid 

 
Puitosade CCA-tººtlus 

v»i TBTO-d sisaldavate 

vªrvide kasutamine ei ole 

PVT 

  
 

Jaotis 3.4, IV 

lisa jaotis 4 

 
Loodusliku 

t»mbega 

mªrgjahutustornid 

 
 

Vªhendada 

biosaastuse vastast 

tººtlust 

 

Tªidise valimine, 

arvestades kohalikku 

veekvaliteeti (nt suur 

tahkete ainete sisaldus, 

katlakivi) 

  
 

XII lisa jaotis 

8.3 
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4.6.3.2 Kontrollimine optimeeritud jahutusveepuhastuse abil 

 
Tabel 4.7: PVT veeheidete vªhendamiseks jahutusvee optimeeritud puhastuse teel 

 

Asjakohasus Kriteerium  
Esmane PVT 

lªhenemisviis Mªrkused Viited  

 

 

 

 

 

 

 

 
K»ik mªrgs¿steemid 

 

Vªhendada 

lisaainete 

kasutamist 

 

Jahutusvee keemia 

jªlgimine ja kontroll 

 Jaotis  

3.4 XI lisa 

jaotis 7.3 

 

 

 

 

 
Kasutada vªhem 

ohtlikke kemikaale  

PVT ei ole: 

¶ kroomi¿hendid, 

¶ elavh»beda¿hendid, 

¶ metallorgaanilised 

¿hendid (nt 

tinaorgaanilised 

¿hendid), 

¶ merkaptobensotiasool, 

¶ ġokk-tººtlus muude 

biotsiididega kui kloor, 

broom, osoon ja H2O2 

  

 

 

 

 
Jaotis 3.4 / 

VI  lisa 

Lªbivooluga 

jahutuss¿steem ja 

avatud 

mªrgjahutustornid 

 

Biotsiidi 

sihtdoos 

Makrobiosaastuse 

jªlgimine biotsiidi 

annuse optimeerimiseks 

  

XI  lisa 

jaotis 

3.3.1.1 

 

 

 

 

 

 

 

 

 

 

 

 

 
Lªbivooluga 

jahutuss¿steem 

 
Piirata 

biotsiidide 

kasutamist  

Kui merevee temperatuur 

on alla 10ï12 ÁC, ei 

kasutata biotsiide 

M»nes piirkonnas 

v»ib olla vajalik 

talvine tººtlemine 

(sadamad) 

 

V lisa 

 
 

Vªhendad FO 

heiteid  

Viibimisaja ja veekiiruse 

varieeruvuse kasutamine 

koos seonduva FO v»i FRO 

tasemega 0,1 mg/l 

(vªljalaskekohas) 

 
 

Ei kohaldata 

kondensaatoritele 

 
Jaotis 3.4, 

XI  lisa 

jaotis 

3.3.2 

 

Vaba 

(jªªk)oks¿deerija 

heited 

Merevee pidevkloreerimise 

korral FO v»i FRO tase Ò 

0,2 mg/l (vªljalaskekohas) 

 

Igapªevane (24 h) 

keskmine vªªrtus 

 

XI  lisa 

jaotis 

3.3.2 

 

Vaba 

(jªªk)oks¿deerija 

heited 

Merevee vahelduva ja ġokk-

kloreerimise korral FO v»i 

FRO tase Ò 0,2 mg/l 

(vªljalaskekohas) 

 

Igapªevane (24 h) 

keskmine vªªrtus 

 

XI  lisa 

jaotis 

3.3.2 

 
Vaba 

(jªªk)oks¿deerija 

heited 

Merevee vahelduva ja ġokk-

kloreerimise korral FO v»i 

FRO tase Ò 0,5 mg/l 

(vªljalaskekohas) 

¦he pªeva 

tunnikeskmine 

vªªrtus, kasutusel 

protsessi 

kontrollin»ueteks 

 
XI  lisa 

jaotis.3.

3.2 

Vªhendada OX-

¿hendite teket 

magevees 

 

Magevee pidev kloorimine 

ei ole PVT 

  

Jaotis 3.4, 

XII  lisa 
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Tabel 4.7 (jªtk): PVT veeheidete vªhendamiseks jahutusvee optimeeritud puhastuse teel 

 

Asjakohasus Kriteerium  Esmane PVT 

lªhenemisviis 

Mªrkused Viited  

 

 

 

 

 

 

 

Avatud 

mªrgjahutus-

tornid 

 
Vªhendada 

h¿pokloriti kogust 

 
Tººtamine jahutusvee 

pH vªªrtusel 7 Ò pH Ò 

9. 

  

XI  lisa 

Vªhendada biotsiidi 

kogust ja vªljapesu  

K¿lgvooluna 

biofiltreerimine on PVT 

  
XI  lisa 

jaotis 

3.1.1 

Vªhendada kiiresti 

h¿drol¿¿suvate 

biotsiidide heiteid 

 
Pªrast doseerimist 

ajutiselt vªljapesu 

sulgemine 

  
Jaotis 

3.4 

 
Osooni 

kasutamine 

 
Tººtlemistasemed Ò 0,1 

mg O3/l 

Hinnata kogukulusid 

v»rreldes teiste 

biotsiidide 

kasutamisega 

 
XI  lisa 

jaotis 

3.4.1 

 
 

 

 

4.7 ìhku juhitavate heidete vªhendamine 
 

4.7.1 ¦ldine lªhenemisviis 
 

Jahutustornide »huheidetele on suhteliselt vªhe tªhelepanu pººratud, vªlja arvatud aurupilve 

tekkimise m»ju. M»nedest esitatud andmetest jªreldatakse, et heidete tasemed on ¿ldiselt madalad, 

kuid neid ei tohiks tªhelepanuta jªtta. 

 

Kontsentratsioonitaseme alandamine jahutusvee ringluses m»jutab ilmselgelt ainete v»imalikke 

heiteid aurupilves. V»ib anda m»ned ¿ldised soovitused, mis on PVT iseloomuga. 
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4.7.2 Kindlaksmªªratud vªhendamistehnikad PVT lªhenemisviisi raames 

 
Tabel 4.8: PVT »huheidete vªhendamiseks 

 

Asjakohasus Kriteerium  Esmane PVT 

lªhenemisviis 

Mªrkused Viited  

 

 

 
 

K»ik 

mªrgjahutus-

tornid 

 

Vªltida 

aurupilve 

j»udmist 

maapinnale 

Aurupilve eraldumine 

piisaval k»rgusel ja 

minimaalse vªljuva »hu 

kiirusega torni vªljalaskel 

  
Jaotis 

3.5.3 

 
Vªltida 

aurupilve 

tekkimist. 

H¿briidtehnika v»i muud 

aurupilve vªhendavad 

meetodid, nªiteks »hu uuesti 

soojendamine 

Vajalik on kohalik 

hindamine 

(linnapiirkonnad, 

liiklus) 

 
Jaotis 

3.5.3 

 

 

 
 

K»ik 

mªrgjahutus-

tornid 

 
Kasutada vªhem 

ohtlikke aineid  

Asbesti kasutamine v»i CCA 

(v»i sarnase) v»i TBTO-ga 

konserveeritud puidu 

kasutamine ei ole PVT 

  
Jaotis 

3.8.3 

 

 

Vªltida m»jusid 

sise»hu 

kvaliteedile  

 

Torni vªljalaskeava selline 

projekteerimine ja paigutus, 

et vªltida vªljund»hu 

sattumist kliimaseadmete 

sisset»mbesse 

Eeldatavasti on 

suurte, 

mªrkimisvªªrse 

k»rgusega ja 

loodusliku t»mbega 

jahutustornide puhul 

vªhem oluline 

 

 
Jaotis 3.5 

 
K»ik 

mªrgjahutus-

tornid s 

 
Vªhendada 

triivikadusid  

 

Selliste triivik»rvaldajate 

kasutamine, mille kadu on 

<0,01% kogu 

ringlusvoolust 

 

Sªilitada tuleb 

madal »huvoolu 

takistus 

 
Jaotis 3.5 

ja XI lisa 

jaotis 5.1 

 
 

4.8 M¿raheidete vªhendamine 

4.8.1 ¦ldist 
 

M¿raheidetel on kohalik m»ju. Jahutusseadmete m¿ra on osa kogu m¿raheitest, mis kªitises tekib. 

On kindlaks mªªratud rida esmaseid ja teiseseid meetmeid, mida saab vajadusel m¿ra 

vªhendamiseks rakendada. Esmased meetmed muudavad allika heliv»imsuse taset, teiseseid 

meetmeid kasutades aga vªhendatakse vªljatungiva m¿ra taset. Eelk»ige just teisesed meetmed 

p»hjustavad r»hukadu, mida tuleb kompenseerida tªiendava energiakulu abil, mis vªhendab 

jahutuss¿steemi ¿ldist energiat»husust. M¿ravªhendamise meetodi l»plik valik on individuaalne 

k¿simus, nagu ka sellest tulenev toimivustase. PVT-ks peetakse jªrgmisi meetmeid ja 

minimaalseid vªhendamistasemeid. 
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4.8.2 Kindlaksmªªratud vªhendamistehnikad PVT lªhenemisviisi raames 
 

Tabel 4.9: PVT m¿raheidete vªhendamiseks 

 

 

Jahutuss¿steem 

 

Kriteerium  

 

Esmane PVT 

lªhenemisviis 

Associated 

reduction 

levels 

 

Viited  

 

 

Loodusliku 

t»mbega 

jahutustornid 

Vªhendada »hu 

sisselaskeava juures 

veekaskaadi m¿ra 

Erinevad olemasolevad 

tehnikad 

 

Ó 5 dB(A) 
 

Jaotis 3.6 

Vªhendada 

m¿raheiteid torni 

aluse ¿mbruses 

Nªiteks muldkeha v»i 

m¿ra summutav 

t»kkesein 

 

< 10 dB(A) 

 

Jaotis 3.6 

 

 

 

 
 

Mehaanilise 

t»mbega 

jahutustornid 

 

Vªhendada 

ventilaatorim¿ra 

Madala m¿ratasemega 

ventilaatori kasutamine, 

mille omadused on nt: 

- suurem lªbim»»t; 

- vªiksem labatippude 

kiirus 

 

 
< 5 dB(A) 

Jaotis 3.6 
 

Jaotis 3.6 

Hajuti optimeeritud 

konstruktsioon 

Piisav k»rgus v»i 

helisummutite 

paigaldamine 

 
Muutuv 

 
Jaotis 3.6 

 
Vªhendada mura 

Sisse- ja vªljalaskele 

summutusmeetmete 

rakendamine 

 
Ó 15 dB(A) 

 
Jaotis 3.6 

 
 

4.9  Lekkeohu vªhendamine 
 

4.9.1   ¦ldine lªhenemisviis 
 

Lekkeohu vªhendamiseks tuleb tªhelepanu pººrata soojusvaheti konstruktsioonile, 

protsessiainete ohtlikkusele ja jahutuse konfiguratsioonile. Lekete vªhendamiseks v»ib rakendada 

jªrgmisi ¿ldisi meetmeid: 

¶ valida mªrgjahutuss¿steemide seadmete materjal vastavalt rakendatavale vee kvaliteedile; 

¶ kªitada s¿steemi vastavalt selle konstruktsioonile, 

¶ kui jahutusvett on vaja puhastada, siis valida »ige jahutusvee puhastamise programm, 

¶ jªlgida kemikaalide lekkeid mªrgjahutuss¿steemide ringlusse suunatud jahutusvee 
vªljavoolus, anal¿¿sides vªljapesuvett. 
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4.9.2  Kindlaksmªªratud vªhendamistehnikad PVT lªhenemisviisi raames 
 

Tabel 4.10: PVT lekkeohu vªhendamiseks 
 

Asjakohasus
1)

 Kriteerium  Esmane PVT 

lªhenemisviis 

Mªrkused Viited  

 
K»ik soojusvahetid 

 

 

Vªltida vªikesi 

pragusid 

 
æT ¿le soojusvaheti Ò 

50 ÜC 

Tehniline lahendus 

k»rgema æT jaoks 

tuleb luua iga 

juhtumi puhul 

eraldi 

 

 

III  lisa 

 
Manteltoru-

soojusvaheti 

Kasutada 

projekteeritud piirides 
Protsessi seire 

 III  lisa 

jaotis 1 

Torude/toruplaatide 

tugevus 

Keevitustehnoloogia 

rakendamine 

Keevitus ei 

ole alati 

kohaldatav 

III  lisa 

jaotis 3 

 

Seadmed 
 

Vªhendada korrosiooni 
Temperatuur metalli 

jahutusvee poolel < 60 ÜC 

Temperatuur 

m»jutab 

korrosiooni 

pªrssimist 

IV lisa 

jaotis 1 

 

 

 

 

 

 

 

 

 

 

 

Flow-through 

cooling systems 

 

VCI skoor 5ï8 
Otses¿steem Pjahutusvesi > 

Pprotsess ja seire 

Lekke korral 

kohesed 

meetmed 

 

VII  lisa 

 

VCI skoor 5ï8 
Otses¿steem Pjahutusvesi 

= Pprotsess ja automaatne 
anal¿¿siv seire 

Lekke korral 

kohesed 

meetmed 

 

VII  lisa 

 

VCI skoor Ó 9 

Otses¿steem Pjahutusvesi > 
Pprotsess ja automaatne 
anal¿¿siv seire 

Lekke korral 

kohesed 

meetmed 

 

VII  lisa 

 
VCI skoor Ó 9 

Otses¿steem vªga 

korrosioonikindlast 

materjalist soojusvahetiga / 

automaatne anal¿¿siv seire 

 

Lekke korral 

automaatsed 

meetmed 

 

 

VII  lisa 

 
VCI skoor Ó 9 

Tehnoloogia muutmine: 

- kaudne jahutus 

- ringlusega jahutus 

- »hkjahutus 

  
VII  lisa 

Ohtlike ainete 

jahutamine 

substances 

Jahutusvee pidev 

seire 
 

VII  lisa 

 
Ennetav hooldus 

 
Kontrollimine 

pººrisvoolu abil 

Saadaval on ka 

muid 

mittepurustava 

kontrolli 

tehnikaid 

 

Recirculating 
cooling systems 

Ohtlike ainete 
jahutamine 

Vªljapesuvee pidev 
seire 

  

1) See tabel ei kehti kondensaatorite puhul 

 
 

4.10 Bioloogilise riski vªhendamine 
 

4.10.1 ¦ldine lªhenemisviis 
 

Jahutuss¿steemide kªitamisest tuleneva bioloogilise riski vªhendamiseks on oluline kontrollida 

temperatuuri, hooldada s¿steemi korrapªraselt ning vªltida katlakivi ja korrosiooni. K»ik 

meetmed kuuluvad enam-vªhem heade hooldustavade hulka, mida ringlusega  
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mªrgjahutuss¿steemi puhul ¿ldiselt rakendatakse. Kriitilisemad hetked on kªivitamisperioodid, 

mil s¿steemi tºº ei ole optimaalne, ja seisakud remondi v»i hoolduse t»ttu. Uute tornide puhul 

tuleb arvesse v»tta projekteerimist ja asukohta ¿mbritsevate tundlike objektide suhtes nagu 

haiglad, koolid ja eakate majutusasutused. 

 

 

4.10.2 Kindlaksmªªratud vªhendamistehnikad PVT lªhenemisviisi raames 

 
Tabel 4.11: PVT bioloogilise saastuse vªhendamiseks 

 

Jahutuss¿steem Kriteerium  Esmane PVT 

lªhenemisviis 

Mªrkused Viited  

 

 

 

 

 

 
K»ik ringlusega 

mªrgjahutus-

s¿steemid 

 

Vªhendada 

vetikate teket 

Jahutusveeni j»udva 

valgusenergia 

vªhendamine 

  

Jaotis 

3.7.3 

 

Vªhendada 

bioloogilist saastust 

Seisvate tsoonide tekkimise 

vªltimine (projekteerimisel) 

ja optimeeritud keemilise 

tººtlemise rakendamine 

  

 

Lekkejªrgne 

puhastamine 

Mehaanilise ja keemilise 

puhastamise 

kombinatsioon 

  

Jaotis 

3.7.3 

 
Haigusetekitajate t»rje 

Haigusetekitajate 

perioodiline seire 

jahutuss¿steemides 

  

Jaotis 

3.7.3 

 
Avatud 

mªrgjahutustornid 

 
Vªhendada 

nakkusohtu 

Operaatorid peavad 

mªrgjahutustorni 

sisenemisel kandma 

nina- ja suukaitset 

(P3-mask) 

Kui pihustus-

seadmed on 

sisse l¿litatud 

v»i kui toimub 

k»rgsurve-

puhastus 

 
Jaotis 

3.7.3 
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5.CONCLUDING REMARKS 

5.1 Timing of the work 

The work on this BAT Reference document started in June 1997 with the kick-off meeting on 

19-20 June 1997 describing the scope and the key environmental issues. Originally the scope 

included vacuum systems as well, but due to their highly process-related characteristics it was 

considered to be too complex to cover in a general way and was left out of the work. 

 

Two drafts were issued to the Technical Working group (TWG) for consultation. The first draft 

was issued in June 1999 and the second in March 2000. In both consultation periods comments 

and new information were submitted. 

 

The final TWG meeting was held on the 29-31 May 2000 and a high level of consensus was 

obtained on content as well as on the BAT conclusions was obtained. There was general support 

for BAT conclusions on the horizontal subject of industrial cooling systems. The reference to 

local aspects and its consequences for the BAT conclusion were strongly debated. The 

optimisation of cooling water conditioning as a major aspect of cooling systems operation was 

also heavily discussed. Comments and new information submitted during and after the meeting 

have been incorporated in the final report. 

 

In the main part of the document, the general approach to arrive at BAT for industrial cooling 

systems is explained. The main conclusions on BAT are presented in Chapter 4. A large number 

of annexes illustrates the general concepts with practical examples. 

 

 

5.2 Sources of information  

As sources of information a large number of documents, reports and information from cooling 

system operators and authorities as well as from suppliers of equipment and cooling water 

chemicals has been used to draft the document. 

 

Of these the documents tm001 (NL), tm056 and tm132 (Power Industry) and tm139 (Equipment 

suppliers) can be considered as general building blocks. Other information submitted was more 

focused on a particular environmental issue, where the emphasis was largely on cooling water 

conditioning. 

 

Information was further obtained during site visits and by personal communication on selection 

of technology and on experiences with the application of reduction techniques. 

 

5.3 Recommendations for future  work 

Cooling is an essential element in many industrial processes. The assessment of best available 

techniques for cooling systems has revealed that internal heat management, selection and 

operation of the cooling system and the resulting emissions to the environment are directly 

related. However, the BREF-process has not been able to identify examples that give a quantified 

illustration of this principle and a future BREF would benefit from further investigation. 

 

Within the Technical Working Group there clearly is agreement that BAT for cooling systems is 

an approach within which a number of specific techniques can be identified. It is a complex 

issue involving thermodynamic principles and interaction with the characteristics of the process. 

It is clear that BAT for cooling systems is a balance of the demands of the industrial process to 

be cooled, the design and operation of the cooling system and the costs. For this purpose a 
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BAT-approach is developed with the emphasis on prevention by technological changes and 

improving operating practice. This approach makes a distinction between new and existing 

cooling systems, but in this document it is emphasised that reduction measures in existing 

cooling systems have the same objective. In other words, the same approach applies, but it is 

clear that options for reduction are limited in existing cooling systems. 

 

The process of exchange of information has made it possible to identify a number of techniques 

that can be considered BAT on a general level, as presented in Chapter 4. 

To determine techniques under the primary BAT approach for cooling systems, however, has 

been difficult.  There seems to be reluctance to identify specific reduction techniques in the 

framework of a horizontal issue, where general application may not be so obvious. 

 
On the change in technology with an associated reduction in emissions no detailed information 

on a practical example has been made available to illustrate the potential for improvements, 
acknowledging that identical changes in similar cooling configurations could still have different 

associated reduction levels. Comparisons of the performance of systems would need comparable 

units and it is suggested that performance data be expressed per unit of heat dissipated (MW th). 
Examples can be found in the document, where this was feasible. 

 

Concerning the environmental issues associated with the operation of the industrial cooling 

systems in the scope of this document, emphasis is largely on reduction of emissions to the 

aquatic environment. Few data were reported that are considered as representative and an 

inventory is recommended to be able to get a better picture, which could serve as a benchmark 

for results of (future) reduction techniques. 

 

The TWG considers the selection of cooling water additives to be an important pathway to 

reduce potentially harmful emissions to the aquatic environment. A general assessment 

procedure which includes local characteristics is necessary to make a selection at a local level. 

Two concepts are presented in this BREF to aid the local assessment of cooling water additives. 

The TWG considers both concepts as valuable tools, but the benchmark concept (Annex VIII.1)  

is still a theoretical model and will  need further examination. 

 

Emissions to air from wet cooling towers may contain chemicals or bacteria, but it was a 

common view in the TWG that very few data exist. To identify their importance would need 

accurate measurement to quantify emissions, given certain water conditioning regimes and 

efficiency of the drift eliminators. Further investigation on available data will  be needed. 

 

In some Member States a lot of attention is currently paid to the development of Legionella in 

wet cooling towers as a result of some recent outbreaks of Legionnaires disease. Hence the 

relatively large section paying attention to this aspect. From the information submitted it is clear 

that further work is needed to establish representative concentration levels of Legionella and to 

improve treatments for systems cleaning after outbreaks as well as for daily maintenance. 

A maximum level of acceptable colony forming units (CFU) in a cooling system with an 

associated low risk has not been determined. At present it is not clear if  such a level can be 

identified and future work may identify progress in this field of work. 

 

A number of techniques were identified and considered BAT, but some are still in a stage of 

development and may be considered as emerging. Their application and environmental 

consequences still have to be assessed. Examples of these techniques are the spray (or 

evaporative) ponds and cold and heat storage. 

 

It is recommended that this document be revised in 3 yearsô time to assess the above-mentioned 

points. 
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ANNEX I        THERMODYNAMIC  PRINCIPLES  

Potentially every change in an industrial cooling system can affect the process of heat exchange. 

When applying BAT to industrial cooling systems the consequences for the cooling process 

have to be assessed also using the thermodynamic principles. 

 

 

I.1 Heat transfer in a shell and tube heat exchanger 

In a counter flow design heat exchanger heat is transferred from a warm source to a cold source 

and the heat exchange can be described as follows: 

Q = DTm (ln)* U *  A 
 

Q heat transferred per unit of time (W) 

æTm(ln) logarithmic mean temperature difference LMTD (K) 

U overall heat transfer coefficient (W/mĮK) 

A heat exchanging surface (mĮ) 

 

 

The LMTD for a tube heat exchanger for counter current flow can be determined with the 

following equation: 

DTm =  
(T1 - t2 )- (T2 - t1 ) 

ln{(T1 - t2 ) (T2 - t1 )} 

 

T1 temperature inlet warm process side (K) 

T2 temperature outlet warm process side (K) 

t1 temperature inlet cold side (K) 

t2 temperature outlet cold side (K) 
 

Heat transfer is promoted by a large surface area (A). For practical reasons there is a limit  to the 

size of the surface area and in that case finned tubes are applied. Different sources of resistance 

(R) form another limitation to heat transfer. Generally, resistance R is expressed as its reciprocal 

value of the heat transfer coefficient 1/U and largely consists of the thickness of the wall 

between the two media and its conductivity and the state of fouling of the exchanging surface., 

but also the conductivity of the liquids is important accounting for the effect of different 

velocities on heat transfer. 

 

Depending on the nature of the medium that flows through the heat exchanger, the heat- 

exchanging surface gets fouled. During use of the exchanger the resistance to the transfer of 

heat increases. For design purposes use is made of a pollution coefficient or fouling factor, that 

equals the maximum fouling depending on the nature of the medium or the coolant. In Table I.1 

a few examples are given, where a lower fouling factor means a lower state of fouling of the 

heat-exchanging surface. 

 

 
Table I.1: Fouling factors for  shell and tube heat exchangers, indicative values [Van der Schaaf, 

1995] 

 

Medium Fouling factors (W/m2/K)  

River water 3000-12000 

Sea water 1000- 3000 

Cooling water (cooling tower) 3000- 6000 

Light hydrocarbons 5000 

Heavy hydrocarbons 2000 
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Two thermodynamic principles are responsible for heat transfer: 

transfer through conduction (and convection), 

transfer through evaporation of a medium. 

 

Heat transfer in a dry cooling system through conduction and convection is called sensible heat 

transfer. In a wet cooling system water is cooled down by direct contact with air. Sensible heat 

transfer to air in a dry cooling system can be described as follows: 
 

Q = Cr  *  ma  *  DT 
 

Q heat transferred 

Cr 
specific heat capacity of air 

DT temperature range 

ma mass of air 
 

In a wet cooling system there is additionally heat transfer through evaporation, latent heat 

transfer and can be described with the following formula: 
 

Q = ma *  D

Q heat transferred 

ma ' 

DH 

mass of air 

enthalpy range 

 

With these equations the mass of air necessary for dry (ma) and for wet (maô) cooling can be 

compared: 
 

Cr  *  DT 
a    = 

ma DH 
 

The ratio depends on the temperature range DT  and for example with an increase in air 

temperature of 10 to 20
¯
C this ratio is about 1:4. In this example it means that dry cooling needs 

four times more air than wet cooling. In other words, a larger heat exchange surface is required 
for dry cooling. 

 

I.2 Approach 

It is always important for a cooling system to provide sufficient driving force in order to achieve 

the transfer of heat. A minimal temperature difference is necessary between the incoming and 

the outgoing flow, i.e. the difference between the temperature of the process medium leaving 

the heat exchanger and the temperature of the coolant (water or air) that enters the heat exchanger, 

based on a counter flow design. This difference in temperature is called the approach. For wet 

cooling towers the approach is defined as the difference between the wet bulb temperature of 

the air and the temperature of the coolant leaving the tower. For dry cooling towers the approach 

is defined as the difference between the dry bulb temperature of the air and the temperature of the 

coolant leaving the tower. 

 

A cooling system is designed to meet specifications throughout the year. Of course, when water 

and air temperatures are low, requirements are easily met. But higher temperatures can cause 

problems both in operations and for the environment. Through sustained lowering of process 

flow or sustained raising of the amount of cooling medium, the temperature specifications can 

eventually  be  met.  There  are,  however,  design  limits  to  this  approach.  Systems  are  often 

' 

m 
' 
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designed in such a way that specifications may be exceeded to a maximum of 5% or lower on an 

annual basis. 

 

For water-cooling, a minimal approach over the heat exchanger of 3-5K is used. Lower values 

can be reached, but this requires a larger and therefore more expensive heat-exchanging surface. 

With more heat exchangers in a cooling system the different individual approaches have to be 

added up and the more exchangers the higher the approach. For a cooling tower an approach 

temperature of 7K to 15K is often used. 

 

For condensers of power stations the term ñthermal differenceò, instead of approach, is used 

indicating the difference between the temperature of the condensate (steam) and the temperature 

at which the cooling water leaves the condenser. To calculate the temperature at which 

condensation can take place the terminal difference and the temperature increase of the cooling 

water have to be added. In case a cooling tower is used the approach of this tower will  have to 

be added as well. For condensers practical experience shows minimal terminal differences in the 

range of 3-8K, also depending on the fouling factor [tm056, Caudron, 1991]. 

 

The minimum end temperature that can be achieved by a cooling system is determined by the 

approach of a cooling system and the design temperature, which depends on the climatic 

conditions of the site. 

 

 

I.3 Capacity of a heat exchanger 

The capacity or duty of a heat exchanger is the amount of heat that can be removed. The 

required heat transfer area of a cooling system is influenced by the different heat transfer 

capacities of the cooling media water and air, by sensible and latent heat transfer and by the 

driving force. The design has to consider material requirements, pollution, drop of pressure, 

flow speed, spatial restrictions and the volume to be cooled (fluid or vapour). 

 

The total capacity of a cooling system is determined by adding up the duties (or capacities) of 

all heat exchangers: 

Qtot. = SQi [J s orW ] with Qi  = duty of user i 

 

Due to its physical properties, water is an ideal heat carrier because of its high thermal capacity. 

It therefore only requires small heat exchange surfaces. The most effective transfer of heat is by 

evaporation of water. The latent heat (evaporation of water) compared with the specific heat 

capacity per K at 30ÜC is about 630 times higher (Hv/C). The specific heat capacities of air, 

water, and evaporating water are shown in Table I.2. 

 

 
Table I.2: Specific heat capacities of air  and water 

 

Air:  

(sensible heat transfer) 
Cp = 1005.6 + (16.03*10

-3
*t)  J/kg/K 

Water: 

(sensible heat transfer) 

C =  4192 

C =  4182 

J/kg at 10ÜC 

J/kg at 50ÜC 

Evaporation of water: 

(latent heat transfer) 

Hv = 2502 

Hv = 2431 

kJ/kg at 0ÜC 

kJ/kg at 30ÜC 
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I.4 Wet and dry  bulb temperatures 

The wet bulb temperature is the lowest temperature, to which air can be cooled down by 

adiabatic evaporation. The wet bulb temperature always lies below dry bulb temperature and 

depends on the measured temperature of the atmosphere, the humidity and the air pressure. The 

dry bulb temperature is the temperature of dry air and a very important factor in the design of 

air-coolers where sensible heat transfer is the underlying mechanism. Wet and dry bulb 

temperatures can be the same when ambient air is fully  saturated. 

 

For latent heat transfer the wet bulb temperature is the relevant temperature and it is 

theoretically the lowest temperature to which water can be cooled down. In case of wet cooling 

towers where the heat is transferred from the cooling water to the air mainly by evaporation, the 

wet-bulb temperature (i.e. the degree of saturation) is therefore an important design factor. 

 

 

I.5 Relation  between  heat  transfer  and  heat  exchanging 

surface 

A high heat transfer and driving force (approach) will  require a relatively small  surface, resulting 

in a compact and cost effective heat transfer concept. Because of the lower heat transfer 

capacity of air, dry cooling systems require much larger heat exchanger surfaces and driving 

force for the same cooling capacity. This larger heat exchange surface results in a higher demand 

on space and potentially higher investment costs against the absence of costs for water and 

cooling water treatment and the associated environmental effects. 

 

The required heat exchanging area also depends on the medium that is to be cooled. As an 

example of this Table I.3 shows examples of heat transfer coefficients and the associated 

surface areas of various combinations of cooling water and process fluids. 

 

 

Table I.3: Heat transfer coefficients and estimated surface areas A (m
2
) per MW  and at 20K mean 

temperature difference for  different industrial  applications 

[Bloemkolk, 1997]. 

 

Hot process side 
Heat transfer coefficient U 

(W/m
2 
K)  

Estimated surface area
(2) 

A 

(m
2 

per MW)  

 

Fluids 
 

 

250-750 

 

 

200-600 -organic solvent 
-light oil 350-900 55-143 

-heavy oil 60-300 166-830 

-gases 20-300 166-2500 

Condensing vapours
(l)

 
  

-water vapour 1000-1500 33-50 

-organic vapour 700- 1000 50-71 

-vacuum condensers (water) 500-700 71-100 

-organics (partly condensing) 200-500 100-250 

Notes: 

1. Starting point is æT(ln)=20ÁC. Cooling with water. Calculation is based on overall heat exchange 

coefficient U and is meant as a comparison 

2. It should be taken into account that condensing vapours per kg drain off much more heat than cooling 

fluids; per MW heat discharged, relatively little vapour is therefore condensed. 

3. Q=U.A.æT(ln) 

 
 

As an example of what the above could mean two cases of installed cooling systems, one for dry 

cooling and one for evaporative cooling, are compared and the results are shown in Table I.4. 
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The dry cooling tower with a cooling surface diameter of 20% more, has only 47% of the 

capacity of the evaporative cooling system with an approach of 20 K compared to 12.6 K. 

 

 
Table I.4: Effects of the cooling principle on the capacity, approach and cooling surface of a cooling 

system 

[132, Eurovent, 1998] 

 

Characteristics 
Dry natural  draught cooling 

tower 

Wet natural  draught cooling 

tower 

Capacity 895 MWth 1900 MWth 

Cooling surface diameter 145 m 120 m 

Approach 20 K 12.6 K 

Temperature (dry bulb / wet bulb) 14/ 10 ÁC 11/ 9 ÁC 

Minimum end temperatures 34 ÁC 21.6ÁC 
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ANNEX I I  PRINCIPL E OF ENERGY SAVIN G

 THROUGH OPTIMISED  COOLING  
[tm059, Paping, 1995] 

 

II.1 Subject 
 

This Annex reviews a method of calculation of the potential energy conservation in the event 

that cooling is carried out at lower temperatures. The conservation is expressed in terms of 

primary energy, with a dimensionless unit of kWth/MW th per K temperature difference in the 

cooling process itself. The reduction in energy consumption is achieved by the use of inhibitors 
that have been subjected to a standard test method. These inhibitors ensure that the water 

coolers remain cleaner during the summer months. The direct and indirect energy use because 

of the choice of any of the six main cooling systems in a specific area can also be calculated 

with this dimensionless number. 

 

 

II.2 Summary of conclusions 

¶ In practice the variable temperature gradients across fouling are of the order of magnitude 

of 1 to 4K. 

 
¶ Colder cooling water in the immediate vicinity of the pipe wall results in energy 

conservation of 3İ kW th/MW th/K . This is equivalent with EUR 300 per MWth cooling per 

annum per K temperature difference.
1
 

 

¶ The use of an efficient manner to combat the decrease in the heat transfer coefficient across 

fouling of heat exchangers results in a potential energy conservation for the European 

industrial sector pro ratio of this energy conservation factor. For every 100 GWth cooling in 

Europe the energy conservation potential is 11 PJth per annum
2 

per K. This is equivalent 
to a reduction of the emissions of carbon dioxide of 700 thousand tons per annum per K for 
every 100 GWth cooling in Europe. 

 

¶ The involved energy consequences of the choice for each of the six main cooling systems 
are even more significantly. The difference in minimum attainable cooling water 

temperature for each of the six main cooling water systems can also be expressed in 

necessary energy expenditure to cool. The same ñdimensionlessò factor of 3İ kWth/MWth/K 
can be applied for comparison of the design alternatives. 

 

¶ The use of certain inhibitors in cooling water results in significant energy savings. These 

savings can exceed the primary energy content of the additives by several factors of ten. 

The environmental impact decreases in proportion to these savings. 

 

¶ The energy conservation achieved by the use of inhibitors exceeds the costs of the relevant 

additives by a very wide margin. 

 

 
An illustration of both effects, as discussed in this Annex, is presented in Figure II.1. A lower 

temperature of the coolant as well as the use of antifouling treatment will  effect the heat transfer 

through the exchanger wall and the waterfilm. 
 

 

 
 

1 Based on $14.7 /barrel; with an energy value of 41.87 GJth/ metric tonne oil equivalent and 7.45 barrels/ metric tonne oil 

equivalent, representing 5.51 barrels per kWth year or 81 EUR /kWth year (Ministry of Economic Affairs, Netherlands, oil/gas 

conversion table NOVEM). 

2 PJth = Petajoule thermal = 1015 Joule. 
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Extra temperature gradient = Energy loss 

Dqfouling 

Dqwaterfilm 

 

Tproduct 

 

 

 
Tproduct, 

minimum energy 

through BAT 

 
pipe 

                      
  

 

Dqdifference cooling system choice 

Every 0.12 mm = 1 K 
 

 
Figure II.1:  Illustration  of areas of potential energy saving by reduction of  the  temperature gradient 

through a fouling layer as well as by using colder cooling water influent  

 

 

II.3 Introduction  

Following many informal contacts a number of multinationals with branches in the Europe 

founded the industrial cooling-water group in 1991. They took the initiative to develop a 

standard test method for cooling-water inhibitors. The basis of this method was formed by the 

research carried out in the nineteen-eighties by DSM and Shell. The ñIndustrial Cooling-Water 

Projectò was set up in the form of a joint project in which both the customers for and suppliers 

of these inhibitors participated. 

 

The potential conservation in energy - in combination with the reduction in malfunctions of the 

production process achieved by the use of cleaner heat exchangers - was the most important 

motive for all partners to decide to invest in the project. This Annex discusses the issue in more 

detail. 

 
The generation of shaft-power and/or electricity is always accompanied by cooling; this is 
necessary since only a maximum amount of useful energy can be extracted from a medium at 
any given ambient temperature. A proportion of this energy will  pass through a number of 

process steps, and will  ultimately reach the factoryôs cooling-water system. The yearly averages
3 

for the standard direct energy consumption expended in cooling, expressed in terms of the ratio 
KWe / MWth, cooling and assuming clean coolers in the summer months, is shown in the following 
table. 

 

 

 

 

 

 

 

 
 

 

3 ASHREA Handbook, 1983 Equipment volume; American Society of Heating, Refrigeration and Air-conditioning Engineers 

Inc., Atlanta, USA, 1983. 

Potential energy saving 

 

Potential energy saving 
 

Tcooling water 
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Table II.1:  Energy consumption in kW e, electricity consumption / MW th, cooling with  clean heat exchangers 

 

 

Cooling water-system 
Energy consumption in k 

with clean 

We, electricity consumption / M 

heat exchangers. 
Wth, cooling 

  
Cooling-water 

pump 
Fan 

Once-through cooling water º10; range 5 to 25 5 to 25 n/a 

Circulation-cooling  water  with  open 

wet cooling tower 
º15; range 10 to 25 5 to 20 5 to 10 

Closed recirculating system º30; range 20 to 60 5 to 15 10 to 50 

 

 

With an efficiency of the generation of electricity of 40%
4 

the above figures will  need to be 

multiplied by 2.5 to express the energy consumption in terms of the primary energy carrier. The 

relative energy consumption required to cool by means of a water system then becomes 

dimensionless. 

 

Moreover this energy consumption will  increase in direct proportion to the (higher) 

temperatures of the cooling water and/or (increased) fouling of the coolers during the summer 

months. To calculate the indirect energy consumption in a more reliable way the previous tables 

in this document have to be linked. (The climatic conditions of the European countries mentioned 

in Table 1.6, and the technical and thermodynamic characteristics of the different cooling 

systems for industrial applications for a specific general siteôs climate mentioned in Table 

2.1). The following table shows the lowest attainable water temperatures at inlet for the various 

cooling systems during the months of July and August in the Netherlands. 

 

In practice virtually no tap water or groundwater is used for cooling. Moreover it is less 

desirable to make use of these kinds of water for this purpose, and the practice is gradually 

being discontinued. Consequently it is possible to state that once-through cooling-water systems 

located on the coast consume the least amount of primary energy. 

 

 
Table II.2:  Mean attainable lowest cooling water inlet temperatures for  the various cooling systems 

during the months of July and August in the Netherlands. 

 

 

Cooling system 
Mean attainable min. 

temp.[ ̄C] 

Remarks; Netherlands as 

example 

 
Once-through cooling: river 

 
23 

Local limitations of heat 

discharge by thermal limit  

values 

 

Seawater along the coast 
 

19 
North sea 12 C 

below mixing 

zone 
tap-water 15 Cost price 

groundwater 12 Limited stock 

Open wet cooling tower 24 Wet bulb 19 C 

Air  cooling; (for comparison) 40 (product temp.) Dry bulb 28 C 

 

 

 
 

4 Central Bureau for Statistics, CBS, The Hague. 
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Moreover the energy consumption will  increase when the heat exchangers are fouled. This 
sediment can be classified into microfouling and macrofouling. Blockages caused by shellfish 
and other solid sediment preventing the flow of water through the pipes may be regarded as 

macrofouling
5
. Microbial slime, scaling, deposits, that each in turn result in the formation of 

corrosion products on or in the warm cooling pipe, are all classified as microfouling
6
. A 

characteristic common to all the various forms of fouling mechanisms is the concomitant 
increase in the internal energy consumption. 

This annex discusses the additional energy consumption per K extra temperature gradient in 

more detail as well as it presents the calculation basics for the direct and indirect energy 

consequences of .the choice of each of the six cooling systems. 

 

 

II.4 Calculations 
 

II.4.1 Principles 
 

Industrial cooling installation D qlog      =  10       K (= driving force) 

F t = 5 kWth m
-2 

(= heat flux) 

consequently a U total = 0.5 kWth m
-2 

K
-1 

(= overall heat 

transfer coefficient) 

 

Assume a deposit  dfouling = 0.12 mm (= variable resistance) 

with a lfouling    = 0.6 W m
-1 

K
-1

(= thermal 

conductivity)
7
 

 

Heat transfer is conceived to be analogous to a series of resistances between the product to be 

cooled, the pipe wall, the laminar layer of water, and the variable degree of fouling: 

 

P ollu  tion   = E x tra  tem p era ture  g rad ient 
 

 

 
Tpro duc t 

 

 
 

 
 
 

pipe 

D qp po l  lutio n 

D qp wate r f i lm 

 

 

} P o ten tial en ergy sav in g 

 
T

c oo ling w ate r 

 

Every 0.1 2 m m  = 1 K 

 

 

Figure II.2:  Graphic representation of pollution factors responsible for extra temperature gradient 

over the pipe wall 
 

 

5 Dutch experience with condenser maintenance, E.J. Sneek, H.A. Jenner, KEMA, Arnhem. 

6 Practische waterbehandeling (Practical water treatment), Prof. J. Defrancq, de Sikkel Malle. 

7 VDI-Wªrmeatlas. Berechungsblªtter f¿r den Warme¿bergang, sechste erweitete Auflage, VDI-Verlag, D¿sseldorf. 
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Relative heat transfer coefficients : 
 

1=  
U total    +  

U total     +   
U total +  

U total   

a product a pipe wall a water layer a pollution 

 

Relative temperatur e gradients : 
 

Dq product Dq pipe wall Dq water layer Dq fouling 

1= + + + 
Dq 

log 
Dq 

log 
Dq 

log Dq log 

 

Together : 

 

 

 

-2 -1 

Dq fouling =  
U total   * Dq 

 

log =    
U total *  

D 

q log = 0.5 kW t m   K *  10 K = 1 K 

a fouling      l     0.6  W m
-1 

K
-1      

fouling  

    
 

 
 

        dfouling           

 

0.12 mm 

 

 

Consequently a 
 

 

 

D q fouling = 1 K 
 

 

It is assumed that fouled water coolers in industrial installations have virtually no influence on 

energy consumption during the eight colder months of the year. This is based on the necessity of 

preventing certain process flows from being cooled to too low a temperature. Factories shall 

always keep at least one cooling-water pump in operation; a fan that has been stopped is 

incapable of a further reduction in its capacity. Savings can be achieved during a longer period 

of time in power stations. However, industrial cooling installations are usually deployed to cool 

a variety of products, and consequently exhibit a great variety in types of  heat-exchange material. 

As a result of this diversity, industrial cooling installations have a need for an appropriate design 

of the use of inhibitors to accommodate their complex systems, in turn resulting in the 

utilization of the maximum benefits of the calculated energy conservation during only four 

months in a year. Consequently the calculations in this annex are restricted to this short period, 

and are applicable only to the cooling capacity of water systems used in industrial installations. 

The reason for these restrictions is that the interpretation of cooling-water additives would have 

been undermined if power stations had also been included in these calculations of the energy 

conservation. 

 

In practice one or more ñsolutionsò are used to remedy situations in which the design of the 

cooling system in combination with the inhibitor is incapable of supplying the required cooling 

capacity during the summer months. (These solutions are comprised of increasing the amount of 

cooling water and/or cooling air and/or the product temperature and/or the process pressure). All  

such solutions share the common characteristic of a concomitant increase in the internal energy 

consumption. 
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Tin 

Pollution compensation  through: 
*  more cooling water 

*  more cooling air 

*  higher product temperature 

*  higher process pressure 

 

 

Tout, product 

 

tout 

 

 
 

 
Length heat exchanger 

tin, cooling water 

 
 

Figure II.3:  Schematic representation of driving  force over the length of a heat exchanger 

 
In the following calculations the additional energy consumption resulting from microfouling is 

expressed in terms of a 1ÁC extra temperature gradient across the fouling. The formulae shown 

on the previous page indicate that an extra 1 ÁC temperature gradient already becomes apparent 

once a microbial slime layer has attained a thickness of no more than an order of magnitude of 

0.12mm. This is also applicable to a layer of boiler-scale with a thickness of the same order of 

magnitude. The calculations assume that the heat transfer decreases linearly with the thickness 

of the fouling. The reduction in heat-exchanger capacity caused by the first 20% of blocked 

cooling pipes due to macrofouling can be compensated by increasing the required temperature 

gradient by 1ÁC. However every additional blocked cooling pipe will  result in an exponential 

increase in the additional temperature gradient required. 
 

Cooling tower discharging 10 MWth F = 1000 m
3 

h
-1

 circulation flow rate 

D q = 8.6 K cooling water 

   inlet/outlet 

D q log = 5.0 K cooling tower cooling 

limit  

 

II.4.2 Quantity  of cooling water ¬ 
 

The following is an example of a calculation in which a 1K extra temperature gradient across 

microfouling is, in practice, compensated by an increase in the number of cooling-water pumps. 

The temperature and flow-rate of the product and the quantity of heat removed from the product 

remain constant. The average pressure drop is adjusted to 3.7 bar. 

 
The capacity will  be doubled by the parallel operation of two identical centrifugal pumps only 
in the event of a purely static pressure. However every successive cooling-water pump brought 
into operation in a cooling-water system will  result in a change of the dynamic head 
characteristics. As a consequence of these changes the nominal capacities of the pumps may not 

be totaled. The resultant reduction in the capacity requires increased power consumption8. 

The removal of an equal quantity of heat requires the circulation of an extra 10% of cooling 

water (= 20% extra pump energy) to compensate for the extra 1 K temperature gradient: 

 
 

8 Pompen (Pumps), L.W.P. Bianchi, Stam, Culemborg. 

Driving force 
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More cooling water >> increased pumping power 
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Figure II.4:  Number of cooling water pumps and change of cooling water low due to fouling

 

= 
20 *  10    kg . m 

*  
m   

0.7 s
2   

 
3    Nm   

= 30 * 10   = 30 kW e  per 10 MW th cooling. 
s     

Corrected for 4 summer months per year: 

 
 

on an annual basis 1 kWe / MW th per K  
 

 

 

II.4.3 Quantity of cooling air ¬ 
 

The same cooling tower of 10 MWth is used, but the removal of the same quantity of heat is now 
achieved by compensating for the 1 K extra temperature gradient across the microfouling by 
increasing the quantity of cooling air the fans pass through the cooler. The power consumption 

of the fan increases from 54 kWe to 83 kWe per 10 MWth 
9
: 

 
 

 

9 Calculation from POLACEL, Doetinchem (NL), and practical experience with variable pitch in combination with start/stop of 

one or more fans. 

1 kWe / MWth per K 
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Driving 

 

Corrected for 4 summer months per year: 
 
 

 

on an annual basis 1 kWe / MW th per K  
 

 

 
Conclusion: an increase of either the amount of cooling air  or the cooling-water flow 

rate requires the same annual amount of extra energy. 

 

 

II.4.4 Product temperature ŷ; gas volume ŷ 
 

 
M ove more gas volume;  PV = 
polluted heat exchanger >> warmer  

 

 
0 ÁK 

 

 

2 ÁK 

 

 

 

 
 

 
Length heat 

1 ÁK 

 

Figure II.5:  Change of temperature gradient of product gas (moles) in a counter flow heat exchanger 

due to fouling 

 

 

The inlet temperature of the product is assumed to be constant. This means that the decrease in 

the outlet temperature of the product discharged from a fouled heat exchanger will  be less than 

that from a clean heat exchanger. The temperature gradient across the fouling will  be virtually 

uniformly distributed along the entire length of the heat exchanger. As a result of these two 

effects the reduced temperature drop of the product at the outlet of the fouled heat exchanger 

will  be twice the magnitude of the temperature gradient across microfouling on the waterside of 

the heat exchanger. A pure countercurrent heat exchanger in which the energy content per K 

temperature change of the cooling-water flow rate (= in fact the specific heat of a quantity) is 

greater than that of the product to be cooled will  exhibit convergent temperature profiles at the 

outlet side of the heat exchanger. The reduced temperature decrease on the product-outlet side 

caused by microfouling on the waterside will  consequently be less than 2 ÁC per K temperature 

gradient across the fouling. Conversely, energy content per K temperature change of the cooling-

water flow rate smaller than that of the product to be cooled will  result in divergent temperature 

profiles at the outlet side of the heat exchanger. The reduced temperature decrease on the 

product-outlet side caused by the same microfouling on the waterside will  then be in excess 

of 2 ÁC per K temperature gradient across the fouling on the water-side. 

 

Under conditions of adiabatic compression, at a constant product mass and compression ratio, 

the removal of the same quantity of heat is now achieved by compensating for the extra 1K 

temperature gradient across the microfouling by increasing the final temperature of the product 

to be cooled by 2 ÁC. 

The formula for the same cooling tower of 10 MWth will  than be: 

2 k We / M Wth per K 
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= compressorwork is a linear function of the inlet- gastemperature. 
 

 
=  per 2 C̄ product temperature increase  ­ 

 

T in + 2 C̄ 

T in 

 
extra compressor 

 
power consumtion 

 

Corrected for 4 summer months per year: 

 
 

on an annual basis 2 kWe / MW th per K  

Conclusion: the displacement of volume is more expensive than mass transport.  

II.4.5 Product pressure ¬; cooling compressor ¬ 
 

For the same cooling tower of 10 MWth, where, for the same mass flow rate, the removal of the 
same quantity of heat is now achieved by means of product condensation (for example, for the 

benefit of a refrigerating machine based on adiabatic compression and expansion). This will  
raise the process-pressure of the product to be cooled so as to compensate for the 1K extra 

temperature gradient across the microfouling: 
 
 

Increaseddewpoint= increased process 

 

P 

 

 

 

 

 

 

 

 

 

H [J/kg] 

Figure II.6:  Representation of increase of process pressure to compensate temperature increase due 

to fouling 

 

Assumptions: propene-refrigerating machine 
inlet and outlet pressures 1.9 and 13 bar respectively 
boiling points - 33.6 and 28.5 ÁC respectively 

pressure-temperature gradient 0.33 bar K
-1 

compressor and turbine efficiency  0.66 

2 kWe / MWth per K 

P1 

P2 

M  

L L/G G 

Molier diagram 
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Reuse steam 

Blow  off steam 

40 %  eff . 

20 %  eff . 

P1 

M  

Power 

P2 

Latent heat 

 

 

Corrected for 4 summer months per year: 

 
 

On an annual basis 2 kWe / MW th per K  
 

 

 
Conclusion: ñFrigoriesò are twice as expensive as calories. 

 

 

 

II.5 Total potential energy conservation per ÁC

 colder cooling-water boundary layer 
 

II.5.1 Efficiency of power generation ŷ 

The efficiency of the generation of electricity in the Netherlands is 40% 
10

. 
 

 

 

H [J/kg] 
 

 

 

 

 

 

 

 

 

S [J/kg] 
 

Figure II.7:  Efficiency power generation for  pumps, fans and compressors 

The generation and consumption of steam in a petrochemical complex are usually in balance 

during the autumn and the spring. In the winter high-pressure and medium-pressure steam will  

be diverted to the low-pressure steam network. Conversely, in the summer some of the low- 

pressure steam will  be disposed of by blowing it off to the atmosphere and/or condensing it in 
 
 

 

10       Central Bureau for Statistics, CBS, The Hague. 
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coolers. Moreover a number of steam pumps will  be shut down, and some electric motors will  

be started up, so as to compensate for the shift in the energy balance. 

 

Steam turbines are also used as auxiliary turbines to power refrigerating machines. In such 

situations the extra low-pressure steam produced and exhausted during the summer (the 

additional amount generated as a result of fouled product condensers) will  be disposed of. The 

extra energy consumed by the refrigerating machine will  then be accompanied by extra energy 

losses, which will  be a magnitude of 5 larger. The enthalpy of superheated high, medium and 

low-pressure steam is only one-fifth higher than the latent heat of water. 

 
The Dutch Industry uses 20% of the total cooling capacity for compressor gas and refrigerated 

cooling 
11

. Half of this refrigerated cooling is carried out by means of (auxiliary) steam turbines. 
ñFrigoriesò (or ñnegativeò calories) are more expensive than calories, and volume displacements 
are more expensive than mass transport. In practice this means that during the summer months 

preference will  be given to starting up cooling-water pumps and fans earlier, and shutting them 
down later, rather than increasing the process pressures. Furthermore, in the first instance 80% 
of the capacity lost by inefficient cooling due to fouling will  be compensated by means of 
start/stop commands to motors. 

 

Consequently the average increase in primary energy per K temperature gradient is: 
 

Note: The above expressed energy factor can be calculated for other European countries as well, if  

the relative cooling capacity for compressor gas and refrigerated cooling is known. It is 
expected that the outcome will  range between 3 and 4 kWth / MWth per K, since the power 
generation efficiency in Europe is also around 40%. 

 

 

II.5.2 Total water used for   cooling  in  the  Dutch  industry (excl.  power 

plants) 
 

Numbers regarding cooling water consumption, have to be available to calculate the absolute 
direct and indirect energy usage as well as the absolute environmental impact of each of the six 
main cooling systems on a European scale. In the Netherlands, these statistical data were available 
with a spread over the last decades. The majority of the water consumed by the national 

industry (= 3.1 *  10
9 

m
3 

per annum) is destined for use in cooling. The total amount of water 

used for cooling purposes amounts to 2.7 *  10
9 

m
3 

per annum (for power plants 8.3*109 m3 

p.a.). Of this water the majority is fresh, salt or brackish surface  water.  The  original statistical 
sources differentiate between water used for general purposes and for cooling. However this 
data makes no differentiation between the proportions of water used to feed recirculating 
and once-through cooling-water systems. Calculations indicate that the amount of heat removed 
by water systems in the Dutch industrial sector is of the order of magnitude of 180 PJth per annum 
12 

(= 5.7 GWth 
13

) and equally partitioned between cooling towers and once through systems. 
 

 
 

11   EST Consult B.V., Woubrugge, December ô90, NESR003. Marktonderzoek naar het electriciteitsverbruik en de mogelijkheden 

van electriciteitsbesparing in de Nederlandse industrie (Market research into the electricity consumption of the Netherlands 

industry, and opportunities for electricity conservation). 

12 CBS, Heerlen: key figure K-261/1991; water provisions for companies 1991, and every five years previously from 1957. CBS, 

Voorburg; key figure K-117/1992-1 & -2; Dutch energy consumption, annual figures 1992 and the prior decades from 1972. 

13       Also verified with data from: 

- Emissie Registratie warmte via water E 260 tot en met de 6e ronde (registration of heat emissions via E260 water up to and 

including the 6th round (for the most important companies from an environmental perspective) in the 1990ôs);  RIVM, Bilthoven. 

- Authorôs survey of the top ten companies in the Netherlands; data RIZA; Lelystad, Netherlands. 



 

Industrial  Cooling Systems 

ANNEX II  
 

 

172  

II.1.1 Total  potential  energy  conservation  per  ÁC  colder  cooling-water 

boundary layer 
 

The figure of 180 PJth per annum, removed by cooling-water systems, in combination with an 
average extra annual energy consumption of the order of magnitude of 3İ KW th / MW th per ÁC 

colder cooling-water boundary layer, would result in a potential energy conservation for the 
Dutch industrial sector amounting to: 

 
 

 

0.63 PJth per annum per ÁC 
 

 

 

Or in financial terms: 
 

EUR 1.6 million  per annum per ÁC 
 

 

 
Assuming that the Dutch situation represents only 5% of the European industrial production 
capacity where cooling is involved, it can be estimated that the cooling capacity in Europe 

applied by industry is in the magnitude of 120 GWth, where power plants cool 200 GWth. For 
the whole cooling sector in Europe the potential energy conservation would then amount to: 

 

 

 
 

 

35 PJth per annum per ÁC 
 

 

Or in financial terms: 

 
 

EUR 100 million  per annum per ÁC 
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II.6 Examples of calculations for  the relative conservation of 

energy and reduction of the environmental impact achieved by 

the use of inhibitors  
 

II.6.1 The contribution made by oxidation 
 

The  following  is  an  example  of  the  use  of  inhibitors  based  on  oxidants  such  as  sodium 

hypochlorite (because this is a relatively well-known degradable additive): 

 
Assumptions: 

Basis: 

electrolyte (or bulk purchase) 2.2 KWhe / kg chlorine equivalent 

- production efficiency  0.7 We / We 

- thermal efficiency 0.4 We / Wth 

- concentration 15 % 

cooling installation 

 

 

 

 

use of inhibitor 

- influent º 1.0 mg l
-1
, stoichiometric oxidation, 

- effluent Ò 0.1 mg l
-1
, active chlorine 

- intermittent chlorination, such as 4 hours in use/out of use 

- 1% conversion of dosed chlorine equivalent to halogenated by-products also 

expressed as chlorine equivalent which amounts to approximately to 3% of 

brominated hydrocarbons [tm160, Bijstra, 1999]. 

 

 

II.6.1.1 Once-through cooling system 
 

usage of hypochlorite 300 kg Cl/MWth [tm160, Bijstra, 1999]
14 

costs of hypochlorite 114 EUR / metric tonne in tank truck 
 

Consequently both the energy conservation ratio
15 

and the performance-price ratio of the inhibitor 

are of overriding importance. The use of this oxidant achieves environmental energy conservation 

several factors of tens in excess of the primary energy content of the inhibitor. 

The environmental energy yield of this inhibitor is more than a factor 10 higher than the financial 

conservation 
16

. 

The use of hydrogen peroxide or ozone will  result in a decrease of the above-mentioned ratios. 
 

 

 

 

 

 
 

 

14       Based on chlorine demand in the north-west European delta. 

15       The energy conservation ratio is a dimensionless number that compares the energy conservation achieved 

by the use of the inhibitor with the primary energy content of the relevant additive. 

16       The financial conservation ratio is a dimensionless number that compares the financial conservation achieved 
by the use of the inhibitor with the cost of the relevant additive.

- thickness of slime layer 0.5 mm (no inhibitor in 

  summer) 

- boundary-layer temperature gradient 4 K 

- average ñconservation ratioò 3.5 kWth / MWth/K 
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Note: mt = metric tonne(s) 

 

The dimensionless environmental energy ratio can be supplemented by the calculation of an 

additional relative environmental load mass ratio. This also indicates the energy conservation 

achieved by the use of inhibitors, but now expressed in terms of the ratio of the reduction in the 

emissions of carbon dioxide to the production of unwanted precursors as a result of oxidative 

side reactions. 
 

 

However the quantity obtained from this formula is not entirely dimensionless. The environmental 

mass ratio can be introduced for the estimation of the total environmental effect ratio, for instance, 

by introducing the effect ratio of specific chlorinated by-products in seawater, such as bromoform 

(84%), dibromo-acetonitril (10%) and trihalomethanes, such as dibromochloromethanes and 

bromodichloromethanes (5%) [tm157, Jenner et al, 1998]. 

Their unwanted formation, which is lineair with the amount of chlorination of the system, can then 

be compared with the resulting reduction in the amount of energy used, when both are expressed in 

units of CO2 and its corresponding ozone depleting effect. 
 

 

II.6.1.2 Open recirculating system 
 

water volume; basin + pipes 50 m
3 

/ MWth 

metering (for 3 mg/m
3
) 1.0 l h

-1
 

 

metering time, discontinuous 1.0 h / day 

costs of hypochlorite 160 EUR / metric ton in 1 m
3 
multi box containers 
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For continuous dosage regimes and/or less adequate process controlled dosages approximately 3- 

times more chlorine-equivalents per MWth are required. 
 

 
 

The energy conservation ratio and the performance-price ratio of the same oxidant used in a 

circulation system are higher than those for a once-through cooling system. Conversely the 

consumption of primary energy required to cool by means of a recirculating system is higher 

than that of a once-through cooling system. Consequently most of the largest power stations are 

located in the vicinity of the coast. 

 

The relative environmental load mass ratio can also be calculated for this system. 
 

 

 

Once again, the mass ratio between the required reduction of emissions of carbon dioxide and the 

unrequired emission of halogenated hydrocarbons of the same oxidants ï but now applicable to a 

recirculating cooling system ï is higher than that of a once-through cooling system. Conversely, the 

consumption of primary energy by a cooling-tower system is higher than that of a once-through 

cooling system. 
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II.7 Examples of calculations of the relative savings

 in energy with colder cooling water 

II.7.1 Coastal water versus cooling towers 
 

Assumptions 17
: -influent temperature coastal water 19 ÁC 

 cooling tower 24 ÁC 

effluent pressure once-through cooling system 1 mwg 
 cooling tower system 

(height of tower + nozzle) 

14 mwg 

 

Raising the cooling water to an additional height and then spraying it through the nozzle results 

in an additional power consumption of the pump per MWth heat removed by means of a cooling 

tower system: 

 
 

The power consumption of the pump expressed in terms of 

primary energy throughout the entire year is 12.5 kW th per MW th cooling 

The cooling water is on average 5 ÁC warmer, so 17.5 kW th per MW th cooling 
 

 

Together, a difference in the energy consumption of 30.0 kW th per MW th cooling 
 

Consequently in the light of the benefits to energy conservation large cooling systems are, in 

practice, preferably built in the form of once-through cooling systems on the coast. 

 

 
II.7.2 River water versus cooling towers 

 

The temperature difference of a once-through cooling system, supplied with river water, in 

comparison with a cooling tower is in the order of magnitude of about 1 K. Together with the 

maintenance of the necessary pressure difference across the cooling water the total difference in 

energy consumption amounts to 16 kW th per MW th cooling. 
 

 

 

 

 

 

 

 
 

17       Onderzoek industrieel waterverbruik (Survey of industrial water consumption), final report, F.C.A. Carner, Krachtwerktuigen 

Amersfoort, 1992. 

Samenwerkende Rijn- en Maas waterleidingbedrijven 1980 ï 1992, RIWA, Amsterdam. 

Jaarboeken monitoring Rijkswateren (State Water Monitoring Annuals) from 1980. 
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II.7.3 Groundwater versus cooling tower 
 

The temperature difference of a once-through cooling system supplied with groundwater in 
comparison with a cooling tower is the largest, i.e. 12 K. The total difference in energy 

consumption required for cooling is then 42 kW th per MW th cooling. It was assumed that the 
power consumed by a pump that pumps up groundwater is of the same order of magnitude as 
the power required to maintain a cooling-tower effluent pressure difference. However, the 

linited availability of groundwater restricts the use of this way of energy conservation. 

 

 

II.8  Appendix environmental impacts 
 

Table II.3:  Conservation ratios for once-through and recirculating cooling system 

 

 
 

Type of cooling system 

Energy- 

Conservation ratio  

 

J output / J input 

Financial- 

Conservation ratio  

 

EUR output / EUR input 

Mass- 

Ratio environment 

 

CO2 / C-X 

Once-through cooling system 52 5 3000 

Open recirculating cooling 

system 

285 20 16000 

 

 

Table II.4:  Energy conservation with  potential colder cooling water source 

 

System comparison kW th per MW  th Remarks 

Coastal waters  versus cooling towers 30 geographically specified 

Riverwater versus cooling towers 16 local thermal burden 

Groundwater versus cooling towers 42 limited stock 

 

 

The above-presented numbers can be used to show the outcome for specific areas in Europe, 
like for instance a high-industrialised area like the Netherlands. The replacement of all industrial 
cooling towers by once-through cooling systems supplied with river water would result in a 

national energy conservation of 91 PJth 
18 

* 16 kWth/MWth = 15 PJth per annum (equivalent to a 
reduction of the emission of carbon dioxide of 93000 metric tonnes per annum). This would 

require the availability of 85 m
3
/sec river water throughout the entire year. Conversely, only 

those cooling systems located at a relatively small distance from a  river would come  into 
consideration for such a replacement; the distances otherwise involved would negate the energy 
advantages offered by the use of this source of water. So it isnôt surprising that most industries 
and power stations are located nearby rivers and coastal areas, emphasising the importance of a 
proper cooling design and location choice. 

 

 

 

 

 

 

 

 

 

 
 

 

18       Water symposium 1995; syllabus 43, Nederlands Corrosie Centrum Bilthoven. 
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ANNEX III  SHELL AND TUBE HEAT EXCHANGERS FOR 

INDUSTRIAL  ONCE-THROUGH  COOLING  

SYSTEMS AND THE OCCURRENCE OF LEAKAGE  

The design of the heat exchanger is extremely important, as it is the key element of a cooling 

system, where the exchange of heat takes place. From an environmental point of view it is there, 

where leakage from process substances to the coolant can occur. In once-through  cooling systems 

the relevance of a well designed, operated and maintained heat exchanger is obvious. From a 

preventive approach attention should be paid to the issues presented in this Annex before 

considering a move towards an indirect (secondary) system. This Annex gives a summary of a 

number of important issues to take into account in the design of the commonly used shell and 

tube heat exchanger to avoid environmental problems [tm001, Bloemkolk, 1997] 

 

The shell and tube heat exchanger consists of a shell, a great number of parallel tubes, tube 

plates (tube sheets) baffles and one or two heads. Heat exchange between the media takes place 

by pumping the one medium through the tubes and the other medium around the tubes. As this 

happens the heat is transported through the tube wall. Diagonally on the tubes are baffles. The 

baffles ensure a better transfer of heat (through increased turbulence of the flow around the 

tubes) and support the tubes. The shell &  tube heat exchanger is reproduced in a picture below. 

 

 

 
Figure III.1:  Major  components of shell &  tube heat exchanger 

[tm001, Bloemkolk, 1997] 

 

 
There are a great many different types of shell &  tube heat exchangers. By making the right 

choice from the design parameters below, the design can be adapted to the specific process and 

maintenance requirements: 

¶ the type of shell and head 

¶ the type of tube (straight or U-shaped, with or without fin) 

¶ the size of the tube (diameter and length) 

¶ the distance between the tubes (pitch) the configuration (lay-out) 

¶ the number of baffles the type of baffle 

¶ the distance of the baffle (baffle pitch) 

¶ the number of passes through the tubes (tube passes) 

¶ the flow pattern (counter flow, concurrent flow) 

¶ either mechanical or not, cleaning either with (high pressure) water or not 
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The Tubular Exchanger Manufacturers Association (TEMA) has drafted a nomenclature for the 

various types of shell &  tube heat exchangers. TEMA has  also drafted mechanical design 

guidelines. 

 

The advantages and disadvantages of the shell &  tube heat exchanger are listed below. 

 

Advantages: 

¶ available for all applications 

¶ available in almost all materials 

¶ wide range of flows and capacities (duties) 

¶ sturdy, safe construction 

¶ good thermal and mechanical design methods available 

 
Disadvantages 

¶ relatively expensive per m
2 

heat exchanging surface area 

¶ not optimal for heat transfer 

¶ cleaning (drawing the tube bank) of the shell side is laborious 

 

Because of the sturdy and safe construction of the shell &  tube heat exchanger, refineries prefer 

this type of heat exchanger. The choice of this type of shell &  tube heat exchanger for once- 

through systems is explained further below. 

 

 

III.1 Design  of  the  shell  &  tube  heat  exchanger  for  one 

through systems 

As a rule, the shell &  tubes of the TEMA-type AES are used for once-through systems. The 

cooling water flows through the tubes and the process medium through the shell. AES refers to 

the codes used to describe the different options for shell and tube heat exchangers (Figure III.2) 

 

Allocation media 

Because the tube side of the shell &  tube heat exchanger can be cleaned easier and better than 

the shell side, heavy fouling media are allocated to the tube side. Because of the use of corrosion-

resistant materials for corrosive cooling water, it is also more economic to have the cooling 

water flow on the tube side. 

 
A-Type of front end head 

Opening the shell &  tube heat exchanger for inspection and maintenance is easiest with an A- 

type 'front end head', because the connecting tubes do not need to be dislodged when opening 

this type of head. For this reason, this type of head is almost always used for heat exchangers 

with a "polluting" medium on the tube side. 

 

E-Type of shell 

The choice for the type of shell depends on the process requirements for the medium on the 

shell side. Usually, the E-type is chosen ("one-pass-shell"). 

 

S-Type of rear end head 
The choice of the type "rear end head" is determined by factors relating to: 

¶ the need to clean (mechanically or with water) the shell side 

¶ the need to clean (mechanically or with water) the tube side 

¶ quality of the cooling water (corrosive, scaling, etc.) 

¶ occurrence of thermal expansion between shell and tube material 

¶ need for counterflow 



 

Industrial  Cooling Systems 

ANNEX III  
 

 

181  

 
 

 
 

Figure III.2:  Heat exchanger nomenclature (Standards of the tubular  Exchanger Manufacturers 

Association) 

[tm003, Van der Schaaf, 1995] 

 

 
Usually the S-type ('floating head' type) is chosen because this type can be cleaned 

mechanically (or with water) on both the shell and the tube side. There are also no problems 

with this type in the event of thermal expansion differences between the shell and tube material. 

However, the S-type is the most expensive type of 'rear end head'. 
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III.2 Leakage in shell &  tube heat exchangers 

Leakage, and with it contamination of cooling water by the process medium, occurs in shell & 

tube heat exchangers in most cases as a result of flaws in the tube-tube plate connection, flaws 

in the tube itself and flaws in the flanged connection that separates both flows ('floating head'). 

Leakage can occur primarily as a result of: 
1. poor design (about 30% of the cases) 

2. poor manufacturing 

3. operation that is not within the limits of the design (50-60%) 

4. poor inspection and maintenance 

 

1. Poor design 

Because a wrong or poor design irrevocably leads to leakage, during the design phase careful 

thought must be given to the design parameters below: 

¶ choice of material 

¶ choice of tube-tube plate connection (rolled or welded) 

¶ choice of packing type 

¶ type of detail on packing faces 

¶ design of the flanges (thickness, no rotation) 

¶ design of the tube plate (thickness, no bending) 

¶ design of tube support 

 
In this consideration, attention should be given to the 'operating' conditions. They are: 

¶ occurrence of vibration 

¶ thermal expansion differences 

¶ flow division 

¶ flow speeds 

 

Poor design also includes wrong design of flow speeds and design based on incorrect data. 

 

2. Poor manufacturing 

A good design, however, is not sufficient to prevent leakage. Poor manufacturing can also lead 

to leakage during operation of the heat exchangers. During manufacturing, the following aspects 

play a role when it comes to prevention of leakage: 

¶ tightening procedure of the flange bolts 

¶ smoothness of the treatment of the packing surfaces 

¶ tube hole diameter and tolerance in tube plates and baffles 

¶ rolling or welding procedure for tube-tube plate connection 

 

3. Operation that is not in keeping with the design 

Operations that differ from the operating conditions for which the heat exchanger has been 

designed can lead to damage and ultimately to leakage in the heat exchanger. 

 
Different operation could be: 

¶ thermal shocks 

¶ 'upset' condition such as over-pressure and/or too high temperature 

¶ increased or reduced through-flow of flows 

¶ vibrations 

¶ mussels in tubes (which have become detached from the cooling water tube) combined with 

vibrations 

 

In addition, incorrect treatment can occur during maintenance, for instance during cleaning of 

the tubes with steam or warm water (damage as a result of thermal expansion). 
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4. Poor inspection and maintenance 

During periodic maintenance, the heat exchanger is opened up and the tube bank is pulled, 

cleaned and inspected. Inspection aimed at detecting and/or preventing leaks includes control 

of: 

¶ corrosion and/or erosion on the inside and outside of tubes and tube-tube plate connection 

¶ corrosion of packing faces of the flanges 

¶ size of tube holes in baffles (has the diameter of the openings increased in size?) 

¶ reduced wall thickness of the tubes (special attention must be given to tube ends, tubes 

located at baffles and tube corners) 

¶ bent, twisted or torn off tubes 

¶ tubes pressing against each other, loose tubes 

¶ bent tube plates 

¶ small cracks (or perforations) in tubes and welded tube-tube plate connection 

¶ smoothness and condition of packing faces 

 

Periodic maintenance always ends with a water pressure test, whereby parts of the heat exchanger 

are pressurised to verify that the heat exchanger is still suitable to operate under the desired 

pressure levels. In this way, too, the tubes, tube-tube plate connections and flange connections 

are tested for leaks. To detect leaks, more accurate testing methods are also available. Air  ('air 

and soapy water' test) or helium is used. If  flaws or suspicious areas are found, their cause 

will  need to be investigated. Once the cause has been found, corrective measures will  need 

to be taken. If  this is not done, and this applies to dealing with the cause as well as the repair of 

the parts, there is a large probability of (new) leaks in the future. 

 

Corrective measures include the plugging of tubes and replacing gaskets. If  a company has its 

own workshop, the repair work on a shell &  tube heat exchanger will  take one to two days. By 

emphasising preventive rather than corrective maintenance, leaks can be prevented. For instance, 

tube banks can be replaced sooner. Proper logging of maintenance works done and of the 

occurrence of problems enables better planning of maintenance work. It is recommended that 

the closing of the heat exchanger and tightening of the bolts is done under supervision to prevent 

future leaks. For this, a tool with a regulated momentum can be used. 

 

 

III.3 Alternatives 

The probability of leakage can be reduced by alternative choices of material, TEMA-type, tube 

plate connection, type of packing and the level of the process pressure of the cooling system. 

 

Choice of material 

Instead of carbon steel, more high-grade materials such as aluminium-brass copper nickel and 

titanium can be used for the water side of the heat exchanger. This will  make the heat exchanger 

considerably more expensive than a heat exchanger whose tubes and tube plates are made of 

carbon steel (See also Annex IV). 

 

Different heat exchanger 

By choosing another type of heat exchanger, the probability of leakage can be reduced by a 

considerable margin. 

 

Alternatives are: 

¶ a U-tube heat exchanger 

¶ a heat exchanger with a double tube plate construction 

¶ both U-tube and double tube plate construction 

 

There is no floating head on the U-tube type heat exchanger and therefore no flange seal on the 

rear end head. The U-tube type is 10 to 15% cheaper than the floating head type. If  leakage 

occurs  at  the  tube-tube  plate  connection  in  heat  exchangers  with  a  double  tube  plate 
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construction, there will  be emission into the atmosphere instead of to the other medium. The 

double tube plate connection is fairly expensive. 

 

Tube-tube plate connection 

With a welded tube-tube plate connection there is a much smaller chance of leakage than with a 

rolled construction. Making a rolled connection into a welded connection can make existing 

heat exchangers better leak-proof. In this, there are two welds: a sealing weld (one layer of 

weld) or strength weld (usually two layers of weld). A cost indication shows that the price for a 

welded construction is about 9 to 11 Euro per tube higher than for a rolled construction. 

 

Type of packing 

With the flange seal of a floating head, the packing type can be changed. The usual types of 

packing, for instance an 'asbestos-free metal-wound' packing or a cam-profile packing, can be 

replaced by a seal with a weld ('Schweissdichtung'). 
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ANNEX IV EXAMPLE OF SELECTIO N OF M ATERIAL FOR 

COOLING WATER SYSTEMS IN INDUSTRIAL 

(NON-POWER PLANT) APPLICATIONS 
[tm001, Bloemkolk, 1997] 

 

IV.1 Introduction  
The selection of construction materials in  cooling systems, and especially the selection of 

materials for the coolers (heat exchangers), in many cases is a complex matter. It is the result 

being a balance between the requirements due to the chemistry of the water and the operational 

requirements (restricted additive use, number of cycles of concentration). To meet these 

requirements a large range of materials is offered. This Annex shows a few options for materials 

to be used in case of brackish water for open once-through systems.. It gives a qualitative 

selection of applications. In the individual case, the final selection will  need to involve cost 

values to make a fair comparison taking into account also the consequences of a selection for 

the operational costs. 

 

Choice of materials for heat exchangers 

There are many factors that come together to determine the ultimate choice of materials for heat 

exchangers, such as: 

¶ Composition and corrosiveness of the cooling water 

¶ Manner of operation, e.g. through-flow or re-circulating cooling 

¶ Corrosiveness and nature of the medium to be cooled 

¶ Type of cooler 

¶ Life-span 

¶ Costs 

 

These are some of the most important criteria that are taken into consideration in the design of a 

new cooler, on the basis of which ultimately a certain choice of materials is made. In many 

cases, this ultimate choice is the best possible compromise adhering to the principle that the 

cooler must have an economically acceptable 'life-span'. Within this life-span, however, many 

coolers will  start leaking. An important cause of this is that, in practice, the cooler is not used in 

accordance with its design principles, whereas a change of process conditions for a variety of 

different reasons is quite common. 
Important causes that can lead to leakage are: 

¶ too high or too low speeds in the tube bank and poor circulation in the shell (Table IV.1); 

¶ poor water treatment, i.e. applied method and control; 

¶ too high metal temperatures on the cooling water side. 

 

With regard to temperatures a metal temperature of 60ÜC is taken as an upper borderline as 

above this temperature the majority of corrosion inhibitors is less or not effective. Also in once- 

through systems formation of calcium salts occur. 

 

 
Table IV.1:  Cooling water velocity and type of material 

 

Material  Velocity (m/s) 

Aluminium brass 1.0 - 2.1 

Copper nickel (90-10) 1.0 - 2.5 

Copper nickel (70-30) 1.0 - 3.0 

Carbon steel 1.0 - 1.8 

Austenitic stainless steel (316) 2.0 - 4.5 

Titanium 2.0 ï 5.0 
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Choice of material for pumps 

The choice of material for a pump is less critical because in many cases this equipment is 

doubled (has a back up). This means that if  a pump breaks clown, the process is often not 

disturbed. Another factor is that the available walls are often much thicker than is strictly 

necessary (corrosion allowance). 

 

Choice of materials for cooling water tubes 

In most cases carbon steel with a sufficiently high corrosion allowance is chosen for the cooling 

water tubes. If  a corrosion allowance of more than 3 mm is insufficient for an acceptable life 

span, alternative materials are chosen, such as plastics, carbon steel with an organic 

coating/concrete or, in exceptional cases, alloys of higher quality, such as stainless steel, monel 

and other nickel alloys, etc. Tubes have an advantage over machines in that they are much easier 

and cheaper to replace, which is why in the choice of materials is less critical. 

 

 

IV.2 Direct once-through systems (with  brackish water) 

The composition and corrosiveness of "brackish water" is not fixed and can vary between 

"fresh" surface water and seawater. Brackish water is usually found in the  transition  area between 

rivers and/or other "freshwater" outflows and the sea (deltas). The composition and 

characteristics can vary widely by location and by season. Local water depth, the level of flow 

through (replacement) and the tides can play a role in the corrosiveness of this type of water. 

Some kinds of brackish water have a higher level of corrosiveness than seawater. For instance, 

in shallow water with an abundance of plant growth sulphur compounds can occur as a result of 

decomposition, which can cause serious pit corrosion in copper alloys. In a lot of cases the 

amount of suspended silt is considerable, which can heavily pollute the heat exchangers in the 

installation. In these cases, the use of stainless steel is dubious because the formation of pits 

(pitting) will  almost certainly occur quickly. Because all of these factors are not well known in 

most cases, it is recommended that the corrosiveness of brackish water be considered equal to 

that of seawater with a relatively high level of suspended silt. Another advantage is that there is 

considerable knowledge and experience regarding the occurrence of corrosion by seawater. 

 

Pumps 

Depending on the situation, the materials in the table below are often used for pumps  in brackish 

water (other materials are possible, but are usually much more expensive): 

 

 
Table IV.2:  Materials used for  pumps in brackish water 

 

Housing Impeller  Drive-shaft Comments 

 

Nodular cast iron)* 
 

Tin bronze 
 

316 
 

)*  Grey cast iron is also possible. 

   Chance of gratification is 

   significantly greater. Cast steel is 

   also sometimes used. 

Aluminium bronze Stainless steel 316)* Monel  
Aluminium bronze Aluminium bronze Monel )*  Austenitic stainless steel 

   (Cr-Ni-Mo 18-8-2) 

Tin bronze Aluminium bronze Monel 

Tin bronze Stainless steel 316 Monel 

 
 

The tendency is to choose a combination for the housing and the fan, whereby the housing is, in 

principle, the anodic part of the construction. 
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Tubes 

In most cases, carbon steel with a corrosion allowance is used. Another possibility is to provide 

the carbon steel with an organic coating, or to concrete it. In both cases the welds are the weak 

point of the construction. 

 

Nowadays, glass-reinforced epoxy tubes are used increasingly, especially in underground 

systems. The great advantage of this material is that it is almost completely resistant to 

groundwater. The installation costs are about the same as those for a carbon steel tubing system 

that is coated, internally or externally, with an organic coating. Over time, this solution is often 

the cheaper of the two. 

 

Heat exchangers/coolers 

As earlier mentioned, the choice of material in a heat exchanger is somewhat more complex 

because, where the tube bank is concerned, the corrosiveness of the medium to be cooled must 

be taken into account. Assuming that the process medium is not corrosive for the material of the 

tube bank and that possible contamination (for instance, by copper ions) of the process is not 

significant, the choice of material is mainly determined by the quality of the water. 

 

The possible choice of materials for 'shell &  tube' heat exchangers in brackish water is given in 

the table below (water through the tubes). 

 

 
Table IV.3:  Materials used for  shell&tube heat exchangers in brackish water 

 

Shell/body Water casing Tubes Tube-plate 

Carbon steel Carbon steel Carbon steel)
*1

 Carbon steel 

Carbon steel Carbon steel)
*2

 Aluminium brass Carbon steel 

Carbon steel Carbon steel)
*2

 Aluminium brass Aluminium bronze 

Carbon steel Carbon steel)
*2

 
Aluminium brass or and 

Cupro-nickel)
*4

 

Carbon steel with a lining 

of aluminium brass 

Carbon steel Tin bronze stainless steel 316)
*3

 Carbon steel 

Carbon steel Carbon steel)
*2

 Titanium)
*5

 Carbon steel 

 
 

Comments Table IV.3: 

There are various possibilities in the list above. The ultimate choice is largely determined by the 

level of corrosiveness of the brackish water and by the process conditions. 
 

)
*1 

Tubes of carbon steel are only possible when one is certain that the water is not corrosive 

(e.g. through practical experience). This is almost never an option. 
 

)
*2 

The water casings are usually given an organic coating plus a few sacrificial anodes. If  

the tube plate is made of a more precious metal, an organic coating must be applied to this metal 

to prevent galvanic effects in the water casing. 
 

)
*3 

The use of austenitic material such as 316 is not without risks. In the event of pollution 

there is a good probability of pitting. This process can be extremely fast. Another risk is the 

possible occurrence of stress corrosion in this type of material. However, practical experience 

shows that this does not happen often, which is possibly due to the relatively low temperatures 

in this type of system. This risk can be significantly reduced or even prevented if  one uses a 

higher version of alloy, such as 904L, 254SMO or Incoloy 825. These types of material are also 

used when the process side requires this. 
 

)
*4 

Cupro-nickel alloys and others are chosen if  the design metal temperature is too high for 

aluminium brass. 
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)
*5 

In many cases, titanium is the best choice. It is often assumed that a heat exchanger of 

titanium is too expensive. The price of this material has fallen dramatically in recent decades 

and it has been economically applied. Expectations are that decreasing cost differences and 

increasing problems with water treatment will  lead to an increased use of Ti compared to that of 

Cu-Ni alloys now still applied. 

In addition to its high resistance to corrosion, even in extremely polluted water, this material has 

various advantages: 

¶ Extremely thin walled tubes can be used, so less material per m
2 

heating surface area. 

¶ The conductivity of heat is very good. 

¶ The scrap value is high and the material well suited for reuse. 

¶ It has a long life expectancy. 

 

A disadvantage is that biological growth is stronger than is the case, for instance, with copper- 

containing alloys. It therefore requires extra use of biocides. Another thing is that titanium 

cannot be used in a reducing environment, because no protective oxide layer is formed. 

 

 

IV.3 Indirect  once-through system (brackish water/demin- water) 

In the indirect (secondary) once-through system, the heat is absorbed in a closed secondary 

cooling circuit, after which the absorbed heat is transferred to an open once-through system via 

a heat exchanger. Characteristically, in these systems the water quality/corrosiveness is different 

for each cooling circuit. The primary part is usually of poorer quality than the secondary part. In 

this case, the primary part once again contains brackish water and the secondary part demin- 

water. 

 

Material selection for primary circulation cooling system 

The materials for the primary system, filled with brackish water, are described in Section IV.2. 

The heat exchanger between the primary and secondary system is extremely important for 

operation. Failure of this heat exchanger has serious consequences, so this should be taken into 

account when selecting the materials for it. If  the primary cooling agent is brackish water, then 

the best choice for the tubes or plates (plate exchanger) is titanium. Other high-quality alloys 

such as 254 SMO or better can be considered in certain cases, but in most cases titanium is the 

best choice. 

 

Selection of material for secondary circulation system 

Essential for a closed secondary system is that making the water oxygen free prevents corrosion. 

In this case, demin water has been chosen as the cooling medium. However, in an aerated state, 

this demin water is extremely corrosive for carbon steel. This can be suppressed by alkalising 

the water (pH=9). Clean tap water with a relatively high chlorine content is, in principle, just as 

good as demin water. 

 

If  these provisions are present, then the water is 'dead', which means its  corrosiveness  is minimal. 

In principle, all materials, including the tubes in heat exchangers, pumps and tubes fines, can 

be made from carbon steel. The conditions in the process must naturally be taken into account. 

 

It is important that the concentration of oxygen in these systems is checked regularly. In some 

cases, nitrates are used as an inhibitor in these systems. By keeping the water alkaline and/or 

treating it with nitrates, leaking in of oxygen is less critical. 
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IV.4 Open recirculating cooling systems 
 

IV.4.1 Fresh water application in open wet cooling tower 
 

With respect to the application of material, one of the objectives in the design of an open 

recirculating cooling system (open wet cooling tower) is to condition the water in the system in 

such a way (inhibitors, pH control, etc.), that use of carbon steel for most parts of the system is 

economically acceptable. 

 

This case is based on tap water. Depending on the composition and the cycles of concentration, 

the concentration of components in this water will  increase (sometimes called 'thickening'), 

whereby the number of dissolved salts rises proportionally, which increases corrosiveness. With 

inhibitors and the right pH levels, this effect is suppressed. The design of such a system is 

usually based on the fact that the water is not corrosive for carbon steel. 

Most parts, such as tubes and pumps, are therefore made of carbon steel. The tubes in a heat 

exchanger are also often made of carbon steel. In critical systems or to provide more security, 

the tubes are also often made of aluminium brass. Problems usually arise when the medium to 

be cooled is corrosive. In very many cases, austenitic steel or a better alloy must then be used, 

with the same risks as indicated above, for instance pitting or stress corrosion. 

 

It is extremely important that pollution is kept to a minimum. This applies, in principle, to all 

cooling water systems. In an open circulation cooling system, 'side-stream' filtration is often 

used, or in critical coolers (condensers) a self-cleaning system (for instance with rubber balls) is 

installed. 

 

 

IV.4.2 Salt water application in open wet cooling towers 
[tm110, BDAG, 1995] 

 

The use of salt or brackish water in cooling towers requires applications that particularly pay 

attention to corrosion of metal materials. A number of observations can be summarised. For salt 

water resistant structures good experience has been gained with hardwood species and pressure 

treated wood. However, the latter are done with CCA and cannot be regarded as an 

environmentally sound method. Sulphate resisting cement for concrete constructions and 

reinforcements for external and interior elements are well proven. Silicon, Aluminium Bronze 

and/or Stainless Steel can be applied, but coated galvanised only above water distribution level. 

Plastic coatings are recommended on Aluminium/Silicon bronze items. 

Fill  materials should be open low fouling with a high load capacity, where combinations of film 

(upper parts) and non-film (lower parts) have shown to be effective. Water velocity should be 

low enough to prevent corrosion, but sufficiently high to prevent settlement of heavy solids. 

These particular measures amongst others can reduce water treatment requirements in salt-water 

applications. 
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ANNEX V  OVERVIEW  OF CHEMICALS  FOR THE 

CONDITIONING OF  COOLI NG WATER SYSTEMS 

In all water-cooled systems additives are applied to treat the cooling water with the aim to 

protect the cooling system and to avoid a reduction of heat exchange due to scaling, fouling and 

corrosion. A wide range of additives is applied against these cooling water problems. The 

Annex gives an overview of the different types of additives that are applied in the different wet 

cooling systems. In the final section, treatment of cooling water in a wet open cooling tower is 

explained to illustrate the complexity of cooling water conditioning and the elements that are in 

play. 

 

V.1 Corrosion inhibitors  
 

V.1.1 Corrosion 
 

Corrosion can be defined as the destruction of a metal by chemical or electrochemical reaction 

with its environment. The result is a metal oxide or other salt having little structural ability, 

which causes damage to the material. In cooling systems, corrosion causes two basic problems. 

The first and most obvious is the failure of equipment with the resultant cost of replacement and 

plant downtime. The second is decreased plant efficiency due to loss of heat transfer, which is 

the result of heat exchanger fouling caused by the accumulation of corrosion products. 

 

Corrosion is caused or favoured by the presence of oxygen, the salt content, formation of 

deposits, or an excessive low pH level. 

 

Corrosion can also result from fouling by the growth of organism, so called micobiologically- 

influenced corrosion (MIC):  acid producing bacteria cause corrosion and vibrating mussels 

cause erosion. 

 

V.1.2 Applied corrosion inhibitors  
 

Corrosion inhibitors can be identified by their function. They remove corrosive material, 

passivate, precipitate or adsorb it. Passivating (anodic) inhibitors form a protective oxide film 

on the metal surface. Precipitating (cathodic) inhibitors are simply chemicals, which form insoluble 

precipitates that can coat and protect the surface. Adsorption inhibitors have polar properties, 

which cause them to be adsorbed on the surface of the metal. 

 

The use of corrosion inhibitors varies from system to system. In once-through systems 

polyphosphates and zinc are applied and there is limited use of silicates and molybdates. In 

some countries hardly any corrosion inhibitors are dosed in once-through systems except for 

yellow metal inhibitors (e.g. ferrosulphate) dosed in copper alloy heat exchangers or 

condensers. 

 

In open recirculating systems normally a more comprehensive corrosion control programme is 

required. For many years chromate based programmes were used, but due to its toxicity the use 

has been reduced significantly and should not be used anymore as there are good alternatives.. 

Most current used corrosion programmes are based on phosphates, and zinc is added if  water 

conditions require this. Often is chosen to operate the system under alkaline conditions (pH of 

8-9), but biocide and dispersant treatments might have to be adjusted accordingly under these 

circumstances. Water is then inherently less corrosive. Disadvantage of alkaline operation is the 

increased potential to scaling. Alkaline conditions in combination with organic phosphonates 

are effective against corrosion and scaling. 

 

Theoretically, closed water systems should not require corrosion inhibitors. Any oxygen 

introduced with the initial make-up water should soon be depleted by oxidation of system 
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metals, after which corrosion should no longer occur. However, closed systems usually lose 

enough water and leak enough air to require corrosion protection. Another theory is that the 

high residence time of the water, up to several months, is responsible for the heavy treatment 

with corrosion inhibitors. For closed systems the three most reliable corrosion inhibitors are 

chromate, molybdate, and nitrite materials. Generally, the chromate or molybdate have proven 

to be superior treatments. The toxicity of chromate restricts the use, particularly when a system 

must be drained. In many cases a non-chromate alternative is available, but in some member 

states their use is still permitted. Molybdate treatments provide effective corrosion protection 

and are seen as more environmental acceptable as chromate treatments. 

 

Finally, it depends on the systems conditions (materials used and pH) what kind of corrosion 

inhibitors is best applicable. For instance the most effective corrosion inhibitors for copper are 

the aromatic azoles. Concentrations in evaporative recirculating cooling systems typically range 

from 2 to 20 mg/l as active compound. For some anodic inhibitors (such as chromates, molybdates 

and nitrites) concentrations used in the past are reported to be 500 to 1000 mg/l. in closed 

systems. 

 

 

V.2 Scale inhibitors  

V.2.1 Scaling 
 

If  concentration of  salt in the water film within the heat exchanger exceeds  its  solubility, 

precipitation occurs, which  is referred  to as scaling. The  main forms of  scale  are  calcium 

carbonate and calcium phosphate, but also calcium sulphate, silicates, Zn and Mg deposition can 

occur depending on the minerals contained in the water. Scaling reduces the performance of the 

heat exchanger, since the thermal conductivity of calcium carbonate is about 25 times lower 

than that of steel. Scaling depends on three major factors: mineralisation (alkalinity), higher 

temperature and pH of the circulating water and of secondary factors: presence of complexing 

organic matters and chemical composition of the heat exchanger surfaces. Also, certain shape of 

the heat exchanger body favour scaling. Corrugations, oblique channels and an insufficient ratio 

of water flow per film surface area favour scaling. In recirculating systems high cycles of 

concentration can lead to scaling as well. 

 

Scaling may cause problems in cooling towers, as the film fill  can be very susceptible to various 

types of deposition. Because of evaporation (1.8% of the circulation per 10K of cooling) in the 

tower, minerals and organic substances in the recirculating water may concentrate to such a 

level that scaling can occur. 

 

For power stations in particular, it was reported that scaling occurs due to: 

¶ heating of the water up to 30ÜC in direct cooling and 45ÜC in tower assisted circuits, 

¶ evaporation of water to affect cooling in passage through the cooling towers, which gives 

rise to concentration of the dissolved salt up to a factor of 1.6 or as high as the concentration 

factor determines, and 

¶ the losses of free carbon dioxide during passage of water through the towers causing a rise 

in the pH which varies with the flow rate and the type of packing. With older timber statted 

packs the pH was 7.5-7.8, but with plastic film flow pack, this increases to 8.2-8.4 in small 

towers (250 MWe) as well as in large towers (900 MWe or larger). 

 
 

V.2.2. Applied scale inhibition 
 

Scale formation can play a role in once-through and open recirculating cooling systems. In 

closed recirculating systems it should not be a major issue. It can occur if  spills require frequent 

additions of make-up water and depending on the factors mentioned above. 
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The increase of concentration of salts in cooling water in open recirculating cooling systems 

and distribution systems is caused by evaporation in the cooling tower and to be controlled by 

the blowndown. The ratio of particulate solute in the recirculating water to that in the make-up 

water is called concentration factor. The concentration factor ranges from as low as 2-3 for 

large power plants until 8-9 for some recirculating industrial cooling water systems. Typical 

concentration factors in industry (not power plants) range between 3 and 5. 

 

In practice, scaling is controlled by adjustment of the pH value by dosing of acid and by the 

application of scale inhibitors. Experiences in large systems of power stations equipped with 

cooling towers show that treatment with acid (sulfuric acid or hydrochloric acid) does not lead 

to a change in pH, which remains alkaline. The acids rather neutralize the alkalinity to avoid the 

precipitation of CaCO3. 
 

However, in decarbonated waters pH control can be done by addition of acids. Decarbonation 

by precipitation of calcium carbonates depends on three major factors, which are mineralisation 

(alkalinity), temperature, and pH of the circulating water. Secondary factors are presence of 

complexing organic matters in water and the chemical composition of the heat exchanger surfaces. 

 

Three alternatives were reported for the chemical treatment of cooling water to avoid scaling in 

heat exchangers and wet cooling towers in large wet cooling systems : 

¶ decarbonation of make-up water (resulting in a sludge to be disposed of) 

¶ addition of acid 

¶ addition of organic scale inhibitors 

 

The most important scale control agents are polyphosphates, phosphonates, polyacrylates, co- 

polymers and ter-polymers. Typical concentrations of scale control agents range from 2 to 20 

mg/l, as active compound. Hardness stabilisers prevent the formation of crystals and are used in 

recirculating systems, but rarely or never in once-through systems. 

 

Closed recirculating systems are not subject to scale formation in the primary system except 

when hard make-up water must be used. Many closed systems use zeolite-softened water or 

condensates as make-up water to prevent scale problems. Generally, some corrosion occurs due 

to loss of water or leakage of air. In the secondary cooling circuit water circulates in an open 

evaporative system. Here corrosion can occur on the outside of the coils where wet heat transfer 

takes place. 

 

 

V.3 Fouling inhibitors  (dispersants) 

V.3.1 Fouling 
 

Fouling occurs when insoluble organic particulates suspended in water of both once-through 

and open recirculating cooling systems form deposits on the systemsô surface. Particulate 

matter, particle sizes and low water velocities are factors that enhance fouling. Foulants can be 

sand, silt, iron oxides and other corrosion products and they can react with some water treatment 

chemicals as well. They can either be airborne, can enter the cooling system with the water (silt, 

clay) or are introduced by process leaks and can be very finely dispersed with sizes as small as 

1-100 nm. 

 

Dispersants are polymers used to prevent fouling by removing particulate (organic) matter (e.g. 

microfouling and slime layer) from the heat exchanger surface by increasing the electric charge 

resulting from absorption The particles repel each other and as a result remain suspended. To 

facilitate penetration of biocides into microfouling and slime layers surfactants often referred to 

as biodispersants can be used. Dispersants help to keep the surface of heat exchangers clean, 

thereby reducing the risk of corrosion. It is common practice to dose biocides in combination 

with dispersants at levels of 1-10 mg/l as active ingredient. 
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V.3.2 Applied fouling inhibitors  
 

The most effective and widely used dispersants are low molecular weight anionic polymers. The 

most important dispersants are: organic and metal sulphonates, metal phenolate, metal dialkyl 

dithiophosphanates, sodium dialkyl sulphosuccinates, polyethylene alkyl and alicyclic amines, 

and monoethanolamine phosphate salts, polyacrylates, polymetacrylates and acrylate based 

polymers. 

 

 

V.4 Biocides 

V.4.1 Biofouling 
 

Entrainment of organisms through water or air may lead to biofouling. Biofouling is generally 

of two main types: macrofouling (e.g. mussels) and microfouling (e.g. bacteria, funghi, algae). 

 

Macrofouling is generally confined to once-through systems and is more severe in marine and 

brackish water than in fresh water. Macrofouling may cause gross blockage of pipework and 

culverts, and may cause so-called erosion corrosion. Macrofouling is very much location and 

water quality specific, both in terms of quantity and species variety. 

 

Microfouling  related problems occur both in once-through and open recirculating cooling 

systems. Microbial growth on wetted surfaces leads to the formation of biofilms. The result of 

uncontrolled microbial growth on surfaces is slime formation. The biological component or 

biofilm is produced by the living cells and their metabolic by-products. Microfouling is always 

the primary coloniser of surfaces in the development of biofouling. 

 

The predominant effect of biofouling is reduction of heat transfer capacity of the heat 

exchangers and energy losses due to increased frictional resistance. Furthermore, where an 

exposed metal becomes fouled microbial induced corrosion can occur. In addition microbial 

species may threaten human health by spreading via cooling towers. 

 

A number of antifouling techniques and treatments are available. These applications, the type of 

cooling water and the associated water problems are summarised in Table V.1. 
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Table V.1: Survey of fouling and clogging organisms, and degree of fouling in marine, brackish and 

fresh water. In  the last column mitigation  is presented 

(The degree of fouling is indicated as: + some; ++ fair;  +++ heavy) 

(From:  Applied Hydroecology 10, 1-2, 1998) 

 

 

 

Country  

Type of cooling water, associated 

fouling, clogging and scaling 

 
Main  antifouling mitigation  

techniques 
Marine  Brackish Freshwater 

Belgium  Hydrozoa + 

Slime ++ 

Slime ++ 

Zebra mussels + 

Asiatic clam + 

Bryozoans ++ 

Gastropods ++ 

In  cooling  towers: 

scaling ++ 

Freschwater: 

Water filtration, debris filters. 

On-line condenser cleaning by 

sponge balls. 

Discontinuous Chlorination 

with hypochlorite 

Denmark Mussels + 

Slime + 

See marine Not used Marine water: 

Water filtration, debris filters. 

On-line condenser cleaning by 

sponge balls. 

Non-toxic antifouling paints. 

France Mussels +++ 

Barnacles ++ 

Clogging by: 

Seagooseberries 

(jellyfish) +++ 

seaweeds +++ 

Fouling: no 

special 

problems due to 

wide variations 

in salinity in 

large estuaries. 

Clogging by 

driftings 

macrophytes + 

Zebra mussels ++ 

Bryozoans ++ 

Algae ++ 

Gastropods ++ 

Asiatic clam + 

In  cooling  towers: 

scaling ++ 

Marine water: 

Water filtration, debris filters. 

On-line condenser cleaning by 

abrasive sponge balls (some 

units). 

Continuous chlorination at low 

dosage (0.5-1.0 mg/L), with 

electrochlorination 

Freshwater: 

Water filtration, debris filters. 

On-line condenser cleaning by 

sponge balls. 

Shock chlorination once or 

twice a year 

Germany   Zebra mussels + 

Slime ++ 

In  cooling  towers: 

scaling ++ 

Freshwater: 

Water filtration, debris filters. 

On-line condenser cleaning by 

sponge balls. 

Discontinuous Chlorination 

with hypochlorite. 

H2O2, ozone 

Ireland Mussels + 

Slime + 

Clogging by: 

Fish +++ 

See marine Zebra mussels Marine water: 

Water filtration, debris filters. 

On-line condenser cleaning by 

balls. 

Continuous chlorination with 

hypochlorite 
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Table V.1 (cont.): Survey of fouling and clogging organisms, and degree of fouling in marine, 

brackish and fresh water. In  the last column mitigation  is presented 

(The degree of fouling is indicated as: + some; ++ fair;  +++ heavy) 

(From:  Applied Hydroecology 10, 1-2, 1998) 

 

 

 
Country  

Type of cooling water, associated 

fouling, clogging and scaling 

 

Main antifouling mitigation  

techniques 
Marine  Brackish Freshwater 

Italy Mussels +++ 

Hydroids ++ 

Tubeworms ++ 

Barnacles ++ 

Slime ++ 

Clogging by: 

seaweeds + 

Posidonia + 

(only one 

station) 

Clogging by: 

seaweeds + 

debris + 

Zebra mussels 

Slime ++ 

Clogging by: 

drifting plants, 

leaves + 

Marine water: 

Water filtration, debris filtrs. 

On-line condenser cleaning by 

abrasive sponge balls. 

Continuous or intermittent 

chlorination by hypochlorite or 

electrochlorination. 

Freshwater: 

Water filtration, debris filters. 

On-line condenser cleaning by 

sponge balls. Intermittent 

chlorination (very few cases) 

The Netherlands Mussels +++ 

Slime ++ 

Clogging by: 

jellyfish +++ 

fish ++ 

Mussels ++ 

Slime + 

Clogging by: 

fish + 

Zebra 

Mussels + 

Slime ++ 

Clogging by fish 

++ 

Marine &  Freshwater: 

Water filtration, debris filters. 

On-line condenser cleaning by 

sponge balls. 

Heat treatment. 

Chlorination continuous or 

discontinous, with hypochlorite 

Norway   Hydro-power: 

only problems 

with migrating 

fish. 

 

Portugal Mussels ++ 

Slime + 
 Asiatic clam + Marine water: 

Water filtration, debris filters. 

On-line condenser cleaning by 

abrasive sponge balls (some 

units). 

Continuous chlorination at low 

dosage (0.5-1.0 mg/L), with 

electrochlorination 

Freshwater: 

Water filtration, debris sfilters. 

On-line condenser cleaning by 

sponge balls. 

Spain Slime + 

Tubeworms + 

Mussels ++ 

Oysters + 

 Slime ++ 

In cooling towers: 

scaling ++ 

Marine &  Freshwater: 

Water filtration, debris filters. 

On-line condenser cleaning by 
sponge balls. 

Discontinuous chlorination, low 

and shock dosage, with 

hypochlorite and 

electrochlorination. 

United 

Kingdom 

Barnacles + 

Mussels ++ 

Slime ++ 

Clogging by: 

fish +++ 

Seaweeds ++ 

Jellyfish + 

See marine Slime ++ 

In cooling towers: 

scaling ++ 

Marine &  Freshwater: 

Water filtration, debris filters. 

On-line condenser cleaning by 

sponge balls. 

Continuous chlorination 

(intermittent in winter) with 

hypochlorite and 

electrochlorination 
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V.4.2 Applied biocidal treatment 
 

To combat biofouling in industrial open wet cooling systems, biocides are added to the cooling 

water. On biocides, their use and their effects, a lot of research has been done and a large 

number of publications can be found. 

Biocides are substances that slow down the microbiological growth in the cooling water, reduce 

the total number of cells in the feedwater and weaken stability of the biofilm matrix, and 

thereby minimising organic pollution in the cooling system. Microbiological growth includes 

the development of micro-organisms, bacteria, algae and fungi, and also the developments of 

macro-organisms, such as oysters, barnacles and mussels. 

 

Generally, biocides are defined as either oxidising biocides or non-oxidising biocides. 

Oxidising biocides have a non-specific broad-spectrum biocidal mode of action, which limits 

the degree to which fouling organisms can develop resistance to these biocides. Non-oxidising 

biocides are more selective and more complex in their working and therefore need a longer 

reaction time than oxidising biocides. 

 

The environmental problem of biocides, however, is their inherent toxicity. Some antimicrobials 

used in cooling systems are compounds that rapidly break down in water, thereby alleviating 

some potential environmental hazards. This chemical breakdown is often accompanied by a 

reduction in the toxicity of the compound. The compound can be added to the cooling water 

system, accomplish its task of killing the microbes in the system and then break down into less 

toxic chemicals. 

 

The consumption of biocides is determined by the type of cooling system, the water resource 

(fresh or salt), the season and leakage of organic materials from the process and the systems 

half-time. In once-through systems almost solely biocides are used. Usually, these are oxidative 

biocides such as hypochlorite or derivatives as hypobromite. 

 

In open recirculating cooling systems use of biocides is made on the basis of an oxidative 

biocide alone or in combination with a non-oxidative biocide. The consumption of non- oxidative 

biocides and other conditioning agents is  almost completely determined by recirculating 

cooling water systems. Furthermore, it has been observed that in some closed recirculating 

systems no biocides are being added at all. 

 

Table V.2 gives an indication of the amounts of biocides used in some European Member 

States. 

 

V.4.3 Oxidising biocides 
 

The oxidising biocides commonly used in industrial cooling systems are the halogens, chlorine 

and bromine, in liquid and gaseous form, organic halogen donors, chlorine dioxide and ozone, 

monochloramine and peroxides. In case of seawater conditions there is a growing interest in the 

application of chlorine dioxide, because of its effectiveness and the reduced formation of bromated 

hydrocarbons (in particular  bromoforme, chlorodibromomethane, bromodichloromethane  and  

dibromoacetonitrile)  and  trihalomethanes  (THM)  compared  to 
- 

hypochlorite, but on the other hand it produces ClO3 ions. 

Chlorine gas (Cl2) is also used in some places being compact and cheap, but has a safety risk 
when stored in bulk and gives some difficulties in handling. 

 

Sodium hypochlorite is the most commonly oxidising biocide used in large once-through systems. 

It can be produced on marine sites by electrolysis of seawater. This process, called 

electrochlorination, avoids the transport and storage of dangerous chlorine gas or solution. 

The consumption of sodium hypochlorite as active chlorine demand is generally lower in and 

around saltwater systems than on freshwater systems, because of a higher level of dissolved and 

particulate organic matter in fresh water. Due to its higher bromide content, the formation of 
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halogenated organics in seawater is reported to be lower than in freshwater (rivers), but no 

publications could confirm this. 

 

 
Table V.2: Estimated consumption levels of some commonly used oxidising biocides in a few 

European Member States 

(kg/yr)  (KEMA,  1996) 

 
 

Group 

 

Oxidising biocides 
United Kingdom 

(1993)
2
 

Netherlands 

(1995)
3
 

France 

(1998) 

Chlorine 

based 
Sodium hypochlorite 731000

1,5
 1800000

4
 817000

6
 

 Sodium 

dichloroisocyanurate 
19300   

 Chlorine dioxide 13000   

Bromine 

based 
Sodium bromide 356000 22500 

 

 1-bromo-3-chloro-5,5- 

dimethylhydanthoide 

(BCDMH) 

 

286000 

 

1000 
 

Other Hydrogen peroxide 910   

 Peracetic acid 975   

Notes: 
1 estimated use as active ingredient, (as formulated product the amounts are much higher) 
2 in all cooling water systems 
3 only in recirculating systems 
4 measured as Cl2 
5 this figure is an underestimation as in the U.K much electrochlorination is employed in most coastal 

power stations 
6 in Cl2 produced by electrochlorination at fossil fuel power stations 

 

This will  also hold for cooling systems using water from heavily polluted harbours. Continuous 

ólowò chlorination is often preferred, although discontinuous or semi-continuous chlorination is 

more and more practised. However, this requires more intensive monitoring of the cooling 

system and the cooling water. 

From both the chlorine gas and the sodium hypochlorite solution, the most active chemical 

species is the non-dissociated hypochlorous acid. This is a very reactive oxidising agent and 

reacts with most organics in the water to form the trihalomethane (THM) chloroform (3-5%) 

and other chlorinated organics. Free chlorine can also react with ammonia to produce 

chloramines or with diverse dissolved organic compounds forming different types of 

organohalogenated compounds (such as THM, chlorophenols). This occurs in the  cooling system 

itself also and not before this first chlorine demand has been met, the residual chlorine will  be 

able to do its biocidal work. 

 
The use of the oxidising biocide hypobromous acid (HOBr) could be an alternative to 
hypochlorite. The hypobromous acid remains undissociated at higher pH values than is valid for 

hypochlorous acid. This implies that at pH 8 and above the free oxidant HOBr is a more 

efficient biocide than the dissociated hypochlorous ion OCl
- 
. As a consequence, in alkaline 

freshwater, the effective dosage of hypobromite can be much lower than the equivalent 
hypochlorite. Although, brominated organics are 2-3 times more toxic than the chlorinated 

equivalents, they decompose more rapid and given the lower demand could provide a distinct 
environmental advantage. However, in marine water, the oxidation of bromide ions by 

hypochlorite leads to a rapid formation of hypobromite and the chlorination of sea water is 
almost equivalent to the bromination and there may be little environmental benefit in the 
hypobromous option compared with the hypochlorous option. 
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3 

Bromide and sodium hypochlorite, chloramine and peroxyde are used in combination in 

recirculating systems, which is also expected to give less environmentally hazardous substances. 

A disadvantage of this treatment could be that at high concentrations of free oxidant (FO) 

solutions the formation of carcinogenous bromate could occur. Another possible source can be 

the ozonation of natural waters by the oxidation of bromide ions. 

 
The bromate content depends on the bromide concentration in the brine water used to produce 

sodium hypochlorite. The theoretical maximum bromate concentration (BrO 
-
) in sodium 

hypochlorite solutions produced by electrolysis of seawater is around 100 mg/l or 3 mg per g of 
chlorine. A wide range of bromate concentration is found in commercial hypochlorite solutions. 

- 

If  concentrated brines are used for chlorine production it varies from 0.15 to 4.0 mg BrO3 

of chlorine. 

 

 

V.4.4 Non-oxidising biocides 

per g 

 

Non-oxidising biocides are comparatively slow reacting substances that react with specific cell 

components or reaction pathways in the cell. The following non-oxidising biocides are reported 

to be commonly used: 2,2-dibromo-3-nitrilopropionamide (DBNPA), glutaric aldehyde, 

quaternary ammonium compounds (QAC), isothiazolones, halogenated bisphenols and 

thiocarbamates, but many others are in the market and within Europe the amount and the 

frequency of use of the individual biocide varies considerably. Table V.3 gives an indication of 

the consumption of some non-oxidizing biocides. 

 

The application of non-oxidising biocides instead of oxidising biocides is recommended only in 

cases where oxidising biocides are not able to give sufficient protection, such as in systems with 

high organic loads, or in recirculating wet cooling systems where daily control is not a practice. 

In large recirculating wet cooling systems, where mostly sodium hypochlorite is used, 

sometimes constant monitoring is applied to ensure that the correct level of free oxidants is 

available in the circuit. For many smaller recirculating wet cooling systems however, and for 

those operated by water service companies who do not have personnel permanently on-site, 

application of non-oxidising biocides that are less influenced by the water quality are preferred 

over the oxidising biocides [tm005, Van Donk and Jenner, 1996]. 

Non-oxidising biocides are mainly applied in open evaporative recirculating cooling systems. 

Generally, they are applied to cooling water systems to give water active ingredient 

concentrations from about 0.5 ppm up to 50 ppm (exceptionally 100 ppm). 

 

Non-oxidising biocides exert their effects on micro-organisms by reaction with specific cell 

components or reaction pathways in the cell. The first reaction involves damage to the cell 

membrane and in the other reaction damage is being done to the biochemical machinery in the 

energy production or energy utilisation of the cell. 

Quaternary ammonium compounds are cationic surface-active molecules. They damage the cell 

membranes of bacteria, fungi and algae, thus increasing the permeability of the  cell  wall resulting 

in denaturation of proteines and finally death of the cell. Isothiazolones are  non- specific 

and they interfere with ATP-syntheses in the cell. Of the others methylene(bis)thio- cyanate 

(MBT) is widely used against bacteria and fungi and this biocide is believed to bind irreversibly 

to biomolecules preventing necessary reduction and oxidation reactions. Glutaraldehyde is used 

against both aerobic and anaerobic bacteria and its biocidal activity is based on protein cross-

linking. 
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Table V.3: Estimated consumption levels in some of European Member States of some commonly 

used non-oxidising biocides in kg/yr  

(KEMA,  1996) 

 

Group Non-oxidising biocides 
United Kingdom 

(1993)
2
 

Netherlands 

(1995)
3
 

France 

(1998) 

QAC Dimethyl cocobenzyl 

Ammonium chloride 

23400
1
   

 Bezyl-alkonium ammonium 

compounds 

21400   

 Total QAC estimate 71152   
Isothia- 

zolines 

5-chloro-2-methyl-4- 

isothiazolin-3-one 

13200   

 Total isothiazolines 18000 1500  
 Halogenated bisphenols 

(dichlorophen+fentichlor) 

12150   

 Thiocarbamates 56800   
Others Glutaraldehyde 56400 750  

 Tetraalkyl phosphonium 

chloride 

9500   

 2,2-dibromo-3-nitrilo- 

propionamide 

17200 800  

 Methylene(bis)thio-cyanate 

(MBT) 

2270 1450  

 Ç-bromo-Ç-nitrostyrene 

(BNS) 

231 1950  

 Fatty amines   20000
4
 

 Others 4412   
 Estimated total 234963 6450  

Notes: 
1 estimated use as active ingredient (as formulated product the amounts are much higher) 
2 in all cooling water systems 
3 only in recirculating systems 
4 active product used at a marine fossil fuel power station 

 
 

V.4.5 Factors determining the use of biocides. 
[tm005, Van Donk and Jenner, 1996] 

 

The following factors focus on the use of biocides, but could be applied to the use of other 

additives as well. 

 

¶ Effectiveness 

 

Obvious as this may sound, a biocide has to be effective in the specific situation it is used in. 

However, it is important to realise that a biocide - or a cooling water treatment program - that is 

effective in one system, may not be so in another system, even if  these systems are apparently 

identical. One of the reasons for this can be the development of a resistant or tolerant population 

of micro-organisms. For oxidising biocides this is less of a risk than for non-oxidising biocides. 

 

¶ System type 

 

The system type determines the hydraulic half-time of the cooling water in the wet cooling 

systems, and thus the contact time between the biocide and the cooling water. In once-through 

wet cooling systems, where residence times are short, fast reacting - oxidising - biocides are 

generally used. At present if  biocides are being used in once-through systems in the Netherlands 

sodium hypochlorite is applied. Slower reacting non-oxidising biocides are at present only used 
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in recirculating wet cooling systems. The majority (> 90%) of the recirculating cooling water 

systems is being treated with NaOCl, Cl2, ClO2 or NaOCl./NaBr. 
 

The type of process is an important factor in the choice of a biocide, especially when considering 

the reactivity of some biocides with process fluids spilled into the cooling water. Some 

processes, like the direct cooling of metal in the metal industry create special conditions in the 

cooling water. Process fluids leaking into the cooling water may function as a nutrient for 

biological growth. 

 

¶ Water quality 

 

Chemical and biological water quality affects the choice of a cooling water treatment 

programme, and thus the choice of a biocide. Occurrence of macrofouling organisms is very 

much water quality related. Generally speaking, an increased quality of the surface water in 

biological terms may result in an increased occurrence of macrofouling in wet cooling systems. 

 

For micro-organisms, water type does not play a major role in defining the types of organisms 

encountered. In theory a pH value of approximately 7 is optimal for microbial growth. Acid 

conditions will  favour growth of fungi and pH values higher than 8 will  reduce algae growth. 

However, in practice micro-organisms prove to be highly adaptable and can colonise a variety 

of systems. An illustration of this is the commonly held belief that fungi prefer acidic to neutral 

media for growth, and will  be supplanted by bacteria in an alkaline system. This is 

fundamentally correct, but if  such a system is treated with a bactericide with no antifungal 

activity, often contamination with fungal spores allows colonisation of the system, even at a pH 

value of 9. 

In once-through systems, the pH value inside the cooling system is equal to that of the entrained 

water, although dosing of sodium hypochlorite may slightly increase the pH value but this is 

usually impossible to measure. In open evaporative recirculating systems the pH value is often 

controlled, ranging generally from 7 to 9, by addition of acids (often sulphuric acid) or a base 

(often sodium hydroxide) or cycling natural alkalinity. 

 

For the application of sodium hypochlorite and sodium hypobromite as a biocide, it is well 

known that the pH value strongly influences the equilibrium between hypohalous acid and the 

hypohalite ion. Hypohalous acids are approximately hundred times more toxic than their anionic 

form. Therefore, in theory, the pH value will  affect the toxicity of for example hypochlorite 

dose. 

 

In practice, the pH value cannot be influenced in once-through systems. Freshwater once- 

through systems typically use cooling water at pH 7 - 8; seawater cooled systems operate at a 

pH value of approximately pH 8. The above-mentioned equilibrium is therefore most relevant 

for the effectiveness of the treatment in once-through systems, since residence time of the 

cooling water - and thus contact time of the biocide with the organisms - in the cooling system 

is relatively short. 

 

Wet recirculating systems generally are operated at a pH value ranging from 7 - 9. Experience 

in the chemical industry has shown that a recirculating system operating at pH value of 9 uses 

less hypochlorite than a system operating at a lower pH value, without loss of effectiveness of 

the treatment. The fate of hypochlorite in recirculating systems has been extensively studied. 

The main conclusion from this is that 5-10% of the hypochlorite dosed is lost in the tower when 

operating at pH value of 8.5, while at a pH value of lower than 7 this is 30 - 40%. 

 

The explanation for this is that the hypochlorite anion cannot be stripped out of the cooling 

tower. This is in contrast with hypohalous acid. It is concluded that hypochlorite dosage at a pH 

value of 9 is equally effective, in spite of the fact that only (1 - 5%) is present in the acid form, 

because the hypohalous acid consumed will  be instantly replenished from the surplus present in 

the anionic form. The overall conclusion therefore is that operating recirculating systems at a 

high pH value will  reduce the amount of hypochlorite needed for effective microfouling control. 
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The temperature of the surface influences the growth of the marine biology and can therefore be 

used as a factor for the choice of a treatment programme in once-through cooling systems. 

Macrofouling in once-through systems in the Netherlands will  not grow rapidly during winter 

months. Therefore it is not necessary to dose biocides when water temperatures are lower than 

12 C. Industries with once-through systems on the Mediterranean coast, where severe 

macrofouling growth and spat fall take place all year round, dose oxidising biocides all year 

round. In general, water temperature will  greatly affect species variability, growth rate and 

biocide demand. In once-through systems the water temperature added to the bulk water (æT) is 

8 - 12 C, restricted by a maximum discharge temperature. Recirculating systems face the same 

restriction at the point of discharge, although sometimes higher discharge temperatures are 

allowed. Temperatures in the recirculating bulk water can be 20 - 30 C and higher. Most 

macrofouling species in the Netherlands do not tolerate long-term exposure to temperatures of 

30 C, but some species, such as the brackish water mussel, grow very rapidly at these 

temperatures. 

 

For recirculating  systems with high concentration factors, the hardness of the intake water and 

the amount of organic materials are of extreme importance, since this will  affect the amount of 

scaling and corrosion inhibitors needed. Both for once-through and recirculating systems the 

amounts of organic material (dissolved solids, suspended solids) in the cooling water are 

important, since they influence biocide demand. The extent into which this influences biocides 

varies (e.g. hypochlorite will  react with ammonia, chlorine dioxide will  not). In general it is 

advisable to reduce to a minimum all substances that lead to increased biocide demand. 

 

 

V.4.6 Interactions with other water treatment chemicals 
 

Other additives such as corrosion and scale inhibitors can also affect the choice of a suitable 

biocide. Some biocides limit each otherôs effectiveness, but can also be of reciprocal benefit. 

For example: 

- QACs  are  known  to  be  partially  neutralised  by  oxidative  biocides  and  anionic 

dispersing agents; 
- Isothiazolones on the other hand are stabilised by sodium hypochlorite; 

- Ozone is such a strong oxidant that it will  oxidise almost any other cooling water 

additive, which is specifically a problem for corrosion inhibitors that often have to be 

applied to some extent adjacent to the ozone application to protect the equipment. 

 

 

V.5 Cycles of concentration and water balance 

The application of additives in open evaporative cooling towers is complex and largely related 

to the water balance and the cycles of concentration with which the system is operated. The 

blowdown is an important measure to correct the solids balance and plays a role in the 

optimisation of cooling systems performance and cooling water treatment. A short explanation 

of the principle of blowdown is given below Figure V.1. 
 

A quantity of cooling water (Qc) is circulating through the system in m
3 
per minute. Passing the 

heat exchanger the cooling water is cooled down in the cooling tower by evaporation and 
convection. Evaporation (E), drift, windage and some leakage reduce the amount of cooling 

water and consequently the concentration of salts in the water increases which could lead to 
scaling and corrosion. 
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Figure V.1: Tower and solids balances for  an evaporative cooling system using a cooling tower 

[tm135, Anonymous, 1988] 

 

 

This is balanced by bleeding the system, which process is called blowdown (B with 
concentration Cb) and compensated by adding water called make-up (M with concentration Cm). 
As the system has to be balanced use is made of the concentration ratio (CR): CR = M/B = 

Cb/Cm (because M x Cm = B x Cb). 
 

 

 
 
 

Figure V.2: Reduction of the make-up flow by concentration in an evaporative cooling system 

[tm135, Nalco, 1988] 
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M = E+B, thus CR = (E+B)/B= E/B+1 and from this equation follows that 
 
 

 
 
 

This is a very useful equation in cooling water treatment. After the cycles of concentration have 

been determined based upon the make-up and blowdown concentrations, the actual blowdown 

being lost from the system, or the blowdown required to maintain the system at the desired 

number of cycles, can be calculated. 

B = E/(CR-1) 
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ANNEX VI EXAMPLE OF LEGISLATION IN EUROPEAN 

MEMBER  STATES 

 

The following text has been integrally included to give an example of legislation that has been 

successfully applied in Europe to reduce the emissions of cooling systems. 

 

 

General Administrative  Regulation of 31 January 1994 

On the Amendment to the 

General Administrative  Framework Regulation on  

Minimum  Requirements for  the Discharge of Waste Water into Waters 

(currently,august 2000,being revised) 

Excerpt of 

 

Appendix 31: Water Treatment, Cooling Systems, Steam Generation 

 

 

1 Scope 

 

1.1 Waste water in which the contaminant load originates primarily from the treatment of 

water from cooling systems of industrial processes. 

 

 

2 Requirements 

 

The following requirements for the discharge of waste water must be complied with. 

The requirements for chemical oxygen demand, for nitrogen as the sum of ammonium, 

nitrite and nitrate nitrogen, for inorganic phosphorus compounds and for filterable 

substances are based on generally recognised technical rules, the remaining require- 

ments on best available technology. 
 

These requirements shall not apply to waste water discharges of less than 0.5 m
3 
per 

day. 

 

 

2.1 General requirements 

 

The waste water must not contain - with the exception of phosphonates and poly- 

carboxylates - any organic complexing agents which are not readily biodegradable in 

accordance with the basic level requirements of the Chemicals Act for determining 

ready biodegradability by means of the OECD Guidelines 301 A - 301 E of May 1981. 

 

The waste water must not contain chromium compounds or mercury compounds, 

nitrite, organometallic compounds (metal-carbon bonds) or mercaptobenzothiazole 

originating from the use of operating and ancillary resources. 

 

The requirements in the first and second paragraphs shall be deemed to be complied 

with if  the substances specified are not used, all operating and ancillary resources used 

are listed in an operating journal and manufacturers' information is available showing 

that such substances are neither present in the operating and ancillary resources used 

nor capable of forming under operating conditions. 
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2.3 Requirements for waste water from cooling systems 

 

2.3.1 Water from single-pass or open-ended fresh water cooling systems 

 

The requirements after shock treatment with microbicidal substances shall be as fol- 

lows: 

 
 

 

 

Chlorine   dioxide,   chlorine   and   bromine 

(expressed as chlorine) 

Qualified random sample or 

2-hour composite sample (mg/l) 

0.2 

Adsorbable organic halogens (AOX) 0.15 
 

 

Microbicidal substances other than hydrogen peroxide and ozone must not be present 

in the waste water. These requirements shall be deemed to be complied with if  such 

substances are not used, all operating and ancillary resources used are listed in an op- 

erating journal and manufacturers' information is available showing that such sub- 

stances are not present in the operating and ancillary resources used. 

 

 

2.3.2 Water from flushing of primary cooling circuits in power stations (flushing water from 

recirculation cooling systems) 

 
 

Random sample (mg/l) 
 

Chemical oxygen demand (COD) 30 

Phosphorus compounds as phosphorus, 

total
2)

 

If only inorganic phosphorus compounds 

are   used,   the   value   for   the   parameter

1.5 

phosphorus is increased to 3 mg/l.   
 

The requirements after shock treatment with microbicidal substances shall be as fol- 

lows: 

 
 

Random sample (mg/l) 

Adsorbable organic halogens (AOX) 0.15 

Chlorine   dioxide,   chlorine   and   bromine 

(expressed as chlorine)

0.3 

Toxicity to luminescent bacteria TB 12 

The luminescent bacteria toxicity requirement shall also be deemed to be complied 

with if  the flushing circuit is kept closed until a TB value of 12 or less is reached in ac- 
cordance with manufacturers' information about input concentrations and biodegrada- 
tion behavour and this is substantiated by an operating journal. 

Zinc compounds from cooling water conditioning agents must not be present in the 

waste water. This requirement shall be deemed to be met if  all operating and ancillary 

resources are listed in an operating journal and manufacturers' information is available 

showing that the cooling water conditioning agents used do not contained any zinc 

compounds. 
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2.3.3 Waste water from flushing of other cooling circuits 

Random sample (mg/l) 

Chemical oxygen demand (COD) 40 

The value for the parameter COD is in- 

creased to 80 mg/l after cleaning with 

dispersants. 
Phosphorus    compounds    as    phosphorus, 3 

total
2)

 

The value for the parameter phosphorus is 

increased to 4 mg/l if only zinc-free cooling 

water conditioning agents are used. It is in- 

creased to 5 mg/l if the zinc-free condition- 

ing agents used contain only inorganic 

phosphorus compounds. 
Zinc 4 

Adsorbable organic halogens (AOX) 0.15 

The requirements after shock treatment with microbicidal substances shall be as fol- 

lows: 

Chlorine   dioxide,   chlorine   and   bromine 

(expressed as chlorine) 

Random sample (g/l) 

0.3 

Adsorbable organic halogens (AOX) 0.5 

Toxicity to luminescent bacteria TB 12 
 

 

The luminescent bacteria toxicity requirement shall also be deemed to be complied 

with if  the flushing circuit is kept closed until a TB value of 12 or less is reached in ac- 
cordance with manufacturers' information about input concentrations and biodegrada- 
tion behaviour and this is substantiated by an operating journal. 

 

 

2.5 In the case of holding ponds, all values shall be for the random sample. Here the val- 

ues relate to the quality of the water before emptying. 

 

2.6 Compliance with the requirements in item 2.3 for the parameter COD may also be 

checked by determining total organic carbon (TOC). In this case, the COD value is to 

be replaced by three times the TOC value as determined in milligrams per litre. 
 

 

 
 

 

2)  Determination in the original sample in accordance with DIN 38406 - E22 (March 1988 edition) or an 

equivalent measurement and analysis procedure. 
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ANNEX VII  EXAMPLE  OF A SAFETY CONCEPT FOR OPEN 

WET COOLING SYSTEMS (VCI -CONCEPT) 
 

VII.1 Introduction to  the concept 

This safety concept has been elaborated in order to provide assistance with regard to the 

protection of waters from the temporary discharge, via cooling water, of (process) substances 

causing long-term detrimental changes to water bodies. The concept specifies measures of 

monitoring and changeover in connection with once-through cooling systems and alternatives to 

once-through cooling systems as a function of the persistence of water pollution by substances, 

which can be discharged into the cooling water. 

 

The capacity of a substance to cause long-term detrimental changes or to pose a hazard to a 

water body can be determined on the basis of the R - phrases established under European 

legislation on hazardous substances. A certain score is allocated, as shown in the table below, to 

each of the R - phrases relating to the protected assets aquatic-environment as well as human 

health and soil. The scores of all R - phrases assigned to the substance concerned are added up 

to obtain the total score. This total score is then linked with the required safety measure 

concerning the contaminated cooling water. Decisions relating to the implementation of such 

measures and the technology applied can, of course, only be taken within the individual 

companies concerned and with knowledge of the particular circumstances. 

 

It will  be recommended to apply this concept immediately to new plants and to refit existing 

cooling-systems if  they do not meet these requirements within: 

 

- 5 years for substances with total score > 9 
 

- 8 years for substances with total score from 0 - 8 

 

For substances with total score > 5 measures with regard to the monitoring of once-through 

cooling systems should be tackled immediately taking into account the requirements of 

individual cases. 

 

The requirements of this safety concept refer to all cooling water streams, which are not connected 

to industrial purification plants or to an appropriate water-associated purification plant. The 

requirements concerning substances with total score < 4 do not refer to indirect discharges 

which are fed to a sewage treatment plant. 
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Table VII.1:  Score for  a number of R-phrases to calculate the total score for  process substances 

 

Score 1 2 3 4 5 6 7 8 9 

Ecotoxicity 

and 

Degradation/ 

bio- 

accumulation 

   52/53  51/53  50/53  

Ecotoxicity 

and/or 

Degradation/ 

bio- 

accumulation 

n.y.d. 

    

*  3) 
  

*  2) 
  

*  1) 
 

Ecotoxicity   52   50    
Ecotoxicity 

n.y.d. 
     *     

Degradation/ 

bio- 

accumulation 

  53       

Degradation 

and/or bio- 

accumulation 

n.y.d. 

  *        

Acute 22  25  28     
mammalia 20/22 23/25 26/28 

toxicity 21/22 24/25 27/28 

(acute orale 20/21/22 23/24/25 26/27/28 
toxicity 21 24 27 

preferred) 20/21 23/24 26/27 

65 

Acute 

mammalia 

toxicity 

n.y.d. 

    *      

Carcino-  40       45 
genicity and/or 

and/or 46 

mutagenicity 

Irreversible  40/21  39  39/27    
effect 40/22 39/24 39/28 

40/20/22 39/25 39/26/28 
40/21/22 39/23/25 39/27/28 

40/20/21/22 39/24/25 39/26/27/28 

39/23/24/25 

 

 
Recurrent 

Exposure 

 33  48/24      
48 48/25 

48/21 

48/22 

48/20/22 

48/23/25 

48/24/25 

48/23/24/25 

48/21/22 

48/20/21/22 

Reproduction 

toxicity 

 62 

and/or 

63 

 60 

and/or 

61 

     

Dangerous   29       
reaction with 15/29 

water 
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Legend to the table on the previous page: 

 

n. y.d. = attributes not yet determined (tested or known) 

*  = score, if  one ore more of the attributes, ñecotoxicityò, ñdegradation/bioaccumulation" and 

ñacute toxicity" were not tested or not known 

 
Footnote 1)   - Ecotoxicity  and  degradation  and/or  bioaccumulation  n.y.d.  or  ecotoxicity  n.y.d.  and  easy 

degradation not proved or 

- ecotoxicity n.y.d. and potential of bioaccumulation available or classified into R 50 and degradation 

and/or bioaccumulation n.y.d. 

Footnote 2)   - Ecotoxicity > 1 and < 10 mg/l and degradation and /or bioaccumulation n.y.d. 

Footnote 3)   - Ecotoxicity > 10 and < 100 mg/l and degradation n.y.d. 

Footnote 4)   - See Appendix 2 for description of R-phrases 

 

 

VII.2 Requirements of the concept 

The requirements put on the cooling technology is determined by the respectively highest total 

of points of those process substances that can enter the cooling water. These requirements are 

summarized in the following table. 

 

 
Table VII.2:  Requirements of VCI  safety concept for  cooling technology 

 

score: 0 points score: 1 - 4 points score: 5 - 8 points score: 9 points 

(D1 + Al)  (D1 + Al + U1) (D1 + A2 +U1) 

(D2 + A1 +U1) 

(D3 + A2 + U1) / 

(D2 + A2 + U2) / 

(Z) (E) / (K) / 

(L) / (S) 

../.. alternative options 

 
 

D1, A1 and U1 are always replaceable by the higher measures D2 (or D3), A2 and U2. 

The codes in the table are described as follows: 

DI Once-through cooling system; 

 

D2        once-through cooling system with a cooling water pressure which is kept clearly and in 

a controlled way above the process pressure (cooling water pressure should not fall 

below process pressure at any point in the cooling system, also not by hydraulic 

processes); 

 

D3     Once-through cooling system with cooler made of high-quality anticorrosive material and 

regular maintenance; 

 

Z Intermediate storage with analytical control prior to discharge; 

E Cooling via primary/secondary circuits (decoupling); 

K Circulation cooling via recooling systems; 

L Air cooling system; 

S Special cooling system (e.g. heat pumps, absorption cold plants, vapour compression 

systems, heat transformers); 
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Al Analytical or other adequate monitoring of cooling water; 

A2 Automatic analytical monitoring of cooling water (according to the appendix); 

 

U1 Immediate changeover of the cooling water discharge to holding facilities  or  a purification 

plant provided that such a plant is appropriate for the disposal of  the released substance 

or immediate changeover to reserve cooling system or switch-off of the part of the 

production plant concerned; 

 

U2 Automatic changeover of the cooling water discharge to holding facilities or a 

purification plant provided that such a plant is appropriate for the disposal of the 

released substance or automatic changeover to reserve cooling system or switch-off of 

the part of the production plant concerned. 
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VII.3 Appendix 1 - Automatic analytical monitoring of once- 

through cooling systems 

Automatic analytical systems are appropriate for the monitoring of once-through cooling systems 

if  leakage can be determined with sufficient safety and sufficiently rapid. In this connection it is 

sufficient that the analytical system provides trend data. The measurement of absolute 

concentrations is not necessary for such systems, but merely the detection of deviations from 

normal states. 

 

Measurement can either occur directly by sensors in the cooling water stream or via automatic 

sampling semi-continuously outside the cooling water stream. 

 

For the following parameters and analytical methods, equipment is on the market which is 

appropriate for automatic monitoring of once-through cooling systems in the above sense. With 

regard to the selection of equipment for this function, the reliability of the system is generally 

more important than increased demands on its accuracy. 

 

The selection of the appropriate system is determined by the substance(s) released in connection 

with a leakage and it is, moreover, strongly dependent on the special circumstances of individual 

cases. In this connection it should first be checked whether the automatic analytical monitoring 

can be carried out by means of a parameter or of an analytical method of the following 

List 1. If  this proves not to be possible, the use of systems in accordance with List 2 should be 

checked. 

 
List 1:  - ph-value - photometry 

- conductivity - oil warning equipment 

- redox potential - foam warning equipment 

- turbidity - mercury monitors 

- refractometry. 

 

List 2:  - TC (total carbon), 

- TOC (total organic carbon), 

- DOC (dissolved organic carbon), 

- purgable substances by means of FID (flame ionization detector), 

- TOC/FID combination, 

- purgable chloro-organic compounds, 

- bacterial toximeters. 
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VII.4 Appendix 2 ï R-phrases used to calculate VCI -score 
 

Table VII.3:  Description of R-phrases used to calculate VCI -score for  cooling systems selection 

 

R 20/21 Harmful by inhalation and in contact with skin. 

R 20/21/22 Harmful by inhalation, in contact with skin and if  swallowed. 

R 20/22 Harmful by inhalation and if  swallowed. 

R 21 Harmful in contact with skin. 

R 21/22 Harmful in contact with skin and if  swallowed. 

R 22 Harmful if  swallowed. 

  

R 23/24 Toxic by inhalation and in contact with skin. 

R 23/24/25 Toxic by inhalation, in contact with skin and if  swallowed. 

R 23/25 Toxic by inhalation and if  swallowed. 

R 24 Toxic in contact with skin. 

R 24/25 Toxic in contact with skin and if  swallowed. 

R 25 Toxic if  swallowed. 

  

R 26/27 Very toxic by inhalation and in contact with skin. 

R 26/27/28 Very toxic by inhalation, in contact with skin and if  swallowed. 

R 26/28 Very toxic by inhalation and if  swallowed. 

R 27 Very toxic in contact with skin. 

R 27/28 Very toxic in contact with skin and if  swallowed. 

R 28 Very toxic if  swallowed. 

  

R 29 Contact with water liberates toxic gas. 

  

R 33 Danger of cumulative effects. 

  

R 39 Danger of very serious irreversible effects. 

R 39/24 Danger of very serious irreversible effects in contact with skin 

R 39/25 Danger of very serious irreversible effects if  swallowed 

R 39/23/25 Danger of very serious irreversible effects through inhalation and if  swallowed 

R 39/24/25 
Danger of very serious irreversible effects in contact with skin and if  

swallowed. 

R 39/23/24/25 
Danger of very serious irreversible effects through inhalation, in contact with 

skin and if  swallowed 

  

R 39/27 Danger of very serious irreversible effects in contact with skin 

R 39/28 Danger of very serious irreversible effects if  swallowed 

R 39/26/28 Danger of very serious irreversible effects through inhalation and if  swallowed 

R 39/27/28 
Danger of very serious irreversible effects in contact with skin and if  

swallowed 

R 39/26/27/28 
Danger of very serious irreversible effects through inhalation, in contact with 

skin and if  swallowed 

  

R 40 Possible risks of irreversible effects. 

R 40/21 Harmful: possible risk of irreversible effects in contact with skin. 

R 40/22 Harmful: possible risk of irreversible effects if  swallowed. 

R 40/20/22 Harmful: possible risk of irreversible effects through inhalation and if  

 swallowed. 
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Table VII.3  continued 

R 40/21/22 
Harmful possible risk of irreversible effects in contact with skin and if  

swallowed. 

R 40/20/21/22 
Harmful possible risk of irreversible effects through inhalation, in contact with 

skin and if  swallowed. 

  

R 44 Risk of explosion if  heated under confinement. 

R 45 May cause cancer. 

  

R 48 Danger of serious damage to health by prolonged exposure. 

R 48/21 
Harmful: danger of serious damage to health by prolonged exposure in contact 

with skin. 

R 48/22 
Harmful: danger of serious damage to health by prolonged exposure if  

swallowed. 

R 48/20/22 
Harmful: danger of serious damage to health by prolonged exposure through 

inhalation and if  swallowed 

R 48/21/22 
Harmful: danger of serious damage to health by prolonged exposure in contact 

with skin and if  swallowed. 

R 48/20/21/22 
Harmful: danger of serious damage to health by prolonged exposure through 

inhalation, in contact with skin and if  swallowed. 

  

R 48/24 
Toxic: danger of serious damage to health by prolonged exposure in contact 

with skin. 

R 48/25 Toxic: danger of serious damage to health by prolonged exposure if  swallowed. 

R 48/23/25 
Toxic: danger of serious damage to health by prolonged exposure through 

inhalation and if  swallowed. 

R 48/24/25 
Toxic: danger of serious damage to health by prolonged exposure in contact 

with skin and if  swallowed. 

R 48/23/24/25 
Toxic: danger of serious damage to health by prolonged exposure through 

inhalation, in contact with skin and if  swallowed. 

  

R 50 Very toxic to aquatic organisms. 

R 51 Toxic to aquatic organisms. 

R 52 Harmful to aquatic organisms. 

R 53 May cause long-term adverse effects in the aquatic-environment. 

  

R 60 May impair fertility. 

R 61 May cause harm to the unborn child. 

R 62 Possible risk of impaired fertility. 

R 63 Possible risk of harm to the unborn child. 

R 65 Harmful: may cause lung damage if  swallowed. 

  

R 15/29 Contact with water liberates toxic, highly flammable gas. 
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ANNEX VIII  EXAMPLES  FOR THE ASSESSMENT OF 

COOLING WATER CHEMICALS 
 

VIII.1 Benchmark assessment concept for  cooling

 water chemicals 

VIII.1.1 Introduction  
 

General 
 

It is well established that the cooling BREF is ñhorizontalò in nature, and that it is not possible 

to identify a ñBAT cooling systemò as such because so much is dependent on the specific 

process being cooled, and its location (especially climate, water supply etc.). 

 

Therefore, the approach to be taken in the BREF must be one of providing ñtoolsò to help the 

Member State authorities rationalise what options are available, and select an optimal cooling 

solution (both in terms of equipment, and ñoperating conditionsò) which will  represent BAT for 

IPPC permitting purposes. 

 

Firstly, in terms of ñplant equipmentò, such selections will  mainly be made when new systems 

are built, but also in the context of upgrades or retrofitting of existing systems. 

 

Secondly, the ñoperating conditionsò which are applied in both existing and new systems have 

been singled out for attention in discussions. A key element of these ñconditionsò relates to the 

optimisation of the cooling system in terms of efficiency and plant longevity through the use of 

chemicals. BAT-based optimisation decisions will  need to be made in terms of what chemicals 

are used, and in what quantities, for permitting purposes. 

 

An approach has been developed within the TWG for a  simple  so-called  ñbenchmarkingò method 

to help the Member States compare different chemicals one with another on the basis of potential 

environmental impact. Without such a tool, the complexity of making such decisions could be 

a serious obstacle in determining what is BAT for cooling systems in a rational way at the local 

level. 

 

As is described below, most of the main elements for establishing such a risk-based 

benchmarking tool can already be found in Community legislation and its official supporting 

documentation. The present approach seeks to draw together elements from: the IPPC Directive, 

the Water Framework Directive, and Risk Assessment legislation and the supporting ñTechnical 

Guidance Documentò in a coherent manner, to provide a tool to help evaluate cooling chemicals. 

 

 

VI I I.1.1.1  Background 
 

From its earliest meetings, the TWG agreed by consensus that any assessment of cooling water 

chemicals should involve both intrinsic properties and local situation characteristics (risk based 

approach). 

 

The ensuing Benchmarking Assessment Concept arises as a result of consideration of existing 

assessment schemes and methodologies, and seeks to provide a starting point for proper 

consideration of both intrinsic properties and the local level situation in the assessment of 

different possible treatment regimes. 

 

The assessment concept does not enter into a discussion of the Intrinsic Hazard Approach, but 

concentrates on the task of explaining and clarifying the Benchmarking (relative ranking) 

Procedure. 
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It essentially focuses on individual substances, giving brief indications of how the method could 

be extended to multi-substance complete chemical treatments. 

 

Also, only the most complex case (and most frequent) of open recirculating systems (cooling 

systems with an evaporative cooling tower) is dealt with, with the possibility of later extension 

to once-through, closed systems, etc. 

 

 
VIII.1.1.2  Relevant legislative background 

 

There is no need, here, to evoke in any detail the legislative requirements which have led to the 

development of BAT reference documents. It is enough to mention Article 16.2 of the IPPC 

Directive on exchange of information, and the initiative of the Commission to develop, through 

the institution of the Information Exchange Forum, a tool which should assist  and  guide Member 

States Authorities to set Emission Limit Values (ELV) for IPPC Listed Plants. 

 

It is of importance, though, to underline one of the key aspects of the Directive: the control of 

emissions and their impact on the environment through a ñcombinedò method of BAT set 

emission limit values to be checked against environmental quality standards. 

 

Also very relevant in this context is the shortly to be adopted Water Framework Directive 

(WFD). 

 

Although it might be the case that a correct evaluation of the effects of chemical treatments used 

in cooling systems should be subject to a multimedia assessment, it is also correct to state that 

the major concerns associated to the use of these chemicals regard the main potential receiver of 

polluting substances: the aquatic-environment. 

 

A few words are therefore necessary to briefly review the relevant parts of the WFD. 

 

 

VIII.1.1.3  The water framework directive (WFD) 
 

While the WFD goes much further than providing elements to prevent and control emissions 

from Industrial IPPC Plants, it does in fact supply one key link with the IPPC Directive. It fixes 

methods and procedures for the Commission to prioritize dangerous substances and to propose, 

for these, emission controls and EQSs (Environmental Quality Standards; or ñQuality 

Standardsò), to be adopted by the Council and the European Parliament. 

 

Furthermore it gives to the Member States the right and the duty to fix  Quality Standards for 

any other substances that are relevant, in any River Basin, to the achievement of the objectives 

set by the Directive itself. 

 

More important than this, it introduces in an annex (Annex V Section 1.2.6) a simple procedure 

to be used by the Member States Authorities to calculate Environmental Quality Standards 

(EQSs) for chemical substances in water. 

 

In other words, it provides one of the conditions required by the IPPC Directive to implement a 

combined approach: methods and procedures to calculate Quality Standards. 

 

According to the Water Framework Directive (WFD) text (Annex V Section 1.2.6), Member 

States are to determine EQSs in the following way: 
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Test Method Safety Factor 

At least one acute L(E)C50 from each of three trophic levels of 

the base-set 

 

1000 

One chronic NOEC (either fish or daphnia or a representative 

organism from saline waters) 

 

100 

Two chronic NOECs from species representing two trophic 

levels (fish and/or daphnia or a representative organism from 

saline waters and/or algae) 

 

50 

Chronic NOECs from at least three species (normally fish, 

daphnia or a representative organism for saline waters & algae) 

representing three trophic levels 

 

10 

Other cases, including field data or model ecosystems, which 

allow more precise safety factors to be calculated and applied. 

 
Case by case assessment 

 
 

While a more detailed analysis of the significance and implications of this table will  be made 

later, there are a few notes that need to be made at this point: 

 

a) The Quality Standards set on this basis only take into account the protection of the 

aquatic system, without considering the indirect-human effects 

b) The numbers resulting from the above table are Predicted No Effect Concentrations 

(PNEC) (See Technical Guidance Document for Regulation 793/93/EEC) 

c) The Commission has developed a Prioritization Procedure, which is based on a system 

in which an aquatic effect score is combined with a bio-accumulation score  and  a 

human effect score. The procedure has been used to provide the basis for the 

Commissionôs proposed ñpriority listò of substances to be controlled at EU level by 

means of emissions controls and EQSs to be  adopted under the Water Framework 

Directive. 

 

The following benchmarking assessment concept is also based on the above method of 

Calculating Quality Standards. This is for the following reasons: 

 

- in the context of the BREF, the method must be clear, simple straight forward, 

transparent and easy to use 

- it is most probable, even if  a lot of work is needed to prove this, that the aquatic- 

environment is the weakest link of the chain 

- the benchmarking methods will  be used in combination with EU chemicals legislation 

(Intrinsic Hazards), which, implicitly  includes evaluation of potential indirect adverse 

effects (both on the aquatic-environment and on humans) through the inclusion of bio- 

accumulation, the CMT properties (carcinogenic, mutagenic, teratogenic) as well as 

chronic effects in the classification of hazardous chemicals. 

The WFD also requires that Member States set EQS for waters intended for Drinking 

Water Abstraction: this will  be another check point to take into account human health in 

one of the most important exposure routes. 

 

 

VIII.1.2  Benchmarking : introduction of  the concept 
 

The Benchmarking Assessment Concept is founded on carrying out substance by substance 

comparisons using a standardised theoretical measure of the Predicted Environmental 

Concentration (here in referred to as PECstandardised). This PECstandardised is compared with the 
corresponding Predicted No Effect Concentration (PNEC) or EQS of the substance, determined 

in accordance with the method contained in Annex V of the Water Framework Directive. In this 
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way a ration can be calculated for each substance which permits a preliminary ranking of 

substances based on potential impact. 

 

While the terms PNEC and PEC have now entered in the legislative language in the context of 

emissions law, and their significance will  become common knowledge, it is worth at this point 

clarifying the concepts as they apply to the Benchmarking Procedure. 

 

 
VIII.1.2.1   The PNEC 

 

The Benchmarking Procedure does not attempt to rank the chemicals mentioned in the BREF 

itself. 

 

The real-life situation is complicated by the fact that only rarely do chemical treatments for 

cooling systems consist of a single substance. The attempt to rank treatments in a BREF would 

imply the application of an ñadditiveò procedure of some sort to an enormous list of possible 

substances combinations in the treatments. Assuming these combinations can be made 

available, this would require a large quantity of work and time, and would almost certainly fail 

to be either exhaustive or up to date. 

 

Therefore, this Assessment Concept aims to offer a standard methodology, rather than a numerical 

assessment of substances or treatments. 

 

The Member State (MS) Authorities may then use this methodology as they see fit,  at MS level, 

or better still at local level. 

 

At any rate, aquatic toxicity data must be available and be made available by chemical suppliers 

to permit evaluations of PNECs. This is a fundamental aspect of any ranking procedure. 

 

It is worth noting, also, that the Annex V procedure, and the related table, have not been 

invented recently by the Commission in the context of the WFD. In fact the approach and the 

table have been strictly derived from the Technical Guidance Document on the assessment of 

Risk for Existing and New Chemicals. 

(An extract of this pertinent portion is attached in VII.1.6 Appendix I). 

 

Only a few words of clarification seem appropriate here. 

The fewer data there are available the higher the assessment factor to be applied to convert 

toxicity data to PNECs. 

The availability of chronic data reduces the factor. Progressing through a set of intermediate 

situations, having chronic data on three trophic levels allows the use of a factor of 10, compared 

to a factor of a 1000 when only acute toxicity data are available. The costs associated with 

performing chronic tests are much higher than the costs for acute testing. Thus it is likely that 

more acute than chronic toxicity data will  be available. 

 

When the Benchmarking Procedure is applied locally, the available data will  have to be used 

together with the corresponding assessment factor. 

 

It will  be left, in this case, to the supplier of chemicals to decide whether or not to invest 

additional resources in obtaining chronic data, as and when this might prove necessary. For 

example, for a given plant it could be the case that using only acute data (which implies 

obtaining an  EQS  by dividing the  LC50  by  a ñsafety  factorò of 1000 to take account of 

uncertainty) there may be difficulty in complying with the stringent resultant EQS. In this case 

the supplier might opt to obtain the more ñcertainò, but equally more time-consuming and more 

costly, chronic data. Chronic data implies dividing test result concentrations by a safety factor of 

only 10, which will  lead to a more ñcertainò EQS, which may also be more achievable. 
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VIII.1.2.2  The PEC 
 

The ñrealò PEC, in the context of chemicals used in a cooling system, must be seen and defined 

as the final concentration of the chemical in the river water, after discharge and after dilution 

with the river water at appropriate distance from the discharge. 

 

When a chemical is used in a cooling system it is subject to a set of physico-chemical conditions 

which will  determine its fate. As examples can be mentioned: 

breakdown in the cooling system due to hydrolysis or photolysis, 

adsorption by the system, 

partitioning between water and air, 

ending up in the sludge, 

biodegradation in the cooling system itself, in the waste treatment plants (chemical/biological), 

and in the river. 

 

The portion that is not ñlostò will  end up in the river and will  be diluted by the river flow. A 

precise appraisal of the final River PEC, is only possible at local level. 

Models and algorithms to achieve this task are available, but they must take into account the 

very specific conditions of each site. Obviously, also, the final PEC will  depend on the amount 

of chemical that is fed, and this in turn depends on the size of the system and on the operating 

conditions (Number of cycles of concentration, size of the plant and amount of heat to be 

removed). 

 
Most of the following analysis will  center on describing a simple method to calculate a ñstandardò 
PEC (PEC standardised) which, while not bearing any resemblance with real PEC values, permits a 
rapid, preliminary evaluation of chemicals relative to one another. It is stressed that PEC 

standardised has only a very restricted, limited value, and can only be used as a general starting point  
for  the  evaluation  of  the  potential  effects  of  chemicals  relative  to  one  another. 
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VIII.1.3 Basic cooling towers material balances 

 
A very simple sketch of a Cooling Tower System is reported in Figure VIII.1  below. 

 

 

E+D 
 

  
 

 
 

 

Figure VIII.1:  Cooling tower material balance 

 

 

VIII.1.3.1 Cooling towers basic equations 
 

MU : Make-Up Rate mc/hr 

BD : Blow-Down Rate mc/hr 

W : ñWindageò (includes drift losses ï ñDò) mc/hr 

E : Evaporation Rate mc/hr 

CM : Concentration of Substance in MU mg/l - gr/mc 
CB : Concentration of Substance in BD mg/l - gr/mc 
NC : Cycles of Concentration = CB/CM 

 
 

VIII.1.3.2 Water balance 
 

MU = BD + E + W 

 

 

VIII.1.3.3 Material  balance 
 

MU x CM = (BD + W) x CB 

MU (CM)  

BIOLOGICAL 

BD(CB) 

BD(CB) 
PHYSICAL/CHEMICAL 

RIVER WR (C R) 
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VIII.1.3.4 Concentration 
 

Nc = CB/CM  = MU/BD+ W 

 
 

VIII.1.3.5 Discussion 
 

Water enters the cooling system through the make-up line. Water must be ñmade-upò to 

compensate for the losses due to evaporation, ñwindageò and through the blow-down. The 

ñwindageò represents the quantity of water, which in the form of droplets escapes the cooling 

tower. It is assumed that the droplets carry with them the entrained chemicals at the same 

concentration as in the blow-down. 

As water recirculates through the plantôs equipment, it takes heat with it, which in turn is taken 

out in the cooling tower through evaporation. No chemicals are carried-over with the water 

vapour (evaporated water). 

 

The Evaporation Rate ñ Eò, results from design requirements. To compensate for the 

evaporation, windage (and blow-down losses - see below) it is necessary to continue to feed an 

equivalent amount of make-up water. 

 

Make-up water, be it well water, or surface water, carries with it dissolved and suspended 

solids, and the concentration and type of which will  vary from case to case. A portion of the 

recirculating water must, hence, be ñblown-downò (discharged) to avoid the concentration of 

input substances to increase above tolerable values due to evaporation. 

 

The value of the blow-down rate must be fixed in order to maintain an optimum concentration 

of substances in the recirculating water, which will  avoid, together with the appropriate chemical 

treatment, fouling (through precipitation and deposition of solids) and corrosion. 

 

The blow-down rate is fixed when designing the chemical treatment and operating conditions. 

Frequently in practice, and in older systems, the blow-down cannot be controlled. It results, at 

least partially, from unplanned water losses from various parts of the equipment being cooled. 

 

The Number of Cycles of Concentration is the ratio between the concentration of substances in 

the blow-down and that in the make up water. For instance if  the concentration of the Calcium 

ion in the make up is 200 ppm, with a Number of Cycles of 2, the concentration of Calcium in 

the recirculating water will  be equal to 400 ppm. 

 

The material balance above, shows that the Number of Cycles of Concentration is equal to the 

ratio MU/(BD +W), and when ignoring the windage, to the ratio MU/BD. 

 

Chemicals are fed to the cooling system either (rarely) in the make-up line, or into the cooling 

tower basin. A certain concentration of chemicals must be ñmaintainedò in the recirculating 

water, which is  equivalent to saying, maintained in the blow-down water. The  higher  the Number 

of Cycles the lower the blow-down, the more severe the conditions of the system, but the lower 

the quantity of chemicals continually lost. 

This latest statement is true with the exception that when make-up substances are allowed to 

concentrate more and more in the tower, more and different chemicals may be necessary to 

maintain appropriate deposition-corrosion balance in the system. 

 

In principle, though, in order to save water and chemicals (consumption, costs, and impact on 

the environment) a fine balance must be sought at the highest possible Number of Cycles of 

Concentration. 

 

A certain concentration of treatment chemicals must be ñmaintainedò in the recirculating water, 

and, hence, in the blow-down in order for the chemicals to perform their function. 
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Normally, in complex multi-substance treatments, it is prescribed that the level of one easily 

measurable substance, is controlled and maintained at the values advised by the chemicals 

suppliers. This corresponds to the implicit assumption that the ratio among the different chemicals 

stays the same, regardless of different rates of ñlossesò of the individual chemicals in the system. 

 

It also corresponds to the important assumption that, if  the concentration of chemicals is measured 

(one chemical measured, the others calculated) in the blow-down, this value corresponds to 

what is available in the cooling system, and that any other losses in the latter have already 

been taken into account. 

 

In other words, to evaluate the impact of the chemical(s) on the aquatic-environment, only the 

fate, or the variations in the concentration of the chemical downstream of the blow-down line 

point, needs to be predicted (i.e. previously mentioned as ñsystemò losses and the reductions in 

concentration, due to processes such as hydrolysis, adsorption etc -are already taken into account). 

 

This assumption will  be used in the Benchmarking Assessment Concept. 

 

 

VIII.1.4 Calculation of PEC and benchmarking 
 

Table VIII.1  below summarises the simple approach suggested for Benchmarking of single 

substances. 

 
The suggested approach starts with the concept of calculating the ñrealò PECriver, and to divide it 

by the correspondent EQS, as derived from the WFD. 

 

Table VIII.1  below, shows how the ñrealò PEC can be calculated, and how, through successive 

approximations, it is possible to normalise/standardise the PEC estimation, and so render the 

calculation applicable for ñbenchmarkingò purposes. If  the BD rate, the River flow, and the 

losses of chemicals are known, the Concentration of the substance in the river results from the 

very simple equation (1) reported in the table. 
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Table VIII.1:  Calculation of PEC and Benchmarking 

 

 
 
 

Equation (1), with all its elements known or calculated, can be used as such only for local level 

assessments. 

 

To evaluate the losses in the cooling system, in the waste treatment plant, and in the river itself, 

a lot of specific data needs to be available regarding chemical and physicochemical data of each 

substance. This ranges from volatility, to biodegradability and deposition rate and concerns the 

specific conditions of the system, such as residence time of chemicals in the tower (proportional 

to the ratio Volume of System/Blow-Down rate), type and performance of waste treatment 

plants (chemical and biological), residence time in the river after initial mixing, and others. 

In a ñ desk- top ñ benchmarking approach these data are not available. Hence the need for 

simplification and approximation. 

 

- First of all it is assumed (see Table VIII.1)  that the losses in the cooling system are 

taken already into account by referring to the concentration of the chemical in the blow 

down. 
Secondly it is assumed that no losses take place in the waste treatment plant. 

- This second assumption is clearly not correct in the ñreal worldò - it puts all chemicals 

on the same level, whether or not they may be lost through precipitation in a chemical 

treatment plant, or through partial or complete bio-degradation in a biological treatment 

plant. Consideration may be given to introducing a correction factor for chemicals with 

different degrees of biodegradability; but it would also introduce a differentiation 

between different treatment situations, which will  vary from case to case and site to site. 

- Thirdly, it is assumed that no losses occur in the river, and this is normally done in risk 

assessment evaluations. 

 

The key to the proposed Benchmarking approach lies in the next assumptions, that is that the 

Blow-Down Rate is equal to 1, and so is the river flow. 

This means the PEC value has been normalised (i.e. PECstandardised), to allow the comparison 

among chemicals, independent of Blow-Down rate (size of plant and operating conditions), and 

of River Flow. 

 

It is obvious that for the same chemical the PEC will  be higher in a larger plant with a higher 

blow-down rate, and when the plant discharges into a small river. 

But this in unimportant when a set of chemicals needs to be compared (i.e. ñbenchmarkedò). 

What will  count for Benchmarking purposes is the feed rate of the chemical, or in other words, 

PECriver /EQS   (EQS from Water Framework) 

CB = Concentration in Blow-Down gr/mc 
CR = Concentration in River gr/mc = PECriver 

BD = Blow-Down Rate in mc/hr 

WR = River Flow in mc/hr

t = (1 - % losses in Tower) 

w = (1 - % losses in Waste Water Treatment Plant - WTP)

R = (1 - % losses in River) 

(1) CR = BD x CB x (t) x (w)  x ( r) Local Assessment/Predict 

WR 

t = 1 w = 1 r=1 BD = 1 

If also WR = 1 we have CB = CR = proportional to PEC river 
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the concentration which is recommended to be ñmaintainedò in the recirculating system, and 

hence in the blow down. Normally chemical suppliers recommend a range of concentrations, 

varying from case to case: the average recommended feed rate should be used. 

 

 

VIII.1.5 Computation methods 
 

VIII.1.5.1 Single Substances 
 

One-substance chemical treatments very rarely apply. In most cases various combinations of 

chemicals, inorganic and organic are used in cooling systems. 

Examples of single substances are mostly related to the use of single biocides in the system, or 

single polymers in Waste  Treatment Plants. Still, there is quite likely to remain  a  desire, possibly 

at Member State level rather than at local level, to Benchmark the most typical individual 

substances that are on the Market. 

 

At local level it is easier to imagine that the necessity will  arise to compare complete treatments, 

one against the other, rather than individual substances. A balanced vision of the overall impact 

of the various substances on the aquatic-environment can only be acquired at local level, when 

different proposed treatments have to be compared. 

 

At any rate, the Benchmarking Procedure proposed here, does imply very simple computations 

for individual substances. The average prescribed concentration of the substance in the blow 

down is one of the terms that need to be known. It is generally expressed in parts per million 

(ppm) or milligrams per litre (mg/l) in the blow-down, and above we refer to this number as 

PECstandardised. 
 

The other element of the Equation is the PNEC or EQS. This may either have been already fixed 

by the Member State, or it will  have to be ñagreedò at local level using the WFD Annex V 

procedure, based on data furnished by the supplier of chemicals. EQSs are also normally expressed 

in ppm, and sometimes in ppb or micrograms per liter. 

 

The PEC/PNEC ratio can hence be easily calculated for all the substances, which need to be 

assessed. The resulting value is a purely numerical ratio (if  both PNEC and EQS are expressed 

in the same units, ppm, or ppb). The lower the ratio, the less the potential impact  of the 

substance. 

 

It is stressed once more that this Benchmarking Assessment Concept represents a standardised 

methodology for assessing potential impacts of cooling water chemicals, which strips out all 
local-specific characteristics, and all physico-chemical characteristics of substances except for 

toxicity. As such, it can perform a useful function in helping identify areas that  require additional 

investigation, and in designing chemical treatments into the overall operating-design procedures 

of the plant. However, it is not suitable nor intended for use as a decision tool for local level 

assessments: the fact that one substance may have a lower PECstandardised : EQS ratio does not 

imply that this is necessarily the best choice for a particular situation once other local, plant and 
substance-specific factors are taken into account. 

 

 

VIII.1.5.2 Complex multi -substances treatments 
 

This will  in practice most often be the case faced by local authorities and plant operators in 

permit applications. 

 

Before carrying out, with the assistance of the supplier, a complete substance by substance real 

life PEC evaluation, which may be necessary in certain cases, the simplified benchmarking 

approach may be used to help design chemical treatments into the overall operating-design 

procedures of the plant. 
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Consideration may be given to using an additive procedure whereby the PEC/PNEC ratios for 

each individual substance is calculated with the method explained above, and they are then 

added together to yield a relative ñindexò number. This approach is similar to that used for the 

classification of chemical preparations based on the classification of the individual substances of 

which they are composed. The lower the value of the resulting sum the less is the foreseeable 

environmental impact of the complex treatment. 

 

Needless to say, a sum of all the values of individual ratios, leading to a figure of less than 1 

would be preferable to a result above 1.This would have meaning only when the real local 

dilution factor is known and inserted in the evaluation. 

 

However, when values above 1 are found, and it is felt that, from a technical stand point the 

specific treatment presents other environmental/economic advantages (less water, less energy) it 

will  be necessary to go into a more sophisticated risk assessment procedure. This may imply 

both a precise calculation of all the losses of the chemical in the system (fate) and a refinement 

of the evaluation of the PNEC (Chronic Data instead of Acute). 

 

It would not seem that actually carrying out centrally in the BREF, or even at Member State 

level, a general benchmarking exercise including all possible treatments and combinations is a 

realistic idea. Multi -substance Benchmarking (i.e. of treatments) is more appropriately to be 

considered a local affair and reference is made to Section VII.2 of this Annex. 
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VIII.1.6 Appendix I: extract from technical guidance document 
 
Chapter 3 (Environmental Risk Assessment), section 3.3.1 of Part II  of ñTechnical  guidance 

document in support of Commission Directive 93/67/EEC on risk assessment for   new notified 

substances and Commission Regulation (EC) no 1488/94 on risk  assessment  for existing 

substancesò. 
 

3.3 Effects assessment for  the aquatic compartment 

 

3.3.1 Calculation of PNEC 

 

The function of risk assessment is the overall protection of the environment. Certain 

assumptions are made concerning the aquatic-environment, which allow, however uncertain, an 

extrapolation to be made from single-species short-term toxicity data to ecosystem effects. It is 

assumed that: 

 

¶ ecosystem sensitivity depends on the most sensitive species; and 

¶ protecting of ecosystem structure protects community function. 

 

These two assumptions have important consequences. By establishing which species is the most 

sensitive to the toxic effects of a chemical in the laboratory, extrapolation can subsequently be 

based on the data from that species. Furthermore, the functioning of any ecosystem in which 

that species exists is protected provided the structure is not sufficiently distorted as to cause an 

imbalance. It is generally accepted that protection of the most sensitive species should protect 

structure, and hence function. 

 

For all new substances the pool of data from which to predict ecosystem effects is very limited: 

only short-term data are available at the base-set. For most existing substances the situation is 

the same: in many cases, only short-term toxicity data are available. In these circumstances, it is 

recognised that, while not having a strong scientific validity, empirically derived assessment 

factors must be used. Assessment factors have also been proposed by the EPA and OECD 

(OECD, 1992d). In applying such factors, the intention is to predict a concentration below 

which an unacceptable effect will  most likely not occur. It is not intended to be a level below 

which the chemical is considered to be safe. However, again, it is likely that an unacceptable 

effect will  occur. 

 

In establishing the size of these assessment factors, a number of uncertainties must be addressed 

to be able to extrapolate from single-species laboratory data to a multi-species ecosystem. These 

areas have been adequately discussed in other papers, and may best be summarised under the 

following headings: 

 

¶ Intra- and inter-laboratory variation of toxicity data 

¶ Intra- and inter-species variations (biological variance) 

¶ Short-term to long-term toxicity extrapolation 

¶ Laboratory data to field impact extrapolation 

(Extrapolation is required from mono-species tests to ecosystem. Additive, 

synergistic and antagonistic effects arising from the presence of other substances 

may also play a role). 

 

The size of the assessment factor depends on the confidence with which a PNECwater can be 
derived from the available data. This confidence increases, if  data are available on the toxicity 

to organisms at a number of trophic levels, taxonomic groups and with lifestyles representing 
various feeding strategies. Thus, lower assessment factors can be used with larger and more 

relevant data sets than the base-set data. The proposed assessment factors are presented in Table 
VII.1. 
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For new substances and assessment factor of 1000 will  be applied on the lowest L(E)C50 of the 
base-set. Also for existing substances the assessment factor is generally applied to the lowest of 
the relevant available toxicity data, irrespective of whether the species tested is a standard 
organism (see notes to Table 14). For short-term tests, the L(E)C50 is used, while the NOEC is 
used with long-term tests. For some compounds, a large number of validated short-term L(E)C50 

values may be available. Therefore, it is proposed to calculate the arithmetic mean if  more than 
one L(E)C50 value is available for the same species. Prior to calculating the arithmetic mean an 
analysis of test conditions has to be done in order to find out why differences in response were 
found. 

 
The algal growth inhibition test of the base-set is, in principle, a multi-generation test. However, 

for the purposes of applying the appropriate assessment factors, the EC50 is treated as a short- 
term toxicity value. The NOEC from this test may be used as an additional NOEC when other 

long-term data are available. In general, an algal NOEC should not be used unsupported by 
long-term NOECs of species of other trophic levels. However, if  a chemical shows a specific 

toxicity to algae, the algal NOEC determined from the base-set test should be supported by a 
second algae species test. 

 

Microorganisms representing a further trophic level may only be used if  non-adapted pure 

cultures were tested. The investigations with bacteria (e.g., growth tests) are regarded as short- 

term tests. Additionally, blue-green algae should be counted among the primary producers to 

their autotrophic nutrition. 

 

 
Table VIII.2:  Assessment factors to derive a PNEC 

 

Description Assessment factor 

At least one short-term L(E)C50  from each of three trophic levels of 
the base-set (fish, Daphnia and algae) 

1000 
(a)

 

One long-term NOEC (either fish or Daphnia) 100 (b) 

Two long-term NOECs from species representing two trophic levels 

(fish and/or Daphnia and/or algae) 
50 (c) 

Long-term  NOECs  from  at  least  three  species  (normally  fish, 

Daphnia and algae) representing three trophic levels 
10 (d) 

Field data or model ecosystems 
Reviewed on a case by case 

basis 
(e)

 

 

NOTES : 

 

(a) The use of a factor of 1000 on short-term toxicity data is a conservative and protective 

factor and is designed to ensure that substances with the potential to cause adverse 

effects are identified in the effects assessment. It assumes  that each of  the above- 

identified uncertainties makes a significant contribution to the overall uncertainty. 

For any given substance there may be evidence that this is not so, or that one particular 

component of the uncertainty is more important than any other. In these circumstances 
it may be necessary to vary this factor. This variation may lead to a raised or lowered 
assessment factor depending on the evidence available. Except for substances with 

intermittent release (see Section 3.3.2) under no circumstances should a factor lower 

than 100 be used in deriving a PNECwater from short-term toxicity data. Evidence for 
varying the assessment factor could include one or more of the following aspects: 

 

¶ evidence from structurally similar compounds (Evidence from a closely related 

compound may demonstrate that a higher or lower factor may be appropriate). 

¶ knowledge of the mode of action. (Some substances, by virtue of their structure, 

may be known to act in a non-specific manner. A lower factor may therefore be 

considered. Equally a known specific mode of action may lead to a raised 

factor). 
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¶ the availability of data from a wide selection of species covering additional 

taxonomic groups other than those represented by the base-set species. 

¶ the availability of data from a variety of species covering the taxonomic groups 

of base-set species across at least three trophic levels. 

In such a case the assessment factors may only be lowered if  these multiple data 

points are available for the most sensitive taxonomic group. 

 

There are cases where the base-set is not complete: e.g., for substances, which are 

produced at < 1 t/a (notifications according to Annex VII  B of Directive 92/32/EEC). At 

the most the acute toxicity for Daphnia is determined. In these exceptional cases, the 

PNEC should be calculated with a factor of 1000. Variation from a factor of 1000 

should not be regarded as normal and should be fully  supported by accompanying 

evidence. 

 
(b) An assessment factor of 100 applies to a single long-term NOEC (fish or Daphnia) if  

this NOEC was generated for the trophic level showing the lowest L(E)C50 in the short- 
term tests. If  the only available long-term NOEC is from a species (standard or non- 

standard organism) which does not have the lowest L(E)C50 from the short-term tests, it 
cannot be regarded as protective of other more sensitive species using the assessment 

factors available. Thus, the effects assessment is based on the short-term data with an 
assessment factor of 1000. However, the resulting PNEC based on short-term data may 
not be higher than the PNEC based on the long-term NOEC available. 

 

An assessment factor of 100 applies also to the lowest of two long-term  NOECs covering 

two trophic levels when such NOECs have not been generated from that showing 

the lowest L(E)C50 of the short-term tests. 

 

(c) An assessment factor of 50 applies to the lowest of two NOECs covering two trophic 
levels when such NOECs have been generated covering that level showing the lowest 

L(E)C50 in the short-term tests. It also applies to the lowest of three NOECs covering 
three trophic levels when such NOECs have not been generated from that level showing 

the lowest L(E)C50 in the short-term tests. 
 

(d) An assessment factor of 10 will  normally only be applied when long-term toxicity 

NOECs are available from at least three species across three trophic levels (e.g., fish, 

Daphnia, and algae or a non-standard organism instead of a standard organism). 

 

When examining the results of long-term toxicity studies, the PNECwater should be 

calculated from the lowest available no observed effect concentration (NOEC). 
Extrapolation to the ecosystem effects can be made with much greater confidence, and 

thus a reduction of the assessment factor to 10 is possible. This is only sufficient, 

however, if  the species tested can be considered to represent one of the more sensitive 

groups. This would normally only be possible to determine if  data were available on at 

least three species across three trophic levels. It may sometimes be possible to determine 

with high probability that the most sensitive species has been examined, i.e., that a 

further long-term NOEC from a different taxonomic group would not be lower than 

the data already available. In those circumstances a factor of 10 applied to the lowest 

NOEC from only two species would also be appropriate. This is particularly important 

if  the substance does  not have a potential to bioaccumulate. If  it is not possible to make 

this judgment, then an assessment factor of 50 should be applied to take into account 

any interspecies variation in sensitivity. A factor of 10 cannot be decreased on the 

basis of laboratory studies. 

 

(e) The assessment factor to be used on mesocosm studies or (semi-)field data will  need to 

be reviewed on a case by case basis. 
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For compounds with a high log Kow no short-term toxicity may be found. Also, even in 

long-term tests this may be the case or steady state may still not have been reached. For 

tests with fish for non-polar narcotics the latter can be substantiated by the use of long- 

term QSARs (see Section 3.2.1.2 and Chapter 4 on the Use of QSARs). It can be 

considered to use a higher assessment factor in such cases where steady state seems not 

to have been reached. 

 
For substances for which no toxicity is observed in short-term tests a long-term test has 

to be carried out if  the log Kow > 3 (or BCF > 100) and if  the PEClocal/regional is > 1/100th 
of the water solubility (see Section 4.5).  The long-term toxicity test should normally be 
a Daphnia test to avoid unnecessary vertebrate testing. The NOEC from this test can 

then be used with an assessment factor of 100. If  in addition to the required long-term 
test a NOEC is determined from an algae test of the base-set an assessment factor of 50 

is applied. 

 

The effects assessment performed with assessment factors can be supported by a 

statistical extrapolation method if  the data basis is sufficient for its application (see 

Appendix V). 

 

 

VIII.2  Concept of a local assessment method for  cooling water 

treatment chemicals, with  a particular  emphasis on 

biocides 
 

VIII.2.1 Introduction  
 

One of the major environmental issues identified in the industrial cooling systems BREF 

concerning wet cooling systems is the chemical treatment of cooling water (anti-corrosion; anti- 

scaling, anti-fouling, biofouling control), and the resulting emissions to surface water. 

Particular emphasis is placed on biocides, due to their inherent high toxicity, which is necessary 

as a result of the particular function they must perform. 

 

The cooling BREF identifies three levels at which techniques may be employed to reduce the 

impact of cooling water additives/ biocides on receiving water bodies: 
1. Preventive measures (Table 4.7) 

2. Optimisation of operation, including monitoring (Table 4.8) 

3. Selection & application of additives (Table 4.8) 

 

The three levels of control interact with each other, and discussions in the TWG have established 

that the selection of appropriate additives is a complex exercise, which must take into account 

a number of local and site-specific factors. 

 

The need to provide an outline of the concepts underlying assessment of cooling water 

additives/biocides has been identified as an important BAT measure to help reduce the 

environmental impact of additives, and biocides in particular. In this connection, the BREF 

contains an Annex which establishes a screening assessment tool based on  existing methodologies 

and data (ñBenchmarking Assessmentò); and Chapter 3 also provides some background 

information on the assessment regimes used in the Netherlands and Germany. 

 

In a horizontal BREF it is only possible and appropriate to conclude in general terms on the 

concepts which will  facilitate the application of BAT principles regarding selection of biocides 

and other additives. Specific installation characteristics, climatic conditions and the local 

environment are key elements in the determination of a BAT compatible approach at the local 

level for individual installations. 
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The justification for the emphasis on biocides in any assessment regime is that their intrinsic 

properties result in them being considered to be of higher potential concern in terms of impacts 

on receiving water bodies. At the point of exit, discharges from cooling systems using biocides 

may exhibit acute toxicity. Local circumstances, the characteristics of the substances employed, 

and in particular the actual dilution in the receiving water, determine whether Environmental 

Quality Standards  (EQSs) can  be met. Proper selection and  reduction of potential impacts 

resulting from biocide use can only be adequately addressed when potential impacts can be 

assessed. The yardstick by which a BAT-compatible approach to the application of additives/ 

biocides can be judged is the environmental status of the receiving water body. 

 

For the above reasons, the horizontal cooling BREF should provide guidance on how to address 

site-specific issues in the local level assessment of biocides used in cooling systems. Such a 

local assessment can be seen as a subsequent, and more detailed step following an (optional) 

preliminary screening exercise such as the Benchmark Method presented in the Annex VI.1. 

 

Therefore, the BREF aims to provide guidance on the concepts relevant to assessment of local 

circumstances, without prescribing the methodology itself. Numerous and constantly evolving 

methodologies and models are available for assessing local level emissions scenarios (ranging 

from simple to highly sophisticated). It should be up to permit applicants and Member State 

authorities to select and use methodologies, which are appropriate to the local conditions and 

the level of concern about potential environmental effects. 

 

 

VIII.2.2 Key elements 
 

In the context of how to address minimisation of the impact specifically of biocide use in 

cooling systems according to the principles of BAT, there are two key building blocks that it is 

important to be aware of: 

 

¶ The Biocidal Products Directive 98/8/EC (BPD), which since 14/5/2000 has regulated the 

placing on the European market of biocidal products. In this context, the EU will  examine 

exposure scenarios in order to evaluate the risks associated with all the 23 product- categories 

which are covered. One of the product-types considered for authorisation covers biocides 

used in cooling systems (product-type 11). New biocides are to be assessed and approved 

immediately according to the Directive. An extension has been made for existing substances, 

which will  be reviewed in due course. 

 

¶ The future Water Framework Directive (WFD), which provides a whole host of quality 

related objectives. These specifically include a methodology to be used to establish 

Environmental Quality Standards (EQSs) for chemical substances, which is laid down in 

Annex V of the WFD text. The methodology for setting EQSs is identical to that used to 

determine conservative Predicted No Effect Concentrations (PNECs) according to  the testing 

methods laid down in EU chemicals legislation. The method incorporates a ñsafety factorò 

of up to 1000 in order to take account of the uncertainties involved in extrapolating from 

toxicity testing on selected organisms to the protection of the aquatic ecosystem. 

 

Toxicity data for biocides used in cooling systems is either already generally available, or will  

be made available together with data on other relevant intrinsic properties (e.g. biodegradability, 

bioaccumulation) according to the registration procedures laid down under the BPD. Based on 

this data the methodology laid down in Annex V of the WFD can be used to determine the EQS 

(i.e. the PNEC value) for a substance in water. 

 

The EQS can then be compared to the Predicted Environmental Concentration (PEC) to help 

determine what potential there may be for impact to occur. Since the EQS corresponds to the 

PNEC, this is frequently referred to as a ñPEC : PNEC comparisonò. As noted above, numerous 

methods are available to calculate the concentration of substances expected to be found in 

receiving waters as a result of a discharge (i.e. PEC). 
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The PEC/PNEC value can be used as a yardstick for the BAT determination for a BAT compatible 

approach for biocides used in cooling systems. It should however be recognised that a certain 

distinction in this approach has to be made between new and existing installations. A PEC : 

PNEC value of <1 in the receiving water after realistic mixing & dilution could provide the 

yardstick (as a limit  value) for biocide use in new cooling systems. For existing cooling systems 

where many design parameters & other installation characteristics are already established it 

will   not always be possible to achieve PEC : PNEC <1  at a cost which  is economically viable 

as described in the definition of BAT. In these cases the PEC : PNEC <1 should remain the 

target (as a benchmark), but may have to be considered a longer term goal which fits with 

equipment replacement cycles etc. 

 

Figure VIII.2  shows a graphical presentation giving an example of how a BAT-compatible 

approach might be determined for the use of biocides in existing cooling systems. Properly 

optimised operation in a well designed cooling system can be considered BAT when a PEC : 

PNEC value <1 is achieved. For installations that cannot achieve PEC : PNEC <1 due to sub- 

optimal design or other local/ site-specific factors, it will  be necessary to optimise the operation 

of the system as far as is feasible. 
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Figure  VIII.2:   Combined  approach  for  the  assessment  of  cooling  water  biocides  for  existing 

installations 
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Are local EQS met ? 
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SELECTION OF BIOCIDES 

Horizontal 
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Information concerning toxicity, persistency 

(biodegradability) and treatability of the selected biocide 

OPTIMIZATION 

yes no 

Local specific 
 

BAT 

 
PEC/PNEC  <1 
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Legend to Figure VIII.2:  
 

 

 
 
 

VIII.2.3 Example of proposed local assessment method 
[tm004, Baltus and Berbee, 1996] and [tm149, Baltus et al, 1999] 

 

In the following an example has been worked out according to the method which has been 

discussed at 29-31
st 

May TWG Meeting in Seville  and elaborated since that time  into the 
proposal for the assessment of biocides in Annex VII  of this BREF. 

 

According to the scheme of the proposal three major steps can be distinguished: 

 

1) The SELECTION OF BIOCIDES: 

The selection of biocides is a tailor  made choice for each and every cooling system, and 

normally is the result of expert discussions between plant operators and chemical suppliers. The 

benchmark methodology described in appendix VII  of this BREF document can be a very use 

full  support tool in the considerations for the selection of biocides. It should be noted that the 

result of this step is only a first prioritisation of possible biocides. The further elaboration in step 

2 and 3 might result in a different order of preference of possible biocides. 

 
2) The OPTIMISATION STEP : 

The optimisation step includes all kinds of process-, dosage- and monitoring techniques as well 

as purification of make up water, side-stream filtration and process control measures such a 

temporally closure of the bleed of a recirculation system. 

 
3) The LOCAL ASSESSMENT : 

The local assessment is the final step in the assessment of biocides and provides plant operators, 

chemical suppliers and regulators a yard stick which enables them to determine to what extent 

operations, control techniques and measures have to be applied in order to meet local EQSs. 

 

As example the following situation has been elaborated: a recirculating cooling system has to be 

treated with chemicals to prevent microbiological fouling of the cooling system. The 

dimensions of the cooling system are presented in Figure VIII.3.  

1) implementation of this directive is under preparation; 

2) optimisation of the use biocide due to monitoring of parameters relevant for the control 

of the cooling system and optimisation of dosage (prefer automatic dosage); 

2) measures such as pretreatment, side-stream filtration can be considered. Also end-of- 
pipe measures can be taken into account. A choice for a measure is often situation

related. A wide variety of end-of-pipe measures can be considered such as biological

treatment, sand filtration, adsorption techniques, oxidation by ozone etc. etc. 

4) in this case (normal) BAT criteria towards measures have to be applied; this means an 
evaluation of different aspects such as: availability of measures, economic impact of the

necessary measures related to environmental impact of a measure; 

5) in this case if  we are dealing with an optimised situation in terms of implementation of 
measures (process control, optimisation of the use of biocides and implementation of

end-of-pipe measures) all within the normal criteria of BAT for abatement measures

(see 4). The result of the above evaluation represents the solution which comes closest

to the aim PEC/PNEC = 1. Other appropriate additives (with less environmental impact)

are not available. For this reason this can be considered as BAT for existing

installations. 
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flow [m3/sec]  
PEC : 

Predicted concentration of biocide in 
surface water 

 
 

Figure VIII.3:  Schematic representation of a recirculating cooling system with the data for  the 

example of a local selection method of cooling systems chemicals 

 

 

For this example the assumption is made, that the result of step 1 (Benchmark method) resulted 

in the selection of the biocides hypochlorite in combination with dibromonitrilopropionamide 

(DBNPA). 

 

The optimisation in terms adequate monitoring and dosage of the hypochlorite shows that the 

average concentration in the effluent should not exceed a concentration of 0.2 [mg FO/l]. 

For the non-oxidising biocide DBPNA the optimisation results in a shock dosage at a 

concentration of 4 [mg/l] (frequency: once a day). 

 

DPBNA is an additive which readily hydrolyses in water ( 1/2 = 2 hr). This property of the 

additive can be a benefit in reducing the emissions from the cooling system and the realisation 

of a more effective use of the biocide. By closing the discharge during and after dosage for a 
certain period the concentration of the biocide will  be reduced in the system. In this particular 

case, where DPBNA is been considered, the temporally closure of the bleed provides an additional 

(optimisation) option to reduce the amount of biocides discharged into the environment. From 

the operators point of view the question is: to what extent will  it be possible to close the bleed 
of the recirculating system, in order to reduce the concentration of DBPNA through hydrolysis 

to a sufficient level, without hampering a good operational performance of the cooling system? 

This sufficient level is a concentration of DPBNA in the effluent leading to a concentration in 
the recipient (PEC: predicted environmental concentration) which will  not exceed the EQS. 

 

In the next table the predicted concentration of DBNPA in several types of surface water is 

calculated and in the last column the reduction percentage required to meet the EQS for these 

surface waters has been determined. 

Recirculating flow = 18000 [m3/hr] 
V-cooling system = 4500 [m3] 
Concentration factor (n) = 3 

Optimisation measures 
(monitoring and dosage) 

End of pipe measures 

Pretreatment measures 

biotreater 

Intake = 609 [m3/hr] 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

Surface water discharge = 203 [m3/hr] 
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Table VIII.3:  Predicted concentrations of DBNPA in different surface waters for  this example 

 

 

Situation: 

Recirculating cooling system ; discharge volume (bleed) : 203 [m3/hr]; biocide used : DBPNA ; 

Dosage : shock (daily) : concentration : 4 [mg/l] ; EQS : 7 [ g/l]. 

 

Receiving water 

Dimensions  

PEC 

[ug/l]  

Necessary 

reduction [%]  

to meet EQS 
Flow 

[m3/sec] 

Width  

[m] 

Depth 

[m] 

Velocity 

[m/sec] 

Dilution  

after 

discharge 

Average river 25 50 2,6 0,192 110 36,4 80,5 

Large river 262 125 3,8 0,552 770 5,2 0 

Small river/brook 1 10 1,5 0,067 10 400 98,5 

Large canal 40 200 6 0,033 92 43,5 83,9 

Small canal 2 25 2 0,04 14 286 97,6 

Ditch 0,15 5 1 0,03 3 1333 99,5 

Lake - - 1,5 0,01 3 1333 99,5 

 
 

The Table VIII.3  shows that a direct discharge leads to an exceeding of the EQS for most of the 

selected surface waters. Only a discharge of the effluent in a large river leads to an acceptable 

concentration of DBPNA in surface water. 

 

For this example the  PEC is calculated using a model  which is generally excepted in the 

Netherlands and is used by permitting authorities for a local impact assessment after BAT in a 

more general sense has been determined (combined approach). The Dutch model is based on the 

Fisher equations. The PEC is calculated at a distance of 10 times the width of the receiving 

water system with a maximum of 1000 m (for lakes at a distance of ı of the diameter). 

It is expected that most member states will  have their own methodologies or will  use dilution 

factors for different type of recipients to determine the PEC. 

 

The Environmental Quality Standard for DBPNA is calculated according the methodology that 

has been laid down in Annex V of the Water Framework Directive. The data listed in the table 

below result in a n EQS for DBNPA of 7 [ug/l]. (one NOEC and 3 acute data result in a safety 

factor of 100; lowest concentration /100     7 [ug/l] [1]). 

 

 
Table VIII.4:  Ecological data of DBNPA 

 

Parameter Concentration 

LC-50 (fish) 96-hr 2 [mg/l] 

MIC (algea) 2 [mg/l] 

LC-50 (crustacean) 0.7 [mg/l] 

NOEC (fish) 4 [mg/l] 

 
 

Temporarily closure of the bleed of the system is a good option to optimise the use of biocides 

and to decrease the load of biocides discharged when readily degradable additives are used. 

In the following table the necessary time needed to reduce the emission of biocides to such a 

level that EQS after discharge can be met in the surface water is presented. In the last column 

of this table the consequences of this closure in terms of the increase of the salt concentration in 

the recirculating water has been calculated. 
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Table VIII.5:  Consequences of closing the discharge 

 

 

Situation: 

biocide DBPNA : k = 0,3 [sec
-1
] ; 1/2 = 2 hr ; C0= 4 [mg/l] ; C = C0 *  exp -(Qv/V+k)*t  [1]; 

V = volume of the system [m3] ; Qv = discharge [m3/hr] ; t = time [hr]. 

 

Receiving water 

Necessary 

reduction 

[%]  

Necessary time the 

discharge is closed 

[hr]  

 

Remarks 

Average river 80.5 3.7 increasing concentration of salts : factor 1.2 

Large river 0 0  

Small river/brook 98.5 10.7 increasing concentration of salts : factor 1,8 

Large canal 83.9 4.3 increasing concentration of salts : factor 1,2 

small canal 97.6 9.7 increasing concentration of salts : factor 1,7 

Ditch 99.5 14.2 increasing concentration of salts : factor 2,5 

Lake 99.5 14.2 increasing concentration of salts : factor 2,5 

 
 

Depending on the specific situation it has to be evaluated whether or not the above-mentioned 

consequences in terms of concentration of the inert fraction (salts) are acceptable. On the other 

hand it is always possible to anticipate on these consequences by means of extra discharge 

before dosage and closing, which will  create lower concentrations of inert fraction  in  the cooling 

system. 

 

Further Measures: 

 

If  EQS cannot be met it has to be evaluated whether alternative biocides should be considered 

and/or other measures can be taken. 

 

Examples of measures are: 

 

¶ pre-treatment of the cooling water used (side-stream filtration); 

¶ optimisation by improvement of dosage and monitoring; 

¶ end-of-pipe treatment, e.g. treatment of blow down in biological treatment. 
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ANNEX IX EXAMPLE OF A MODEL FOR  ESTIM ATING 

EMISSIONS OF BIOCIDES IN THE BLOWDOWN  

 

RIZA developed a simplified model to estimate the discharge of biocides of an open 

recirculating cooling tower [tm004, Baltus en Berbee, 1996]. This model assumes: 

¶ that the major way by which biocides are lost is via the blowdown and via volatilisation, 

adsorption etc. 

¶ that this blowdown is very small compared to the circulating amount of water; 

¶ that pH and temperature are constant; 

¶ that with shock dosage, the initial concentration is the same in the entire cooling system 

immediately after dosage; 

¶ that hydrolysis is a first order chemical reaction and that the resulting dissociation rate is 

known; 

¶ the volume of the purge is much smaller than the volume of the recirculating water flow. 

 

Resulting from these assumptions, which slightly simplify reality, the following equation could 

be derived to calculate the fraction of a biocide that will  finally be released into the receiving 

environment: 

 

Fraction (%) =       ūv   x 100 %/ (ūv + kV) 

ūv = purge (m
3
/hr) 

k   = dissociation factor (hr 
-1
) (k=0 if  substances do not dissociate) 

V  = volume of the system (m
3
) 

 

The difference between 100% of the substance and the actual fraction released is assumed to be 

hydrolysed. With no other chemical reactions assumed to take place, this model could be seen 

as describing the worst case. It is realistic to expect the percentage of biocide emitted in reality 

to be lower than the result of this model. It is important to acknowledge that this is just a model 

to roughly estimate the discharge and that it does not give any information on the toxicity of the 

purge. Especially, in the case of largely hydrolysed biocides the resulting substances can be 

even more harmful than the original treatment. 

 

The dissociation factor (k) is an important factor as it is a measure of the speed with which a 

biocide disappears from the system by dissociation. If  this happens in a very short period of 

time, it could be worthwhile to close the blowdown and to wait for the moment that the 

concentration of the biocide reaches its lowest level. To prevent the system from salting up the 

water in the system should be refreshed just before dosage. The blowdown has to be opened 

after a few hours to prevent salt concentrations to raise. It is obvious that this is more successful 

with fast hydrolysing than with slow hydrolysing biocides. Fast hydrolysing biocides are e.g. Ç- 

broom-Ç-nitrostyreen or DBNPA. A slow hydrolysing biocides is e.g. isothiazolines. 

 

Some results from the use of this model were that with a pH of 8 and temperatures between 25- 

40ÁC biocides can still be quite persistent and can be emitted in the blowdown for more than 

80%. The percentage of fast hydrolysing biocides in the blowdown appeared to be much lower 

(25%). It shall not be concluded that they are more favourable as their toxicity or that of their 

dissociation products can be very high and thus create an even less favourable situation in the 

receiving water. 
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ANNEX X   INVESTMENT COSTS AND OPERATIONAL COSTS   

OF EQUIPMENT  AND ELEMENTS  OF COOLING  

SYSTEMS FOR NON-POWER PLANT  

APPLICATIONS 
 

[tm001, Bloemkolk, 1997] 

 

In this annex some data are presented on cost data for large industrial cooling systems. Prices in 

practice will  vary widely as indicated by the ranges given. For smaller systems (series) costs on 

investment and operation will  be different again, but will  also show a wide variation. 

The general picture shows that higher investment costs go together with lower operational costs. 

It is suggested that this simultaneously could indicate a lower environmental impact. 

 

For each configuration a cost indication has been given, however calculations made on the costs 

of cooling systems show a wide variety and it can be concluded that the differences in costs 

between the different systems do not necessarily indicate the least expensive variant. Of the 

different factors that in the end influence overall costs the usersô requirements and the legal 

requirements to be met are very important. For this reason an estimate of the feasibility of a 

system or the application of a technique should be made for each individual case. Also, the 

energy price has to be taken into account and especially in those cases where heat recovery is 

being considered it plays an important role. Costs are based on the year 1995. 

 

An important aspect in calculating the costs of a cooling system and of possible improvements 

is the comparison between the initial investment costs of a system (or an applied measure) and 

the resulting annual costs. In practice high investment costs can lead to lower maintenance 

costs, but also to higher annual fixed costs, which can be an obstacle to investment itself. For 

the sake of comparison cost should be expressed in the heat capacity the system is designed for 

(kWth or MW th). 

 
Elements and costs 

For industrial (non-power plant) applications a number of cost-determining elements Table X.1 

were listed for both water-cooled and air-cooled systems to calculate total costs and to compare 

the different systems. The costs are beased on the cost levels of the separate parts of a cooling 

system. In the same reference costs and cost variations of separate elements of cooling systems 

were described. 

 
Fixed costs 

Costs of heat exchangers depend on type, material and size.. Plate heat exchangers are cheaper 

than shell &  tube even in more expensive material such as titanium, but are limited in allowed 

pressure level. Condensers are approximately 25% more expensive than shell and tube 

exchangers. Materials such as stainless steel or special CuNi are more expensive than steel (up 

to 2-5 times). Special tubes may be 10-15% more expensive. 

Costs for air-coolers primarily depend on the heat exchanging surface area and the type of fan. 

The required end temperature is also reported as a deciding factor. The material of the air- 

cooled heat exchanger generally is less important than in water cooled systems, but this also 

depends on the corrosiveness of the substance to be cooled. 

 

Costs for conduits and distribution vary strongly with diameter, material and length. 

 

Inlet and outlet provisions are an an extremely location-dependent issue. Especially the length, 

diameter and construction of the supply and drainage pipes can determine the level of the costs. 

A cost level of about Euro 13000 per MW was indicated for a 300 MW installation. These costs 

will  remain relatively high for smaller installations. 

 

Cooling-water systems are fitted with pumps to pump the water around. Indirect systems have 

two cooling-water circuits and therefore need extra pumps. Pump investments vary according to 



242 Annex XI  

Annex X 
 

 

lift,  capacity and material. The cleaner the  cooling water the less  critical is the  choice of 

required materials. 

 

Cooling tower prices strongly depend on model and size. Plume suppression may be required in 

which case the investments for the cooling tower will  be about 1.5-2 times higher. Collection 

water trays are also part of the cooling tower installation. 

 

The cooling tower price is partially dependent on the design space desired. A smaller approach 

over the cooling tower leads to a larger and more expensive cooling tower, both as regards the 

investment for the cooling tower itself, and as a result of energy consumption. The table below 

shows this with an example: 

 
Variable costs 

The variable costs of cooling systems are highly system-dependent. The most striking cost 

factors are (1995): 

¶ energy (0.05-0.06 euro per kWh) 

¶ groundwater including levy, tax and pumping (0.09-22 euro per m
3
) 

¶ groundwater excluding pumping (0.09-0.11 euro per m
3
) 

¶ including levy and tax drinking water (0.4-1.4 euro per m3) 

¶ in some cases, semi-manufactured products are also used, for instance flocculated river 

water or raised condensation. The costs of these are lower than those of purchased water. 

 
The determining operational aspects of cooling-water systems are the pump energy and, in the 

case of a cooling tower, the extra ventilator and supplement water. Furthermore cooling water 

treatment will  add to the cost, but this varies on the applied treatment which is associated with 

the cooling system. Once-through generally only need biofouling control, whereas recirculating 

systems need additonal dispersing and anticorrosion agents. 

 

The operational costs of dry air-cooled systems consist primarily of energy costs. The energy 

costs of air coolers result from the use of fans. The maintenance costs of air-coolers are one- 

third to half of those of systems with shell &  tubes. 

 
Methodology 

Different methodologies have been developed for cost comparisons between different cooling 

systems. The following approach is used as an example, but other costs methods are based on 

the same principle. The method is not accurate in absolute terms and, in other words, is not 

meant to be used for accurate investment estimates. It is however suitable for comparing 

investment costs of different cooling systems. 

 

For the various systems universal cost factors have to be included and can be expressed as a 

fixed percentage of the equipment installation costs (Direct Field Costs, or DFC). These cost 

factors and the associated percentages in this example are: 
-indirect costs (5% of investment costs) 

-engineering (8% of investment costs) 

-unforeseen (15% of equipment installation costs) 

The investment costs and the cost factors make up the total investment costs (TIC). 

 

Annual costs are the total of fixed costs (interest + depreciation) and variable (operational) 

costs. It should be kept in mind that a higher investment not only leads to higher annual fixed 

costs, but can also be an obstacle to investment itself. Also included in the annual costs are the 

maintenance costs. 

 

Comparisons 

Based on the elements above, the investment for the various cooling systems was calculated and 

compared. A calculation was also made of the accompanying operational costs. The total is 

summarised in Table X.2. In calculating annual costs the period of depreciation at a certain 



Annex X 
 

243  

interest has to be applied. The operational costs are also calculated. Annual maintenance costs 

are based on the total investment costs (TIC). 

 
Table X.1: Cost elements for  water and air cooling systems 

[tm001, Bloemkolk, 1997] 

 

Cost type Cost elements 
Water cooling 

systems 
Air  cooling systems 

Fixed 
Heat exchanger(s) (type, size and 

model) 
X x 

 Heat exchanger (material) X x 

 Pipelines in process, tube-bridges X x 

 Pumps/reserve pumps X x 

 Inlet facilities X  
 Tube intake/drainage X  
 Outflow facilities X  
 Cooling tower(s) (possible) X x 

 Fans X x 

 Sound attenuation X x 

 Indirect system (extra heat exchanger, 

pipes, pumps) 
X x 

    
Variable Water (groundwater, tap water) X  

 Water discharge fee X  
 Leakage monitoring X x 

 Water conditioning X  
 Energy consumption (pumps and fans) X x 

 Maintenance X x 

 
 

Calculations have shown that the investment level and the consumption of energy determine 

cost sensitivity to a large extent. The variation in the costs of heat exchangers (shell &  tube) due 

to the chosen configuration and to the choice of material is very important. Cheap materials and 

models determine the calculated lower limits and special materials determine the upper limit.  At 

the same time it should not be forgotten that good materials could considerably decrease the 

costs of maintenance and operating, and of the use of chemicals. 

 

Calculated as annual costs, investments and operational costs differ significantly. Factors such 

as (make-up) water requirement and price, and energy consumption are influential. The choice 

of material also has consequences for the annual operating costs. In the case dry air-cooling is 

applied, the achievable end temperature is important and the lower the required end 

temperature, the more expensive air-cooling will  become. With water-cooling, low end- 

temperature have less affect  for cost estimations, unless  small approaches are used in the 

calculation. 
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Table X.2: Cost indications for water and air  cooling systems for  industrial  applications with  the exception of power plants (1993-1995) 

[tm001, Bloemkolk, 1997] 

 

 
System 

 

Installation x 1000 

(EUR/MW th) 

Total investment 

(TIC)  x 1000 

(EUR/MW th) 

 

Investment determined 

by 

 

Operational costs x 1000 

(EUR/MW th) 

Interest and 

depreciation
6 
x 1000 

(EUR/MW th) per 

year 

General total 

annual costs 

(EUR/MW th) 

 

Once-through 

 

68 ï 182 
 

 

 

 

 

 

 

 

 

 

77 - 227 

 

 

 

 

 

- material, model 

- length, material 

- capacity, DP 

- location 

(supply/drainage) 

 

 

 

 

 

- energy 
- conditioning 

- maintenance
5
 

 

 

 

 

 

4.5 - 6.8 

0.5 - 1.8 

2.7 ï 7.7 

 

 

7.7 -16 

 

 

 

 

 

 

 

 

 

 

10 - 30 

 

 

 

 

 

 

 

 

 

 

18 - 46 

(range 0.2- 10 MWth) 34 - 91 

(range > 10 MWth)  
to elements  
-heat exchangers

2
 68 (36 - 136) 

ïtubes etc. 9.1 - 14 

-pumps 4.5 -  9.1 
-supply/drainage ( 9.1 - 14)' 

Total 59 - 173 

Indirect  once-through 18 - 50
2,3 

(extra)  extra heat exchangers     

Total  100 - 269 extra heat exchangers 10 - 19  13 - 37 23 - 56 

wet cooling tower 

(range 0.2-1 MWth) 

 
59 - 136 

   
- supplement 

 
6.3 - 22 

  

(range>1MWth) 45 - 68   - energy 6.5 - 13   
to elements    - maintenance 2.3 - 9.1   
-cool tower 18 - 45

4
   - conditioning 1.8 - 4.5   

-heat exchangers 36 ï 136  - model     
-tubes/pumps 14 - 23  - material, model     

 

Total 

 

68 - 203 
 - material heat     

89 - 266 exchangers 19-41  11-35 30-76 

Indirect  recirculating  18- 45
2,3 

(extra)   - energy 9.3 - 16   

with  open wet cooling    - maintenance 2.7 ï 11   
tower   extra heat exchangers - conditioning 1.8 ï 4.5   

 

 

Total 

 

 

86-255 

 extra pumps - supplement 6.3 ï 22   

112 - 331 20 - 43 14-43 34-86 
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Table X.2 continued 

 

 
 

System 

 
Installation x 1000 

(EUR/MW th) 

Total investment 

(TIC)  x 1000 

(EUR/MW th) 

 
Investment determined 

by 

 
Operational costs x 1000 

(EUR/MW th) 

Interest and 

depreciation
6 
x 1000 

(EUR/MW th) per 

year 

General total 

annuall costs 

(EUR/MW th) 

Dry air cooling 

Direct 

 

 

Total 

 

Indirect 

 

 

Total 

 

 

 

 

81-220 
 

extra 14-45
2,3

 

 
 

95-266 

 

 

 

 

105-288 

 

 

 

 

123-351 

 

end temperature
8
 

 

 

 

end temperature
8
 

- energy 1.4 - 5.4 

- maintenance 1.4 - 3.4
5
 

 

2.8 - 8.8 

- energy 3.6 - 8.9 

- maintenance 1.8 - 5.4 

 

5.4- 14.3 

 

 

 
 

14-38 

 

 

 

 

16-46 

 

 

 

 

17- 47 

 

 

 

 

21-60 
 

1. see text 
2. costs for extra heat exchanger depending on type 

General costs factors materials: 

¶ steel 1 special (bv Cu/Ni alloy) 1.5-5.0 

¶ coated steel 1.3-1.7 copper 1.5-2 

¶ rvs 304/316 1.5-3 titanium 1.7-2.5 

3. cost depend on heat exchanger plus extra pumps and distribution; often plate heat exchangers. 

4. system is factor 2-2.5 times more expensive with steam plume suppression 

5. maintenance costs 3.5%; for air-cooling 1-1.5% 

6. assumes depreciation at 5% interest, where the annual fixed costs come to approx. 13% of the investments (annuities). 
7. number of operating hours per year 8000 

8. upper price limit for deep cooling functions up to 30Ü C; lower price limit for 60Ü C 

9. no cost data known 
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ANNEX XI  EXAMPLES  OF TECHNIQUES TO BE 
 CONSIDERED WITHIN  THE PRIMARY  BAT 
 APPROACH FOR INDUSTRIAL  COOLING  
 SYSTEMS  

 

XI.1 Introduction  

Many options are available for reduction of the environmental effects of industrial cooling 

systems. The general approach aims at prevention by proper design and construction, which in 

case of new industrial cooling systems is generally easier to achieve than for existing systems. 

The application of reduction measures depends on the cooling configuration as well as on-site 

related limits, such as space. Other factors such as energy consumption, operational 

requirements and economics will  play an important role as well. Based on the general approach 

presented in chapter 1 and applied to reduce environmental impact as described in chapter 3 this 

Annex describes techniques and alternatives in more detail. The techniques can be considered in 

the optimisation of cooling systems in line with the BAT-approach. 

 

The list is an overview of the more detailed information on a number of reduction techniques 

brought forward by the TWG in the exchange of information on BAT for industrial cooling 

systems. For each technique that has been reported by the TWG a short description is given 

followed by the reducing effect (quantitatively/qualitatively), cross-media effects, plant  size 

limits, costs, and example plants. Similar to the assessment of the appropriate cooling technique 

the application of any of the techniques presented hereafter will  have to be assessed in the light 

of the cooling configuration used or planned. As far as selecting between techniques with a 

similar environmental objective is possible, their environmental performance and their technical 

applicability should be the initial selecting criteria followed by investment and maintenance 

costs and the crossover effects on other environmental compartments. Generally, for many of 

the techniques described neither cost data, nor cross-media effects were as yet available and 

need further research. 

 

With respect to the application and feasibility of the techniques care must be taken. The 

environmental results obtained are achieved under certain process conditions and give no 

guarantee for similar quantitative results in a different process environment. The results are 

useful to illustrate the direction of the improvement. Particularly in the case of industrial cooling 

systems, process requirements and cooling systemôs size and operation vary widely and will  

affect the results of any abatement measure applied. 

 

 

XI.2 Cooling water savings through water reuse 

The use of water for cooling is or might become restricted either in general or, temporarily, by 

seasonal changes in availability thus creating periodic shortage. In several European Member 

States an increasing pressure is put on industry to limit and optimise their water use. Thus, 

emphasis has been placed on industry to change the technology and change  once-through systems 

into recirculating cooling systems if  possible or to operate their recirculating cooling towers at 

higher cycles of concentration. Other options in cooling towers that are commonly applied are 

drift eliminators. 

Also, a number of water treatment options can be to regain the water used and prepare it for re- 

use in the cooling cycle. Also, some policies aim at increasing the share of dry air cooling, 

where this does not require water and thus none of the associated problems,whereas other 

considerations might be a limit for this option (climate, investment costs, space). 

 

An overview of treatment methods revealed the following options [tm065, Meier and Fulks, 

1990]: 
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¶ Cold lime-softening 

¶ Hot process softening 

¶ Brine concentrators 

¶ Biological treatment 

¶ Reverse osmosis 

¶ Electro-dialysis reversal 

¶ Evaporation ponds 

 

Of these options reverse osmosis and electro-dialysis reversal are very energy demanding 

processes and thus turn out to be relatively expensive. Hot process softening is very efficient, 

but has the disadvantage that additional cooling or heat recovery is necessary. Biological treatment 

is used to remove organic matter from water and is especially interesting as part of a treatment 

programme for wastewater treatment effluent to be used as make-up water. Evaporation ponds 

are an easy method of plant effluent reduction. Their size requirements and limits to the disposal 

of the remaining sludge may prohibit their use. 

 

 

XI.2.1 Reuse of (waste) water for  cooling tower make-up 
[tm066, Phillips and Strittmatter,  1994] and [tm064, Meier, 1990] 

 
Description 

Water from within or outside the plant can be used as make-up water for cooling towers. Both 

process effluents from within the same plant as well as effluents of municipal wastewater 

treatment plants can be applied. The chemistry of the water is important. A water audit can 

provide a complete water balance for each portion of the plant. This audit should give information 

including the tower water chemistry, on cycles  of  concentration,  holding  time index, velocity, 

system metallurgy, temperatures and the current treatment chemistry and operating performance. 

Some times the water needs to be filtered first and an wide range of filtration methods can be 

applied, but in the scope of this paper are not addressed. 

The chemistry of the water decides upon the chemical treatment required in the cooling tower to 

maintain the number of cycles. Especially, an increasing corrosivity level has been reported to 

occur. In some cases the limiting concentration factor can be extended by using scale inhibitors 

to increase the cycles of concentration or by using techniques as reverse osmosis to remove 

dissolved solids. 

 
Reduction: 

The percentage of reduction is largely depending on the demand of the recirculating cooling 

system and the availability of reusable water at the required moment. Percentages of up to 15% 

are being reported. 

 
Cross-media effects: 

Waste as filter-residue due to filtering the water before use might have to be disposed. The 

saving of fresh water use will  have to be assessed against the environmental and financial costs 

of the extra use of additives to condition the waste-water. The chemical treatment of the stream 

to be reused can be very complex and may require extra manpower to operate the system. 

 
Application limits:  

Water reuse is an option for both new and existing plants and irrespective of plant size, although 

for larger demands the supply of alternative water resources might not be sufficient. Organic 

content (BOD) can be a limiting factor that must be checked. 

 
Costs: 

Cost indications vary widely and are quite specific for the plant. No indicative data are known. 
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Example plants: 

For refineries it has been demonstrated that municipal waste water can be used as make-up 

water [066, Phillips and Strittmatter, 1994]. An example of applying zero blowdown was described 

in [tm064, Meier, 1990]. 

 
Considerations: 

Typical problems to be encountered using waste streams are: 

¶ the higher microbiological activity due to dissolved nutrients; 

¶ increased risk of scaling due to increased level of dissolved salts 

¶ fouling problems as a result of high levels of iron and/or suspended solids; 

¶ corrosion problems due to high levels of total dissolved solids (TDS). 

 

Possibilities to encounter the aforementioned problems successfully depend on the composition 

of the waste stream. Municipal waste waters will  differ greatly in water quality (it contains 

typically relatively high levels of ammonia and phosphate, in addition to significant levels of 

dissolved organic matter. Furthermore, municipal wastewater typically contains relatively high 

concentration hardness, which may cause scaling. High levels of iron and/or suspended solids 

can lead to fouling problems. Total effluent of a refinery may contain high oil and grease and 

suspended solids levels, which may increase the demand for oxidising biocides. 

 

XI.2.2 Zero discharge system 
[comment, D] 

 
Description: 

A staged cooling system is used to eliminate any liquid discharge from the cooling tower 

blowdown. 

Blowdown from the primary tower is performed to maintain the balance of salts within the 

limits of good operating practice. Water which has a high level of  highly  insoluble  salts (calcium 

salts) is converted to water which has a high level of highly soluble salts (Sodium salts). This 
process occurs in a softener reactor/clarifier. 

After this the blowdown flows to a direct osmosis (DO) membrane concentrator which pulls 

water from the blow down through membranes into a sodium chloride brine. The brine is 

reconcentrated in a secondary cooling tower, the so called brine cooling tower, using waste heat 

from the main condenser as an energy source. The brine cooling tower will  have a much lower 

waterflow than the primary tower. A typical ratio of the brine flow to the primary flow is 1 to 

750. 

The concentrate from the DO membrane system is further concentrated in a small crystallizer, 

with the solids being removed and disposed of off-site. The liquid discharge of the crystallizer is 

recycled to the brine tower. 

 
Reduction: 

The reuse of primary blowdown water is reported to be about 75%, where the remaining part 

evaporates in the secondary cooling tower (about 16%) or is contained as residual humidity in 

the solid disposal. 

Using waste heat in the brine-cooling tower reduces the cooling load on the primary tower with 

about 3.5 MW at a blowdown of 45m
3
/h. 

 
Cross-media effects: 

Lower cooling load on the primary tower. Some energy is required to operate the staged cooling 

system. Emissions in the blowdown are not discharged in a receiving surface water but 

transformed into waste. Waste will  need a way for disposal. 

 
Application  limits:  

The system will  be efficient where strict environmental limits exist with regard to waste water 

discharge. The system is an option for new power and chemical plants, but can be a retrofit 

option for existing installations. 
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Costs: 

The capital investment for this system is higher than for stand-alone wet cooling towers. It is 

claimed  that  the  capital  investment  costs  of  a  wet  cooling  tower  with  this  system  are 

significantly lower than for an air-cooled system of the same capacity. Operating costs with 

respect to power requirements can be lower due to the use of waste heat of the main condenser. 

The operating costs of the staged cooling system and the costs of the disposal of solids are to be 

assessed against the environmental costs for conditioning and discharging the wastewater. 

 
Example plant: 

Within the European Community no installation is reported to exist. Several applications can be 

found in the USA. 

 
Considerations: 

In conventional technologies for water reuse (for instance brine concentrators) the high 

temperature brines that are generated are extremely corrosive, leading to exotic materials and 

continuing maintenance issues. In the system described, the low pressure (ca. 1.5 bar) and low 

temperatures (less than 32 C) operation of the DO allows the use of HDPE PVC and other non- 

corrosive materials in areas where corrosion may be of concern. Further experiences are that the 

crystallizer is smaller than in conventional systems. Both lead to lower maintenance. 

Operation is simple and does not require specialised training. No additional biological treatment 

is required. 

It needs local consideration if  the environmental costs of no discharge to the surface water 

outweigh the environmental costs of waste disposal. 

 

 

XI.2.3 Spray ponds 
[tm154, Besselink et al, 1999] 

 
Description: 

In the past spray ponds have been used to cool down the cooling water and some may still be 
operated in Europe. Currently research is carried out on the applicability of spray ponds for 

industrial use to reduce the thermal discharge and to save water. A feasibility study looks into 

the use of a spray pond and into the energy saving compared to a cooling tower with a capacity 

of 18-21 MWth. A model has been developed that calculates the cooling efficiency of a spray 

pond depending on weather conditions, on the dimensions of the spray nozzles and on the 

characteristics of the spray pond (surface area, water quality). With the model it should then be 
possible for any specific local conditions to design the required spray pond. 

 
All  or part of the cooling water flow is led to a pond through spraying nozzles. The spraying 
enhances the cooling and theoretically the cooling efficiency of a spray pond is about 36 times 
higher than that of cooling pond. Spray ponds cool by evaporation, conduction and convection. 
Evaporation is most important at high air temperatures, but conduction and convection are more 
important under cold weather conditions. The capacity depends on surface, weather conditions 
(wind speed), spray nozzles and spraying characteristics. The heat dissipation of an effective 

spray pond can amount to 722 J/m
2
K. 

 
Reduction: 

Results for the studied cooling system show a potential energy saving compared to the energy 
use of a cooling tower that can amount to approximately 6.5 kWe per MW th of cooling. This is 

equivalent with a decrease of CO2-emissions of about 38 tons per MW th per year. 

 
Cross-media effect: 

By spraying the water aerosols occur. They play an important role in the spreading of biological 

contamination. Therefore, and particularly in summer, operating a spray pond needs an adequate 

water treatment programme. 



Annex XI  

Industrial  Cooling Systems 

 

251  

 

Application:  

Lack of sufficient space on-site will  limit the options for a spray pond depending on the required 
capacity of the cooling system. For large systems it may not be an option for the entire but for 

part of the cooling water need and can reduce the water intake. In the US several conventional 

power plants (up to 500 MWe) use spray ponds, nuclear power stations use them for emergency 
cooling. 

 
Costs: 

Spray pond investments are slightly advantageous to cooling tower investments if  it includes the 

costs for power supply and also considering the costs for purchase of land. The difference is 

larger in case purchase of land is not taken into consideration, but this of course is dependent on 

the price of land. 

 

 
Table XI.1:  Investment and energy costs per MW th for  spray pond and cooling tower 

[tm154, Besselink et al, 1999] 

 

Costs Spray pond Cooling tower 

Investment (ó000 EUR/MWth) 39 (25) 48 

Spraying and fan energy 

(kWe/MWth) 
4 11 

Designability reliable Reliable 

Notes: 

Capacity 18-21 MW th 

Cooling from 32 C to 
24 C  

 

Reference plant:  

Dow Europe, Terneuzen (NL). 

 
Considerations: 

Although based on an existing technique the current modifications are still in a  stage  of research. 

Application could be particularly interesting in those circumstances where restrictions of heat 

discharge may lead to restrictions in production capacity, which occurs during summer months 

with power plants. Also, a spray pond may be considered with the expected increase in 

restrictions on the use of groundwater. 

 

 

XI.2.4 Cold storage 
[Comment-1, Belgium] 

 
Description: 

A special application for smaller industrial use is the underground storage of water to cool it 

down. Here groundwater, warmed up after use, is stored at an adjacent location underground for 

an extensive period of time, where it cools off. It is also possible to cool the water above 

ground, using air coolers in winter, for instance, after which the water is stored underground and 

used (in summer). This application is mainly used when there is need for cooling at a level of 

about 6 - 9Ü C. 

 
Reduction: 

Reduction of energy and operating costs reported to be 40- to 80% less compared to using small 

cooling towers. 

 
Cross-media effect: 

unknown 
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Application limits:  

Application becomes interesting above a minimum of 150 kW and as addition to cooling with 

cooling towers in case of industrial application. Cooling of several MW has already been 

realised. As yet, use is limited. Examples are utility  construction and greenhouse horticulture. 

 
Costs: 

Not indicated 

 
Reference plant:  

Not available 

 
Considerations: 

Technique is still in stage of development. Full industrial application was not mentioned. 
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XI.3 Reduction of emissions through optimized cooling water 

treatment 

In the introduction to the paragraph on cooling water savings a number of treatments were listed 

that can be applied to prepare effluent to be re-used as make-up for recirculating cooling 

systems. The same techniques could be applied to water from a natural source to optimise the 

chemistry of the water at the same time minimising the need for an extensive water treatment 

programme. As presented before the application is strongly related to the chemistry of the water 

and the demand of the cooling system. 

 

 

XI.3.1 Side-stream-biofiltration   in  an  open  recirculating  cooling  water 

system 
[tm 146,Savelkoul, 1999] 

 
Description: 

For many reasons it is economically interesting to operate an open recirculating cooling system 

on a minimum blowdown level. This however results in increased biological activity in the 

cooling water, which often is treated by applying biocides. 

Amongst other factors, biological activity and growth is primarily dependent on the availability 

of nutrients. Irrespective of the cooling system, water circulation or climate, biological activity 

will  not survive under conditions of nutrient shortage. Every treatment therefore should aim at a 

reduction of the biological growth by removal of dissolved nutrients from the cooling water 

circuit. For an effective treatment the so-called dead volume (or the circuit volume) of the 

cooling water system is important. It is in fact, this dead volume that is treated in a filter and 

subsequently chlorinated at low levels and frequency. 

 

This can be done by applying a continuous sand filter on a side-stream breaking down the 

dissolved nutrients and at the same time filtering suspended micro-organisms and other dissolved 

solids. Consequently less chlorine is needed and higher cycles of concentration are possible. 

This technique can be improved by creating an active biology in the sandfilter with a high 

concentration of micro-organisms, which is called side-stream biofiltration. To maintain an 

active biology the sand filters are by-passed during periods of high concentration levels of 

biocide (chlorine) in the cooling water circuit, because this high level would break down the 

biology in the sand filter as well as their effect in the cooling water. As soon as the chlorine- 

level is reduced the cooling water is led through the sandfilter again. In effect it means that the 

cooling water only needs to pass the filter a limited number of times down to once or twice a 

day only. 

 
The application has been applied to an open recirculating system with a capacity of 152 MWth, a 

water circulation of 11000 m
3
/h and a circuit volume of 3500 m

3
. The case system applied two 

filters of 5 m
2 
of filtersurface and about 10 kg VSS/m

3 
of filter, 4 m filterbed height, filtering 

sand (of 1.4-2.0 mm and 0.8 ï 1.25 mm). The design model was based on the first order reaction 
mechanism of nutrients removal with a reaction rate constant of 6.0 /houre (= sand 0.8 ï 1.25 

mm, so 3.800 m
2
/m

3
) and 4.5 /houre (= for sand of 1.4 ï 2.0 mm, so 2.250 m

2
/m

3
) in the sand 

filter. This significantly decreased the growth rate of organisms at the filter effluent side compared 
with the circulating water. 

 
Reduction: 

The resulting reductions depended on the optimized combination of blowdown, biocide use and 

application of side-stream biofiltration. For example, the functioning of the sandfilter depends 

on the side-streamflow, washwaterflow, sandcirculation, filter resistance and water temperature. 

The efficiency of the filter is reduced by higher through flow (higher hydraulic pressure), which 

is similar to a lower contact period, and by using larger sandparticles, which means a lower 

specific surface. 
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Results show an increased concentration factor (5.0 to 5.5) with a simultaneous reduction of Cl- 

dosage frequency of less than once every two days (0.42/day). This means a reduced blowdown 

of 12 %, reduced water intake of 2.4% and reduced additive use of 12% or seven times less 

chlorine for the same effect. 

Due to the lower dosage of chlorine, the level of corrosive elements (expressed as the summation 

chlorine and sulphate) remain within the required range for that system (max. 86 ppm Cl
- 
and 

77 ppm HSO4
- 
respectively). This explains the achieved 12 % reduced blowdown due to the 

biofilter, which is based on the same corrosiveness of the water. 

 
Cross-media effect: 

If  the starting point for  application of side-stream biofiltration is to reduce the amount of 

chlorination, all other results mentioned are regarded as positive cross-media effects. Data on 

extra energy requirements for pumps were not mentioned. 

Separate pumping equipment is avoided and the performance of the biofilter is maximised by 
sending the hot effluent cooling water directly to the side-stream filter and this filter effluent is 
send directly to the cooling tower basin. A slip stream of hot filter effluent is then de facto 
bypassing the cooling tower fill  and will  warm up the cooling tower basin with average 0.15 K, 
which is equivalent with an increased indirect energy usage of 0.5 kWth/MWth cooling. A separate 
pump to transport the biofilter effluent back to the cooling tower  header where the static pressure 

is 14 mwg, can avoid this drawback. On average, 1İ m
3
/hr per MWth cooling have to be pumped, 

which is equivalent with a direct energy consumption of 0.1 kWe/MWth cooling or 0.25 kWth/MWth 

cooling (with 40% efficiency of power plant). This is also quite limited in comparison with the 
standard (in) direct energy use for cooling tower processes. 

 
The saved energy based on the decreased sodium hypochlorite consumption is also very limited 
(a 1 litre 15 % solution per day per MWth cooling is equivalent with the oxidant ñproductionò of 1 
kWth for one hour per day per MWth cooling or 0.04 kWth/MW th cooling). The saved energy, based on 

the reduced make-up due to the 12 % reduced blowdown of 0.04 m
3
/hr per MWth, is also 

negligible even if  the transportation energy of the reduced make-up is included. 

 
In general, the net energy balance of all these energy differences due to the biofilter  are negligible 
and in the magnitude of 1% of the standard direct energy consumption for cooling tower 

processes of 20 kWth/MW th cooling (See Table 3.2). These small numbers are expected since only 1 
to 2 % of the cooling water circulation flow is in general necessary for the biofilter to avoid 
microfouling in the heat exchangers. 

 
Application limits:  

With a corresponding upgrading of the filter capacity there does not seem to be an application 

limit. It can be applied to existing cooling systems. 

 
Costs: 

Costs depend on the scale of application and the results obtained as expressed in reduced 

operating costs. The operational costs of chlorination were reduced with 85 %. For the given 

example the expected investment return period was estimated to be three to four years. 

 
Reference plant:  

DSM, Geleen (Netherlands) and Dow Benelux, Terneuzen (Netherlands) 

 
Considerations: 

The side-stream filter was designed on a purposely chosen low efficiency removal of nutrients, 

by choosing a high linear velocity of 25 m/hour, instead of the standard of 10 - 14 m/hour, 

which is normally applied for suspended matter removal only. High removal rates of nutrients 

will  be achieved with a counter-current sand bed filter, if  the influent is at least above 200 RLU 

as ATP (= colony counts units expressed as decrease of adenosine tri phosphate) and preferably 

600 RLU as a criteria to start the shock dosage of sodium hypochlorite. This occurs together 

with the high linear velocities to prevent anaerobic conditions. 
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The chlorination criteria of the cooling tower system, without a side-stream biofilter, was on 

halving the micro organisms expressed as 500 to 250 RLU as ATP by means of a first order 

reaction (= 0.5 [1/hour]), which was achieved with 1 litre sodiumhypochlorite solution of 15% 

per MW th for every shockdosage. 
 

The organic load on the filterbed becomes 10 kg organics per m
3 

filter bed, and together with a 
desired contact time of 10 minutes it becomes necessary to design a sand height of 4 m, which 
influences the capital cost lesser than enlarging the filter diameter. The filter surface was for 

every 15 MWth 1 m
2
, which results in 1.7 m

3
/houre filtration flow per MWth, and this is almost 

equal to the evaporation rate of 1.3 m
3
/houre per MW th  together with a slightly decreased 

blowdown of 0.3 m
3
/hour due to the installed filter. In fact every drop of circulating cooling 

water passes the side-stream filter 1.7 times a day. By doing so, the hydraulic half time of the 
whole cooling system decreases from 40 to 7 hours. At the same time the blowdownrate 
decreased with 12% as well as the conditioning chemicals and the frequency of chlorination 
decreased drastically from 3 times a day to only once every 2.4 days. The corrosiveness of the 
circulating cooling water, expressed as the summation of chlorine and sulphate, remains the 
same. 

 
Based on this model, the outcome for most existing cooling towers systems in Europe will  be in 
the magnitude of 1 - 2 times per day that the known dead water volume as warm water will  pass 
over the filter. This will  occur together with a limited one hourly shock dosage of an oxidative 

biocide only twice a week. Expressed in units: 1 m
2 

filter surface only per 15 MWth is expected 
to be sufficient in most cases together with a filter height of 4 m to create a residence time of 
several minutes. For a common situation, the reduction in water and chemical usage delivers a 
pay back time of 3 - 4 years for the capital cost of the side-stream filter. It is expected that other 

filtermedia then sand like basalt can result in even smaller filters per MW th. 
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XI.3.2 Physical methods 
 

Cleaning devices for water cooled systems can be on-line (or continuous) cleaning such as the 

use of sponge rubber balls or brushes, or off-line cleaning by using for instance high-pressure 

water jets and shooting of so-called 'pigs' through the condenser tubes. The better the cleaning 

the less need there is for application of cooling water chemicals, not only because fouling of the 

tube surface is removed mechanically, but also because the applied additives will  be more 

effective as they can reach the surface more easily. It has been stated that mechanical cleaning 

could be considered as a prerequisite for the use of a macrofouling control programme. 

 

Cleaning of dry air cooling systems is restricted to the fin side of the heat transfer surface. For 

maintenance of the heat transfer (also avoiding indirect emissions) and longevity of the coils 

cleaning should be implemented. 

 

A number of physical methods to combat macrofouling and the experiences in industry are 

listed Table XI.2. [005, Van Donk and Jenner, 1996] 

 

¶ Reducing entrainment of (bio)fouling in the system. Intake structures should be designed in 

such a way that entrainment of fish, debris, organic and inorganic material, including 

suspended matter is kept to a minimum. Additionally, side-stream filtration can be an option 

in open recirculating systems. 

¶ Maintaining velocities at a level high enough to avoid fixation of organic organisms (velocity 

higher than 2 m/s). Too high velocities, however, may introduce a risk of corrosion. Critical 
water velocities depend very much on the type of material used. 

¶ Sudden temperature increase by raising the temperature of the cooling water beyond 40 C 

for some dozens of minutes; this techniques eliminates the fixed organisms (mussels), but 

nevertheless requires an  appropriate design of the cooling system (recirculation of  the cooling 

water). Also it limits the cooling capacity of the system and can only be done during an 

interruption in the process in case this cannot withstand a rise in temperature. 

¶ Non-toxic coating and paints, which reduce the fixation of the organism,  reinforce the 

velocity effect and facilitate cleaning. 

¶ The use of sonic technology. The principle underlying the application of sound is that the 

vibration created by the energy associated with the transmission of sound will  remove 

deposits on surfaces, by 'shaking' the deposit free. 

¶ Osmotic shock. This physical-chemical based method applies osmotic shock by either fresh- 

or seawater systems, by subjecting them to seawater and freshwater, respectively. As a 

result, cells of organism may come under the effects of internal pressure, which may result 

in death. 



Industrial  Cooling Systems 257 

 

 

Annex XI  
 

 

Table XI.2:  Physical techniques to minimize biocide use 

(derived from [tm005,Van Donk and Jenner, 1996]) 

 

Technique Equipment Field experience Possibities/Restrictions 

Filtration/water 

pretreatment 

Macrofouling: drumscreens, band sieves, trashracks, 

mussel sieves 

Yes, power station Both for once-through and recirculating cooling water 

systems 

Microfouling: rotating drum and sand filters Yes, chemical industry Not for large once-through systems 

Microfouling:  continuous  backwashed  microfilters 

(50-100Õm) 

Yes, desalination plant For water flows up to 4 m
3
/s 

Side-stream filtration Rapid sand filters 

Continuous backwashed filters 
Yes, chemical industry 
Yes, glass industry 

Only recirculating systems 
All  biocides 

Filter can become added source of bacteria 

On-line cleaning Sponge rubber balls Yes, power stations Large once-through 

Not for open recirculating 

Brush and cage system Limited, chemical industry 

and power plant 

Once-through and recirculating cooling systems 

Off-line cleaning  Yes, power stations and 

industry 

Needs double lay-out or regular operation stops 

Heat treatment Macrofouling: 38-40ÜC Yes, seawater and fresh 
water systems 

Option restricted to new systems, needs special 
design; 

Replacement for biocides Microfouling: 70-80ÜC ? 

Coatings and paints Toxic coatings Varying Based on zinc and copper, use might be 

restricted.against micro-and macrofouling 

Non-toxic coating Power stations in U.S. For new systems; fouling releasing; 

Silicone based and susceptible 

U.V. light  Small scale tests Preventative additional technique to chemical 

biofouling control in recirculating cooling water 

systems 

Sonic technology  No, only test results High energy costs 

Electric water treatment High frequency transformer No, only test results Test results in small industrial system 

Osmotic shock  Yes, once-through system 

using sea-water 

Materials need to be corrosion-resistant 

Fresh water system might corrode if  treated with sea- 

water 
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XI.3.3 Optimization of biocide use 
 

XI.3.3.1 Monitoring  

[tm005, Van Donk and Jenner, 1996] 

 

For monitoring of microfouling the plate count technique and the ATP measurement are used. 

For monitoring of macrofouling use is made of exposure panels or glass windows. Scaling and 

corrosion indirectly influence biocide use and therefore monitoring of the occurrence of these 

effects can also be important to measure the occurrence of biofouling. Examples of monitoring 

techniques given in the reference are the KEMA Biofouling Monitor   and underwater video 

equipped robotic devices are used to detect macrofouling, and effects of biocide treatment. For 

more accurate measurements particularly for microfouling and biocide treatment techniques are 

applied using features as valve movement and as light emission of microorganisms as a result of 

their metabolic process. Of both techniques an example is given to illustrate the principle, but 

many more are on the market. 

 

 

XI.3.3.1.1 Monitoring  of macrofouling 
[tm157, Jenner e.a., 1998] 

 

To be able to target the dosing of biocides to combat macrofouling in once-through systems a 

so-called biofouling monitoring system has been developed. The KEMA Biofouling Monitor 

consists of a closed cylindrical container, made of PVC, with a vertical water flow from top to 

bottom. It can be used to monitor all macrofouling organisms in freshwater, brackish water and 

seawater systems. It allows direct observation, weekly and monthly counts of bivalve spat 

settlement. Spat are the metamorphosed larvae of the last larval stages of bivalves (so called 

"pediveligers"). In order to obtain adequate information on macrofouling development in the 

cooling system it is recommended to place a biofouling monitor at the intake, before the dosing 

point, and another one at a critical spot in the cooling system, after the dosing point. 

 

When installed parallel to a cooling water conduit as a bypass, the monitor is an effective tool to 

detect all possible macrofouling in the cooling system. The water velocity in the monitor is 

much lower than in the cooling system. This provides an optimal environment for settlement of 

bivalve-spat, and allows easy inspection of the point of time of settlement, growth, and 

effectiveness of control measures. Based on the information from the monitor biocide 

application can be limited to the periods where it is really necessary. Further research on the 

behaviour of the organisms can further target the dosage concentration of the biocide. 

 

Other techniques are applied, such as those using immersed plates near the inlet channels. They 

give the operator of the plant an indication of the periods when to avoid chlorination. 

 

 

XI.3.3.1.2 Traced biocides for  biocide and microbiological activity 
[tm096, McCoy e.a, 1995] 

 

The tracer diagnostic system consists of an analyser, a data collection system,  analytical software 

and a luminescent reagent. The analyser measures the light output of the micro- organisms. Within 

minutes, the test can determine biocide concentration and biological activity in the cooling 

water. The method is based on a bioluminescence bioassay of biocide active ingredient. It is 

aimed at optimising the use of non-oxidising biocides in recirculating cooling systems by 

measuring systemsô consumption. 
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XI.3.3.2 Biocide dosage 
 

XI.3.3.2.1 Different  conditioning regimes to obtain optimum annual total oxidant use 

in once-through systems against macro- and microfouling  
 

To avoid macro- as well as microfouling different conditioning regimes can be applied in once- 

through cooling water systems. This can be low-level  chlorination executed as continuous, 

semi-continuous as well as discontinuous, also called shock chlorination, of twice an half hour a 

day, targeted chlorination in only a part of the heat exchanger or a part of the cooling system 

itself, 

pulse-chlorination and alternating pulse-chlorination. The different regimes objectives are to 

achieve and remain a high energy efficiency by operating with clean heat exchangers through 

the year and at the same time minimise adverse environmental effects. 

The environmental assessment of chlorination can be split into two main categories: oxidants 

and non-oxidants. They differ in their ecotoxicological risk expressed as component life time, 

bioaccumulation  and  toxicity  towards  aquatic  organisms.  The  non-oxidants  like  chlorinated 

hydrocarbons  are  persistent  and  some  components  will   accumulate  in  the  fats  of  aquatic 

organisms as well as show a chronicle mutagenic and carcinogenic toxicity. The oxidants react 

quite rapidly with reductants and will  only be available for antifouling after overstoichiometric 

dosage. Only under those circumstances the result of the dosage is acute toxic at even low 

concentrations, but without bioaccumulation of the free oxidants. 

 

Acute toxicity is what is needed in the cooling system including the heat exchangers to prevent 

settlement and to keep the heat exchangers clean, but this toxicity is unwanted in the cooling 

water discharge. 

Since even a continuous low-level chlorination regime has a significant low PEC/PNEC ratio, 

the main environmental issue is to reduce the formation of halogenated hydrocarbons, also 

called chlorinated by-products, which are due to the inefficiently used oxidant mass. However, 

these components are not measured easily on a regular or even continuous basis and also donôt 

have any potential acute toxicity. Therefore, performance of a conditioning regime is monitored 

in terms of free oxidants, which is also more applicable on a continuous control basis. All  

oxidative conditioning regimes have in common that continuous measurement of free oxidants 

is favoured regarding the necessary process control. At the same time natural waters have a 

minimum detection limit and threshold around 0.1 mg/l ( 0,05 mg/l) depending on the applied 

analytical technique and in relation to components present in the natural cooling water that have 

no direct contribution to the effect of the conditioning regime itself. Since chlorine just like 

other oxidants is non-selective and non-specific and reacts practically with all reducible 

components present in (natural) waters and together with the analytical threshold, this can be an 

explanation why reported successful conditioning regimes use at least 0.2 mg/l free oxidants 

before the condensers. 

 

Production of the halogenated hydrocarbons is an almost linear function of the dosed oxidant 

mass irrespective of the conditioning regime. 

Comparing discontinuous and continuous low level conditioning regimes it may look as if  a 

discontinuous conditioning regime (with higher oxidant mass) results in a higher measurable 

concentration of halogenated by-products. If  the mass balance is corrected for those periods that 

the dosage was stopped, then the yearly-emitted mass of a discontinuous regime can be even 

lower than that of a continuous low-level regime. In fact, not the applied conditioning regime, 

but the water quality does affect the minimum amount of oxidant needed. The higher initial free 

oxidant concentration, needed in the case of discontinuous chlorination, is necessary to 

compensate for the lower contact time to achieve the same treatment results. This does not mean 

that the yearly needed oxidant amount is higher with a higher associated quantity of halogenated 

by-products in the outlet. Due to mixing in the receiving water rapid decay occurs of any 

oxidant conditioning regime, of acute toxicity as well as of formation of halogenated by- products. 
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The effectiveness of a conditioning regime is a combination of the level of temporary acute 

toxicity and the availability and quantity of nutrients in the water and the deprivation of the 

filter rate of the filter feeding organisms, such as oysters and mussels (or bivalvia). 

It is necessary that the region from the pumppit until the exchangers as well as the stagnant 

zones becomes temporarily acute toxic to prevent settlement in the water distribution piping and 

the conducts and to keep the heat exchangers clean. The shorter the periods chosen the higher 

the temporary acute toxicity must be for the same effect. Or the longer the contact time is, the 

lower the acute toxicity needed to achieve the same result. 

 

All  oxidative conditioning regimes have in common that they take advantage of the reduced 

food intake of filter feeding organisms like mussels and oysters under stress. All  oxidative 

conditioning regimes have also in common that spat settlement and growth is mitigated by 

prevention of opening their shells for prolonged periods of time. If  they are forced to close their 

shells ï which is the natural fugitive capacity ï the organisms switch to anaerobic metabolism 

and live on their food reserves. Depending on their condition and local water temperature they 

can survive such stress periods for many months. Spat as well as youngster however avoids 

these circumstances through a second fugitive behaviour by non-settling or detaches its byssus 

wires, which explains the potential failures of intermittent regimes in specific areas. 

 

Favourable conditions for spat settlements and growth are present in eutrophicated waters found 

at specific coastal areas and some harbours and it is further accelerated by increased water 

temperatures within limits. For that reason all conditioning regimes have in common that 

chlorination is not necessary when the nutrients are scarce at low water temperatures (12 ÁC). 

However in specific areas its threshold is 10 ÁC due to the rich nutrient availability even at 

relative low temperatures. 

 

All  these circumstances determine the necessary free oxidant concentration measured before or 

direct behind the heat exchangers with the related chosen time intervals between the intermittent 

dosages. 

 

Continuous and discontinuous conditioning regimes show different levels of chlorination. In 

most waters, if  the prevention of settlement is done with a continuous low-level chlorination 

nearby the pumppit, a FO-level before the heat exchangers of 0.3 mg/l has to be maintained. It 

results in a level of 0.2 mg/l at the outlet, which can generally be expected in cooling water 

circuits with a time span of 15 minutes. However, in nutrient rich waters the biofouling is so 

severe that higher inlet and thus higher outlet concentrations become necessary and sporadically 

can reach levels of 0.7 mg/l FO at the outlet to preserve its efficacy. 

 

Discontinuous low-level chlorination in case of an ideal plug flow cooling water system will  

need higher FO-levels up to 0.5 mg/l before the exchangers to reach the same result and will  

automatically result in higher temporary outlet FO-concentrations. Indissoluble, the production 

of halogenated hydrocarbons will  be higher also during these temporarily elevated oxidant 

dosages. Low frequency shock dosages are rarely done, which is based on their low 

conditioning efficiency towards bivalvia. These organisms will  fully  use the offered long 

respiration periods to recover. In general, intermittent regimes applied in nutrient rich waters are 

only effective if  applied as frequently repeated chlorine dosages to minimise the recuperation 

ability of bivalvia. If  these non-dosage periods are reduced to a quarter of an hour it is called 

pulse-chlorination. The organisms will  interpret this as a continuous chlorination regime, since 

the frequency gives period too short for mussels and oysters to recover after being exposed to 

short successive periods of oxidation. Time intervals between the oxidant dosing periods have a 

much larger influence on the behaviour of these organisms than the free oxidant concentration, 

as long as this concentration is high enough to produce an initial stress effect on bivalvia. 

 

If  the whole cooling system is not an ideal plug flow system, than even higher frequency dosage 

regimes called alternating pulse chlorination (XI.3.3.2.2) can be successfully applied. It will  

make full  advantage of the present reductants availability in a part of the cooling water that will  

mix just before the outlet system with previously chlorinated cooling water. Essential is that a 
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part of the oxidised cooling water will  have a different residence time in the system and will  

reach at different times either as previously or future non-chlorinated cooling water, which still 

contains reductants. By shortening the dosage periods to an extend of three quarter of the 

residence time of the mechanical water system, an understoichiometric oxidant/reductant mixture 

is then created in the outlet zone. At the same time  an overstoichiometric oxidant/reductant 

condition is created between the dosage point and the area where the different cooling water 

streams meet. 

In summary, the (alternating) pulse conditioning regime reduces the annual use of additives and 

is particularly effective against macro-fouling. However, it may produce peak free oxidant 

concentrations at the outlet of the cooling system, which do not meet permissible release levels. 

 

 

XI.3.3.2.2 Pulse alternating chlorination in once-through systems 

[tm153, Paping et al, 1999], [tm168, De Potter et al, 1996], [tm169, De Potter et al, 1997], [tm170, De 

Potter and Polman, 1999], [tm171, Polman, 2000] 

 
Description: 

For an existing once-through system using seawater with flows up to 11 m
3
/s, a number of 

measures was developed and applied as part of an integrated system (ñtotal care systemò). The 

system comprises of 200 heat exchangers (mostly copper/nickel 90/10 and coated carbon steel) 

connected by 4 km of main conduits. Failure of the system as a result of damaged tubes was 

predominantly due to erosion corrosion failure (65%). The measures reduced the number of 

leakage incidents and at the same time the amount of biocide applied could be reduced. In the 

underlying situation hypochlorite had been dosed as antifouling treatment. As a result of long 

term experience it was considered to be the most adequate biocide for this system and for the 

available cooling water quality. Thus, no alternative biocide was being considered as a solution. 

 

Optimisation was achieved by applying different levels of biocide treatment. The environmental 

impact of different regimes was evaluated by measuring and comparing the amount of 

chlorination by-products (predominantly bromoform) and the potential toxicity formed. The 

effectiveness was evaluated by looking at: 

 

¶ the incidence of leakage of heat exchanger tubes caused by mussels, 

¶ the amount of biological growth (macrofouling attachment) 

¶ the behaviour of the valve movement of oysters. 

 

Accordingly, the conditioning regimes were improved. It is important to realize that in this case 

use is made  of knowledge about the local biotope. This is essential  to reach the  required 

accuracy of the treatment and the associated results. 

 
Reduction: 

The results of the optimisation show that an initial increase of hypochlorite (dosage A) did not 

reduce the leakage incidents in the first place, but was able to remove almost completely the 

macrofouling from the system as was observed from the mussel monitors. Once the cooling 

system was clean, reduced levels of hypochlorite (dosage B and C) were applied in  the following 

years removing the macrofouling completely as well as reducing the number of leakages down 

to zero. The methodology applied is able to maintain the required level of FO at the right place. 

It is based on knowledge of the life cycle of macrofouling species, of microfouling areas in the 

system and of varying residence times and water velocities in different parts of the cooling system. 

 

By maintaining low oxidant concentrations during longer periods the settlement and growth of 

bivalves in the distribution conduits can be prevented. Short term alternating dosage near the 

heat exchangers leads to temporarily high concentrations and is able to control microfouling. 

Over-stoichiometric dosage is applied in the influent at areas where water velocity rapidly 

decreases forming stagnant zones. The results are summarised in the following table. 
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Table XI.3:  Effect of applying an optimized dosage regime on the number of leakage caused by 

mussels 

[tm153, Paping et al, 1999] 

 

 
Period 

 
Regime 

Number of leakages caused by 

mussels 
Hypochlorite 

(metric 

tonne/year) Unit  1 Unit  2 

Year 1 A 28 4 1222 

Year 2 A 28 12 2095 

Year 3 A+B 32 10 2817 

Year 4 B 16 1 2480 

Year 5 C 0 2 1994 

Year 6 C 0 0 2013 

Year 7 C + freq. 1 0 1805 

Year 8 C + freq. 0 0 1330 

C + freq. = regime C with higher frequency (i.e. 5 minutes dsoage per 20 minutes interval) 

 

 

An even more targeted dosage regime is the pulse alternating chlorination that takes account of 

the variation in residence times in different parts of the process (Figure X.1.). At different times 

and at different points the required levels of chlorine are dosed following the flow patterns of 

the cooling water stream in the different process parts. At the end of the process and before 

discharge of the cooling water stream, dilution occurs by the mixing of the different process 

stream. Where only one of the stream is chlorinated and the other is not, the FO is further 

reduced and emission levels of < 0.1 mg/l are achievable. 

 
Cross-media effect: 

Considerable lower frequency of heat exchanger failure reduced necessary maintenance and 

consequently non-production periods. Cleaner heat exchanger increased cooling and reduced 

emissions from production process. 

 
Application limits:  

The conditioning regime cannot be applied to once-through systems without varying cooling 

water residence times. 
The optimisation of dosage intervals the system needs careful monitoring of the free oxidant 

levels in the cooling system and of required stress periods of the bivalves. 

 
Costs: 

Research costs amounted to EUR 1 million during first 5 years. The first dosage installation was 

EUR 0.2 million, and further modifications again EUR were 0.2 million. The pay back period of 

the dosage installation was in the order of one year and based on the following costs: 

- reduced cost level for yearly maintenance and use of sodiumhypochlorite, 

- increased costs for yearly preventive and predictive maintenance, and 

- costs for analyses. 

Costs did not include research cost since these costs were spend to obtain the fundamental 

knowledge of pulse alternating chlorination in once-through systems. 

 
Reference plant:  

Dow Europe, Terneuzen (NL) 
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Figure XI.1:  Optimised hypochlorite dosage (pulse-alternating chlorination)  taking account of fouling and cooling system characteristics 

Derived from [153, Paping et al, 1999] 

Pulse alternating chlorination; X, or Y1, or  Y2 or nothing 
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XI.3.4 Alternative cooling water treatments 
 

In this document the alternative cooling water treatment techniques consist of non-chemical 

methods as well as alternative chemicals or combinations of chemicals. It has already been 

illustrated how proper monitoring can lead to a more effective dosage regime reducing the 

amount of additive required and simultaneously maintaining a low incidence of systemôs failure. 

 

 

XI.3.4.1 Ozone 

[tm032, Zimmermann and Hamers, 1996], [039, Strittmatter  et.al., 1996], [tm084Rice and Wilkes, 

1992], [tm096, Mc Coy et al. 1990], [131, Dziobek, 1998] and [tm156, Schmittecker, 1999] 

 
Description: 

Extensive experience has been obtained with ozone treatment of drinking water. In Germany 

and the United States varying experiences have been obtained with ozone applied to 

recirculating cooling system. Ozone is a strong oxidant, more so than chlorine dioxide, which in 

turn is a stronger oxidant than sodium hypochlorite. Being very reactive ozone reacts with 

practically all organic material present in the cooling water and the residual effect is low if  not 

absent. Also, ozone has considerable potential to destroy other cooling water additives, e.g. 

some corrosion inhibitors. 

The reactivity of ozone depends on the pH of the water. When ozone is added to cooling water 
with a pH value higher than 8 - which can be often encountered in recirculating cooling system - 

it decomposes to form free hydroxyl radicals, which are stronger oxidising agents than molecular 
chlorine, but of microsecond half-life. In case that bromide ions are present in natural surface 
waters they will  react with ozone to produce hypobromous acid, which is  what is actually 
measured as residual ozone rather than ozone itself. Another important factor is the hardness 

of the water and it has been recommended to keep this between 100 and 400 ppm CaCO3 

and the chlorides below 200 ppm Cl
-
. 

 
Reduction: 

The reduction of microfouling, measured in microbiological activity, is variable and can be 

compared with a chlorine/bromine treatment. Reduction of up to 90% of the initial activity was 

measured resulting in concentrations of 20-50 colonies per ml. [tm156, Schmittecker, 1999]. 

Not only the amount, but also the character of the microbiology showed a change as a result of 

ozone treatment. A reduced number of colonies forming species could be detected in 

comparison with no treatment. 

The concentration of ozone present in a system showed no direct influence on corrosion or 

scaling rate, although it was also concluded that mild steel and yellow metals corrode easily 

when ozone concentrations are too high (1.0 ppm). With the appropriate ozone-concentration 

those materials will  initially  corrode and form a corrosion layer. This layer will  protect against 

increased corrosion, particularly pit corrosion. In the example, steel (C 1010) corrosion was 

reduced with 50% to 0.05 mm/year and brass (CuZn28Sn1) corrosion was reduced to less than 
1.4 mm/yr. 

Reduction of about 50% of AOX- and COD-levels in the effluent has been reported on different 

occasions due to ozone treatment. The resulting levels were less than 0.01 mg/l (AOX) and 

10 mg/l (COD) respectively. The COD level was reached in the presence of a dosed hardness 

stabilizer. 

 
Cross-media effect: 

Although the formation energy of ozone is high, the application of ozone is often referred to as 

more environmentally acceptable than hypochlorite, since it leads to less formation of 

trihalomethanes (THMs) and extractable organic halogens (EOX). Ozonation may lead to the 

formation of by-products e.g. bromate and bromohydrins, but compared to chlorination by- 

product formation, relatively little attention has been paid to by-product formation resulting 

from ozonation. 
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As far as was reported, ozone emission into the air has not been observed from any part of the 

cooling systems. 

 
Applicability:  

Ozone is predominantly applied in the chemical and petrochemical industry and in refineries 

and to a limited extent in power industry, but from recent experiences wider application can be 

expected for smaller industries. The advantages are: 

¶ Efficiency, 

¶ low concentration of by-products, 

¶ low stability of ozone with low or no ozone in the discharge as a result, 

¶ reduction of COD and AOX. 

 

In the U.S, it was concluded that ozone is not a ñtotalò package for cooling water treatment 

covering all purposes, but does represent an alternative for a limited number of users. 

Furthermore, it is only useful as a stand-alone treatment in cooling water systems, which require 

no supplemental corrosion or scale control. Its reactivity limits the application of other biocides 

that would be destroyed immediately and if  any biofouling occurrs beyond the radius of ozone 

activity, it may not be dealt with. 

 

Ozone is preferably to be used in very clean recirculating cooling system, and it is commented 

that its high reactivity makes ozone unsuitable for application in once-through system or long 

line systems. The speed with which ozone can disappear from a system is illustrated by the 

example, in which after the first application of ozone in a contaminated system the ozone 

concentration was reported to decrease below the detection limit within 50 meters from the 

point of dosage. For conditioning of a cooling tower of power plants a minimum concentration 

of 50 g/l in the cooling basin is currently suggested, but positive results have been reported 

also with lower levels. It is considered best practice to apply ozone continuously at low level. 

 
Costs: 

Ozone production requires a considerable amount of energy and is relatively expensive due to 

the fact that the efficiency of the ozone generators is very low (100 g to 150 g O3/1000 g O2, 

10 kWh/ kg O3). Observations on costs may however differ as they depend on the alternative 
treatments available. For instance, observations were made that the ozone treatment can be 
compared to that of treatment with  chlorine gas and that other chlorine  or  bromine based 
treatments could contain additional costs. Care must be taken when interpreting costs, where 
investment costs of equipment may or may not have been included and reference is made only 
to operating cost. 

 
Reference plants: 

Hoechst (Germany), power station Seraing (Belgium), power station EZH-Rotterdam Capelle 

(Holland) [see references] 

 
Considerations: 

A minimum concentration in the aquatic-environment of the cooling system is required to obtain 

the required biocidal effect of ozone. Recent work shows that to overcome the contamination 

already present, the initial dose may have to be between 0.1 and 0.3 mg/l and depending on 

the systemsô environment it may take months before any residual ozone can be measured in 

the residual effluent [tm131, Dziobek, 1998]. It is claimed that in 60% of the applications 

ozone treatment can be reduced to 50% within 9 to 12 months with the surfaces being clean. 

This type of treatment resulted in a residual ozone concentration in the cooling tower basin 

of 0.05 mg/l. It was further reported that cleaner cooling tower fill  led to an increased 

number of cycles and to a corresponding 70% decrease in water losses. 

 

The point of dosage is very important in order to maintain the required ozone concentration in 

the right area of the cooling system. To avoid the breakdown of ozone, sensitive inhibitors and 

other cooling water treatment chemicals, side-stream treatment of the make-up was suggested. 

Ozone could also be applied in the cooling tower itself [tm131, Dziobek, 1998]. 
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Ozone can be generated on-site by subjecting dry air or oxygen to an electric discharge. After 

this the product needs to be absorbed in the cooling water. According to the American Congress 

of Industrial Hygienists, 0.1 mg/l is the recommended maximum concentration for continuous 

exposure [tm059, Swinnen, 1995]. Ozone is very volatile compared with other oxidising biocides. 

[tm096, Mc Coy et al. 1990] investigated the volatility of various biocides in cooling towers. 

From this study the following order of volatility appeared: ozone> chlorine dioxide > chloramine 

> hypochlorous acid > hypobromous acid, with ozone being about 167000 times more volatile 

than hypobromous acid at 20 C. 

 

 

XI.3.4.2 UV treatment 

 
Description: 

UV treatment of water to be used in recirculating cooling systems needs clear water for a start to 

give good transmission of UV irradiation and prefiltering of water might be necessary. 

 
Reduction: 

Particularly  in  summertime  the  treatment  effected  in  reducing  amoebe  formation  in  the 

blowdown before discharge in the river. 

 
Cross-media effect: 

Energy costs were not reported. 

 
Application limits:  

It is mentioned that in sunny locations algae growth has been observed if  no anti-algae was 

applied due to lack of residual effectiveness. To overcome this an anti algae will  have to be 

added or the tower basin will  have to be kept clean and free from sludge to prevent micro- 

organisms to grow in the sludge. UV-lamps also need frequent cleaning. 

 
Costs: 

Not reported in full  scale application. 

 
Reference plant:  

Hydro Power  Station, Ontario, Canada, EDF Nuclear power  Station, Poitiers, France (both 

experimental, 1999) 

 
Considerations: 

With the tendency to increase the re-use of water it is uncertain whether the required clearness 

of the water can still be reached in the future without considerable and expensive treatment.. 

 

 

XI.3.4.3 Catalytic hydrogen peroxide treatment 
[comment, D] 

 
Description: 

The catalytic hydrogen peroxide treatment is a technique for decontaminating cooling water 

from the presence of microorganisms. The technology aims at meeting low limit values for 

levels of bacteria in the water. The system acts to prevent the formation of biofilms and algae 

and this in turn prevents the spread of bacteria, including legionellae colonies, through the 

systems. Hydrogen peroxide is used as an oxidizing agent, which in the instance of the metal 

catalyst generates a significant amount of OH-radicals. These radicals have a very strong 

oxydizing effect, which is reported to be larger than that of e.g. ozone or chlorine. 

 
The technology is reported to have a broad spectrum, which means that the radicals are effective 
against a large range of microorganisms including legionellae. Genetic resistance has not been 
reported and therefore shock dosing is not required. A relatively small concentration of H2O2 in 
the water is maintained and keeps the water practically bacteria free. 
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Reduction: 

Catalytic hydrogen peroxide treatment will  reduce the levels of AOX and COD. It is reported 

that it does not produce any residual hazardous chemicals in the discharge flow. It extends the 

operating period as it reduces the frequency of maintenance where the  whole  installation remains 

free from biofilms, algae and bacteriae. 

 
Cross-media effect: 

The catalyst treatment does not need any additional energy applied. The typical concentration of 

hydrogen peroxide (0.5 to 2 ppm) has shown no influence on the corrosion or scaling rate. 

Hydrogen peroxide acts as a corrosion inhibitor as well. 

 
Application  limits:  

For each application the best option for installing the catalyst (in the form of light knitted wire 

mesh, normally on a stainless steel or PE mount) has to be selected individually. The catalyst 

may be placed on the bottom of the water basin or in the water distribution if  an open system is 

used. A concentration of 30% of hydrogen peroxide solution was determined as very effective 

with respect to storage and application. It has been applied in cell type cooling towers. Limits 

with respect to the size of the cooling tower have not been reported. The data point at applications 

in small to medium capacity towers, but application for large capacity installations is under 

development. 

 
Costs: 

This treatment requires the investment for a metal catalyst. It is reported that with usual 

depreciation time for the catalyst of 4 to 5 years, the operation costs, including depreciation for 

the catalyst and the dosing system, are substantially lower than for either the application of a 

biocide (including hypochlorite) or the ozone treatment, when applied to the same cooling tower 

capacity. 

 
Reference plant:  

Ausimont Deutschland GmbH, Bitterfeld (D). 

 
Considerations: 

From experience two alternatives can be chosen as dosage point for the hydrogen peroxide: 
H2O2 can be applied in the common pump intake chamber of the cooling tower or direct into the 
rising pipes of each cell. 

 

 

XI.3.4.4 Chlorine dioxide 

 
Description: 

Chlorine dioxide (ClO2) has been considered as an alternative to hypochlorite (HOCl)  for seawater 

conditions and as a freshwater biocide due to its effectiveness as a disinfectant and to its strong 

reduction in the formation of organohalogenated by-products in the effluent. It has been 

reported as an effective and economical application in cooling water systems for control of micro-
organisms at relatively low dosages. It may be used over a broad pH range and is effective 

over the entire spectrum of micro-organisms. It has been reported to be effective particularly 

in systems with the following contaminants: ammonia and ammonia salts, alkanes, alkenes and 

alkynes, alcohols, primary amines, glycols, ethers, unsaturated aromatics, most inorganic 
acids, organic acids, diols, saturated aliphatics. 

 

The conditions under which the application of chlorine dioxide is considered attractive are: 

1. process contamination 

2. alkaline pH systems 

3. effluent chlorine discharge limitations 

4. elimination of gaseous chlorine from the site. 

The last advantage may be at question, where chlorine dioxide has been reported as difficult  to 

transport and must be therefore produced on-site [tm059, Swinnen, 1995] 
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Chlorine dioxide does not react with water and is highly soluble in water. It has been found that 

blowing air through aqueous solutions of chlorine dioxide can cause chlorine dioxide to be 

expelled from the solution. Therefore solutions treated with chlorine dioxide should not be fed 

into areas of strong aeration such as splash tanks prior to going over a cooling tower. Aqueous 

solutions of chlorine dioxide are subject to photodecomposition upon long exposure to 

ultraviolet light. As with chlorination, treatment with chlorine dioxide  could  be  scheduled during 

the hours of darkness to achieve greatest effectiveness. 

 

On the treatment it was further observed that after initial high feeds of ClO2, shortly after the 
start-up, total plate count should normally decrease. After this initial period, ClO2 begins to 
clean up the biomass accumulations of slime and entrapped debris. As the slime masses are 
attacked, micro-organisms break loose into the recirculating water. Consequently, the total plate 
counts, calcium and turbidity readings will  increase for a period of time and then subside to 
normal levels. Moreover, foaming may also occur during this period. 

 
Reduction: 

Experiments in Italy were confirmed by observations in Spain for a large coastal power station 
with a once-through system [068, Ambrogi, 1997]. It appeared to be possible to lower the 

dosage of ClO2 after an initial concentration of 0.22 mg/l. (8 kg/hour) during the growth season 
to about 0.18 mg/l. (6.5 kg/hour) and to reduce this even further in wintertime. These levels 
correspond well with other reported dosage levels. Dosage was continuous and effective in 

restricting mussel growth. The resulting concentrations of trihalomethane formations (THM) 
were considerably lower than in case HOCl was being used irrespective of reaction temperature 

or reaction time. They ranged from 0.31 Õg/l with a dose of 0.50 mg/l ClO2 at 10 minutes and 
15ÜC to 460.48 Õg/l with a dose of 0.40 mg/l at 60 min. and 60ÜC. 

Considering the maximum initial dosage at 0.22 mg/l, needed to get an effective treatment, the 
expected concentration in the seawater at the end of the channel would be considerably lower 

than the LC50 (96 h.) of 54.7 Õg/l. It has been proven that efficient antifouling of ClO2 occurs at 
concentrations in the range 0.05 ï 0.25 mg/l. 

 

In open recirculating cooling water systems the typical dosage is 1-5 ppm chlorine based on the 

estimated volume plus make-up during feed to the entire system. Typically at start-up, chlorine 

dioxide is fed to a clean system at about 1 ppm for one hour, three times per day. Contaminated 

or dirty systems may require increased doses (3-5 ppm) and feed times. Mechanical cleanup of 

systems may be required to further optimise the programme. 

It was recommended for systems where process contamination is suspected , to run a chlorine 

dioxide demand on the system. From the determined demand value the initial dosage can be 

derived, which from experience shows to be 30-50% of the demand value may be used for the 

initial dosage. 

 

 
Table XI.4:  Typical dosage of chlorine dioxide for  once-through and recirculating systems in 

Europe 

[CEFIC  Sodium hypochlorite group, comment] 

 

 

Cooling system Mode of application Time of application 
Typical dose 

(mg/l) 

Once-through system continuous 
8 hours a day/ 

during 8 months a year 
0.4 

 

Recirculating system 

discontinuous 6 times for 1 hour/day 0.3 

continuous all year round 
0.2 in winter 

0.5 in summer 
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Table XI.5:  Effect of chlorine dioxide applied in once-through system on larvae settlement 

[U.S. data, Van Hoorn, comment] 

 

Dose Frequency Settlement-reduction 

0.25 mg/l 4 x 15 min/d 95% 

0.25 mg/l 2 x 30 min/d 35% 

 

 

Cross-media effect: 

Although it does not form any THM or chlorophenols it is expected to find reaction products 

like aldehydes, ketones and quinones or even epoxydes under certain circumstances. The latter 

are known to be carcinogous or mutagenous. 

 
Application:  

Treatment with chlorine dioxide requires an installation for in situ production. Due to its sensitivity 

for pressure and temperature the gas cannot be compressed and transported in cylinders. Three 

ways of in situ generation are mentioned by [tm059, Swinnen, 1995]: 
1. from sodiumchlorite/chlorous gas 

2. from sodiumchlorite/sodiumhypochlorite/(chlorine acid) 

3. from acid activation or sodiumchlorite by means of chlorine acid 

 

Feeding point 

To obtain the best results, chlorine dioxide should be fed directly into the recirculating water of 

a cooling tower, at a point of good mixing, such as below the water line in the cold well or just 

ahead of the equipment that is most critical. A side-stream of chlorine dioxide can be fed to the 

basin at the far end (opposite cold well) to create a "sweep" effect across the basin or into the 

return riser for additional control within the tower. 

 

Monitoring 

When chlorine dioxide is used as a microbiocide in cooling water it is important to monitor the 

amount used and its effectiveness. Close control of chlorine dioxide residuals with attention to 

plate counts provides the best results at the most economical cost. 

 

At times a free chlorine dioxide residual can be found in the return water of a recirculating loop 

or the effluent of a once-through system. The free residual is less than 0.5 ppm in most cases as 

tested by the Chlorophenol Red method. In systems where no free chlorine dioxide residual is 

found, visual observation of the biomass, through biological organism counts or differential 

pressure measurement can judge results. 

 

In the U.S., Redox control is most often used as on-line monitoring technique. Typical ORP 

values for good control are reported to be 350 ï 500mV. 

 
Costs: 

Costs have not reported, but it was concluded that further research was needed on application 

strategy to reduce the amount needed in once-through cooling systems and thus lower the 

price. At the moment of investigation it was considered too high for full  scale operation (1996). 

 
Reference plant:  

Brindisi Nord power station, Italy (experiment). 

 
Considerations: 

With respect to the application in once-through systems, a comparison with chlorination would 

need to normalize dosage regimes to be able to consider the features of both chlorine dioxide 

and chlorination as a biocide and in the discharge. Further research seems necessary based on 

the above-mentioned promising results. 
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XI.3.4.5 Ionic water purification  to treat cooling tower water 

[tm036, Wilsey, 1997] 

 
Description: 

Based on an already existing concept of supplemental ionic water purification is an alternative 

method to treat cooling tower water with copper ions. It is claimed that a chemical-only water 

treatment system can be replaced by this technique leading to less harmful substances being 

more economical to the environment. 

 
Reduction: 

Microbiologists  are  quoted  that  have  determined  that  small  amounts  of  copper  acting  as 

supplement to chlorine at 0.4 ppm have the same efficiency as 2.0 ppm free chlorine. 

 
Cross-media effect: 

Costs have not been reported, but could be energy input for copper ion generator. 

 
Application limits:  

To apply this treatment a copper ion generator is needed together with a device to control total 

dissolved solids, a magnetic water conditioning system and a system to analyse the water 

composition. With these systems the treatment can be optimised. 

 

A number of factors have to be taken into account. The composition of the make-up water has to 

be such that the tower sump contains an alkalinity level between 40 ppm and 130 ppm and the 

pH between 7 and 8. The effects of copper are that it functions as a coagulant to reduce scale, 

forming larger complexes to be separated and filtered more easily. It also acts as a bacterial 

disinfectant forming copper compounds that are lethal to bacteria and algae. Finally it has a 

function as algaecide to blue-green algae in particular. 

 

Attention should be given however to the amount of cycled copper that will  also dictate the 

concentration in the purge or blowdown. Also the residual concentration of the lethal copper 

compounds need further examination as the discharge to the receiving water  could  cause harmful 

effects. 

 
Costs: 

Not reported 

 
Reference plant:  

Not reported. 

 
Considerations: 

Results will  have to be proven yet in full  scale application. 

 

 

XI.3.4.6 Stabilizing halogenated biocides in cooling tower water 

[tm62, Dallmier  et.al, 1997] 

 
Description: 

Particularly chlorine and bromine based products are often applied. As the biocidal effect of a 

halogenated biocide depends on the total halogen residual and it is important to prevent any 

reactions that can decrease the amount of residual in the cooling water. Reactions with other 

corrosion and scale inhibitors can occur (e.g Br with tolyltriazole). Halogens can be stabilised to 

reduce halogen volatility and to increase compatability with inhibitors and to maintain sufficient 

effective halogen. Stabilising of bromine was achieved with the application of hydantoines. On 

the stabilising process no further information is reported. 

 
Reduction: 

Application of stabilised bromine in cooling towers revealed the following effects: 
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1. the loss of Br due to volatization is less when Br is stabilised thus leaving more free Br 

present in the cooling water; 

2. stabilised Br appeared to be  one third faster in killing slime-forming bacteria than 

unstabilised Br; 

3. stabilised Br appeared to be very effective in removing mixed culture biofilm, the 

removal of 45% of the biofilm was measured to create a 47% reduction of the pressure 

across the tube; 

4. application   in   an   office   chiller   system   showed   effective   against   Legionella 

pneumophila; 

5. more than 95% of the yellow metal corrosion inhibitor totyltriazole was maintained in 

the cooling water when stabilised Br was added. 

 
Cross-media effect: 

No information was available on the effects of the application of an additional chemical to 

stabilise the halogen. 

 
Application  limits:  

It has been applied in recirculating systems (wet cooling towers). Comments on the applicability 

of this technique concerned the application of hydantoines. It was reported that handling of 

hydantoines (in pellet form) is difficult  requiring dissolving devices. This limited the application 

to small size cooling systems. Currently a liquid stabilised bromine product is on the market, 

which can be applied in large size systems as well. 

 
Costs: 

Costs of the stabilizing have not been reported. 

 
Reference plant:  

On the stabilized liquid product 2 refineries (in Germany and Austria) and 1 chemical plant in 

Germany were reported. 

 
Considerations: 

Above-mentioned effects were confirmed by the results of field experiments. Two remarks have 

to be made. On the addition of stabiliser and its behaviour in the cooling system or the purge no 

observations were reported. The hazardousness or environmental acceptability could not be 

established. 

Its working on Legionella was tested in a chiller system, but a translation to conditions in 

cooling tower systems has not been made. 

 

 

XI.3.4.7 Filming agent against fouling, corrosion and scaling 
 

Description: 

Filming agents are applied that cover the surface of conduits on the waterside to prevent or 
reduce fouling and corrosion or scaling and do not treat the cooling water flow. A commercially 

available compound, called Mexel
È
432/0, is applied primarily constituting of long chain 

aliphatic amines. In aqueous emulsions, this product forms a film  on the cell  membranes causing 
destruction of tissues in a varying proportion depending on the dosage. The efficiency of this 
technological alternative is not linked to the modification of the water chemistry properties nor 

the water biology of the cooling circuit, but rather to the adsorption or integration of Mexel
È 

onto 
all the surfaces present in the circuit. The anti-fouling effect can be explained by the integration 
of the Mexel constituents into the biological membranes, and into the biofilm. This integration 
disturbs the cohesion of the biological structure and at high concentrations results in the 
destruction of the membranes. At sublethal concentrations, the constituents of the Mexel insert 

themselves into the membranes and disrupt the ionic or gaseous transfer of the membranes. 
In this case, the treatment produces a state of stress for the animal (mussels, etc) sufficient to 
avoid their definitive installation in the circuit treated. 
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It has a broad spectrum of action on microfouling and macrofouling in both seawater and 

freshwater. The product has also anti corrosion and anti-scaling properties and the treatment 

procedure is generally intermittent, intended to renew the film on the surfaces to be protected. 

Suggestions were made that periodic treatments can be more effective on macrofouling. The 

film lasts for 10-20 days. 

 

Dosage is done automatically and starts with an initial dosage to establish the film. 

Concentration in the discharge is measured and dosage levels are reduced as soon as Mexel 432 

can be detected in the discharge. The initial period for a large seawater once-through system is 

about 10 days. 

 

In once-through systems, the analysis of the product is performed either by a spectrophotometric 

laboratory method or by a colourimetric field analysis method. This second analysis method 

allows a rapid control of product concentration at various points in the circuit. 

 
Results: 

The treatment conditions, defined by the concentration to be injected as well as the duration of 

the injections, are dependant upon the results researched (bio-fouling, corrosion, fouling or 

scale), the physico-chemical properties of the water medium and the circuit characteristics (type, 

temperatures, surface condition, materials, flow rates, etc). 

It can be effective against bivalves on a periodic treatment basis and at a residual concentration 

of 3.5 mg/l. The efficacy of long-term intermittent treatments on zebra mussels has also been 

shown in experiments: a dosage of 3 hours per day at 6 mg/l kills 100% of zebra mussels. 

 

At the example plant, for corrosion protection of aluminium brass a dosage of 5 ppm for 30 min. 

per day was sufficient. For macrofouling a dose was applied of 0.5 ppm at 5 hrs/day. By way of 

bio-monitoring reactions of mussels on the dosage were researched to identify an optimised 

treatment regime. 

 
Cross-media effect: 

On the visited site there was clearly an advantage as no electrolysis of seawater was anymore 

needed. This also ended the maintenance of the elctrolyser, which is costly, both in terms of 

environment (human health) and finance. 

 

Three processes are involved in the disappearance of Mexel in solution: immediate demand, 

turbulence of the water, and bacterial degradation in aerobic conditions. Bacteria showed 

degradation of up to 98% of the product in 10 days. 

Regarding the toxic effects of the product on freshwater organisms, it showed rapid 

disappearance in natural waters of the product in its toxic form, and absence of detectable 

toxicity during its degradation. 

 
Application limits:  

Application is independent of the metal tested, (bronze, copper nickel alloys, iron and stainless 

steel 304L &  316L) or the water medium (fresh or  seawater), Mexel can be an effective 

chemical or biological corrosion inhibitor. 

It allows the treatment of open or semi-closed recirculating hydraulic systems which have flow 

rates ranging from a few cubic meters per hour (air conditioning systems) to 100.000 m
3
hr

-1 
in 

fresh water, brackish or sea water. On a world-wide basis, the product is used to treat the 
hydraulic systems (cooling, fire fighting, etc) of electrical power  plants,  geothermal installations, 
shipping, the chemical industry, steel mills, refineries, off-shore platforms, and air conditioning 
units using water as the thermal fluid. 

 
Costs: 

Cost data have only been given in comparison with the application of chlorination and 

particularly in comparison with electrolysis. Confirmation could not be obtained on the cost 

balance of Mexel compared to chlorination. Costs depend on the surface to be treated and not on 

the cooling water volume. 
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Reference plant:  

EDF Power Station, Le Havre (F). 

 
Considerations: 

Environmentally its low toxicity and the absence of any detectable toxic degradation products 

make it acceptable as an alternative to cooling water treatment. 

As the product is easily biodegradable, this advantage may be a disadvantage when it comes to 

the amount needed for initial treatment of the surface. Its reactiveness may raise the amount 

needed and the costs involved. Where fresh water generally has higher dissolved solid contents 

than seawater this could indicate a preferred application in seawater conditions. 
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XI.3.4.8 Stable organic corrosion inhibitors  in open wet cooling towers 

[tm091, CTI,  Little  et. al] 

 
Description: 

Organically based treatment used in an open wet cooling tower can be counteracted because of 

their susceptibility to strong oxidising agents, their sensitivity to high heat flux conditions, their 

tendency to precipitate as calcium salts at high hardness levels, and the need for constant water 

flows. To overcome these problems Ethanolamine Bisphosphono-methyl, N-oxide (EBO) was 
developed EBO is an organic phosphonate that can be used in cooling water treatment as an 

anodic corrosion inhibitor. EBO is reported to exhibit good stability against  halogens.  Its stability 

at  calcium levels of 500 mg/l calcium as CaCO3, buffered at a pH of 8.3 and a temperature 

of 60ÜC, was compared with HEDP. 

 
Reduction: 

It was found that over 100 mg/l of EBO could be added without precipitation, whereas this was 

only 7 mg/l of HEDP under the same conditions. No adverse effects on yellow metal corrosion 

could be indicated. Corrosion was considerably reduced compared with an organic treatment 

without EBO. 

 
Cross-media effect: 

Lower water requirements occur due to potential option for higher cycles of concentration, as 

EBO is less sensitive to high calcium hardness levels. 

 
Application limits:  

Only applied in open recirculating system. 

 
Costs: 

Not reported. 

 
Reference plant:  

Pilot cooling tower, no full -scale application reported. 

 
Considerations: 

Application of EBO and similar cooling water treatment chemicals with improved working need 

further research of the levels of toxicity in the discharge respectively blowdown of the systems 

they have been applied to. 
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XI.3.5 Treatment of discharged cooling water 
 

Minimisation of emissions from an integrated approach starts with minimisation of resources 

used. As such Chapter 1 presents the initial approach that should be taken. Within the limitations 

of cooling system and site-specifications a certain amount of chemicals might still have to be 

applied with a certain discharge as a consequence. Monitoring and optimised treatment are able 

to reduce the discharge further. 

In some cases before discharging cooling water streams are treated in wastewater treatment 

facilities. For information on wastewater treatment reference is made to the concerning BREF. 

Particular examples of cooling water treatment have not been reported. With respect to treatment 

a few remarks can be made: 

 

¶ blowdown treatment containing peak concentrations after dosage can be collected in  a buffer 

basin to prevent the aquatic-environment or the water treatment facilities to  be affected. In 

the basin further hydrolysis of the biocides can take place down to less toxic substances 

before the water is discharged or reused. 

 

¶ Because of concentration of process substances, the blowdown of closed recirculating systems 

of refineries may have to be treated before it is sent to a wastewater treatment plant to avoid 

affecting the equilibrium of the treatment plant. It is maintained that the oil level of this 

blowdown generally is much lower than the residual oil level in pre-treated process water 

of other installations and therefore can be led to the waste water treatment plant without 

pretreatment. 
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XI.4    Variable frequency drives for reduction of energy use 
[tm097, Immell,  1996] 

 

In operating a cooling system the required direct energy input can be reduced by reducing the 

need for pumping capacity and by optimising the use of fans. In a greenfield situation many can 

be done on the design (e.g. cooling tower construction, type of fill,  pump configuration), but in 

an existing installation options are more limited and comprise of changes of equipment. 

 
Description: 

The application of variable fan speed drives is an option to adapt the fan speeds specifically to 

the required cooling duty. One technique is the use of variable frequency drives (VFD). A VFD 

is a combination of a converter of the voltage and an inverter of the current (DC to AC). 

Cooling towers are typically designed to provide a specified cold water leaving the tower for a 

specified heat load at a certain wet bulb temperature, that is only exceeded at minimum percentage 

of the year (1-2.5%). Most of the time they will  perform at a lower wet bulb temperature 

than the design, but on a variable level based on seasonal variation of wet bulb temperatures. 

With the VFD system this variation is translated into different fan speeds to obtain the required 

water temperature. VFD are commercially available from different suppliers. 

 
Reduction: 

Reduction in energy use as well as in reduced noise levels and reduced vibration due to slower 

operating speeds is achieved. Also, higher longevity of rotating equipment due to smoother 

speed change of the motor (so called soft start) was observed. 

 
Cross-media effect: 

See section on reduction. 

 
Application limits:  

To apply a VFD a number of specifiable features to be checked were mentioned, such as: an 

automatic temperature control, the proper layout of the VFD to the demands of cooling tower 

fan motor, and an analysis of resonance of the equipment. 

 
Costs: 

A cost indication was not given 

 
Example plant:  

Not mentioned with respect to experiences with application. 
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ANNEX XI I     SPECIAL APPLICATI ON: POWER INDUSTRY 
[tm132, Eurelectric, 1998] 

 

Synthesis 

In order to synthesise the specific knowledge and enable other industries to benefit from it, this 

Annex has been drawn up within EURELECTRIC. It is the outcome of collaboration mainly 

between ELECTRICIT£ DE FRANCE, ELECTRABEL, LABORELEC and VDEW resp. VGB 

representing German Power Plant Operators. The results of the permanent various working 

groups of UNIPEDE
19 

and CORECH
20 

have also been included. 

 

The Annex is meant to give some background information for a better understanding of the 

information presented in the main document. It explains in a simplified way the operation of 

thermal power plants. It sets out the main functions of the cooling systems of the condenser and 

auxiliaries. The possible environmental impacts of cooling systems are then examined in more 

detail. This part of the Annex particularly concerns heat discharges, the suction of living 

organisms into water intakes, any discharges of treatment reagents and other potential 

detrimental effects, such as noise. 

 

Also, an analysis of the various cooling techniques conceivable is made. It is referred mainly to 

the design of a new system and to be used as additional information for the determination of 

BAT. It deals with not only the technical and economic aspects, but also and especially with the 

ecological and energy impact of the various solutions. Its conclusions, although specifically 

aimed at the power industry, fall within the general BAT conclusions of Chapter 4 of the main 

document. 

 

The main conclusions that have emerged from the analysis are: 

 

¶ The impact of a cooling system on the receiving environment must be studied before the 

power plant is designed; to do so, numerical modelling and on-site tests in pilot loops are 

recommended; 

¶ The design of the cooling systems must be studied while taking into account the ecological 

and energy impact to a maximum; 

¶ The implementation of physical processes intended to limit fouling must be sought 

systematically (continuous mechanical cleaning, temperature increase, filtration, etc.); 

¶ Chemical solutions must be studied on a case-by-case basis so as to limit their utilisation to 

the utmost; 

¶ One best solution cannot be selected as too many local factors influence the choice of the 

cooling system of a power plant. They include not only the flow-rates available, but also 

visual aspects. 

 

 

XII.1   Introduction  

The thermodynamic cycle of conventional thermal power plants obeys CARNOT's principle. 

Efficiency levels reach about 40% for conventional new design but can achieve 47% in advanced 

design and under very favourable climatic conditions in particular when cooling water conditions 

are suitable (once-through cooling system), even with hard coal firing. The result is that nearly 

45% of the amount of energy provided by combustion must be dissipated at the condenser 

level. 

 

The condenser is the key point of the facility. Regardless of the mode of cooling adopted, it is in 

fact one of the main interfaces between the power plant and the surrounding environment. The 
 

 

19       The International Union of Producers and Distributors of Electrical Energy. 

20       Committee on Research. 
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efficiency and availability of a power plant depend to a great extent  on the integrity and 

cleanness of the condenser. These are reasons why specific solutions have been adopted for a 

long time now: continuous mechanical cleaning by foam balls, corrosion-resistant alloys, such 

as titanium and stainless steel, etc. Also cooling water treatment systems have been developed 

and are in operation, in particular for circulating cooling systems. 
 

Likewise, as cooling flowrates may reach several dozen m
3
/s, the modes of treatment adopted 

and solutions selected may be difficult  to extrapolate to other industries. 

 

 

XII.2 Power plant cooling systems - principles and reminders 

The operation of power plants is governed by CARNOT's principle. The heat source, the boiler, 

provides the energy required for water vaporisation. The cold source, the condenser, condenses 

the steam coming out of the low-pressure turbine. 

 

One of the main characteristics of a power plant, from the technical and economic standpoints, 

is its specific consumption, in other words, the amount of heat needed to produce one kWh of 

electrical energy. This specific consumption results from the thermal cycle balance (table 1). 

 

 
Table XII.1:  Example of simplified balance of a thermal cycle for  conventional new design 

 
 

Energy transformation  
Energy 

(kJ) 

 
(%)  

Efficiency 

(%)  

Energy from combustion 9000 100 100 

Steam generator loss 1050 - 11.7 88.3 

Condenser ñlossò 4200 - 46.5 41.8 

Feedwater heating (2000) (22.2) (Looping) 

Turbogenerator losses 65 - 0.75 41.05 

Power supply of auxiliaries 65 - 0.75 40.3 

Loss in main transformer 25 - 0.2 40.1 

Overall efficiency of the facility 40.1 

 
 

The presence of the cold source is the main consideration. Not always can cooling systems use 

water drawn directly from a river, sea or lake. It may be necessary to use a recirculating system 

with a cooling tower. A look at the thermal cycle balance shows that 4200 kJ must be yielded 

for each kWh generated. In addition, this energy cannot be recovered because its exergy is low. 

 

New generation systems, especially combined cycles (or gas-steam turbines), make it possible 

to obtain higher efficiencies of even more than 55%. 

 

The cooling system, which serves to evacuate this energy, is generally called the circulating 

system. The condenser tube bundle contains cold water drawn from a river, the sea or a lake. 

The heating and flowrate of this water depend on the installed capacity (table 2). 

 

 
Table XII.2:  Relationship between the installed capacity and cooling parameters 

(Values as an example, depending on type of the circulating system, the ambient air temperature, 

cooling water resource temperature) 

 

Rated capacity of the unit  

(MW)  

Circulating  water flowrate 

(m3/s) 

Heating of water in the 

condenser (K)  

125 3 ï 5 7 ï 12 

250 6 ï 10 7 ï 12 

600 14 ï 24 7 ï 12 
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Each unit also has an auxiliary cooling water system: 

¶ generator seal oil coolers, 

¶ compressor coolers; 

¶ etc. 

 
Closed-loop cooling systems, supplied with demineralised water, are systems for: 

¶ generator stator cooling water coolers; 

¶ generator hydrogen coolers; 

¶ etc. 

 

Depending on the units, the cooling water flowrate of this cooling system of the auxiliaries 

represents normally about 4 to 8% of the circulating water flowrate. Heating is limited and 

amounts up to 10 K, according to the auxiliaries in operation. However, even with a low thermal 

load, it can remain in service several days after the shut down of the unit to evacuate the 

residual heat. 

 

 

XII.3 Possible environmental impacts of cooling systems 

The heat releases at the cold source mainly concern two receiving environments: air and water. 

But, in fact, even if  the discharge occurs into an aquatic-environment, the ultimate heat sink 

remains the atmosphere. Indeed, the water gradually transfers the heat received by various 

natural processes: evaporation, conduction, radiation. For economic reasons, water is the first 

area where one looks. 

 

Before wondering what techniques may be acknowledged as BAT for cooling systems, it seems 

desirable to make an analysis of any detrimental effects on the natural environment, estimate 

their nature and amplitude and judge them, in other words decide whether they remain tolerable 

or not. 

 

 

XII.3.1  Heat discharges to the atmosphere 
 

Regardless of the type of cooling  system, all of the heat conveyed to the cold source is transferred 

to the atmosphere. This is carried out on a specific basis in the case of cooling towers, air-

cooled condensers and dry cooling towers. In the case of once-through  cooling systems on 

a river, lake or the sea, the heat is transferred via the surface of the receiving water body, over a 

large area and with a certain time lag, depending on the local situation. 

 

In power plants cooled by a once-through system (Figure XII.1, Section XII.11), pumped 

water is generally heated from 7 to 12 K when the units operate at their rated capacity. The 

discharged cooling water is progressively cooled by mixing with the receiving water. The heat 

is then transferred to the atmosphere by three conventional processes: evaporation (35 to 45% of 

the energy released), by radiation of the water surface (25 to 35%) and by conduction with air 

(20 to 30%). Depending on the local situation the outlet temperature could be limited by the 

local authority. 

 

Energy transfer by evaporation represents a vapour flowrate of 20 kg/s per 100 MWth.. 
Considering the rapid decrease of water heating process downstream of the discharge, the only 

atmospheric phenomena likely to be modified are occurrence frequencies and the persistence of 
evaporation fog in the area close to the release, where temperature differences are still 

considerable, but the extent of which is limited. 

 

It is worthwhile noting that, all things considered equal, the temperature of the formation or 

disappearance of evaporation fog is higher above salt water than above soft water. This 

circumstance is therefore favourable to power plants sited in estuaries or along seacoasts. 
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For power plants equipped with wet cooling towers (Figure XII.2, Section XII.11), everything 

occurs as if  the heat was released directly to the atmosphere. Two kinds of operation methods 

are in practice: 

¶ once-through cooling with cooling tower (Figure XII.3, Sector XII.11) and 

¶ recirculating cooling (Figure XII.4, Sector XII.11). 

 

The discharge takes place in a concentrated way over a small area. Wet cooling towers transfer 

to the atmosphere about 70% of residual heat in the form of latent heat (wet vapour) and about 

30% by sensitive heat. Thus, the vapour flowrate released to the atmosphere is roughly twice 

that resulting from once-through cooling without cooling tower. Air  saturated with humidity is 

released to the atmosphere at a temperature of about 10-20 K above ambient temperature and at 

a velocity up to 3-5 m/s in the case of natural draught cooling towers. This velocity is doubled 

in the case of mechanical draught cooling towers. This air saturated with humidity, by cooling 

through turbulent mixing with ambient air, may give rise to the formation of artificial clouds or 

plumes. 

 

The risks of fog formation on the ground resulting from the lowering of the condensation plume 

may be relatively frequent especially with mechanical draught cooling towers (Figure XII.5 

XII.6  and XII.7, Section XII.11) due to their low height and in conditions of cold humid weather 

without wind. The relevant area is about 500 m from the emission source. 

The frequency is considerably reduced, when the cooling towers get higher. In plains, one may 

estimate that the lowering of plumes reaching the ground is exceptional as of a height of 50 to 

75 m depending on the local situation. 

 

The formation of frost may result from the contact with the ground frozen either by the fog due 

to the lowering of the plume, or by precipitation linked to priming, or by sprays from the base of 

the cooling towers. However, the impact of such sprays remains confined to an area near the 

cooling tower and concerns at the very most the several dozen metres close to the base of the 

cooling tower. 

 

The main climatic modification due to the operation of wet cooling towers concerns a local 

increase of nebulosity by the development of the condensation plume which results in the 

reduction of sunshine and light in the vicinity of the power plant. 

 

For power plants equipped with dry  cooling towers (Figure XII.11, Section XII.11) or air - 

cooled condensers (Figure XII.9 and 10, Section XII.11), the absolute humidity of the air is not 

changed, but its temperature is higher by about 15 to 20 K above the ambient temperature. All  

of the heat is released in sensitive form and the non-saturated hot air, which rises in the 

atmosphere, seldom leads to cloud formation. 

 

Hybrid  cooling towers (wet/dry) (Figure XII.8, Section XII.11) make it possible most of the 

time to avoid the formation of plumes. Water consumption (i.e. make up water) is 20% less than 

that of a wet cooling tower. However, at the present time, the only hybrid cooling towers 

available are of the mechanical draught type. The annual balance of a power plant with mechanical 

draught type hybrid cooling tower can be in the same range to that with a comparable mechanical 

draught wet cooling tower. This takes into account the operation mode. 

 

Since a few years at fossil fired power stations the discharge of desulphurised flue gases via 

cooling tower is state of the art at least in Germany. It is an alternative to traditional discharge 

by stack and has ecological and economical advantages. 
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XII.3.2 Heating of receiving aquatic-environments 
 

Although the final heat sink is the atmosphere, in most cases, a fairly large part of the discharge 

of a thermal power plant takes place in the aquatic-environment. Various physical phenomena 

come into play here: 

¶ turbulent diffusion, 

¶ convection in water, 

¶ flow of fluids of variable density, 

¶ evaporation, radiation, convection in the air. 

Depending on the extent of the discharge and according to the receiving environment, such a 

phenomenon is preponderant and affects the way the heat is distributed in the receiving 

environment. 

 

The near field of the cooling water discharge should be distinguished from the far field. 

 

The near field is defined in a river as the area in which the mixing of the warm water plume 

with river water is incomplete. 

 

The water temperature in the near field depends upon the mixing of water released by the power 

plant with the water of the receiving environment. Heating can be reduced in this area by 

rapidly mixing the effluent with the water of the receiving environment by means of specific 

devices. 

 

The far  field is the warm water geometry that is fully  mixed with depth within the water 

column and is thus a background heat field. The excess temperature in the far field is gradually 

reduced due to the dilution with ambient waters and heat exchange with the atmosphere. 

 

As concerns discharges in a tidal  sea or sea with  strong currents, the warm water plume 

formed by the discharge of the power plant is mainly governed by the existence of major 

velocities in the receiving environment. They bring about a rapid mixture of the water preventing 

any stratification caused by the difference in density between the warm water and cold water. 

The temperature drop in the warm water plume principally comes from the mixing and not from 

heat losses at the surface of the water area. The extent of the warm water plume in 
2 

a tidal sea, defined as the area within the 1 K heating isotherm, covers an area from 2 to 10 km 

for a discharge corresponding to that of a 5 000 MWe nuclear power plant. 

 

The behaviour of the warm water plume in a tideless sea is first of all that of a stratified flow. 

The temperature drops very quickly through dilution due to friction and turbulence. In a tideless 

sea (or lake) the spreading or transport of cooling waters is strongly influenced by wind-induced 

currents and thermocline conditions and is estimated as roughly 1 ha/MWe. 
 

Normally for coastal power plants the cooling water is discharged to the sea surface through an 

open discharge channel. 

 

The behaviour of the warm water plume in an estuary is similar to that in a tidal sea with strong 

currents. The alternative movement of water plays an essential role. The river flow will  tend to 

transport the heat towards the sea. The incoming tide will  slow down or change the direction of 

flow, and will  thus affect the spreading of the warm water plume in the estuary. 

 

The assessment of the heating of a river subsequent to a warm water discharge is relatively 

complex. Indeed, the cooling mechanism of the river downstream mainly  results from the 

exchange of energy between the river and the atmosphere. The energy flow between the stretch 

of water and the atmosphere fluctuates considerably depending on the meteorological conditions 

and the time of day. 
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In a river, diffusers distributed all along the width of a waterway serve to carry out the mixture 

over a distance of several dozen to several hundred metres. If  the discharge is performed along 

the bank, complete mixing by natural flow is carried out over a few kilometres instead. 

 

In all cases, recirculation in the river  must be avoided or the recirculation rates for discharges 

into the sea and especially in the estuary reduced to a minimum to ensure efficiency and safe 

operation of power plants. The position and design of water intake and outlet structures are 

determined to eliminate the risk of recirculation. 

 

Preliminary studies make it possible to design water intake and outlet structures and devices 

best adapted to avoid recirculation and favour the initial mixing of heated water discharges. 

They rely on physical models (hydraulic models) and numerical models. Where possible the 

numerical modelling etc. should be based on site-specific hydrographic survey data. 

 

The use of these tools as part of the impact study of projected facilities serves to give assurance 

that regulatory thermal limitations will  be respected, whether they concern maximum heating in 

the mixing area or the temperature level after the mixing. 

 

 

XII.3.3 Suction of organisms into water intakes 
 

When pumping the water needed for cooling, thermal power plants draw in microscopic 

organisms (algae and plankton), as well as organisms which swim in the open water (some 

crustacea and fish). The plankton passes through the rotating filters the mesh of which is 

generally between 1 mm and 5 mm. This does not hold true for crustacea and fish, which are 

flattened against the filtering panels, drawn up and discharged with the washing water of the 

filters. 

 

Some studies have shown that most of the organisms drawn into the water intakes are small in 

size: Shrimps, larvae and alevin in the sea and estuary or alevin in rivers. The case of young 

salmon migrating downstream, which are particularly drawn into the water intakes, is specific 

for the behaviour. 

 
To limit the entrainment of these species, three types of measures may be taken: 

1. Place the intakes outside critical areas, such as spawning grounds and "fish nurseries" on the 

seaside, or migration routes for eel larvae in estuaries; 

2. Design intake structures which minimise the drawing in of organisms; 

3. Equip  intakes  with  repulsive  devices  or  equipment,  which  restore  organisms  to  the 

environment without damage. 

 

A lot of deterrent systems (repulsive devices) have been developed and installed at water intakes 

of hydropower and thermal power stations over the last decades: 

¶ In freshwater bodies, electric fish screens can frighten away fish of specific stages, but do 

not affect fingerlings or even attract them into the intakes; 

¶ Air  bubble curtains generally had very bad results; 

¶ Light is partly efficient on certain species, but fish can be acclimated and the deterrent 

effect is not constant; 

¶ Some results with sound deterrent systems are promising, but there are contradictory results. 

 

The investment costs depends on the size of the intake and the flowrate and can be roughly 

estimated to be in the range of Euro 40000 to 200000. 

 

4. Equip intakes with recovery systems, which restore organisms to the aquatic-environment 

without damage. 

 

In large water intakes with travelling screens, the organisms can be removed with a fish pump 

or washed out of the screen by low-pressure water jets (1 bar). At a power station on the 
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Gironde Estuary (France), such systems showed relatively good efficiencies  with  survival results 

of 80% to 100% for shrimps, plaices and eels. Other attempts have been less effective or very 

costly. 

 

The first two actions, of a preventive nature, are preferable to curative actions the efficiency of 

which presently remains problematical. A universal, widely applicable, solution is not available. 

 

 

XII.3.4 Alteration  of the receiving environment by chemical discharges 
 

The water withdrawn for cooling purposes may sometimes be the cause of chemical releases 

into the receiving environment. The following may be concerned in particular: 

¶ reagents used to avoid the scaling of cooling systems equipped with cooling towers; 

¶ reagents used to fight against biological developments, reaction products of some of them; 

¶ iron sulphate anti-corrosion treatments to protect, in some cases, copper alloy condensers; 

¶ corrosion products of heat exchangers and piping. 

 

As concerns the marine environment, the purpose of the biocide treatment is to maintain the 

systems sufficiently clean so as to ensure their proper operation. For the sea intakes, the main 

problem is to avoid the development of molluscs (mussels, oysters, etc.) inside the cooling 

system. The current practice is the injection of chlorine. It is generally produced on-site by sea 

water electrolyses. This process avoids the risk involving the transport of NaOCl by truck. The 

chlorination can be made on continuous or discontinuous (seasonal) basis depending on many 

factors such as meteoclimatic characteristics of the site, water quality, cooling circuit design and 

biofouling typology (settlement periods and growth rates). 

 

Mainly the injection takes place in low doses so that the concentration in free chlorine in the 

discharge is generally between 0.1 and 0.5 mg/l normally (sporadically 0.7 mg/l). The value of 

this limit concentration is set by local regulations. 

However, when it reacts with some organic matter, chlorine may lead to the formation of organo 

halogenated substances (mainly bromoform in seawater). Some studies nevertheless show that 

bromoform concentrations in the plumes of warm water discharges from coastal-sited power 

plants remain extremely low (about 15 Õg/l). 

 

It would be advisable here to compare this figure with the natural production of 

organohalogenated substances in the oceans. According to Grimvall and deLeer (1995), the 

annual production of a number of organohalogens is: 

¶ chloromethane         : 5.000.000 t; 

¶ bromomethane        :    300.000 t; 

¶ iodomethane :    300.000 t to 1.200.000 t; 

¶ chloroform :      90.000 t to    360.000 t; 

¶ bromoform :    500.000 t to 1.000.000 t; 

¶ iodoform : not detectable in sea water. 

 

The natural concentrations in AOX ranging from 6 to 17 Õg Cl/g of sediment in the Gulf of 

Bothnia and from 50 to 180 Õg Cl/g of sediment in the Gulf of Finland were measured. The 

presence of these organohalogenated molecules has been attributed to biohalogenation 

reactions. 

 

Chlorination is the anti-fouling chemical treatment method that is the most commonly used to 

protect the systems of coastal-sited power plants. Another oxidant, chlorine dioxide, has 

nevertheless been tried with success on thermal power plants. 

 

For a great many years, the choice of the alloy for the tubes of heat exchangers in coastal-sited 

power plants has gone towards titanium. Under these conditions, the contribution of corrosion 

products is insignificant, or even inexistent. However, there are still condensers in copper alloy 
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which are protected by a film of ferric hydroxide produced by adding ferrous sulphate to the 

cooling water. 

 

For river -sited power plants the contribution of chemical reagents will  depend to a great extent 

on the type of cooling system and any biological problems. 

 

Generally, operation with recirculation increases the risks of scaling. This often requires setting 

up a specific treatment of make up water or cooling water. The modes of treatment that may be 

used are as follows: 

¶ no treatment when the water is not very mineralised, 

¶ lime softening of make up water, 

¶ acid vaccination of circulating water, 

¶ treatment with precipitation retarder, 

¶ combined treatments of the type: acid vaccination and scale inhibitors or lime softening and 

acid vaccination. 

 

The choice of the mode of treatment depends on many criteria the following of which are 

mentioned for example: 

¶ concentration factor, 

¶ chemical composition of the river water, 

¶ design of the cooling system. 

 
The treatment depends on the concentration factor of the cooling system: 

¶ with a low concentration factor (1.05 to 1.2), it is not generally necessary to treat the water 

of the system, 

¶ with an average concentration factor (1.2 to 2), an acid vaccination of the circulating water 

is necessary when the hardness of the water is high, 

¶ with a high concentration factor (3 to 7); the lime softening of make up water often becomes 

the only choice possible, and may be supplemented by a light acid vaccination. 

 

The acid vaccination of circulating water can be carried out in three different ways: 

either by maintaining the pH within a range generally included between 7.5 and 8.5, or by 

limiting the total alkalinity to 100 mg CaCO3/l (for make up water with low sulfate-content), or 
by respecting regulation instructions which take into account the alkalinity, calcic hardness and 
temperature. Sulphuric acid is used in most cases. 

 

The purpose of the lime softening of make up water is to raise the pH of the water up to 10 so 

as to precipitate the calcium and part of the magnesium in the form of carbonate and hydroxide. 

At the outlet of the decarbonator, the concentration of residual calcium varies between 0.5 and 1 

mequivalent. However, it is combined with carbonate, which makes the treated water extremely 

scaling. To restore the balance of decarbonated water, a post vaccination with sulphuric acid is 

often carried out. The lime softening results in the production of a large amount of sludge. In 

addition, by increasing the pH, lime softening may result in the precipitation of some heavy 

metals present in the withdrawn water. 

 

The sludge produced by precipitation in the softening process is collected in the bottom of a 

clarifier. It is normally pumped to a sludge thickener, where the solids concentration increases 

by further sedimentation usually assisted by injection of polyelectrolyte. The clear water returns 

to the clarifier while the concentrated sludge is further dehydrated in vacuum drum filters or belt 

filters. 

 

The cake produced by dehydration with remaining water content of approximately 50%  is 

removed for disposal in landfills. No environmental effects have been reported from softening 

sludge landfilling sites. 
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The continuous chlorination of the circulating systems so as to eliminate the formation of 

biofilm on the condenser tubes was given up a long time ago since mechanical methods have 

been applied (Taprogge, Technos systems, etc.). But chlorination as such is still an effective 

treatment. In practice, five chlorination treatments can be applied: 

 

¶ end-of-season; for example continuous chlorination at low level (0.5 mg/l) for 2 to 4 weeks 

at the end of the settlement period of the freshwater Zebra mussel Dreissena plymorpha; 

¶ periodic treatment: several periods of continuous addition of biocide during the settlement 

season; 

¶ intermittent treatment: frequent dosing (every day or three days for example) for short 

periods of time (some minutes to hours); 

¶ continuous treatment at low level during the settlement period; for example in the North Sea 

and the English Channel, chlorination at 0.5 to 1.0 mg/l., 7 months a year, to eliminate 

marine mussels. Residual oxydant at the outlet 0.1-0.2 mg/l; 

¶ semi-continuous treatment consisting of short term periods of treatment (15-60 minutes) 

then stopped for equally brief periods. A semi-continuous chlorination or pulse-chlorination 

at low level is used in Canada against the Zebra mussel and in France and the Netherlands 

to control the marine mussels in power stations. 

 

The massive chlorination or shock dosing is a specific procedure that has been developed to 
eliminate filamentous algae which develop in the basins and the fills of cooling towers. The 

concentrations at the injection point vary between 5 and 25 mg Cl2/l. In order to avoid the 

release of chlorine into the receiving environment, the blowdowns are closed for a few hours. 

They are open when the concentration of free chlorine in the circulating water is lower than the 

discharge limit. Depending on the authorisations, this limit varies between 0.1 and 0.5 mg 

TRO/l. Some discharge authorisations are expressed in flows. These treatments are not carried 
out on all the sites. 

 

The frequency of massive treatments depends to a great extent on the quality of the water, the 

concentration factor and the general state of cleanness of the circulating system. It may be 

weekly, monthly or quarterly. 

 

The reaction of chlorine with humic and fulvic matter leads to the formation of organochlorinated 

compounds. In fact, bromide ion concentrations in river water are generally insignificant. Under 

these conditions, only organochlorinated compounds can be formed. Volatile compounds such 

as chloroform, dichloromethane, (POX) and adsorbable compounds (AOX) can be distinguished. 

 

However, as is the case for sea water, the presence of organohalogenated compounds in inland 

surface waters is not solely due to the chlorination of the cooling systems. Among the other 

possible sources, particular mention should be made of agriculture and natural production. In 

unpolluted lakes - for example in Sweden - AOX concentrations ranging from 10 to 190 Õg Cl/l. 

The highest concentrations have been measured in highly eutrophicated lakes. 

 

Among the parameters which affect the reactions resulting in the formation of 

organochlorinated compounds during the disinfection of cooling water, the following should be 

mentioned: 

 

¶ humic or fulvic concentration, 

¶ free chlorine concentration, 

¶ reaction time, 

¶ pH of the environment, 

¶ reaction temperature, 

¶ presence of ammonium ions. 
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These complex reactions can be modelled and validated by measurements carried out on the 

sites. 

 

The chlorination of the once-through systems does not result in significant increases of 

organochlorinated compounds. Indeed, the contact times are short, about 10 minutes at most, 

and the concentrations of free chlorine are low. According to the chlorination procedures used, 

the POX and AOX concentrations measured at the peak vary between 0 and 10 Õg Cl/l and 

between 20 and 150 Õg Cl/l, respectively. These values correspond to free chlorine 

concentrations at the injection included between 0.5 and 10 mg/l. 

 

The chlorination in a closed loop of circulating systems may lead to higher concentrations of 

organochlorinated compounds. The following factors play an infavourable role here: 

¶ the contact time is longer, 

¶ the recirculation increases the concentration of precursors. 

 
It should nevertheless be mentioned that the increase of pH linked to the degassing of CO2 is 
favourable to the formation of POX. The latter are easily transferred to the atmosphere via the 
cooling tower. 

 

Under these conditions, the concentrations of POX are included between 0 and 10 Õg Cl/l and 

the concentrations of AOX between 200 and 2 500 Õg Cl/l. For concentrations of free chlorine 

at the injection included between 5 and 25 mg/l and stay times varying between 2 and 70 hours. 

 

One should note, however, that the presence of low concentrations of ammonium ion in natural 

water may considerably reduce POX and AOX concentrations. Actually, the kinetics of the 
+ 

chlorine-NH4
+ reaction is more  rapid  than those  of the reactions  taking place  between  the 

chlorine and aromatic compounds. 

 

 

XII.3.5 Other possible harmful  effects resulting from the choice of some cooling 

systems 
 

The use of natural draught, forced draught and hybrid cooling towers, or also of dry condensers 

and cooling towers, makes it possible to considerably reduce the water flow requirements of a 

power plant and, consequently, to limit the possible impact on the aquatic-environment. 

However, the presence of cooling systems on a site may pose other problems. They concern in 

particular problems of aesthetics and noise of wet cooling towers. For dry cooling towers and 

condensers, in addition to the two previously mentioned aspects, there is also the possible 

dissemination into the air of corrosion products from the heat exchange surface area, in particular, 

when the heat exchangers consist of finned tubes made of galvanised steel. 

 

Natural draught wet cooling towers, the sober form of which is generally not unpleasant, are 

nevertheless structures that can be seen from afar and that cannot be concealed in a fairly flat 

landscape. 

 

On the other hand, mechanical draught wet cooling towers or hybrid  cooling towers, the 

aesthetics of which is itself much more debatable, present the advantage of generally being 

lower than the main part of the power plant. 

 

Nevertheless beyond that it is required to quote comparative factors between different 

technologies since a lot may depend on the assumptions made by manufacturers in giving cost 

data. 

 

Similar remarks may be made for dry cooling towers and air -cooled condensers. The size 

effect is nevertheless much more considerable. This is because the low exchange properties of 

air require much larger structures. In addition, in the case of mechanical draught systems, the 

power necessary for air supply is about 2% of the unit's net electrical output. For the same 
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thermal power to be dissipated, the size effect is therefore three times higher than that required 

for wet cooling towers and combined systems. 

 

A certain detrimental effect that can be caused by a cooling system resides in the emission of 

noise at the air inlet and outlet. Even for a natural draught wet cooling tower, the sound level 

may reach 60 dBA at 100 m. For a mechanical draught wet cooling tower and hybrid  

cooling tower, the noise level comes to about 70 dBA under the same conditions. It is close to 

80 dBA for air-cooled condensers. 

 

 

XII.4  Prior  study of the sites: indispensable tool for  the 

evaluation of their  receiving capacity, impact control 

and prevention of harmful effects 

XII.4.1 Analysis of the situation 
 

The cold source is one of the determining elements in the choice of a site. That's why great care 

is taken at a very early stage with regard to the environmental problems posed by the cooling of 

a power plant. As mentioned earlier on, these problems may be of several kinds: 

¶ water heating by once-through systems, 

¶ effect on the quality of water and on aquatic organisms, in the case of wet cooling towers, 

¶ effect on the quality of air, in the case of dry cooling towers, 

¶ meteorological effects, discharges of chemical substances and problems of noise regardless 

of the mode of cooling adopted. 

The designer is not powerless in the face of the problems posed. The knowledge acquired 

through great many observations made in the vicinity of existing power plants constitutes a solid 

experimental basis serving to effectively orient the studies to be undertaken prior to the 

installation of a new power plant. 

 

 

XII.4.2 Mathematical modellings, simulations on models and tests on pilot  loops, 

first indispensable tools 
 

The interest of numerical models has been mentioned for forecasting thermal changes in the 

near field as in the far field. 

 

In the near field, fairly sophisticated tools serve to describe the dilution conditions of thermal 

discharges. They are used at the local discharge level. These models serve to dimension the 

outfall structures to the best possible extent so as to ensure the optimum dispersion of the warm 

water plume in the receiving environment as quickly as possible and thus limit its impact to a 

minimum (meteorological and hydrobiological data). 

 

In the far field, the parameters that have to be taken into account are much more complex. They 

concern not only the characteristics specific to the receiving environment, but also discharges 

originating from other companies. Much more complex models have been developed to this 

effect. They take into account biological parameters of water quality and take into account the 

presence of chemical pollutants. They integrate various pollution sources and provide an 

assessment of response of waterways or lakes to thermal and chemical disturbances or the 

excessive contribution of nutriments (eutrophication phenomenon). 

 

There are also other models used to simulate the accumulative impact of several wet cooling 

towers installed on the same site. 

 

The forecast making use of numerical models must rely on field data and experimental 

knowledge. These in situ and laboratory studies are required to define and optimise the anti- 

fouling treatment or systems cleaning periods. Biological studies make it possible to know the 
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periods of reproduction and fixation of larvae, as well as the rate of growth of the main biological 

species. These field and laboratory studies are long. Indeed, in the ecological field, forecast 

analytical tools have not yet been wholly validated. 

 

To determine the mode of treatment of the recirculating systems, systematic tests on pilot loops 

are carried out. The purpose of these tests is to grasp the scaling risks on the one hand and on 

the other hand to define the optimum mode of treatment, as well as the operating instructions. 

Among the laboratory studies are to be found model simulations, such as for the visualisation of 

water vapour and warm water plumes phenomena. 

 

 

XII.5 Design of components and choice of materials 
 

XII.5.1 Wet cooling 
 

As mentioned previously the problems encountered in wet cooling systems may be of three 

types: 

¶ corrosion, 

¶ scaling, 

¶ biological developments. 

 

For many years now, and almost naturally, the choice of materials used in the cooling systems 

of power plants has been oriented towards corrosion-resistant materials. It must be mentioned 

that the pressure within the condenser of a power plant is about 35 mbar but can be lower in 

units optimised to achieve higher efficiency - in particular when climatic conditions are suitable 

or may be even higher when climatic conditions are unfavourable. Under these conditions, the 

slightest leak in the tubes leads to the ingress of impurities into the water-steam cycle. The 

damage incurred by these intrusions may be substantial and reduce the efficiency of the unit, or 

even lead to its shutdown. 

 

In order to avoid the ingress of raw water into the water-steam cycle, the choice of materials 

went to highly resistant alloys. Titanium is thus almost always used in seawater and brackish 

water. For river water, condensers are equipped with 316L (or even higher Mo-content if  

concentration of chloride ions is higher than 100 mg/l)) stainless steel tubes most often or brass 

or sometimes made of titanium. In order to limit the formation of deposits (sediments and 

biological developments) in the tubes, the minimum average velocity is fixed at 1.8 m/s for 

brass. For other material as stainless steel or titanium, the maximum average velocity is much 

higher. The choice of the average velocity is in fact the result of the optimisation of the cold end 

taking into account the power required for the pumping that is the function of the velocity in the 

tubes. Generally, the optimisation for stainless steel or titanium leads to a velocity in the range 

of 1.8 - 2.5 m/s. 

 

The tube plates are often made of carbon steel or titanium cladding. Appropriate painting 

(epoxy or ebonite coating) protects the side in contact with the recirculating water. In some 

particular cases, cathodic protection devices have been installed to solve galvanic corrosion 

problems among others. 

 

Even if  rich, alloys such as stainless steels may be the subject of particular corrosion, like 

corrosion beneath deposits. To avoid these phenomena, the tubes must remain clean under all 

circumstances. This objective may be met in two ways: 

¶ either by a continuous injection of rapid-action biocides, generally an oxidising biocide, 

such as chlorine; 

¶ or by a continuous mechanical cleaning process. There are various processes in existence. 

They consist in the injection of brushes or foam balls, which are recovered and reused on a 

continuous basis. 
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The desire to reduce the use of chemical reagents imposed the second solution. 

 

To avoid corrosion of stainless steel, a particular procedure is recommended for the 

conservation of the tubes that is carried out during long shut down of the installation. This 

conservation consists of draining, washing and drying the inside of the tube. 

 

The main heat exchangers of auxiliary cooling systems generally consist of coolers made of 

steel or stainless steel. The distance between the plates is relatively short, which sometimes 

leads to silting up. However, these systems operate according to the one of two or two of three 

principle. In other words, the operation of one or two systems is sufficient to carry out the 

cooling of the auxiliaries, with the additional train playing the security role. This design choice 

serves to schedule periodic cleaning operations. These operations consist in dismounting the 

unused heat exchanger and in cleaning the plates with pressurised water. 

 

The make up and outfall structures, main circulating water conduits and cooling towers are 

made of reinforced concrete. The choice of cement used depends on the mode of treatment to be 

adopted for the circulating water. Thus, in the case of sulphuric acid vaccination, it is sometimes 

indispensable to use special cements. The addition of fly  ash is recommended. In the case of 

higher sulfur acid concentration the use of special coatings is required. 

 

The fill  of cooling towers is usually made of thermoplastic materials. Specific loads are often 

added during fabrication so as to make them fire resistant. The risk of fire in the fills  is 

particularly high during the maintenance operations. This choice avoids the problems of asbestos 

encountered with the packings of the previous generations. In addition, recent developments 

have made it possible to substantially increase the thermodynamic properties of the fill.  The 

choice of lighter synthetic materials and enhanced performances has served, for an identical 

thermal load, to appreciably reduce the size of cooling towers. However, some present profiles 

show a larger sensitivity to (bio)fouling and scaling. 

 

As can be seen, the choice of a fill  depends on several factors. More than the performances 

sought, it is rather the quality of water (presence of suspended matter, scaling tendency) which 

imposes the choice of the profile. The manufacturers still have a great deal of progress to make 

with regard to this particular point. The ideal profile is, of course, the one which guarantees high 

performances while being not very sensitive to (bio)fouling and scaling. 

 

The standard drift  eliminatorscurrently used make it possible to limit the amount of water 

drawn in by priming to 0.01% or even less of the total flowrate. For facilities built near major 

trunk roads, these values can be further reduced. A compensation of loss of capacity  is necessary 

in this case. Separators are also made of plastics. 

 

Part of the pumping energy can be recovered by installing cooling towers equipped with 

recuperators located under the fill.  However, these cooling towers are extremely sensitive to 

frost. Before opting for this solution, a study of local climatic conditions is absolutely necessary. 

 

 

XII.5.2 Hybrid  cooling 
 

Hybrid cooling towers are recommended for special site conditions. The essential characteristic 

of hybrid cooling towers is to combine an evaporative process with a non-evaporative process. 

This results in a decrease of relative humidity and therefore the almost complete disappearance 

of the plume at the outlet of the cooling tower. In connection with mechanical draught it is 

possible to reduce the tower height considerably. The investment costs are higher than for a wet 

cooling tower. 

 

In general the energy consumption related to the operation of fans and the higher temperature of 

the cold source, result in lower cycle efficiencies and higher fuel consumption. 
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XII.5.3 Dry  cooling 
 

Dry cooling is mainly used in regions with insufficient water supply. 

 

XII.5.3.1 Forced draught air -cooled condenser 
(Figure XII.9,  Section XII.11)  

 

In an air-cooled condenser arrangement the exhaust steam from the steam turbine is ducted to 

the air-cooled condenser (ACC) where the steam is distributed through a large number of finned 

tubes. Cooling air is forced over these tube bundles by fans. The steam rejects heat directly to 

the atmosphere via the finned tubes, condenses and flows by gravity into a condensate tank. 

From the condensate tank it is returned to the boiler. A typical design for the heat exchanger is 

the ñAñ frame condenser (other framework designs are also possible to accommodate the tube 

elements, fans, and steel structure). 

 

Large dry condensers tend to have long and complex steam tube systems, which may cause 

siting, and pressure drop problems. To minimise pressure losses in the steam ductwork the 

cooling bundles are generally located immediately adjacent to the turbine hall. Depending on- 

site conditions, the ACC concept is technically feasible to cover a wide range of power plant 

unit sizes. 

 

Compared to wet cooling systems, the ACCËs efficiency of heat transfer to the atmosphere is 

relatively low with the recooled water temperature being determined by the dry bulb air 

temperature. The system needs to be designed to exclude formation of dead zones by non- 

condensable gases and thus eliminate the danger of undercooled condensate or freezing. The 

design of tube bundles also needs to be robust to allow for periodic high-pressure water cleaning 

of the external surfaces to maintain efficiency and plant output. However, this method of dry 

cooling with an ACC avoids the need for large cooling towers, eliminates the vapour plume and 

greatly reduces the consumption of cooling water. In particular using low noise fans and drives 

can meet stringent noise restrictions. 

 

In comparison to indirect dry cooling systems, then the ACC provides a greater temperature 

difference between the condensing steam and the cooling air, and consequently the ACC system 

will  have a relatively smaller heat transfer surface. The indirect dry cooling system, which has 

two heat transfer processes (i.e. steam condenser and Air -cooled heat exchanger) would need to 

compensate by either adopting a larger cooling surface and/or by increasing its cooling airflow. 

The investment costs for an ACC will  be smaller than an indirect dry cooling system as the 

latter will  have to include the costs of the cooling water  recirculation pumps and surface 

condenser. On the other hand, the auxiliary power consumption and maintenance requirements 

for the mechanically forced draught ACC will  be significantly greater than the natural draught 

dry tower. 

 

 

XII.5.3.2 Natural draught  air -cooled condenser 
(Figure XII.10,  Section XII.11)  

 

Although the characteristics of placing a direct air-cooled condenser inside a natural draught 

tower make it as feasible as a forced draught air-cooled condenser, the disadvantages are that 

the height of the natural draught tower structure will  be larger and so will  its investment costs. 

For example, the cost of the tower itself, the routing of the large steam exhaust ducts to the 

cooling tower, and the larger heat transfer surface required as the natural air draught may be 

only half that of a forced air draught tower. 
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The advantages of this natural draught ACC system would include: 

 

¶ reduced/no sound emissions 

¶ reduced/no air recirculation due to high tower structure 

¶ no maintenance for fans, drives or circulation water pumps 

¶ no auxiliary power consumption for steam condensation. 

 

 

XII.5.3.3 Closed recirculating dry  cooling towers 
(Figure XII.11,  Section XII.11)  

 

In dry cooling towers water flows through the cooling elements in a closed system. Waste heat 

is exclusively transmitted by convection. The lack of heat dissipation throough evaporation loss 

leads to a significant increase of the temperature of the cooling water and thus a low efficiency 

compared to wet-cooling. 

 

In case of dry cooling two flow arrangements are possible: 

¶ closed circuit cooling with dry-type cooling towers as direct cooling in connection with a 

surface condenser and 

¶ closed circuit cooling with dry-type cooling tower as direct cooling in connection with 

injection condenser. 

 

Advantages of dry cooling are as follows: 

¶ no visible plume formation, 

¶ simple set-in and examination of chemical parameters of the circulating cooling water, 

¶ no need to make up water during operation, only replacement of possible leakage losses. 

 
Compared to wet cooling, dry cooling has the following disadvantages: 

¶ considerably higher investment and operation costs, 

¶ larger dimensions of the building, 

¶ stronger influence of the ambient air temperatures (summer/winter) on cooling performance, 

¶ operation in winter requires special ice prevention measures during standstills, 

¶ the tendancy to fouling of the cooling elements requires an efficient stationary cleaning 

device. 

 

 

XII.5.4 Cooling towers with discharge of cleaned flue gas 
(Figure XII.12,  Section XII.11)  

 

During the last years the emission of desulphurised flue gas via cooling towers (as an alternative 

to the emission via chimneys) in fossil-fired plants has proved  to be favourable regarding 

environmental and economical aspects. The effect of the transport of flue gas to higher 

atmosphere areas is achieved in this case by differences in density between the flue gas/cooling 

tower plume mixture inside the cooling tower and the relatively cold ambient air, and not by the 

high temperature of the flue gas itself. Using this method an increase of the efficiency of the 

power plant is obtained. 

 

Flue gas desulphurisation plants of coal-fired power plants often work according to the principle 

of wet desulphurisation. Wet cleaning cools down warm flue gases to between 50 ÜC and 70 ÜC. 

For environmentally-compatible and troublefree emission of these cleaned flue gases via a 

chimney a heating under additional utilisation of energy is necessary. An alternative for reheating 

is the clean gas emission via a natural draught cooling tower: up to now this principle has been 

exclusively used for wet cooling. The clean gases are led into the cooling tower above the packing 

and thus emitted into the atmosphere together with the cooling tower plumes. 
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The inner side of the cooling tower shell including the upper ring beam must be completely 

coated against corrosion. During the inlet of clean flue gases into the cooling tower, condensate 

can flow down the cooling tower shell, which is, compared to concrete, heavily aggressive 

due to its low pH value. 

 

Concrete parts of the internal structure, e.g. the top framing of the fill  supporting structure of 

channel segments and riser heads respectively, must also be coated similar to the inner side of 

the shell. 

Steel parts, e.g. slides or handrails that might get into contact with acid condensate from the 

plumes must be made out of special stainless steel. 
 

The clean gas channel conducts the clean gases from the FGD
21 

building to the middle of the 

cooling tower. It can be inserted into the cooling tower at the height of the FGD outlet (high 

elevation) or right above the internal tower fill  (low elevation). The maximum channel diameter 

is about 8 m. 

 

The clean gas channel should be made out of glass fibre reinforced vinylester or equivalent. To 

this end, especially chemical-resistant moulding materials on the basis of penacryl resins and, as 

textile processing, especially acid-resistant fibres out of ECR glass are to be used. 

 

Due to the condensate formation inside the channel, it should have a slight inclination against 

the cooling tower. For the outlet of the condensate, an outlet facility at the clean gas channel 

inside the cooling tower is to be provided, leading into the cooling tower basin. 

 

XII.6 Cost comparison between the various types of cooling 

towers 

The cost elements of cooling systems are mainly of three kinds: 

¶ investment costs, 

¶ costs related to energy consumption (i.e. efficiency), 

¶ and maintenance costs. 

 

For power plants, operating costs related to energy have to take into account the financial gain 

that is linked to the difference in efficiency between different options. Generally for power 

plants, the comparison of different options is executed through a socio-economic method based 

on an óactualisedô balance with an óactualisationô ratio that varies from country to country (e.g. 

8% for France, 5% for Germany and Italy, 10% for Portugal). This method is described in 

reference L. Caudron, "Les r®frig®rants atmosph®riques industriels", Collection de la Direction 

des £tudes et Rech¯rches dË£lectricit® de France, 1991. 

 
The óactualisedô balance is composed of: 

¶ investment added with indirect charges to technical solutions considered I; 

¶ algebraic  óactualisedô  expenses  (maintenance  of  equipment)  and  receipts  in  operation 

(production during the estimated life ç tf è); 

¶ ç Pi è is the balance of expenses and receipts of the year ç i è, supposed in the middle of the 

year. 

 

The balance is represented by the following enumeration with ç Ŭ èas the actualisation ratio: 
 

I + Ɇi = 
i= tf 

Pi /((1 + Ŭ) I-İ) 

 

With the expenses counted positively, the criterion of choice between different solutions is the  

lowest actualised balance. 

 
 

21 Flue gas desulphurisation. 
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In the case of mechanical draught cooling towers, one may suppose that the maintenance costs 

are very similar because they are mainly linked to the maintenance of the fans. By taking into 

account the first two criteria and by selecting the least expensive solution as the reference, Table 

XII.3 shows that the wet system is much more economical than the dry system, natural draught 

more than mechanical draught. From an economic point of view dry systems would be less 

recommendable as they are more expensive and have a higher influence on the cost of kWh. So 

dry systems may be recommended only in the case of lack of water. 

Table XII.3:  Comparison of different  types of recirculating cooling systems with a lifetime of 25 

years and an actualisation ratio  of 8% (study on EDF units of 1300 MWe) 

[L.  Caudron, "Les r®frig®rants atmosph®riques industriels",  editions Eyrolles] 

 

 

Type of refrigeration  

system 

 

Wet cooling tower 

Wet/dry  

cooling 

tower 

 

Dry cooling tower 

Natural  

draught 

Induced 

draught 

Induced 

draught 

Natural  

draught 

Induced 

draught 

Approach K (dry air 

11ÁC/wet air 

9ÁC) 

 

12.5 
 

12.5 
 

13.5 
 

16 
 

17 

Nominal condensation 

pressure (mbar) 
63 63 66 82 80 

Thermal power (MWth) 2458     
Electrical power 

Delivered (MWe) 
1285 1275 1275 1260 1240 

Fan power MW 0 10 12 0 26 

Pump power MW 13 13 8 14 13 

Cost of refrigerant 1 1.25 2.3 5.7 4.8 

Cost of cold end 1 1.1 1.6 3.6 3.1 

Difference of cost of 

kWh/cost of kWh (%) 
0 1.0 2.4 8.4 8.9 

 

Table XII.4:  Comparison of wet cooling towers and aircooled condenser with a life-time of 20 years 

and an actualisation ratio  of 8% for  a combined cycle unit  290 MWth  

 

Type of refrigeration  

system 

 
Once-through 

Wet cooling tower 
Air -cooled 

condenser Natural  

draught 

Induced 

draught 

Approach K (dry air 

11ÁC/wet air 9ÁC) 
/ å8 å8 å29 

Nominal condensation 

pressure (mbar) 
34 44 44 74 

Thermal power (MWth) 290 290 290 290 

Difference of electrical 

power delivered (MW e) 
+ 0.6 0 0 - 1.8 

Fan and pump power 

(MW) 
1.9 1.95 3 5.8 

Global difference on 

electrical power in 

(MEuro) 

 

-4.7 
 

-2.9 
 

0 
 

12.6 

Difference in cost on 

water consumption 

(MEuro) 

 

-8.9 

 

-8.9 

 

0 

 

0 

Difference in cost of 

cooling system in 

(MEuro) 

 

-3.0 
 

1.9 
 

0 
 

8.9 

Cost of cooling system 0.82 1.11 1 1.54 

Global balance of costs 

(MEuro)  
-16.5 -1.0 0 12.6 
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The same comparison can be done for combined cycle plants. Table XII.4 shows that dry 

systems are more expensive again than wet systems, but the difference is smaller than in case of 

conventional power plants. The difference between mechanical and natural draught is small and 

is more or less comparable. Wet systems are preferred to dry systems. Maintenance costs, 

eventual taxes for make-up or blowdown flows of water and costs of chemical products necessary 

to the treatment of water are not taken into account in this table, which may underestimate the 

cost of  wet systems or  overestimate the cost for  dry cooling. Thus, dry systems may be 

recommended depending on the price of water and water treatment for wet systems or taking 

into account the lifetime of the plant, where a shorter lifetime reduces the differences between 

dry and wet systems. 

 

An important factor in cost comparisons is the efficiency or rather the loss of efficiency due to 
cooling with less efficient cooling systems. This loss is measured in the dimensionless energy- 

temperature factor kWth/MWth per degree temperature difference of the cooling water (in K). In 
the following theoretical example this factor is derived [Paping, pers. comm.]. 

 

From the definition that 100 bar steam of 530 ÁC is equal to 3451 kJ/kg it follows (using Mollier 

diagram) that: 
 

50 [mbar] 32.7 [ÁC] 2110 [kJ/kg] 

60 [mbar] 35.6 [ÁC] 2130 [kJ/kg] 

70 [mbar] 38.8 [ÁC] 2150 [kJ/kg] 
 

Above mentioned vacuum pressures and their related condensation temperatures are also related 

to an average cooling water temperature in Europe of 15 ÁC together with a increase of 10 ÁC of 

the cooling water in the condenser itself. 

Including the heat transfer coefficient of the condenser, the condensate will  leave it with a total 

temperature of 30 ÁC and an inseparable vacuum pressure of about 43 mbar (see Table XII.3 

and Table XII.4). Thus, to calculate the energy-temperature factor for increasing  cooling influent 

temperatures the calculation for is started with 50 mbar. 

 

The efficiency is calculated following the Carnot cycle resulting in an efficiency, which is in 

line with the commonly used 40% for conventional power plants: 

 
at 50 mbar = (3451 - 2110) / (3451 - 4.18 * 32.7) x 100= 40.4609% 

at 60 mbar = (3451 - 2130) / (3451 - 4.18 * 35.6) x 100= 40.0037% 

at 70 mbar = (3451 - 2150) / (3451 - 4.18 * 38.8) x 100= 39.5583% 

 

The minimum efficiency loss expressed per degree temperature difference under ideal 

(thermodynamic) circumstances: 

 

efficiency difference between 50 mbar and 60 mbar = 4.572%o per 2.9 K difference 

efficiency difference between 60 mbar and 70 mbar = 4.454%o per 3.2 K difference 

efficiency difference between 50 mbar and 70 mbar = 9.026%o per 6.1 K difference 

This efficiency loss can be further expressed with respect to the total efficiency and per K: 

4.572%o / (2.9 K *  0.4) = 3.9 kWth/MW th per K difference 

4.45%o / (3.2 K *  0.4) = 3.5 kWth/MWth per K difference 
9.026 %o / (6.1 K *  0.4) = 3.7 kWth/MWth per K difference 

 

From this simplified calculation it appears that for an efficiency of about 40% the loss or gain 

per degree of temperature difference of the cooling water can be estimated using the factor of 

3.5 kWth/MWth per K. 
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XII.7  Choice of the treatment of circulating water 

alternative methods - monitoring 

As mentioned previously, problems of corrosion seldom arise in the cooling systems of power 

plants. The use of corrosion inhibitor products is therefore unnecessary for cooling systems 

cooled by raw water. 

 

 

XII.7.1 Anti -scale treatment 
 

With a wet cooling system, the only way of reducing heat discharges into the aquatic- 

environment consists in the recirculation of the cooling water. This practice results in increasing 

the concentration factor (Table XII.5). It is often applied for power plants located on inland 

waterways and in estuaries. 
 

This concentration tends to result in the precipitation of calcium salts that are not very soluble: 

carbonate, sulphate, phosphate. The scale most commonly encountered is calcium carbonate. It 

settles on the tubes of condensers and in the fill  of cooling towers, which leads to a reduction in 

efficiency. Two prevention techniques are generally used to avoid the precipitation of calcium 

carbonate in the cooling systems of power plants. One is the lime softening of make up water 

and the other is the vaccination of circulating water with sulphuric or hydrochloric acid. 

 

 
Table XII.5:  Relationship between the concentration factor, the withdrawn  water flowrate and the 

energy discharged into the receiving waterway (individual  example) 

 

Concentration factor 
Withdrawn  water flowrates 

(m3/h) 

Energy discharged into the receiving 

waterway (%)  

1 36000 100 

1.2 3600 8.3 

1.3 2600 5.5 

1.4 2100 4.2 

1.5 1800 3.3 

2.0 1200 1.7 

3.0 900 0.8 

4.0 800 0.5 

5.0 750 0.4 

6.0 720 0.3 

 
 

Only organic scale inhibitors for which there are ecotoxicological data are used within the limits 

laid down by regulations. Their use is extremely limited. Indeed, current ecotoxicological data 

are often insufficient. Furthermore, these substances released into the receiving waterway may 

disturb the water treatment operations of industries situated downstream of the discharge point. 

 

Coastal-sited power plants are generally cooled by a once-through system. Cooling towers 

operating on an after cooling basis can be installed in order to reduce the thermal load. This 

choice will  mainly depend on local conditions (tides, mixture, etc.). 

 

On the other hand, operation with sea water recirculation is exceptional. Indeed, high 

concentration factors may cause the precipitation of a great many salts (calcium carbonate, 

calcium sulphate, barium sulphate, etc.). Although the formation of calcium carbonate may be 

avoided by adding acid, the same does not hold true for the other salts which can only be 

stabilised by organic inhibitors (phosphonates, polyacrylates, copolymers, etc.). 
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XII.7.2 Anti -fouling treatments (biocides) 
 

A recent review of the experience acquired in EUROPE in methods to reduce biological fouling 

enables to draw the following conclusions: 

 

Mechanical cleaning of the systems and water filtration  are the most commonly used processes. 

They involve the continuous cleaning of the tubes of condensers by foam balls or brushes, 

manual cleaning, use of trash rakes, filters with meshes of different widths. 

 

Three other physical methods are also regularly used for the anti-fouling treatment of industrial 

systems. They concern the following: 

¶ maintaining of velocities high enough to avoid the fixation of organic organisms (v > 2 

m/s), this recommendation is applied to a large extent today; 

¶ temperature increase which consists in raising the temperature of the cooling water beyond 

40 ÜC for some dozens of minutes; this technique eliminates the fixed organisms (mussels), 

but nevertheless requires an appropriate design of the cooling systems; 

¶ non-toxic coatings and paints, which reduce the fixation of the organisms, reinforce the 

velocity effect and facilitate cleaning; these coatings are nevertheless expensive and must be 

renewed every 4 to 5 years. 

 

Other techniques are sometimes used, the following in particular: 

¶ dryout; 

¶ installation of specific filters (mussel filters). 

 

The physical methods can be applied both in sea water and soft water. 

A non-chemical treatment applied in a few cases is UV. 

Chemical treatment can be applied in cases where physical methods are not appropriate or 

show insufficient results. There are oxidising products, chlorine, monochloramine, ClO2 and 

ozone, which can be used as antifouling treatments. Some degradable organic compounds 
applicable intermittently and non toxic in the receiving environment, might be an alternative to 

chlorination. Among these, some amine filminducing polymers appear to be promising as anti- 

corrosion chemicals, but sofar intermittent treatment of ferro-sulphate is more efficient. 

 

 

XII.7.3 Monitoring  
 

Given the flowrates of power plant cooling systems, one cannot conceivably operate them 

without an advanced monitoring and control system. This reasoning is applicable both for 

problems concerning scale and biological development. 

 

To avoid scaling, the regulation of acid injection into the circulating water is generally subject 

to the continuous monitoring of physico-chemical parameters such as: alkalinity, calcic 

hardness, conductivity, temperature at the condenser outlet. A computer uses these various 

parameters as a basis to calculate a specific scaling index and compares it with the operating in- 

structions. If  necessary, the regulator adapts the injection pump flowrate. Finer control methods 

are also implemented in high-risk sites. They concern in particular the measurement of the 

critical pH 4 and other scale monitors. 

 

As concerns the follow-up of biological developments, many types of sensors exist and are 

implemented. Among these should be mentioned biomonitors, and electrochemical sensors. 

 

A control of the quality of drainage water is desirable in order to monitor parameters like 

temperature, oxygen concentration, pH, conductivity etc. 
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XII.8 Design of the cooling system 

As a non-neglecting requirement it should be recognised that the adoption of cooling water 

systems at a particular site can be the collaboration of many different factors. The most obvious 

one is the site-specific characteristics. 

 

XII.8.1 Design and energy recovery 
 

In conventional thermal power plants, the thermodynamic cycle imposes the overall efficiency 

of the facility. The economiser, superheater and reheater optimise the operation of the boiler. 

The low and high-pressure superheaters raise the temperature of feedwater by recovering part of 

the energy withdrawn by means of steam extractions. In order to reduce the electrical 

consumption of the auxiliaries, turbine-driven feedwater pumps are also used, these being also 

supplied by steam extractions. Combustion air is also heated by air heaters prior to entering the 

boiler. All  of these devices have one objective: reduce the energy losses of the cycle. 

 

Thermodynamic laws govern the energy loss in the condenser. 

 

If  energy gains can be obtained in the cooling systems, it is mainly at the level of design and the 

resulting choices that it is possible to do so. Some golden rules may be applied: 

¶ limit the number of pumps, 

¶ avoid mechanical draught cooling towers, 

¶ if  cooling tower is needed, prefer wet cooling tower to recovery systems (recuperators), 

¶ if   deconcentration  flowrates  are  sufficient,  install  a  hydraulic  recovery  turbine  on  the 

deconcentration blowdown; 

¶ where flowrates must not be constant, use frequency variators on the pumps or fans. 

 
The following conclusions therefore emerge from these observations: 

¶ two sets of pumps are sufficient, one for the supply of the auxiliary cooling system, the 

other for the main cooling system; 

¶ if  once-through  cooling  is  not  possible,  natural  draught  wet  cooling  towers  should  be 

preferred to other cooling systems; 

¶ two schemes are therefore conceivable (Figure XII.13 and Figure XII.14 in Section XII.11) 

and make it possible to eliminate the heat from the auxiliary system via the cooling tower. 

 

 

XII.8.2 Design and noise reduction measures 
 

The reduction of noise of the cooling systems can be carried out in different ways: 

¶ installation of anti-noise walls around cooling towers, 

¶ modification of the relief of the site (wooded slopes), 

¶ choice of "low noise" fans, 

¶ utilisation of anti-noise panels. 

 

These various solutions generally make it possible to meet stringent noise restrictions. 

 

 

XII.8.3 Implementation of physical methods 
 

Right from the design stage, it is absolutely necessary to reflect on the possibilities of 

implementing physical methods, particularly so as to avoid biological developments. It concerns 

the following in particular: 

¶ guarantee an adequate velocity in all the portions of the system; 

¶ install continuous cleaning systems on all  heat exchangers whenever this is technically 

possible; 

¶ provide for mussel filters on sites at risk; 
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¶ design the systems so as to be able to carry out manual cleaning operations under normal 

operating conditions (alternate heat exchanger operation); 

¶ design the systems so that temperature increase is possible (recirculation with cooling tower 

in by-pass); 

¶ in natural draught wet cooling towers prefer fill  with a suitable surface and/or structure to 

reduce fouling; periodic cleaning should be optional, e.g. in case of high contents of solids 

in the used cooling water. 

 

 

XII.8.4 Modelling and pilot tests 
 

The purpose of modelling is to study any physico-chemical impacts and adapt to the facilities 

so as to reduce these impacts to the greatest extent possible. It is particularly important to study: 

 

¶ water withdrawals and discharges, 

¶ the visual aspect of the site, 

¶ the evolution of plumes, 

¶ the thermal and chemical impacts on the receiving environment. 

 

The objective of the pilot loop tests is to define the optimum treatment of cooling water both 

with regard to scaling and to any biological developments. To do so, pilot facilities 

representative of real commercial operating conditions are installed on the site for up to one 

year. In general those pilot test should last for a period with a minimum length which makes it 

possible to integrate the variations of the quality of the cooling water due to seasonal differences. 

This also serves to assess the opportunity of some choices on a representative scale (examples: 

choice of cooling tower fill,  choice of alloys, etc.). 

 

 

XII.8.5 Choice of the cooling system 
 

As can be seen in the examination of the previous analysis, the choice of the type of cooling 

system essentially depends on local site-specific conditions. It is therefore extremely difficult  

and may not be appropriate to offer a unique recommendation. The decision-making logic 

diagram shown in (Figure XII.15, Section XII.11) gives an idea of all the conceivable cases 

involved. 

 

From the energy standpoint, wet cooling (once-through cooling if  necessary with wet cooling 

tower) is by far the most economical solution combined with the ecological advantage of saving 

energy and avoiding flue gas emissions. Whether it is carried out using the once-through technique 

or via a circulating system with wet cooling tower, the energy balances are favourable to this 

solution. 

 

Of course, such wet cooling can only be envisaged if  the receiving waterway is able to accomodate 

it. Within the scope of the sustainable management of water resources, it is absolutely essential 

that this point has to be examined carefully, particularly by taking into account future 

developments. A long-term modelling, integrating statistical data, is a necessary tool for 

estimation and assessment of the  environmental impacts.  It is in the basis of this essential 

approach that the choice of the cooling mode, concentration factor and any treatments must be 

made. 

 

 

XII.9 Conclusions 

A BAT approach for the cooling systems of new thermal power plants requires a series of 

reflection points: 
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1. the need to carry out prior studies concerning site-conditions; 

2. the choice of corrosion-resistant materials for the heat exchange surface of condensers and 

cooling towers; 
3. the implementation of local protection (paints, cathodic protection, etc.): 

4. the reduction of energy consumers (fans, pumps); 

5. the installation of anti-noise systems (walls, panels, modification of the site-relief, etc.) or 

the choice of solutions resulting in lower emissions (low noise fans); 

6. the optimisation of the use of treatment reagents and the setting up of (bio)monitors and 

chemical monitoring and control devices; 
7. the study of systems so as to be able to carry out temperature increase operations; 

8. the design of water intakes to limit  the drawing in of living organisms; 

9. a control of the quality of water discharges by the drain (temperature, oxygen, etc.). 

 

Points 3, 4, 5, 6 and 9 are also relevant for existing power stations as they concern the way a 

plant is operated and maintained. The other issues relate to the site assessment, which in for an 

existing installation is a given fact. With respect to those points, the result of an evaluation for 

an existing installation may lead to a considerable change in the design of an existing cooling 

system, which generally is expensive and likely to be not cost effective. In those situations the 

depreciation time of the installation (heat exchanger, intake structure), will  affect any possible 

change resulting from a site assessment. 

 

From the experience no single solution seems to have emerged. Each case is a specific one and 

depends, for example, on the cycle of the power plant. In the case of units with recirculating 

systems, the choice of the water treatment will  depend on the concentration factor selected, 

maximum temperatures and the quality of the water withdrawn. The same holds true for the 

fight against biological developments. Although macroorganisms can generally be eliminated 

by thermal shocks, this solution cannot be applied to eliminate biofilm. 
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XII.11 Illustrations  
 

 

 
Figure XII.1:  Once-through system 

 

 

 
 

Figure XII.2:  Wet cooling tower 


