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K2aesol ev viitedokument parima v»imali ku t el
jahutuss¢stdemudest | BREFastab n»ukogu direkt
16 | »i ke 2 kohast teabevahet ust mil&&keldatagsed i p L

dokumendi eesm2rki ja selle kasutamist.

Saastuse kompleksse v&2ltimise ja kontrolli r
k¢é¢si musena. Ketee stod leevraddsa bd,o kesttmendi s hinnataks
(PVT) il ma jahutatava t°°stusprotsessi p»hjal
jahut usPV/Eksd setetmEami st t°°stusliku protse®?si | ah
kasut amine protsessi jahut ami seks on keer L
jahutusn»udei d, asukohaspetsiifilisi tegurei
maj andusl i kult ja tehniliselt eluj»ulistel ti
M»iste At°°stuslikud jahutuss¢steemidi viita
mis tahes keskkonnast, kasutades soojusvahet

temperatuur ¢mbritseva keskkonna tasemel e.

K2esol evas dokunr®nhdsiesl | kiisrtjeeljdaahtuatkusses ¢ st e e mi d e
t°%°stusliku protsessi tavap?rase toimimise
t°°kindlus m»jutab positiivselt k-dokuménflisei uspr
kasitljealutsusskst eemi toi mimist seoses protse
K2esol evas dokumendi s esitatakBWl ttesvuklik:i
jahutuss¢steemi del VT lahendus iors peantiselsukohaspetsiifiie» p | i k
k¢si mus. Jahutussg¢gsteemi vali ku puhul saab
millised elemendid on seotud jahutuss¢steemi
kvalifitseerida m»nda rakendat éendamismeeneidt us s,
pe¢ctRMBE®R@henemi svii si puh kdskkom»ahl uitsaid ar isseblinhuef gaad €
seega et jahutuss¢steemide erinevate heidet
P»hi dokumendi viies PVpdatheekniesni «viri €l datseldde
p»hi m»tteid, jahutuss¢stRV@meaimasinendleehkesik ko
ja soovitusi edasi seks t°%9°%ks. i heteistk¢mne
projekteerimise ja k2itamise kRVikPbédeneeami svia

illustreerimiseks.

1. Integreerisvisd | @ henemi

PVTi nt egr

d I2henemisviis k2sitleb jahut
sl di se Kk n

e
e am»ju kontekstis. Sell e eesm?
kaudset k ot sest m»j u. Seee kpe»sshki knoerbn akso2g2es
s»l tub su ma&aral jahutussg¢gsteemi val i kus
i ste puhul heitkoguste valtimisele S0
tusse¢st eemi n » u e thiakiseheal sLsakpsnavjtatakse heikogustei s e
ndamine igap@evase t°° optimeeri misega.

eritu
skkon
ui k a
ur el

emasol evate jahutussg¢gsteemide puhul on | ¢
hnoloogiliste meetmete abil ning r»hk on |
steemide juhtimise teel. Ol e kpamoeeteid, mdage s ¢ S
um, kasutusressursside k2attesaadavus ja ol
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@henemi sviis tunnistab, et jahutus on paljude
l eda Kkui ol uli st el ement i ¢l di ses energi aj |
usprotsessides on keskkonnaPJTda 2kahdabhususe
»i ge seda, et enne jahutussg¢gsteemi optimeerim
t»uis t oot mi sprotsessi ¢l di sel e energiat »hususel
t ©° st umittetagadstatasasdoaodj au s e kogust, rakendades

iajuhtimist ja v»ttes kasutusele mitmesuguse
b nii ener gi av-vlwe t utsoto tjma hsyptr aott asveas sti © °sstswess e | t
Kui k a aspgoh esadal ypmetie s svi? | je h k k»rval ol evat e pr
tuspiirkondades valitseb suundumus soojuse t
t°°stuspiirkonnad on omavahel seotud v»i kaugke¢tt
soojuse edasine tagastus jataaskasuta e ei o1l e v » i-offakdéskkéndastunatae b s ee v »i
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Eristatakse madalat (IR 5 UC), K&G kWhC)xs t | 4 2 Wittetagastatavapduée U C)
taset. |l diselt kasutatakse madala soojustaseme pu
puhul kuivjahutussg¢gsteeme. Keskmise taseme puhul
v»i b erinevaid konfiguratsioone.

Parast-vb?°spbos mi sprotsessi ¢l dise energiat»hususe
tasemittetagastatavat 0 0] u st ning selle soojuse hajutami seks
esimese valiku, tasakaalustades:

- protsessi jahutusn»uded,

- k2itise piirangud (seal hulgas kohalikud »igusakt

- keskkonnan»uded.

TOOosvwbe tootmisprotsessi jahutusn»uded peavad al ¢
usal dusva?arsed tingi mused, seal hul gas kaivitami.a
protsessitemperatuur ja n»utav |jathattwuyWwsiimsus pea
toot mi sprotsessi t »husust ni ng v@hendada toot e
temperatuuritundlikumad on need protsessid, seda olulisem see on.

K@itise tingimused piiravad projekteerimisv»imal u
Need on m2a&ratud kohjad i hkei tkheae megat egdgaddidwisseqga,
ol emasoleva ruumiga ja ¢mbruskanhna ptrondcleislshusneqgat
jahutusele ja n»utavast jahutusv»i msusest v»i b wuu
suure k¢l maveeal lika | 2hedus). Kui asukoha valik ¢
on ol emasolevate j[jsshohupspstsesmi dgrpe,utsiisn»uded | .
fikseeritud.

Jahut ami se puhul on oluline kohalik kliima, kun:
temperatuuri. Kohali kku kIl ii mat i seloomustab m2r
projekteeritakse jahutussyg¢steemi dbasnodddamates t need t°¢
kliimatingi mustes, mis v»ivad kohapeal esineda, S
Jahutussg¢st eemi vali ku ja proj ePWTrexeud ani s,e #tritgens s
arvesse jahutatava protsessi n»udeid ja k2itisega
siinkohal sobivate materjalide ja seadmete valik:
jahutuss¢gst eemi t oi mi mt. ldsbks joajusekeeakllkmiselenkesitkondar et e t 2 i t
v»ib tekkida k a mui d keskkonnam»jusi d, nditeks
kasutatavate |isaainete heited. R»hutatakse, et Kk
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v»i mal i k vahendada hajutatava So00j use kogu
keskkonnam»ju sel/l st tulenevalt va&aiksem.
PVTp»hi m»tteid saab korjaalhdJadJaBslq;astceleemhajsedleeva(ta
ol |l a tehnol oogilised v»i mal used, n2iteks j o
seadmete v»i kasutatavate kemi kaalide muut mi
ainult piiratud ulatuses.

2. Rakendatavad jahutussg¢gsteemid
Jahutuss¢gsteemid p»hinevad termod¢ég¢naamili st
edendada soojusvahetust protsessi ja jahutu
So00j use eral dumi st keskkonda. ToeOostmdel i kuc
konstruktsiooni ja peamise jahutusp»him»tte
ja »hu kombinatsiooni

Soojusvahetust protsessi keskkonna j a j ahu
Soojusvahetitest edastab jahutusaine s00j uUS:!
kontaktis keskkonnaga. Suletud s¢stteemide sv ¥

spiraalide sees ning ei puutu keskkonnaga otseselt kokku.

Suure v»i msusega seadel distes, kus on piisav
tavaliselt | 2bi vool us¢st eeme. Kui t°°%kinde]
inglusvoolus¢steeme (jahutustorne).

Avatud retsirkulatsioonitornides jahutatakse
varustatud seadmet ega, mi s parandavad »hu | a
t »mbega, k asut adleomul Wkeun tti»l mabaetgoar.e i Mie, h ava»nii | i se t
l evinud nii v@aikest doolu ik us u wrmbes gva» it nosrunsi tde omu
suurte v»imsuste puhul (nt energeetikas).

Sul etud ringluss¢steemides jahut at akse tor
protsessi keskkond ringleb, jahutades omakor de
»huvool aurustumi se teel torusgividhdwrssi sgpitreaani a
torudest/ spiraalidest m°°da ainult »huvool
varustatud |l amel |l i dega, mi s suurendavad | ah
kasut at akse vaiksema wvwlietswderipudluds elgai amddre
»R ahutuse p»him»tet v»ib Il eida nii v2&aiksemat
ei ole piisavalt vett v»i on vesi v&2ga kalli:
Avatud ja suletud h¢gbriidjahutusse¢gsteemid or
mi s v»i maljdavikudi vm2alut ust aurpi | véheekatda X3 hine
s¢steeme (eel k»ige va@ikeseid | ahtrite¢epli sea

s¢steemina annab omakoadastasi malewd aaumpivne s d a
moodustumist.
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Tabel 1. N2ide erinevate t°°stuslikes (mitte elektrija
jahutuss¢gsteemide tehniliste ja termod¢gnaamiliste omad

Miinimum - | Protsessikeskkonna Toostusp

Jahutus- | Peamine tempera [ minimaalne .
Jalui ve s keskkond | jahutus- tuurivahe | saavutatav ) 2 11 YY)
p»hi m» (K)? | »ppt empPeAh
5 -
Avatud &1 g puntivus 37 5 187 20 <0,01- > 2000
S ¢ S tieoteeme konvektsioon
Avatud 2@ Vesi Juhtivus / . .
. < ->

S ¢ S tikaudme konvektsioon 6i 10 21125 0,01->1000
Avatud Vesd) _
ringjahut T hZk Aurustumin@| 67 10 271 31 <0,17 >2000
otsene
Avatud Vesd) _
ringjahut T h2k Aurustumind| 97 15 3071 36 <0,1->200
kaudne
Sul etud m| Vest |Aurustumine A ) . .
jahutussg¢| 1 h% [ +konvektsioo 7114 281 35 021 10
Suletuc_j kuiv i h k [Konvektsioon| 107 15 407 45 <0,17 100
»hkjahutu
Avatud Vesi) Aurustumine . . 6)
hebriidjal 1 h% | +konvektsioo] /' 1% 281 35 015-25
Suletud Vesi" Aurustumine . B 6
hebriidjal 1 h% | +konvektsioo 7114 281 35 0.15-25
M2 r kused:
1) Vesionsekundaarjeahut uskeskkond ja seda kasutatakse enam
21 hk on jahutuskeskkond, milles soojus kantakse ¢I
3y Aurustumine on peamine jahutusprintsiip. Soojus §
vahekorras.
4) Temperatuurivalk s eos-> i mkug vt emperatuuri ga.
Tuleb lisada soojusvaheti ja jahutustdernperatuurivahe
5 L»pptemperatuurid s»l tuvad asukoha kIl ii mast Kk(uanvdrn
temperatuur 30A/21AC ja maksimaalne veetemperatul
6) V2i keste sedthimeime seatmaskombinatsiooniga v»i sp¢
saavutada suuremaid v»i msusi .
7) Kui kohal datakse kaudset s¢st eenemparatulrivane e Iklae s5d4 risd
toob kaasa protsessi temperatuuri t»usu
Tabelis on esitatud rakendat avate jahutussg¢st eel
Jahutamise j2rel soojusvahetist va&@ljuva protsessi
temperatuurist ja jahutussg¢mahtevasmn &oonsémukusi oebaoi
oma ja seet»ttu on see pwae mtdqmhartatsadrnes » [Jtathlut ki
kuivast ja m2rjast temperatuurist. Mi da k»r gemad
madal ate | »pptemperatuurideni jahutada.
Protsessi I »pptemperatuur.i saami seks l'iidetakse

(jahutusaine) temperatuur ja minimaalne n»utav t
jahutuss¢gsteemi ) ja protsessi keskKkojusvaleti, ( mi s valju

mi d a ni met at akse k a (termil i sempesthurivdhéollee n e mi s ek s .
kavandatud va@aga v?2ike, kuid kulud on pe°°rdv»rdel
temperatuurivahe s eda madal am v»i b ol | aoojysvabetil sreoma i | »pptem
temperatuurivahgg a t @i endavat e soojusvahetite puhul mi s
temperatuurivalee j ahut usai ne temperatuurile ( mi s sisenel
protsessis saavutatayv | »pptemperatuur . Kaudset e

t2iendavat jahutuskontuuri, kasut at akse k a taie
jahutuk ont uur j a pri maarne jahutuskontuur on chend
jahutuss¢steeme kasutatakse juhul, kui tuleb rang

iv Tl bktuslikud jahutuss\steemid
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Energiat®®°stuses tavaliselt kasutatavate
temperatuurivahegl a j ahut usv »i ms us e d-elekrijasanade rakeadustest,i n e v
sest aurukondensatsiooni p r ot teneperatuulivehedik e h t i \

asjakohased energiatootmi sv»i msused on kokku

Tabel 2. N&ijited erinevate jahutuss¢steemide v»i
energiat°®°?®°stuses kasutatavate rakenduste puhul

Jahut uss ¢ st e e mRakendatudtemperatuurivahed (K) Energl?/to)?timlr?\r(g/?ﬁsm
Avatud | 2bivoo]| 13200l »pper3dbnevus <2700
Avatud m2rgjah 7-15 <2700
Avatud h¢gbriid 1520 <2500
Kuiv »hkjahutu 1525 < 900

3. Rakendatudj ahut uss¢steemide keskkonnaasp

Jahutuss¢steemide keskkonnaaspektid vari
jahutuskonfiguratsioonist, kuid peamiselt ke
ja veekeskkond eralduvate heitkoguste v2he
asukohaspetsiifii ed |j a seal |, kus neid on wv»imalik k\
ma 2 r al | RMTd ¢ rheeenreinti tsd/ i i S i filosoofia kohase
sell ega seotud va@ahendami s keskkohmaisitr et mk pdamds el

1 Energiatarbimine

Ot sene j a kaudne erienergiatarbimine on ol
jahutussg¢gsteemide puhul . Kaudne erienergiata
See kaudne energiatarbi mine v»ib suiur ene
mitteopti maal se jahutusv»i msuse t»ttu,K),mis v
ja seda v?alj&wsM/HEkse ¢hikutes

Jahutussg¢steemi ot sest ener kWaviWa, rjb isemi ent v @
jahutuss¢steemi K»i gi energi at tarbivate s

energiakogus iga hajutatud MyXohta.

Meet med kaudse energia erikulu v@hendami seks

- valida k»i geen®irlgsamarlbamdisega jahutuskonf
l @2bi voolus¢steemid),

- r ak end adt@emperatuukvehededenstruktsiooni ning

- v2hendada jahutuss¢steemi n»uetekohase hool

N2iteks energiat®®stuse puhul t2hendab ¢ emi

energiatarbi mise suurenemi st ja soojusringlu

Ot sese energiatarbi mi se v@hendami seks on S
ventilaatorid. Protsessi takistusi ja r»hul a
ning madala takistusetdgadabendambsegadaPandaid
mehaaniline Vv»i keemiline puhastamine s2ilit
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1 Vesi

Vesi on m2@rgjahutuss¢steemide puhul oluline, sest
valjavool u vastuv»tukeskkond. Rlader jh enuudee ev »t uk o ht
veeorganismid&aasad » mb g nai sst¢g st e e mi sattumi st . Suurte sooj ad
samuti veekeskkonna seisundit m»jutada, kuid sell
va@ljavoolu asukohad on sobivad ning hinnatakse | o

vee piisav segunemine li@risontaalndajutamine.

Vee kulu varieerub vahemikus 0,53mMMWy avat ud hegbrii dt /MWy, puhul kun

avatud | 2@bivoolus¢steemi puhul . La2bivool us¢steemi
¢l eminekut ringjahutusel e, samal aj al v@hendab se
ning v»ib v&@hendada ka kemi ka ademideetarpinistgadh® t met e h e
v@hendada, suurendades ts¢klite arvu, parandades
kohapeal wv»i va&aljaspool rajatist k2ttesaadavate h
n»uavad keer ipkhastamigpeogramhiusv elgbr i i dj ahutus, mi s v»i l
perioodil aastas kuivjahutust, kui jahutusvajadus
v»i b seega v@hendada veetarbimist, sobib eelk»ige
Veeorgani smi de sissev»tu j a S¢St eemi sattumi se

kujundust ja paigutust ning mitmesugusei d seadmei
m»ju s»l tub Iiigist. Kul ud on s uwusehiteste kojreh me et mei d
Vajaliku jahutusv»i msuse v&@hendamine, kKui see on

v@hendada sooja jahutusvee heiteid vastuv»tvasse |

I Soojuse eraldumine pinnavette

Nagu eespool mai nitud, v»ivad soojuse heited pin
keskkonnam»j u. M»j ut avat eks teguriteks on naite
jahutusv»i msus, tegeli k temperatuur ¢neva pi nnavee
soojuse eraldumine pinnavette v»ib p»hjustada soo0]
keskkonnakvaliteedi normi. Kahe °koloogilise s¢st ¢
kaasatud direktiivi 78/ 65 9uhd Mlole oluBne onjtteuasnblte i t e ke s k Kk
tegel ik temperatuur vees, vaid k a vettesuunat ud
segunemi sv°°ondi piiril. Keskkonnam»ju wul atuse se
soojuse kogus | a t aasepi nmasv eoen ns»e»ott nuedt evgaas.t uQI»utkvo r d a
valjavool toi mub suhteliselt va@i kestesse pinnavee
kanali vastaskaldale, v»ib see tekitada t»kkeid |

Lisaks nendele m»judele v»ib soojusheite p»hjustat
bioloogilise tootmise suurenemiseni (eutrofeerumine), mille tulemuseks on hapniku
kontsentratsiooni v&2henemine vees.
Jahutuss¢steemi projekteerimisel tuleb arvesse v»i
v@hendada pinnavette paisatavat soo0just.

1 Ainete heited pinnavette

Jahutuss¢steemidest tulenev heide pinnavette on p:
rakendatavad jahutusvee lisandid ja nende reaktiivsed ained,

- jahutustorni kaudu »hust sisenevad ained,
jahutuss¢steemide seadmete korrosioonist p»hjust
protsessikemikaalide (toote) ja nende reaktsioonisaaduste lekkimine.

Vi Tl btuslikud jahutuss\steemid
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Jahutussg¢gsteemide n»uet ek ohanpuhastamistmi enti ne 2 [vi»i
seadmete korrosiooni, Kkatlakivi ning mikroja makrerganismide teket. Avatud

l 2bivootl arg mi drei ngj ahut us s ¢pahastusisid drinevady Whmati on
ni metatud s¢steemi deuhgstarisglr oygs iavmand dj ah U tau vV ge
kasutatavate kemi kaalide valik v»ib olla suu
tasemed va&@ljapesuvees va@aga erinevad ja rep!
M»ni kord te°°delamrkesesl?ll g a®presjuwtettitmi st .

Oks¢deerivate biotsiidide heitkogused avatu
oks¢deerijana valjavool us, varieeruvad 0,1
doseerimismudelist jssagedusest.

Tabel 3. Avatud ja ringjahutusega m2r puhastlset uss ¢
keemilised komponendid

Veekvaliteedi probleemid

Keemilise t

neited?* Korrosioon Katlakivi (Bio)saastumine

L2 bi wv| Ringlus- [L2 bi wv| Ringlus- [L2 bi wv| Ringlus-
s¢ste|ls¢gstel({s¢gstelsistels¢igstelsgste

Tsink
Mol ¢bdaadi ¢
Silikaadid

Fosfonaadid
Pol ¢f osf onig
Pol o001l estn

Looduslkud orgaanilise
ained

Pol ¢meerid | (X X)
Mi tteoksy¢deé X
biotsiidid
Oks¢deeri v X X
*Kromaati ei kasutata selle suure keskkonnam»ju

XX X| X[ X

X| X[ X| X[ X

Kui valida kasutamiseks jahutusseadmed, mis on valmistatud materjalist, mis sobib keskkonda,
kus need t°°tavad, saab v&@hendada | ekkeid ja
- protsessitingimused, n2iteks temperatuur, |
jahutatav keskkond ning

jahutusvee keemilised omadused.

Soojusvahetite, torude, pumpade ja korpuste puhul kasutatavad materjalid on tavaliselt
s¢sini ktnherkkse,! jaslkrineva kvaliteediga rooste
ka titaani (Ti). Pinna kaitsmiseks kasutatak

9 Biotsiidide kasutamine

Avatud | @bi vool us ¢ s toegansmidew & Stde | d’aad dea v anlatk r @
bi otsiididega. Kasutatavat kogust saab valije
va@l|l jendatakse k|l agboht @kvéeovoa¢endoapudMWaheti s
ma2ardumi se tasemega. L2bivoolusg¢gsteemides ok
p»hjustab keskkonnakoormust, peamiselt halog

Tl btuslikud jahutuss\steemid vii
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Avatud ringlusse¢steemi des kasut at akse kat!l aki vi,
eelt?°°tlust. Suht @luihuél k asditlas eakastee edalktadde al t er ne
nagu osoon jaUW al gu s, kuid need n»uavad spetsiifilisi p
kulukad.

Jahutusvee va&al|ljavoolu kahjulikke m»jusid v&2henda\
sulgemine I °°kpuhastuse ajal ja va&aljapesuvee to°t]
Val | ap e@sastamigelr eoveepuhastusrajati ses tul eb j2lgid
aktiivsust , k u mikroobippmulatsioonib m»j ut ada

Heitvees sisalduvate heitkoguste v&@hendami seks | a
val i takse biotsiidid, mil | e eesm?rk on viia jahu
veekeskkonna tundlikkusega.

T ihuheited

Kuivringlusega jahutustornidest v2&ljutatav »hk ei
aspekti ks. Toote |l ekke korral v»i b tekkida saast
hoolduse abil.

M&@rgjahutustornide v2&ljalaskes olevad tilgad v»i
mi kroobi de Vo> korrosiooni saadustega. V»i mal i KKk
kasutamine ja optimeeritud veepuhastusprogramm.

Veepuhangu tekkimist kaalutakse, kui tekib horisor
j »uab kal dani

T M¢gr a

M¢rahei deloomui ksuu utrsthebega jahutustornide ja k»igi me
puhul esinev kohalik probl eem. Summut amata heliv

dB(A) loomui ku t »mbega tornide puhul) kuni umbes 120 d
Varieeruvus tuleneb seadmete erinevust-@ast ja m»»t
val|ljalaskeava vahel erinev. Peamievivesik s al |l i kat ek s

1 Riskiaspektid

Jahutuss¢steemide riskiaspektid on seotud soo0jus
mé@rgade jahutuss¢gsteemide puhul mikrobioloogilise

Lekete ja mikrobioloogilise saastumise valtimisek:
Kui | ekked v»ivad p»hjustada suure hulga veekeskKkoc
kaudsete jahutussg¢gst eemi damist »i eriliste ennetusme:

Legionella pneumophila (Lp) e k ke v 21l ti mi seks soovitatakse asjako
Ei ol e v»i mbpkiokntlscemhtt ¢ satt &sd @ o n i sl empiiri, m»»det un
chi kutena [CFU 1©iitri koht a], mill est madal amal e
v»tta hool dust°°odel

T Jahutuss¢steemide kasutamisel tekkivad j2a2gid

Ja2akide ja ja2tmete koht a

on va@he puhadtsiexid. J22t me-t
jahutustornide basseinist p?t

rinevaid setteid. Nei
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s»|l tuval't nende mehaanilistest omadustes
kontsentratsiooni t aplasteenderoagrarhntisu vad jahutusvee

Keskkonnaheiteid v@hendat akse veel gi, kasut
meetodei d ja wvalides materjali, mi da saab
k»rval dami st v»i wv&ljavahetami st taaskasut ad

4. Peami sed PVTrkehtadused

PVT v » i eBWidddenemi sviis uute ja ol esitaud 4.1 ev at
peat ¢¢kis. J2reldused v»ib kokku v»tta j2&rgmi
Tunni st at aRv3 mhendestorasbkehadpeétsiifi e | ahendus, kuid m»
puhul on v»imalik kindl akBVIim2Kysiakiadesshol Wkhod
uurida ja kasutada ol emasolevaid ja kohal d:
vd@hendada mittetagastatava soojuse hulka |ja
pdrineva soojuse keskkonda juhtimist.

K»i ki de k2itiP¢gTt £ e hjmwH wlo g ioa, meet od vV o»i me n
jahutussg¢gst eemi keskkonnam»ju v&@hendami se in
tasakaal u ni.i ot seste kui ka kaudsete m»jude
jahutuss ystusemi? @tkosh v@hemalt samaks v »i et

v»rreldes positiivse tulemusega keskkonnam»j
Mi t met e keskkonnaaspektide puhul on PNT ndl ak
| @ henemi s\WVT-kssi. rEaianoelse ol nud v »i nPYT-djk® 2ktimmedt|ea
v@hendami seks v»i j 22t me tkeskkormaptobleenre, rag pisnase v 2 |
ja vee saastumine Vv»i p»l etamise puhul »hu s
T Protsessi ja k2itise n»uded

Val i ku tegemisel m&rja, kuiva ja m2rja/l/kuiva
tul eks p¢eéda saavut ada suurim ¢l dine ener
saavutamiseks, kui to°°deldaksei25ulUC) RWOQBEdI]
jahutada avatud | @bi vooblugehitisesgheemi degae KuDgus
(ranni ku&2rse) asukoha valimist, kus on t©°°Kk
ja mille pinnaveevarmsthua suwurpii iw?alvj,awdolvaava aj at
Kui jahutatakse ohtlikke aineid, mis (jahut
keskkonnaohtu, on PVT r akendada kaudseid jahut ussyg:

sekundaarjahutuskontuuri.

P»him»etteliseldt tul eb v@hendada p»hjavee k
p»hjaveevarude ammendumi st ei saa va@listada.
T Otsese energiatarbimise v&@hendamine
Jahutuss¢st eemi vahene ot sene j @&hexigi athaurt ik
v@hendami sega jahutussg¢gsteemi s, rakendades
jahutatav protsess n»uab muujaveevadiu mbduleedist on e
nNing sedaPWlki b pidada
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T Vee tarbimise ja vee soojusheite va@hendamine
Veetarbimise ja vee soojusheite v2hemsanadni ne on om
tehnoloogilised v»i malused.

Jahutamiseks vajaliku vee kogus on seotud hajutatava soojuse kogusega. Mida suurem on
jahutusvee korduvkasutamise tase, seda v&2iksem on
Jahutusvee ringlusse suunamine, kasWwWVRldies avatud v
vee ka@ttesaadavus on va&aike v»i ebakindel
Ringluss¢gst eemi puhul v » i bPVT s ¢kkuliidt en »aurdveud sj uauhruet nud:
puhastamisele » i vad ol |l a piiravaks teguriks.

PVTon kasutada triivik»rvaldajaid, et v2hendada tri

f Kaasa »mbawm?i bBendami ne

Kaasa » mb aw?i Istei mi seks v »i selle korral tekkivate kah
palju erinevaid tehnikaid. Nende edu on olnud varieerasjgkohaspetsiifiie. SelgePVT-d ei

ole kindlaks tehtud, kuid rshku on pandud el upa
eba»nnestumine s»l tuvad suuresti i i ki de kaitur

kavandamisest ja paigutusest.

T Keemiliste ainete veeheidete v&@hendamine
Koos kP¥Tlashenemi sviisiga tuleks kaaluda v»i mali ke 1
eralduvate heitkoguste v@hendami seks ning seda j?2r

1. v2i ksema pinnavette paisatavate heitkoguste tase
2. korrosioonikindlamate materjalide kasutamine jahutusseadmetes,

3. protsessiaineteahut uskontuurii l ekkimise va@ltimine ja v&ah
4. jahutusvee alternatiivse (mittekeemilipgihastusé&asutamine,

5, jahutusvee | isaainete valimine nii, et v&@heneks

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

PVT on jahutusvee konditsioneerimise vaj aduse v @ h
projekteerimise abil reostuse j a korrosiooni e

projekteerimise eesmark on valtida stagnatsiooni
minimaalne Kiirus (soojusvahetite puhul 0,8 m/s, kondensaatorite puhul 1,5 m/s).

PVTon valida v&ga korrosiivses keskkonnas ol evate
h»l mabbiTikval iteetset roostevaba terast v»i mui d s a
keskkond piiraks Ti kasutamist.

Ringluss¢gsteemides on | Plank®s® r mt @j ekki tnede raiknsi skmeted Ima

kont sentratsioonitsg¢gklid j a protsessiaine SO0 vi
korrosioonikindlusega materijal.
Jahutustornide puhuldAVTk asut ada sobivaid t2itetg¢epe, v»ttes

ainete sisaldus), eeldatavat saastumist, temperatuuri ja erosioonikindlust, ning valida
konstruktsioonimaterjal, mis ei vaja keemilist konserveerimist.

Keemi at ©° st ulsnduvatekarssiodhe»stkaevs@/G)jkaotne sept si ooni eesm?r
minimeerida protsessiainete lekke korral ohtu veekeskkonnale. See kontseptsioon seob
protsessiaine keskkonnam»ju taseme n»utava jahutu
v»imali ku keskkonnaohu korral
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lekke Kkorral toob see kontseptsioon kaasa parema korrosioonivastase toime, kaudse
jahutuskonstruktsiooni ja jahutusvee suurema seiretaseme.

T Heitkoguste vahendami npuhgstaskabit usvee opti mee.]

Oks¢deerivate biotsiidide kasutamise opti mee
doseerimise ajastamisel ja sagedug®lT-kspeet akse biotsiidide sis
si hip2rase doseerorgamismidel iaibkiild ek oko?si t mandars@ | 2 | ¢
[ j »eikche Kkl appide Il iikumine) ja jahutusvee s¢
puhul , kus erinevad jahutusvood on va&aljavool
PVTja v»ib veelgi v2hencanarawaabBadenokys@@damiviod
| @bi vool usy¢ st e epmtastamisekta ek e nvd®llitkiudsat saast umi st
veet emper atlui2u rAG)t v(»clbe 0ll0 a v a jpubdstarkinepi dev mad

Merevee puhul varieerub nende meetoditegasddtidp » hvaba j22koksg¢gdeer.i
heitvees s»l tuvalt rakendat avast doseeri
doseerimi skontsentratsiooni t asemest ni ng i
vahemikku' /110,510 , 5 mg/ | , kusjuures 24 tunni keskmis
PVT-lp»hineva veepuhastusmeetodi kasutusel ev»t
kasutatakse mitteoks¢ideerivaid biotsiide, on
veepuhastusregi i mi kohal dat akse &ligiigdakui Sals
puhastamisor ra val i mine on keeruline ¢l esanne,

kohalikke jaasukohaspetsiifii tegureid ning seostada ngmehastuksandite omadustega ning
nende kasutamise koguste ja kombinatsioonidega.

Et aidata kaasa kohalikul tasandil jahutusvee lisanditega sBd3e&ohta otsuste tegemisele,
p ¢ ¢ ab -dBkRrEeRt anda hindamisskeemi kohalikele asutustele, kes vastutavad saastuse
kompl eksse valtimise ja kontroll:i l ubade valj

Biotsiididirektiiwv 98/ 8/ E| regul eerib biot
jahutuss¢steemides kasutatavaid biotsiide ku
likmesriigis on jahutusvee lisaainete kasutamise suhtes kehtestatudteiilimed a mi sr e gi i m
ToO°stuslike jahutuss¢steemide alase teabevah
kavandatud jahutusvee lisaainete kontseptsiooni, mida lubade andmisega tegelevad asutused
saavad t2iendava vahendina kasutada:

1. ol emasol evat el kont septsiooni del p»hinev
|l i saainete |ihtsat suhtelist v»rdl emi st S €
(v»rdlushindami ne, l'isa VIII.1),

2. kaitisekohaspetsiifiline hinnang vastuv»tyv
koht a, | @2htudes biotsiidide direktiivi t ul

veepoliitika raamdirektiivi keskkonnakvaliteedi standardite (EQS) kehtestamétoodikat
(biotsiidide kohalik hindamine, lisa VIII.2).

V»rdlushindami st v»ib vaadel da kui meet odi
keskkonnam»ju v»rdlemi seks, samas Kkui biotsi
biotsiidide puhuPVT-gas obi va | 2henemisviisi kindlaksm?&2ar
hi ndami smeetodite kasutamine t°°stuslike hei

praktika.
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T It huheidete v&@hendamine

Jahutustorni kraltdauw stest heihkaat e m»j u v&2hendamine
konditsioneerimise optimeerimisega, et v@hendada
peamine transpordimehhanism on triiv, peetaR8&-kst r i i vi k»r val daj ate kasut a
tulemusena | 2heb triividena kaduma v&hem kui 0,01

T M¢gra va@hendamine

Esmased meetmed on v@hese m¢graga seadmete kasut ami
on kuni 5 dB(A).

Mehaaniliste jahutustornide sisgea v 2|l javool u juures v»etavate seku
on vastayv méera v2henemise tase v&2hemaldtt 15 dB(A
va@hendamine, eel k»i ge sekundaarsete mileet met e abi
kompenseerimiseks on vaja lisaenergiat.

1 Lekke-j a mi krobioloogilise riski v2hendamine

PVT on: |l eket e val timine projekteeri mise teel , t
jahutussg¢st eemi korrap2rane kontrollimine.

Eel k»i ge keemi at°°stuse puhul PVp-kserbkerklala veehei de
ohutuskontseptsioonina lenduvate korrosibonik ete (V@)jteanikat, nagu eespool mainitud.

Legionella pneumophil@ si nemi st jahutuss¢st eP¥Trkspectalkse saa t 2 i e

j@rgmi ste meetmete rakendamist:

- va8@ltida seisva veega tsoonide tekkimist ja hoida

- optimeerida jahutusvegmihastust et v@hendada reostust ning vetik:a
paljunemist,

- puhastada perioodiliselt jahutustorni basseini ning
- v®@hendada operaatorite hingamisteede haavatavust
sisenemi sel v»i tor ni-jakuskaitgevahnendie puhastuse aj al me¢,

5, Uute ja olemasolevate s¢steemide eriste

K»i ki PWamirel dusi saab kohaldada wuutele s¢steemid
muudatusi , v»ib nende kohal dami ne ol emasol evate
Seeriaviisiliselt toodetud v@ikeste | @déltutustornid
ja majanduslikult teostatavaks. Suurte s¢steemide
kulukad ja n»uavad keerukat tehnili st ja majandu
tegureid. M» n e | juhul v»i vadatmnemndessuhudedti sl $ ¢ @
kohandused, millega muudetakse vaid osa seadmetest. Suuremate tehnoloogiliste muudatuste

puhul wv»ib olla vajalik keskkonnam»ju ja kulude ¢I

i 1 di s PN uut® ja olemasolevats ¢ st eemi de puhul sarnane, kusju
keskkonnam»ju v2@hendami sel s¢steemi toimimise pare
jahutusvee puhastamise optimeerimine kontrollitud doseerimise ja jahutusvee lisaainete

vali ku abil, mille eesm2rk on v2@hendada keskkonn
seadmete korrap2rane hooldus ning

- t°°parameetrite, n2®iteks soojusvaheti pinna korr
ning reostuse ja |l ekke m2a&@ara j2&algimine.
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N2ajted tehni katest, mi da peetPVklkse ol emasol ev
- sobiva t2itematerjali kasutamine reostuse \
- p°°rlevate seadmete asendamine madal a mg¢gr at
- lekete v&altimine soojusvaheti torude seire
- k¢ | gv diofiltreeringne,

- lisaveekvaliteedi parandamine ning

- sihip2rane doseerimine | 2bivoolusg¢steemides

6.J8r el dused ja soovitused edaspidisek

K@esol edo BREdNTt on | e
jahutusprotsesPVT hi ndami st | a i ndl aksm22arami st peet
kai-fias@rotsessispetsiifiliseks, mis h»| mab p
selge toetus |jahRVT uUueststpemi deniill eldokairaends p » h
ol di sel eess»nalPVismsejdhatusple at ¢ ki s esitatud

idnud tehnilise t°°r¢h
k

Teabevahetuse k2igus il mnesid mit mdoluméndis i mu s
l @bi vaat ami sel vaja teha I|lisato°o°od. Jahut usve
uuri mist, kukodaskivasiakahasese tegureid ja Kk
seotud, kuid samal ajal on vaja selgeid juhiseid ja toimivat protseduuri. Muud huvipakkuvad

valdkonnad, kus oleks vaja teha t2@iendavaid
puhast ami se meetoditega, mi krobioloogilise
asjakohasusega.
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Eespna

EESSI NA

1. K#esoleva dokumendi staatus

Kui ei ol e s2testatud teisiti, t2hendahb Vi
direktiivi 96/ 61/ E, saastuse kompleksse v2alt
sarjast, milles esitatakse ELI l'ii kmesrii kid
tulemused parimate v»imalike tehnikate (PVT
aval dab Euroopa Komisj on Vv as seaga#ulel sedd vastavéltt i i v
direktiivi IV lisale parimate v»imalike tehn

2. IPPCdirektiivist tulenevad as|jP¥Dmfadsreat I»u g u

Et aidata | ugej al m»i sta »iguslikku kontekst:i
ka2esolevas eesBOdnasekmyx»nivingaki»d gleP asj akohaseme
Aparim v»imalik tehnikaf m2aratlust. See kir
teavitamisee e s ma r gi | . Sel |l el ei ole »iguslikku vaa

direktiivi tegelikke s2tteid.

Direktiivi eesmark on saavut ada direktiiwvi
kompl eksne va&2ltimine ja kontroll, mis viib |
Direktiiwvi »igusli k alus on skotubHbekseskhkomrna
teisi ishenduse eesm?r ke, nagu chenduse t©°0c:
s22astvale arengul e.

Konkreetsemal't n@hakse ette |l ubade andmi se
j aoks, mi s n»uab ni.i kaitajatelt Kkui ka reg
rajatise saastga tarbimispotentsiaalist. Sellise integreeritu@ henemi svi i si Sl dir
olema t°°stusprotsesside juhtimise ja kontr ¢
k»rgetasemeline kaitse. Selle | 2henemisviis
k2itajad peaksided»tmaskei k2hsjmkebhameet med,
v»imali kku tehnikat, mis v»imal dab neil par a
M»iste Aparim v»imalik tehnikafi on direktiiv
nende t°°meetodite k»ige t»husam ja t2iustat
praktilist sobivust, et asdal pyhimmbi eeleiesentr
k ui see ei ol e teostatav, siis ¢l diselt vahe
2 I »ikes 11 t@psustatakse seda m22ratlust ve
Atehni kad h»Il mab nii kasutatavat tehnoloogi
ehitatakse, hooldatakse, k2@itatakse ja | ikvi
Av»imali kA on tehnika, mis on valja t°°%tatuc
t°%°stussektoris majandusl!l i kul't ja tehnilisel
kulusid ja eeliseid, olenemata sellest, kas tehnikat kasutatakse toodet akse k
l'ii kmesriigis v»i mitte, eel dusel et see o0n

Aparimidi on k»ige t»husam, et saavutada keskk
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Lisaks sellele sisaldab direktiiwvi IV Iisa |l oetel L
juhtudelPVTKki ndl aksm&2r ami sel arvesse v»tta ... pidades
ning ettevaatusj a ennetusp»him»tteidif. Need kaalutlused h

| »i ke 2 kohasel't aval datud teavet.

Loa v2&2ljaandmi se eest vastutavad p2devad asutused
arvesse v»tma artiklis 3 sa@atestatud ¢l dp»him»tte
piirva2artusi, mi da vajaduse Kkortreal p ar?a neenedtartiatkes ev »
tehniliste meet metega. Vastaval't direktiiwvi artik
samava@2arsed parameetrid ja tehnilised meet med iln
piiramata p»hinema p,ariilmmd et»i mbhekg&ulttehmidkhalud |
konkreetse tehnoloogia kasutamine, kuid v»ttes ar

geograafilist asukohta ja kohalikke keskkonnatingimusi. Igal juhul peavad loa tingimused
sisaldama-s3ittpidrikalugse saaste mini meerimise Kkoh

tervi ku k»rgetasemelise kaitse.

Direktiivi artikli 11k ohasel t on | ii kmesriigid kohustatud tag:
pari mate v»imali ke tehnikate arengut v»i on neist

3. K2esol eva dokumendi eesm?2r Kk

Direktiiwvi arti klii 16 I »i ke 2 kohasel't peab komi
t°°stusharude vahelist teabevahetust parimate v»i |
arengu kohtaid ning avaldama teabevahetuse tul emus
Teabevahetuse eesm2rk on esitatud direktiiwvi p»h
v»i matl @ kkrkiukat k&sitleva teabe arendamine ja vahet s
tehnoloogili st tasakaal ust amat ust ishenduses, sood
tehni kate | evitamist kogu maail makt inivig taihtuasbal I i

rakendadaitm.

Komi sj on (keskkonna peadirektoraat) asut as artil
teabevahetusfoor umi (l'EF) ning | EFi raames on | oo
tehnilised t°°r¢sghmad h»|l mavad | i pkmedr iairkii ke ij d 6t

|l »i kes 2.

Ka@aesoleva dokumendi sarja eesm2rk on kajastada t?2ap

ja anda |l oa andmisega tegelevale asutusele v»rd
kindl aksm22rami sel ar v e sRV&koha fpgeaksidneel doluenendidh s j ak oh a s
ol ema keskkonnategevuse tulemusli kkuse edendami se

4. Teabeallikad

Ka@2esolev dokument on kokkuv»te gdgealblRrwsltgami selol» ik

komi sjoni too abistami seks |l oodud r¢ehmade oskust
kontrollinud. K»i gi panuste eest avaldatakse t2anu.
5. Kuidas k2esolevat dokument.i m»ista ja kasut a

K@aesolevas dokumendis esitatud teave on m»el dud Kk
jaoks PVT ki ndl ak s mPVTrkaimidslea k. s m? PVTaaluses Bad tinginauste
kehtestami sel tul eks al ati arvesse v»tta ol di st
k»rgetasemeline kaitse.
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K2aesoleva jaotise ¢lej@2nud osas kirjeldat a
esitatakse.

1. peat ¢kis antakse teavet t°%°stusprotsessi
koht a, mi da t°°stusl i kelPRVTtitastamisakskasytatdkee.e mi d e |

2. peat ¢ki s kirjeldatakse t°°stuses taval
konfiguratsioone. Sell es peat¢kis esitataks:e
¢l evaajdekohastest keskkonnakg¢gsi mustest.

3. peat ¢kis kirjeldatakse p»hjalikumal'tt kes
muude tehnikatega mi da peet akse PYD sedaeni asj a
sl diselt kK u ka | oatingimuste kehtestamise
kohaldatavate j ahut us s ¢ gat aeitatasetheid) amidas peetaksed t
saavut atavaks. Tehni kai d, mi datude, | di sel t peet

Peat ¢ kk 4 k 2BVITtlI2ehbe n e ;mmma g ei s iPVT-d, attmmmetades, gtl d i st
j ahut uss ¢ st ¥i»dpeu kpsashikati&spetgifiie lahendus.

5. peat¢kis esitatakse ¢l dine j2reldus t©°°2st
tulemuste kohta ja kirjeldatakse tulevase t2°
Kaheteistk¢gmnes | i sas antakse t@iendavat tea\
samuti teavet tehni kate ja tavade kohRVE, mi

rakendamisel arvestada.

Eesm2rk on seega andjaa ¢tl ari lsierdi sstuausnei nseetde hkeoi ht't
asjakohaseks v»rdluspunkPVThkpp» hienevadiddat lao &tiinn

kehtestada artikI: 9 I »i ke 8 kohaseid ¢l disi
dokumendi s ei tehta ettepanekuid heitkogust
ki ndl aksm?2?2r ami s lohalikkeasekolragpstsifiti deguveiel, snagu asjaomase
kaitise tehnilised okoha dau Robalikud kgskkorgatimgenfised. | n e
Ol emasol evate k2itiste puhul tuleb arvesse
tehnili st ot starbekust. | seqgi ainueesm@r k,
kaitsetase, eeldab sageli kompromsei t ege mi st er i ii ki keskkc
otsuseid m»jutavad sagel. kohali kud kaalutl u
Kuigi m»ningaid neist k¢gsimustest peeéetakse ke
t2ieli kult anal ¢¢gsida Seet»ttu ei pruugi 3.
k2aitiste puhul sobiva d t aTged e sk e ki grersa K #rheee
arvatud kaugv » i piiri¢lese saastuse minimeerimine,
kohali ke kaalutluste alusel. Seet»ttu on 22
k2esol evas dokamendagsesi sadaidli kult arvesse.
KunaPVT-dmuutuvad aja jooksul, vaadatakse k2eso
ajakohastatakse. K»i k markused ja ettepanek
valtimise ja kontrollimise b¢roole Tlehnol oog

Edificio ExpoWTC; IncaGarcilasos/n,E-41092Sevillei Spain(Hispaania)
Telefon: +34 95 4488284 Faks +34954488426
E-post:.eippcb@jrc.es

Internet:http://eippcb.jrc.es
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Kohaldamisala

KOHALDAMISALA

K2aesol ev

viitedokume nt PMUTRohtadn bosidontaalre dokantent,imis s s ¢
0O 0 S

keskendub IPP@ i r ekt i i vi 1. Il i sas ni metatud t
jahutuss¢gsteemidel e. Vadga olulised t°°stusse
terase, rafineerimistehaste,tsell o osi j a paberi ning p»l etusraj
jahut ami sega seoses kogutud v»rreldamatul t
energiato°®°stusel suhteliselt suurim otsene
optimaalne.Eraid | i sas p°%°ratakse sellele sektorile
erinevusi el ektrijaamade ja muude t°9°stuste
m»el dud rajatigsledelkiiikwiul b I P& kohadvatami s a
dokumendis keskkonnatehnikai d, mi da rakendat
jahutuss¢steemi dega Vaikeste p»| et-ukus e adme
kodumaj api dami stes kasutatavad kliimaseadmed
K2a2esolevas viitedokumendis kasutatakse m»i st
mi s eemal davad mis tahes keskkonnast heitsoo
alandada selle keskkonna tempeeathusk mgmbai b
jahutussg¢gsteemi dest kui d ei h»l ma sellis
kl orofl uoros¢sivesinikud. Samut i ei hi nnat
kondensaatoreid, kuna nei d p e estlevds sdekumleridis g a |
kasitletakse j2rgmisi ikénfigerdatsiosne:i kke jahutussyg
T I2bivooluga jahutuss¢steemid (jahutustorni g
T avatud ringlusega jahutuss¢steemid (m2rgjat
T suletud ringlusega jahutuss¢steemid:

- »hkjahutusega jahutuss¢steemid,

- suletud ringlusega m2@rgjahutussg¢steemi d,
T kombi neerjid ulduimjraghut uss¢steemid (hegbriidja

- avatud

- suletud ringlusega
K@ esol evas
t°°%stusli ku protsessi
t°°kindlus m»jutab

protsessiohuts ega ei kuul
Hori sontaal se
keskkonnaaspektide
aspektide tasakaal
keskkonnam»j u
Dokumendis k2sitl
tehnikaid:

positiivselt

Il 2 henemi
j a
ustamine
asjakohasusel e

et akse

h¢briidjahutustornid,

h¢ebriidtornid.

dokumPBP\udlis® | ki sf el dathaksiess;,steemid

toi mi mi se
t°%stuspr
BREF

tavap?2rase
k a
slokiunendiikohkldamisaladses v a

raames t2her
omavaheliste secf
n»uab ekspegstebhmn
kogu t°°stuspro

SViisi
nende

j @rgmi si keskkonnaas

T protsessi ja seadmete projekteerimise ning
T ressursitarbimine (vesi, » h k, energi a, keer
T kemi kaalide ja soojuse heide nii vette kui
T m¢ Fjaaurtheitmed,

T j238tmeteke ning heide pinnasesse ja mai smas:
T riskiaspektid,

T konkreetsetest s¢ndmust est (k2ivitaminel sei
T k2itiste tegevuse | »petamine.
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Kohaldamisala

Kaesol evas dokumendi s ant akse ¢, | kasutatavatest t © ° st usl
tehni katest, kuid ei anta |l ahendusi selle kohta,
ei ole diskvalifitseerida ¢htegi ol emasol evat r ak:e
sell e koht a, kas protsé&ses tvahaeabdagb dset dbkt masdiss
cksi kasjalikult jahutamist vajavaid tootmisprotse
meet mei d. J®rheginteark seviglsdi,stmils viib uue s¢steemi v
opti meeri mise meet mete tasakaalustatud wvalikuni,

seotud keskkonnaheiteid.
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Spnastik

S»nastik

ToO%stuslike jahutuss¢gsteemide erinevate aspe
ja sagel:. kasutatakse ¢(¢he ja sama el emendi k
selgitavate korduste valtimimemeks msi sbeb&se¢e
ma2aratlused.

Termod¢gnaamilised m»i sted
Temperatuurivahe (1) soojusjuhtivuse teel toimiva soojusvaheti puhul
soojusvahetist va&ljuva prot s

ja  soojusvahetisse  siseneva  jahutuskeskkonna
temperatuuri erinevys

(2) soojusjuhtivuse teel toimiva soojusvaheti puhul
soojusvahetist wv&ljuva prot s
ja  soojusvahetisse  siseneva  jahkaskkonna
temperatuuri erinevys

(3) kondensaatorisWt» pper.i nevus

Projekteeritud kuivtemperatuur va@lis»hu temperatuur, mil |l e
projekteeritud Tav al i sel t kasutiat aks
95 % aj ast e i il etata pr oj

Kuivtemperatuuron t aj ut av a S gamksu s ¢ | e
oluline temperatuur.

Projekteeritud m2 r gt emper atmadal ai m t emper at adiabaatiliseni | | en
aurustumise teel jahutada See on latentse
S00j Uus ¢ | dgabka n dd@uline temperatuur
Projekteeritudom@®kgt empetuouau
temperatuur, mida kasutatakse aurustava
heitsoojusvaheti projekteerimisel Tavaliselt
kasutatakse T9%38 va@&j2asttus iei
projekteerimistemperatuuriM® r gt emper at uur
madalamkui kuivtemperatuur

Soojuseraldusv»i mse®ojuse kogus, mida jahutuss
m» » d ed huinkdiWt, @ SMWy).

Latentne soojus¢l eb@dmoneus ¢vleeek arurreu st umi s el »hku.
soojus¢l ekandev»i me on pal
soojus¢l ekandev»i me.

Heitsoojuse tase temperatuuritase, mille juu
S»l tuvalt protsessi st t ek
temperatuuritasemel.

LMTD logaritmiline keskmine temperatuurierinevus on
soojusvahetuse l'ii kumapanev
k¢l ma voo (jahutusaine) j a
temperatuurist.

Tl btuslikud jahutuss\steemid 7



Spnastik

Vahemik

soojusvahetisiserd a v &l jundtemperatuuri Ve

Tajutav sooj us¢l ek Soojusjuhtivuséa konvektsiooni kaudu toimuv

L»pperinevus

Heitsoojus

Muud m»i

soojusg¢l ekanne

temperatuuride erinevus kondensaatoris. See vastab

kondensaatorisse siseneva auru (
val juva kondenseerunud aur u) j a
valjuva j ahut us ktemspkratium n a (vee)
erinevug | e . L»pperinevuse vaartuse

vahemikku 35 K.

loomulik, kuid soovimatumittetagastata\soojus, mis
tuleb -v3Psttwot mi sprotsessidest e
keskkonda suunata.

sted

Pari ma v»i mal2ihkeun etnk fswiskoat e v a s dokumendi s esitatud m

Biokontsentratsioonitegur

val | aPelgl)

Biotsiid

Biotsiidivajadus

t°°stuslike jahutuss¢steemide | ac
tehnika (PVT) m2aratluseni j a ma
kohased tehnikad.

aine v»ime bioakumul eeruda, mi s o
aine kontsentratsiooni vahebrganismis ja selle

kontsentratsiooni vahel vees (tasakaaluseisundis).

Bi okontsentratsioon m22ratakse al

jahutussg¢st eemi tahtl ik t¢ghjendan
tahkete ainete suurenevat kontsentratsiooni

jahutussg¢gsteemi s; prakti kas on S
aurustavast jahutussg¢gsteemi st \
kontsentratsioonitsg¢gkI it juhti da
j @ r gtnBDs &*11/(x-1), kus E on aurustumiskadu ja

X on kontsentratsioonitegur. va
v»etakse tavaliselt arvesse ka mu
nagu tuulem»ju, triiv ja |l ekked.
kemi kaal , mi s tapab soovimatui d

aeglustab nende kasvulahut usvees¢steemi des
biotsiid makre ja mikroorganisme ning aeglustab nende

kasvu, v@hendades seel @2bi or ga
jahutussg¢gsteemi s. K»ige olulisema
naatriumhg¢gpokl orit, osoon, kvater

orgaaniline broriid.

biotsiidi kogus, mida vees olevad ained redutseerivad

vV o» i muudavad biotsiidi i nertsef
aktiivseteks vormi deks, V o» i bi ot
t2ieliku reaktsiooni k»i gi bi ot
ainetega.

Tl ktuslikud jahutuss\steemid



Spnastik

Biokeemiline hapnikutarve (BHT)
(nim. ka bioloogiliseks hapnikutarbekg

Biokile

Murdepunkt

Keemiline hapnikutarve (KHT)

Pinnakattematerjalid

Kontsentratsioonitegur (CR)

Kondensaator

Jahutusaine

Korrosioon

Korrosioonit » k ed t aj a

vees olevate orgaaniliste ainete lagundamiseks vajaliku
hapni ki um¥@m orgaaniline koc
suuremaid hapni kuko gaedelei d | &
javeeel usti kul e k&ttesaadava h
vastuv»etavat taset . Seda s
p2evBHI® (-pt e VBHI G tedi abil.

ka mikroorganismid. Bakteriaalnidle, 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 makmrganismiddadestumist.

vees |l ei duva mustuse pool n
vaj adus, mi s tul eb .l etada
saavutatakse toimiv biotsiidikontsentratsioon.

vees V»i heitvees (jahutusve
ja orgaaniliste ainete hapni
oks¢deerija poolt konkreet
di kromaadi oks¢gdeeri mi sega a
kogus.

materjalid, mis kantakse pindadele, et moodustada kas
va@hese h»»rdumi sega pind p L
v@hendami seks v»i kaitsekiht
saastumi se v2hendami seks.

ka kont s ent rMisttakes kookreetdes ¢ k k e |
lahustunud aine ringlusse lastud jahutusvees leiduva
kontsentratsiooni suhe selle aine lisavees leiduvasse

kontsentratsiooni . Arvutat a
MU/ BD, kus MU on | isavesi | a
jahuti, mi da kasut at akse

kondenseerimiseks. Kondenseerimine esitab

soojusvahetile lisan»udei d:
ruumi . Seet»ttu on el ektri
aarmiselt suured ja spetsiaa

jahutuskeskkonna s¢é¢nong ¢ m.

jahutusaineks vesi V o» i » h k,
on segatud j22a@tumisvastase 8
ngiteks »l i v»i gaas.

v»ib m2aratl eda kui met al | |

toimuva (elektro)keemilise reaktsiooni teel.

keemilised ained, mis on Vv»
toimuvat korrosiooniprotsessi. Nendeks on
»hu2rastusai nedk edgith &rig@mat,e er i \
ni trit, mol ¢bdaat | akedstaf a
(tsinkfosfaat, kaltsiumkarbonaat ja kaltsiumortofosfaat)
ning adsorptsioonit » k edst ag&a ¢t si i ni d «

alifaatsulfonaadid ja naatriumsilikaat).
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Spnastik

Vastuvool

Ristvool

Kontsentratsiooni't

Dispergeerimisained

Triivik»rvaldajad

Triivikadu

Aurustuskadu (E, kg/s)

Vabad o k dapdid (FO)/
j22koks¢gdant(TROE ko

Vaba kasutatav kloor (FAC)
v»i vaba j2akkloor

Kareduse stabiliseerijad

p»hi m»t e, mille puhul »hk wvool ab
protsessivedeliku  suhtes vastupidises  suunas.
Vastuvoolutornides | iigub »hk ¢1 ¢
jahutusvee allavoolule. Selline konstruktsioon tagab hea
soojusvahetuse, sest k»ige |jahed:
k»ige jahedama veega. Vee jaotar

kollektoreid japihus u s d ¢ ¢ s e .

p»hi m»t e, mille puhul »hk wvool ab
protsessivedeliku suhtes risti. Ristvoolutornides voolab

»hk horisontaalselt ¢l e jahutusve
tebkdltisde k| i di) on valjapesuvees | a
tahkete ainete taseme v»rdlus. Se
valjapesuvee sool akontsentratsic

soolakontsentratsiooni suhtena.

ka dispergendid Kemikaalid mis takistavad vees
olevate osakeste kasvu ja ladestumist, suurendades
neeldumisest tulenevat elektrilaengut. Selle tulemusena

t»rjuvad osakesed cksteist ja ¢
h»I| juma.

seadmed, mi s muudavad »huvool u S
tsentrifugaal j»u, et eraldada »hu
vee kadu vaikeste til kadena,
tuul et »mbega »hku, mis va&ljub |jah
jahutusvee mass, mi s aurustava | a
aj al aja¢ghi ku jooksul aurustub.
vabade oks¢dantide sisaldus jahut

Hlimatatakge KIROV » i ¢ | dlC)vo»oir ivkasb a k s
klooriks (FC).

vaba kloor kujutab endast h¢pokl o
h¢ potkiboni(OCl) t asakaal usegu jahutusyv
M»|l emad on oksg¢doenerp alajdy wauham OC
t »hus kui HOCI

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 dii d a j a mi s p»hjustavad
ladestumist.
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Spnastik

Ohtlikud ained

Makro organismid

Lisavesi(M, kg/s)

Maksimaalne lubatav riskitase

Mehaanilise t»mbeg

Mikroorgan ismid

ainedv » i ainer ¢hmad, mill el on
omadust , nditeks m¢grgi sus, [
VvV o»i mis on direktiiwvi 67/ 54
kohaselt I|iigitatud inimesel

ebasoovitavad organismid jahutusvee ringlustes, mis on

pal j a sil maga ndhtavad. M
peamiselt ranna/ | »leikadr nui vahid j a
toruussid, mis katavad kontuuride seinad oma

l ubi kodadega, niitjad organ
mu u d organi smid, nagu k2sn

mantelloomad.

ma2a&aratletud kui kogu veemas
|l i satakse s¢gsteemi), et k omp
vad@l japesust tingitud veekaddl

aine kontsentratsioon pinnavees, mille puhul 95%
l'ii kidest on kaitstud. Ol ul
lagunevus.

mhutuater ,tmison warustatud ventilaatoritega, mis
suruvad (sundt »mme) Vo> t »
t »mme) jahutus»hku | 2bi torn

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.

Loomulikut » mbega | ahut suuted jphutustornid, mis ei sisalda ventilaatoreid, kuid

Mitteoks¢deeri vad

Oksg¢deerivad biots

on projekteeritud nii, et ]
kasutatakse 2ra torni sisen
soojema »hu tiheduse erinevu

enamast orgadnilided ained, mida kasutatakse jahutusvee
puhastami seks, eel k»ige ring
toi me on spetsiifilisem kui
oma, kuna nad oks¢deerivad n
kui teisi. Nad avaldavad omasa
reageerides raku konkreetsete kompomwestig a v » i ra
reaktsiooniteedega.

ienamhastt anorgaanilised ained, mida kasutatakse

eel k»i ge avatud veérpanismae | us ¢
vast u. Nad r¢endavad organi
mehhani s mi kaudu.r aBiuostesiiniad v
siseneb rakku ja oks¢gdeerib
biotsiidid on  kiiresti toimivad ja nende

mittespetsiifilisuse t »t tu
mitteoks¢deerivat el biotsiid

Tl btuslikud jahutussh\steemid
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Spnastik

Aurupilv on aurustunud vee ndhtav t aask
jahutustornist v2&|ljuvas »hus.

Sadestamisega pehmendamine Seda protsessi kasutatakse vee kareduse, leelisuse,
r 2 ni disisaldssé ja ruiude koostisosade
v@hendami seks. Vett t°°del dakse
sooda (karbonaatiooni) kombinatsiooniga. Sellisel viisil
t°°del dakse sageli wvett, mill e ka

k » r g e50( pprd OaCe).

Protsessikeskkond viitab alati jahutatavale keskkonnale

Katlakivi teke sadestumi se protsess jahutusvee ¢
siis, kui soolade kontsentratsioon veekihis soojusvaheti
| 2hedal .l etab nende | ahustuvuse.

Hel ir»fiy tase helivast uvmst>migdhee ki hul k kindl aksm2?a
suunas ja kaugusel heliallikast.
dB sagedusvah e-kanlktud dB(A).IS¢ea v »i A
m»»di Kk on | ogasi ttrihleinndea b, et he

taseme kahekordi stumine on v»rdne

Hel i v»i méose t ase helikirgamisem» » t § Heliakikast kiiratava helienergia

hulk. Sel | e m»»t ¢shaigkeudkuss adna dkBo ht a v »i
kaal utud dB( A) . See m»»di k on I
t2hendab, et heliv»i msuse taseme

v»rdne 3 dB(A) t»usuga.

H¢edrauliline pool eatgsaengi s on vajalik, et v2hendada
kontsentratsiooni 50%i selle algkontsentratsioonist.

Kogu k2attes(BA&Ldav k vabakioorijakombineeritud kloori summa, kusjuures

kogu |j2@RARI oor kombineeritud kloor onCklooramiin
sidemet ega chendites sisal duv
jahutusveesg¢gsteemis.

J22akoks¢dant (TR kogulsyldkanti de maht jahutusveesg¢gstee
st°hhiomeetrilise meetodi abil (A
arvuliselt ja t°°p»hgaselt samav?a?

Muudetava kiirusega ajam mootori  kiiruse reguleerimise viis, tavaliselt
el ektrooniliselt, kasutades inver
k2sitsi, kui d sagedamini regul eer
saadava signaali, nt r»hu, vool uh
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Spnastik

Léehendi d

Lshend Selgitus Lk number
ACC i hkjahutusega kondensaator 304
AOX Adsorbeeruvad orgaanilised halogeegiXd= Cl, Br) 98
ATP Adenosiintrifosfaat 103
PVT Parim v»imali k tehnika 1
BCDMH Bromokl orodi met ¢¢l hgdant oi i n 212
BCF Biokontsentratsioonitegur 245
BNPD Broomnitropropaandiool 130
BNS GbromoGni t r ost ¢r een 98
BHT Biokeemiline hapnikutarve (ka bioloogiline hapnikutgrve 23
BPM Parim praktiline vahend 108
BREF BREFdokument 5
BTM Parim tehniline vahend 108
CCA Vasksulfaat, kaaliumdikromaat, arseenpentoksiid 132
CFU Kol ooni aid moodustavad ¢hikud 154
KHT Keemiline hapnikutarve 23
CWS Jahutusvee s¢steem 26
DBNPA Dibromo-nitrilopropionamiid 95
DPD N-N-di epbeh¢egl eendi ami in 103
EDF El e c tdeFrance t ® 36
EIPP(B Euroopa Saastuse Kompl eksse Vi 3
EOX Ekstraheeritavad orgaanilised halogeddd ClI, Br) 278
EQS Keskkonnakvaliteedi standard 10
EURV »U Euroopa rahag¢hi k 48
FAC Vabalt k2ttesaadav kIl oor 24
FO Vabaok s ¢ dant 11
FRO Vaba j22koksg¢gdant 15
IEF Teabevahetusfoorum 2
av » i EUR|Euroopa rahag¢hi k 10
KWinh or kWe 1000 vatti (soojuslik v»i el el 9
LD Leegion?2ride haigus 128
Lp Legionella pneumpophila 128
mg/I Milligrammi liitri kohta 15
MBT Met ¢l een(bis)tiots¢ganaat 98
MIC Mi kr obi ol oogiliselt m»jutatud 205
Mt or Mt Meetertonn 188
MW or MW 1000000 vatti (soojusv » i el ektrienergi a) 8
mwg meeterveevool 82
Nf Naegleria fowleri 128
NOEC T2hel datav m»jutase puudub 82
PEC Prognoositav kontsentratsioon keskkonnas 15
PHMB Pol ¢heksamet ¢l eenbiguanii dkI or 130
PNEC Prognoositav t2a@heldatav m»j ut 4 15
Pow Jaotuskoefitsient-nktanooli ja vee faasides 108
ppm Osakest miljoni kohta 26
RIZA Hollandiveemajandusinstituut, mis tegeleb siseveekogude majandi 155
ja reoveepuhastusega
QAC Kvaternaarsed ammooni umi ¢hendi 130
QSARs Kvantitatiivne struktuuriaktiivsuse suhe 245
TBTO Tributg¢gegltinoksiid 105
TDS Lahustunud tahked ained kokku 263
TEMA Torusoojusvahetite tootjate ¢t 194
THM Trihalometaanid 211
TOC Kogu orgaaniline s¢sinik 221
Tl btuslikud jahutussh\steemid 13




Spnastik

TRO Kogu j2a2koks¢,deerija 24
TWG Tehniline t°°r :;hm 17
uv Ultraviolett (valgus) 95
VCI Saksamaa Keemiat©®°stuse Liit 14
VDI Saksa Inseneride Liit (Verein Deutscher Ingenieure) 118
VFD Muudetava sagedusega ajam 290
WFD Veepoliitika raamdirektiiv (v» 144

14
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1. peatkk

1 | LDI RETKONTSEPTSI OON T¥¥STUSLI KE
JAHUTUSS| STEEMI DE JAOKS
Pal judes t°°stuslikes protsessides tuleb soo0]j
jahutuss¢gst eemi abil Nende jahutuss¢st eemi
Keskkonnam»jude tase ja iseloomnendeesrish es:
kasutusviisist. Sel l e m»j u mini meeri mi seks
n»uetekohase projekteerimise ja tehnika valil
Saastuse ompl eksse va@ltimise ja kontrolli raames
ol dise energiajuhtimise integreeritud osa. E
taaskasutamine sama pr ot s es sjprotsessides, ¢t migimeeridda d e s
heitsoojuse keskkonda suunamise vajadust. S
v&@hendahb n»udl ust jahutuse j2rele, S¢St eemi
k

Energiat»hususe opti meer i¢niiensean e jsa’tisskelda
il

(
protsessispetsiifi i seks ning seet»ttu j 2anb
kohal dami sal a. Kui kohapeal se taaskasut ami se
viima soojuse keskkonda heitmiseni, vaidakauda v »i b S00j USe t aas}
val|l jaspool kaitist, kas t°%°°stuslikuks v»i t e
v»i malused on otsa saanud, tuleb kaaluda ¢1 e
Kui eemal datava soojuse hulk on hinnatud, s a
oloe. Suur osa jahutussg¢gst eemi t°°st tul eneva
projekteerimise ja »ige mat exwjualeii dv g lai rkiohad a
On teatatud, et 80% jahutuss¢gsteemi j»udl use:
jahutuss¢steemi k2aitatakse (nn 80/20 reegel)
hinnata, milline onPVT, etv2 hendada jahutamise keskkonnam»
m»i st a, et jahutuss¢steem on t°°stusliku pr
integreeritud s¢steem, ning et iga jahutuspr
jahut at awa» it °t%sottunsi sprotsessi tulemuslikkust.
Seet»ttu tuleks jahutuss¢steemide tarbi mise |
rakendamise ¢l e otsustamisel v»tta arvesse t
n»udei d, mis | »ppkokkuv»tt elkjahutuses tase pealb olsnb at a l
tagatud, kusjuures selle tagaj?2rjed keskkonn
protsessispetsiifiline. Kui m»ned protsessid
teised temperatuuritundlikuma@dr ot sessi d ei pruugi seda talud

tehase keskkonnasooritust.

Vastavalt IPPBd i r ekt i i vi | e t wloekbu menad sl ekvwassi tBRER vV at
keskkonnatoimet paranda@®/Ta b i | . K¢simus on sell es, kas |
puhul PARgladiases m»rttes, kusjuures | »plik ot :
kohali k kg¢gsi mus, mi s v &eskkoara)] Kk omajreedsBMielet @
kindlaksm22a2rami se keerulist protsessi struk
k2aesol evas dokumendi s eespool kirjeldatud

|l henemi sviis peaks viima t as aleanakbsutantisakohtad ot ¢
ja sellePVT alusel optimeerimise kohta ning seda nii uutes kui ka olemasolevates olukordades.

PVTkont septsioon koosneb j2rgmistest etappid
mi ni meerida keskkonnam»j u:
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1. peatkk

| »pl i ku toodetava heitsoojuse taseme v2hendamine
protsessn »uet e m22aratl emine,

k2aitise ¢l diste tingimuste arvessev»tmine,
keskkonnan»uete hindamine:

- ressursitarbimise minimeerimise v»imal used,

- heidete v&@ahendamise v»i mal used,

T s¢steemi k2aitamise arendamine (hooldus, seire ja
! maj andus |kohklégamine» uet e

=A =4 =4 =9

Joonisel 1.1 onesitat®’YTl 2 henemi svii s, mi s n? iPVTan® 2tr%a®md tswed | i ku |
k»ige asjakohasemaid tegureid. Selguse huvides ei
on v»imali k jahutuse eri aspektide vahel l uu a. Na
konkreetse otsese enerrmiimg ajradhumi usses ¥yftheenrdia ns esaev wtad
| »pptemperatuur on piiratud kohalike kliimatingi mt

J&rgmi st es punkVi d®is e nke?nsiistvligtsak sle2 hemal t | v»ttes
jahutuss¢gsteemide k2itamise ¢ dpPVAkohaldantnei d j a n2i c
IPPCGdi rekti i vi vai mus t&2hendab. Selline optimeerim
| ahenduste t2pne matemaatiline v»rdl us. Opti meer.
keskkonnatasakaal ude puhamsj sckeestvnmdiladmiest njer ad tes K
koht a, mil lised neivs»i okn»ikg»ei gvea svtduhvesne t tayy aimaad Sel
soovitatudPVT | 2 h e mismies m2r k anda ol uli st teavet erineva
keskkonnal e, kulude ja riskide kohta ning m»jutav
ot suse, mis on palju p»hjendatum kui keskendumine
aurupilvede v»i m¢erataseme jne) optimeerimisele.

em muudatust e suuna nditamis
ami seks. Vajaduse korral esit
ul on andmed stelolstaskassi kasut use
l'iiga spetsiifilised, et ol

Naiteid tuuakse
v@hendami ste t?2
enami ku tegurit
piiratud v»i on

Kokkuv»tvalt v»ib °elda, et jahutussg¢gsteemi hi nda

tegureid, p»hineb | rgmi stel punktidel

f jahutatava protsessi n»uded on jahutussg¢gst eemi k
sl imusli kud,

T PVTI 2henemisviisi kohal dami se eesm?2r k ei ol e mi t 1
konfiguratsiooni k»rvalej2tmine,

T PVTI 2henemi sviis annab uute k2itiste projekteeri.|
heidete v2&altimiseks, kuid ka ol emasol evate k2aijti

T jerelikult eel dat akse, et PVMTeinhepnémvatvtiei EPi kasuct
edasipidi, ja@rjestikustes hindami setappi des,

T keskkonnam»ju taseme osas v»ib veel eri stada sul
va@iksemaid s¢steeme (seeriatootmisest),

T opti meerimist tuleks vaadel da kui projekteeri mi ¢
kaitami stavade rakendamist,

T PVTI 2henemisviisist tulenev heitkoguste v&ahendami
jahutuss¢gsteemile esitatavatest n»uetest,

9 PVTI @2henemi sviisi eesm@rk on jahutussg¢steemi k2 i f

protsessi ja kohali ke keskkonnaeesm2rkide n»udec

tasakaalustatud valiku tegemisel on kasulikud valikukavad ning

| »puks on igal tasakaalwustatud tul emusel teatav

()

=a =

16 Tl btuslikud jahutuss\Nsteemid



lpeat ¢kk

1. Ennetav

1. Soojuse taaskasutus|

(§1.3)

lahenemine

(§81.1)

2. Protsessi

\

) ndutav 18pp-

heitsoojuse
tase (§1.2)

temperatuur

> > keskmine
temperatuur

temperatuur

»hkjahutusg
S¢St deptk) d

k»i k jahut
teemide liigid(2. ptk)

vesijahutusega
s¢st deptk d

temperatuur

noutav

npuded
(81.3)

jahutussg¢g
saavutatav min.

st eemid

1b. Heitsoojust tekitava
protsessi
optimeerimine, et
vahendada
heitsoojuse teket

(§1.3)

| »pptemperatuur

jahutussg¢

Lg ~
jahutusvdime

(potentsiaalselt)

saavutata

kahjulike ainete
jahutamine

protsessi
temperatuur

vahem
temperatuu-

kaudse ringlusega

jahutusg &
3.7)

temperatuu -
e Protsessi
| protsessid | keskkonnamajud

2. Kdigi teostatavate
jahutussusteemide
valimine protsessi
néuete
rahuldamiseks

Jahutussusteemi

ritundlikud
protsessid

keskkonnamajud

2b. Heiteid tekitava
protsessi
optimeerimine, et
vahendada energia-
ja veetarbimist ning
heiteid

(vertikaalne BREF-)

Siimbolite selgitused: ~{> otsus :

_é_ ristumiskoht

iima Nhenduseta

tuhenduskoht
(thesuunaline)

l_ tuhenduskoht

Lihenemisviis

Nduded

Tehnoloogia
valik

Konstrukt-
siooni valik

Siisteemi
kaitamine

PVT

leidmine

Joonisl.iSt ruktuurnei ¢lsovgade

[tm134, Eurovent, 1998]

ler a PUT&kv antdé¢ arknpsetd deotod tat)@itest
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Kliima- Saavutatav
tingimused INhenemine
3.1 ’{:PUIUS,- 3. KNtise
. sNsteemiga )
«Idised = 9 npudeid
) Ruumipiirangud » rahuldava
kNtise “|L_/kNtise asukoht 4 Y . iRt
tingimused oLy shteemi valik
( A 4) sNsteem
. ‘ee kNtesaadavus
ja kvaliteet
Suletud
(taas)ringlusega
sNsteemid 30, Keglimnnapii-
Jahutustornigal ranguid tNtva
R . i b—— P ahutussNsteemi
[Soojuse veeheite irgl i JtN bi vpi konstrukt-
vahendam siooni valik
(&3
32 [ |
Keskkonna- th}s]:&:tefni%a 3c. Majandusliku
3. KNtise n»uded |[_ Aurupilve tekke stggvl.sj?asvea
npuded ( A5+ R vhendamine jahutustehnoloogia
3. ptk) ( R.5) ja konstrtll_ttsiooni
NoriidsNsteemid val
M¢iraheifte Helisummutus ¢
va@ahenddmlne 5 aktiivne ja
3.6) passivne [ |
Ener gi a__ka-}
hendaminel(s:2) Soojuslik vpi 4. Heitsoojuse
fN Bikaline — eemaldamise
Veepuhastuse tl tlus tehnoloogia
lisandite heidete R - - optimeerimine
vahendan Ehitus, materjal (JahUtussl\_lstt_eernl
( Aa) a;al;utus p’r\?#ek(tje%nmlne), et
- vhhendada energia- ja
veetarbimist ning !
optimaalne doos heiteid
Biol. riskid
_( A7) Vhhem ohtlike
! lisandite valik
aatmete A A
dami n8) (A N
nt INbivoolusNs-
Investeeringu- teemid, avatud
kulud ahutustornid
3.3 Energia, vee ja nt h\briidjahu N
Maianduslikud |- e, V2] N b 5. JahutussNsteemi
Y ded I veepuhastuse IS NSRRI kNtamine optimaalset
RECE! kulud »| Regulaarne hooldust ja lisaainete
(R7+ “_hooldus % |optimaalset
VIl lisa) Nt vastupidavad A doseerimist jNgides
: materjalid
kulud (IV Tisa)
4. Keskkonnampju Parim v»imal ik
VNTerdamine Ressursikasutuse .tehnli_lka Cdel
) i ahutus¢steemi del e
vastavalt PVT-le vhhendamine ] <

Joonisl.l:(j a)t&t ruktuurne hei P8Tko jnddtakesm@ Pd amatse ga¢ Stewe midde eguritest

[tm134, Eurovent, 1998]

.l evaade
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1. peatkk
1.1 Kuumuse allikad, kuumuse tasemed ja rakendusvahemikud

K»i k tjatbantispretsessid, mis kasutavad energiat, muundavad erinevaid energiavorme

(mehaanilist, keemilist, el ektrilist j ne) s
So0j ust al ati t2ielikult tuklg@dsesaid mhutpnase teel | t
eemaldadaMittetagastatavas o o j use kogust v»i b nimetada hi
keskkonda, mis toimib soojuse neelajana. Allpool on nimetatud mitmeid protsesse, mille puhul
tekib eriti palju heitsoojust ja esinebuur vajadus jahutamise j2are
erinevaid heitsoojuse allikaid ja neil60bon er
AC) ja maédaAC)(.10Samuti v»ib ¢he ja sama t oc
protsesse, mil | el on oma spetsiifilised vaj:
keemi at°°®°stuses, rpoefi heeansmi 8P esehasteergnassinada a
ja sellega seonduvas paberit°°stuses, p»l et

jahutussg¢gsteemid.

Samasuguse protsessi raames kasutat akse e

soojusvahetite, pumpade ja kompressorite, vV a

jahut ami seks. Eri stada saab | 2r gnuddheitsogusea mi s i

tasemeid.

I He»»rdumfheratl use kohasel't on see mehaanil i s
protsesside jahutuss¢steemid on tavaliseldt
» . Kuna jahutuskeskkonnana kasut at akse
temperatuu i de suhtes Seet»ttu on neis heitsoo]
T P»Il et dnsienee on keemilise energi a muundamin

P»l emi sprotsesside heitsoojuse tase on var.i
1 Eksotermilised protsessid (keemilised)paljud keemilised protsessid on eksotermilised:
keemiline energi a muundub i | ma p»l emi set a
heitsoojuse eemal damise t»hususe suhones se&
heitsoojuse temperatuuritase keskmine v»i k
1 Kompressiooii gaasi kokkusurumine toob kaasa soojuse tekkimise. See soojus tuleb tavaliselt
keskmisel v»i k»r gel temperatuuritasemel h e
T Kondenseerimine (teirpmmdd amda @mioltiseed itds ¢4 loli imd )
skl ite p»him»ettel. Vedel keskkond aurust
s selle energia soojusenni SJehmmeds v
d ja nende temperatuuritase on kesk

~ @ ~
c - 0w
S5 9 ¢

Hei tsoojuse tase on oluline tegurarmesae twht
Tabelis 1.1 on esitatud jahutatava keskkonna temperatuurivahemikud ja sobivaimad

jahutussg¢gsteemid. Mi da madal am on heitsooj
»hkjahutusega kuivs¢gsteemide abil stjsadgelut ada
protsessitemperatuuride puhul, mis on ¢l e 60
eel jahutusena »hkjahutusseadmetega, kui S0O0|]
jahutust kasutat akse pawmadalmterperatliurige protdessigoaggde| i

jahutami seks. Madal ate temperatuuride puhul

suuri Vv»i msusi

Jahutussg¢st eemi val i mi sel el tohi ks vahemi kKk
puhul kasutatakse ni. 50 UC kui ka eespool
suuresti kohalikust olukorrast (klima ja jahutusaine temperatuur)vasigvalt sellele varieerub

k a S¢St eemi v»i mal ik kasutusal a. Seega k a
temperatuuride korral, kui d tingi musel, et
temperatuure ei il et at a. adstaringsslte sesga dneutuvatesh u |
il masti kutingi mustes, v»ib olla vaja kasutad
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Tabel 1.1: Soojustemperatuuride tasemed ja rakendusalad
[tm139, Eurovent, 1998]

Temperatuurivahemik Sobiv jahutuss Te¢epilised ra
T I2bivoolus¢steemy energiatootmine
T m3d3rjad jahutust oY (nafta)keemilised protsessid
Madal temperatuur (mehaanilinel/fg¢g¢si
(1Gi25A C) T he¢egbriidjahutusto
T kombineeritud | a
T Il2bivoolus¢gsteemT jahutustsegklIlid
T m2rjad jahutust o kompressor
(mehaanilinel/f¢¢si|fT masinate jahutamine
1 kinnise ringlusega jahutustornid 1 autoklaavijahutus
Keskminetemperatuur |§ aurustavad kondensaatorid T p°°rdahjude j ah
(25i60A C) 1 »hkjahutusega velf terasetehased
1 »hkjahutusega ko|f tsemenditehased
T he¢brii dj akondensastorid 1  elektritootmine soojemates
f he¢briidne kinnis piirkondades (Vahemere piirkond)
jahutustorn
f erijuhtudel 1 2bi|T j22tmep»letusj a
K » r tgneperatuur (otsene/kal_Jdne) _ ] mqotoritgjahutaming
(¢ 166A C) T mar ]ataautqhstornld _ 1 heitgaaside jahutamine
(mehaanilinel/f¢¢si|lT keemilised protsessid
T »hkjahutusega
vedelikujahutid/kondensaatorid
l2Jahutuss¢gsteemi tase ja m»ju protsessi t

1.2.1 Temperatuuritundlikud rakendused

Paljud keemiaj a t °°stusprotsessid on temperatuuri kriitil/l
temperatuuri jal v»i r»hu suhtes tundl i k ja seeg
t »hhususega. Nende protsessi de Ipogid holisonaaine par i ma v »
| 2henesmdaetvid sparima v»i mali ku protisigasi Nehhetdoogi ¢

temperatuurikriitiliste rakenduste kohta:

M elektritootmine,

T termod¢naamilised tsegklid,
1 eksotermilised protsessid.

Kompl eksne saastuse va@ltimine t2hendab, et pari ma
tehni kat e, t°%tl emisviiside VvV o» i k2aitamisviiside
jahutuss¢steemide otsestele keskkaemerinewasti udel e ar \
t »hususest tulenevaid kaudseid keskkonnam»jusi d.

saavutami seks tul eks keskenduda pigem jahutussg¢s
m»jude suurenemine v»ib olllatwmdrkiamuswssryselete msu
m»jude v2@henemine.

Elektrijaamad (vt XII i sa) on k»ige olulisem he
elektrienergiaks on seotud paljude punktis 1.1 nimetatud heitsoojust tekitavate protsessidega.
Heitsoojus tekib p»|letami sel ,miselyar dektiemergia h » »r du mi s
muundami sel . Eral di jahutusvees¢gsteem abisg¢gsteem
toi mi mi se j a kasutavad » i Vo> gaasi , tekitab
el ektritootmiss¢gsteemi | avhPuhtenseva jkaodhues t¢ | edii nseu uedneetr ag
ja suurenevad »huheited.
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streerib j2rgmine n2ide el ekt

Seda seost u
cSteem toob kaasa el ektrijaama
I
e
I

i1
t»hus jahutuss
1.2). Selle tulemusel suurehevbddesemtutrti|amn
used s»|l tuvad ka kasutatavast k¢

ol |

Kuna heitkog
a, kuid selle punkti edasi se

tei stsugused

Tabel1.2:K e s k mi s eEurhopaleleldrijaama heitkogused 3%l i sest energi at »husu
vd@henemi sest
[tm139, Eurovent, 1998]

ihuheited Heitkogused / sisendenergia T2i endav hdiset k
[g/kWh] t »hususe k qgkivh]s
CO 485 14,6
SO 24 0,072
NOx 10 0,031
Tolm 0,2 0,006
Primaarenergia sisend: 2,65 kW ja lisaenergia sisend: 0,08 kW.

Seda, kui das jahutussg¢steemi val ik v»ib m »
Caudronilt [tmO0O56, Caudron, 1991] v»etud n?2ij:

m»ju etteantud Kkliimatingi mus»stiensal i Xe eegnae rtgu la
v@henemine s»l tub jahutuss¢steemi val i kust,
Kondensaator. vaakum (kondensaator.i r»hk) \%
j@rgmi stes tabelites. kPirigreknardd aldesk k okninsat em|
vaakumitasemed kuivs¢gsteemide puhul suuremad
muud tegurid, nagbiosaastus kat |l aki vi , korrosioon ja ebao

p»hjust adaensangasadugrthsutsuse va@henemi st .

Tabel 1.3: Suhteline m»j u el ektrienergi-a m&uivg v mii sel e
kuivjahutustornide kasutamisest1300MWev » i msusega seadmet es
[tm056, Caudron, 1991]

M2 r g/ -K
a . s -
e Ut Ulsisha s M2 r g j a h u tljahutustorn| Kuivjahutustorn
ani| M3rg ] :
Lab N oomuliku Loomuliku| Sund- Sund- [Loomuliku| Sund-
vooluga t »mbdqt »mbdt »mbdt »mb{t » mb
t » mb
Temperatuurivahe
K (kuiv » - 12 125 125 135 16 17
m2rg »hk
Kondensatsiooni
ni mi rmbark 44 68 63 63 66 82 80
SO00j USV »i
1810 1823 2458 - - - -

(MW)
Toodetud elektri 955 937 1285 | 1275 | 1275 | 1260 | 1240
energia(MW,)
Toodetud
elektrienergia +19 0 0 -0,8 -0,8 -2 -35
erinevus (%)
Tabelis on teiste s¢steemi de v»rdl emi sel
Ringjahut us epperateusvahed ¢ 2 i endavad soojusvahet.i

temperatuurivahet mi s eel dat akse ol evat k»i kide s¢ste
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Tabelist selgub, et |jawnditumndsrgsteemeéemal Vv&jam2h o elki
Tabel nitab ka seda, mi ks paljud elektrijaamad &
aares, Tootmi se seisukohalsamad | Rbi vooltdbyss$ egemed
loomui ku t »mbega s¢steem).

Kombineeritud ts¢gklite puhul varieeruvad kondensa
jahutussg¢gst eemi t¢ebile ning suhteline energiakad
Tabel 1.4: Suht el ine m»j u el ektrienergi-a margwvhkwusel e, mi s
kuivjahutustorni kasutamisest290MWynk ombi neer i t ud ts¢kliga seadmet es

[EDF, pers.comm.,1999]

M&r gjahutust| . ,
Jahutussg¢st T R BT R
L2bi vool kondensaator
t »mbeg
Temperatuurivah& 9 2 o
(kuiv snk / a8 a8 az9
»hk 9 AC)
Ko_nder_lsatsiooni 34 24 44 74
ni mi rnesbark
So00j us (MWynd 290 290 290 290
Toodetud
elektrienergia +0,65 0 -1,05 -5,65
erinevus (MW ¢)
1.2.2 Mittetundlikud rakendused
Muud rakendused on temperatuur.i suhtes v&@hem tund
temperatuuri vV o» i r~huga s e &késkedduda Maamdligikulpja ot sessi de
°koloogiliselt k»ige t»husamale jahutuss¢steemil «
v»imali ke taaskasutusv»i maluste &rakasutamist all
1.3Primaarprotsessi optimeerimine ja soojuse taaskasutamine
K2esolevas viitedokumendi s ei kasitleta primaarpr
p»hjalikult. Kuid saastuse kompleksse v2&2ltimise |
tuleks see optimeerimine tebapukei gemabdamiehneTlkurt
So0j use @rajuhtimise vaj adus tul eb mi ni meeri da,
jahutussg¢steemi konfiguratsiooni ja suurust . Li s
heitsoojuse juhtimist keskkonda, sest on tehtud éduka k at sei d ka sell e energi a
1.3.1 Primaarprotsessi optimeerimine
Pri maarprotsessi opti meeri mine v»ib ol di st keskl
l'ii kmesriikides tuleneb suurem o0osa jahutussg¢gstee
soojusest elektritootmisest. SHS0DGuKkgltiusegl einee gti as
il e heitsoojuseks. Kui el ektritootmise protsessi
v@hendada keskkonnam»jusid ja jahutuss¢steemil on

rakendada ka teistes ts&nfals djal energidkulusid, ikéskkenda v 2 hend a
pai satava soojuse Kagulsltdijsael » huhmdidtaeisduu(r@®m on s
kergemini saab seda tagastada.
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M»ned n@ited praegu: kasutatavatest tehnikate

T k¢tuse v»i tooraine (metallide) eel soojend:
1 pinchtehnoloogia,
T v2lised rakendused (nt kasvuhoonete/ el uruur

T energiat®®stuses koostootmine.

Ainul t j ahwthwsvieas uvu»aimi sreaf aseereil micen ehastes
eel soojendami ne, kasutades k¢l ma sissetul eva
kuuma rafineeritud toodete voogu. Sel |l est

eel soojendami sef ghutedsev gea jk2ar evlag.adSpsl tuvalt p
arv olla piiratud ja»heajtdekvajjpdtul alahes usyv
Koostoot mi st ehk soojuse ja elektri koos t
t°°stussektorites (nt paberit°®°stus, (nafta)
nende tootmise ¢(hendada. $sS6-hatéidnisngebvhjapeaneagu gi a
¢l dse jahutust, mist»ttu pole vaja ka (suuri
132 Hei t soojuse kasutamine va&al]ljaspool k2it
Kui heitsoojuse tekkeprotsessi optimeerimine ei too kaasa edasistigitay s e v 2 hend ami
PVTal ane | 2henemine hinnat a, kas on v»imali k |
See k¢si mus ekionkpduvelkuss sea avsftilusemi se ja kontrol
seotud ka ¢l di se hea keskkonnahoiu energi ama
puhul kui ka k&itise valiku | ahutamatu osana
ol e siiski l'i htne ¢l esanne. Sagel i ei ol e ta

n»uavad soojatarbijad planeeritust k»rgemat

v»imali k k»rgemal temperakabutrtijfalksgmed EKPdi aades
kaal ub primaarprotsessi energiat»hususe v&@hert
saadava kokkuhoiu. Samuti tuleb olla ettevaatlik sellise olukorra loomisega, kus heitsoojusest tekib
s»l tuvus.

V»ib leida mitmeid n2iteid elektrijaamade h
talvisel perioodil kodude ja kontorite Kkauc¢
koostoot mi st vV o» i kombineeritud tks¢et kulsietk.a s 6 & |
energi at » hus uls kuni uohidere skui A0%¢P4 j a seega vaheni
jahutusvajadust. Teatatud n2idetes kasutat ak
regul eeritav, et kohandada scusaelva.stjalvall tt «ia
torni kasutada kuivregiimis ainult umbes 1
temperatuur ohi, |l aegenwse!l 5 hgCkel ol i gi j ube
soojustarbimine. See? rtad s tvastiavba dk ¢vs»i i muasl ei, k undi |t
m»j utada jahutussg¢gst eemi val i kut, K ui on vaj
ndidet, mis demonstreeriks, kui das taaskasut
14 Jahutuss¢gsteemi valimine vastavaldtt
tingimustele

141 Protsessi n»uded

Kui kuumuse tase (k»rge, keskmine ja madal)
|l igi kaudse valiku. Lisaks soojuse tasemele o
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tegureid, mis vastavad protsessi n»uetele ja ¢l di:
j @rgmi sed:

f jahutatava aine n»utav minimaalne | »pptemperat ul
f n»utav jahutusv»i msus,

T n»ue kaudse r i ngl uemnpergtudirivahgt e , mi s suurendahb

T kliimatingi mused, vee k&ttesaadavus ja ruumivaj
Arvestades protsessi mitteoptimaal se jahutamise Kk
mi ni maal ne | »pptemperatuur ot sustava t2htsusega
jahutuss¢gsteem(id) peab (peavad) stamamuuteema sel |l e |
(protsessiga seotud) n»uet el e. Jahutussg¢steemi j o>
arvesse jahutusaine aastast temperatuurivahemiKk
madrgtemperatuur ni ng proj ekt deatav painddikkus, men t emper a
omakorda m»jutab jahutuss¢steemi suurust ja selle
vé@hendami st tuleb hoolikalt hinnata ja aktsepteer.i
jaam peab t°°t amaadaeasstwastihgwsedttagvas@ener gi at »husu
nNi mi v»i msuse. Naiteks kui kasutatakse mehaanili si

S¢St eemi k»ige °konoomsemalt kasutada, kui jahuti c
ja elektrienergia®s2 st mi seks va&alja | ¢litada, il ma et see v2he

Design Wet-Bulb Temperature (°C)

ssa o 21 18 16 10
204 -
Tower .
Plan 186 -
Area .
(M2) 167 -
vt \
130 T T T T T T T T

0 1 2 3 4 5 6 7 8 9
% Of Year Design Wet-Bulb Exceeded

DesignWeBu |l b TempeirPatojre&kt(eeC)i tud m2rgtemperatuur (AC)
Tower Plan Area (8) i Torni projekteeritud pindalém?)
% Of Year Design Waulb Exceeded Pr oj ekt eeri tud m2rgtemperatuuri ¢l etamise %

Joonis1.2: Torni projekteeritud pindala suhe projekteeritud m2@argtemperat
protsenti
(projekteeritud temperatuurid 40/24/18AC), [tm083, Adamsja Stevens]

Energiat®°°stuse puhul ei ole joonis 1.2 kohaldat a

valideeritud temperatuuride alusel:

T m2 pwg» i kuivjahutustornide puhul m»»detakse m2rj a
aastaringsel t, kasutades ¢hte va@artust iga 3 tur

9 I2bivoolus¢steemide puhul m»»detakse veetemperat
kuu kohta.
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Seej2rel toi mub opti meeri mine, v»ttes arves:
meetodit, mida nimetatakggobaalseks ajakohastatud bilansiks, selgitatakse XIlI lisas.

k |l datakse enami kus t°°%stusharude:
i se igal aj al ja eriti suvekuud
a projekteeritud maumgtudmpod reavtaut u
soojusvahet:i ol |l a Sl emd2rase V»i msuse
ami smeet mei d, nditeks ventil aatori muut u
msuse ja seega v2hendada otsest energiava

h a
du
[ 1

» ® O

sel t
tusva
uval't

c o =

M

i
u
d
b
t

]

»

bld
j ah
t n
Vv o» i
kK ai
vV o» i
Pal judes t°°stusharudes on tavaks jahutussygst
ruumi v»i msuse suurendami selks:r gwdhta 2vr»a, mskuwsnti
uus torn. Kui kaalutakse loataotlust tootnjesahutusys i msuse suurendami seks,

mi | ma ar al on ol emasolevas jahutussg¢steemis
(kuna see on alakasutatud) v»i ei ole see h?2a:

See strateegia v»imal dab m2 arat a kindl aks

jahutussg¢steemi (sooqlulsyahetegl) pabouseaijme Vv
Euroopas eelistavad t°°stusharud, mi s vV a
protsessitemperatuuride puhul (elektrjaamad ja (Rafkee e mi at °° st us), sel | i
ol emas suur ja t°°okindel veeal |l i kas ja kus
veevarustus on piiratud, Kk asvutiathipikaheustsmeur e v
Vajadus jahutada (potentsiaalselt) kahjulik
suurust ja v»imali kku | »pptemperatuur.i (vt n
Sell i ses oRVilklohrgmemivimd bvi i a j2reldusele, et
ainult s s kKui kasutatakse sekundaarset (Kk

s,
glus ja pr o] e kamperatuurivahssidrendamig.iSeettoobu r  t
ut at aptaempearatkwugie maa | lpdi se ener gi

i
teine rin
kaasa jah

1.4.2 Asukoha valik

On ilmselge, et optimaalse asukoha valikul on piir, mille ulatuses saab asukohaspetsiifilisi omadusi
opti meeri da. Ol emasokbsvavpbatsishecsmi de eptleant
optimeerimist tuleb kaaluda vastavalt ol emas

veekasutuse piiramine ¢l eminekuga kuiv»hkjaht
pruugi seda ludd a, kui kui vtemperatuur Sl et ab eel
projekteerimistemperatuuri, valij a arvatud ]
Vv»i msusega ja samaaegselt tehase ¢l dise ener ¢
Kuionasukohta on v»imali k valida, v»ib see ol ul
on oluline, et projekteerimisfaasis v»etakse
T olemasoleva jahutusaine (nii vesi kui »hk)
9 ol emasolev suurus (jahutusseadmete pindal a,
1 m»ju vee kvaliteedile ja veeorgani smidel e,
g m»ju »hu kvaliteedil e,

T meteoroloogiline m»ju,

1 keemiliste ainete sattumine vette,

T m¢r a,

1 ehitise esteetilised aspektid,
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9 kapitalikulud jahutuss¢steemidele, pumpadel e, to

1 pumpade, ventilaatorite ja veepuhastuse tegevuskulud,

1 igaaastased hooldug remondikulud,

T k2itami sparameetrid, nagu mkeskinimesogq us e »k smswtsusi ga,
ja veevooluhulk,

f k&@itamisn»uded, nagu n»utav temperatuurivahe | a

1 keskkonnaal aste »igusaktide n»uded seoses S00j uUsS

k»r guga | ms

T elektrijaamade puhul :kapitaikalodaet kompenseenda e v2 henemi ne,
v»i msuse v&@henemist, jaama eluiga ja energiakulu
madal amast energiat»hususest.

Ruum

Erinevad jahutuss¢steemid vajavad sama jahutusv»i
nngerinevad k a pindal avaj aduse, k»rguse j a kaal L
soojus¢l ekande p»hi m»tet nad j2argivad (vt | |lisa).
Suurte s¢steemide puhul v»ivad ruumipiirangud ol
hindami sest . See kehtib t2ielikult »huga jahut

jahutusv»i msuse tagami seks on vaja s imsusd mi t mekam
puhul ei tohiks ruum olla piiravaks teguriks, kuna turul on olemas spetsiaalselt sellisteks
ol ukordadeks m»el dud katusekonstruktsioonid.

Ruumipiirangud ol emasolevates kohtades, nditeks |
ti hedalt hoonestatud t°°stuspiirkondades, on j aht
hoone peal asuv jahutustorn eiswmijrae t¥#dielmdaeatar

piiranguid selle kaalule.

Ruumij a k»rgusn»uded on olulised kriteeriumid »hkja
ventil eer i mi lmenuikut i»bmbteoitmweda v »i ventil aatoritega |
Sama jahutusv»i hauiskuj usmieegaecjpal@adt uss¢gsteemi d ol e
ja k»rgemad kui mehaanilise t»mbega s¢steemi d.

Asukoha hindamine

Mitmes | iikmesriigis on asukoha valiku puhul t a
keskkonnam»ju hindamist | oa andmise menetl use osar
jahutuse tulemuslikkusele, on tehtud algatusi, et teha optimaalsetesjgdibide eelvalik juba

piirkondlike planeerimisprogrammide raames.

Tabelis 1.5 [tm01l2, UBA, 1982] on esitatud n?2ijde s
elektrijaamade jaoks asukoha hindamise kohta. Kohalike kriteeriumide kombinatsiooni alusel

|l iigitatakse asukoht k»ige sobilveamakebi kKaelsk.mi Tel ¢
m2rkida, et sellise hinnangu kasutamine on j2llegi
sobivus) kuuluv ala v»ib tegurite ¢l dise tasakaal

N2aide asukohavaliku tagajP¥Tlg2tderdmiosnt i3l.mnkel, asksuii Kk
asukoha puhul.

26 Tl ktuslikud jahutuss\steemid



1. peaf\kk

Tabell5:Suure jahutusn»udlusega seotud kriteeriumid asukoha valimiseks
(saadud:[tm012, UBA, 1982])
. Hinne 1 Hinne 2 Hinne 3 .
Kriteeriumid (hea sobivus) (rahuldav sobivus) (kaheldav sobivus) Selgitused
Piisav jahutusveevarustus W W W NNQ:v@i kseim teadao
NNQ > -----mmmmmmmeam NNQ© -----mmmmemeeem NNQ < ---m-mmmmmmmeem vooluhulk
zc DT zc DT zc DT W: vette ¢l ekantav
z vee tihedus
K¢l lhal dane j ah u t|Piisavjahutusveevarustus lima tehniliste meetmeteta ebapiisd c:  vee erisoojusmahtuvus
jahutusveevarustus DT: pinnavee lubatutl e mper at
Sobiv vee kvaliteet Vee kvaliteediklass Vee kvaliteediklass S»|l tumata kval i t|(Saksavee kvaliteediklassifikatsigon
1 m»»dukal t s a{llltugevalt saastunud I mitttesaastunud
II/1II kriitiliselt saastunud I m»»dukalt saast
/1 kriitiliselt saastunud
M- v. vé@aga tugevalt
IV ¢l em22raselt sa
Vastavus lubatud V<Aa V°Aa V>Aa V: aurustumiskaod  valitud kol
aurustumiskadudele Vaijikesed aur ust |Talutavad aurustumiskaod lima tehniliste meetmeteta (mahuvool)
vastuv»et amat ud [A:tegevuskohas lubatud aurustumine
a: osaAst , mida v»ib
piirangutega, mis tulenevad muud
k2aitise heitsooj
M»j u joogive|lJahutusvee 2@rajylJahutusvee ar|Jahutusvee ar aj| Seda kriteeriumi tuleb arvestada,
joogiveevarustust teatud t i ngi njoogiveevarustust, ilmat 2 i e n| rajatisest allavoolu saadakse joog
joogiveevarustust, kuid negatiiv] tehniliste meetmeteta eisaanegatiipi nnavee st (prae
m»ju saab va@ltim»ju va&alistada. |kavandatavalt).
Pikkade madalate aurupilvd Pikkade (<100 m) ja madalate)30] Sagedasemad pikad mad Hei t s 0 0] u>s1000QNVeé |
jaheitsoojusg | e k a n dm) aurupilvede k»rgusega au
sagedus tegevuskoha vahq (keskmiselt < 2% aastas) heitsoojuse ¢l
|l 2heduses (r|lheitsoojuse ¢l elMW
Topograafiline olukord Jahutustornist Mi t u jahutust|Mi tu jahutusto
k2aitise | 2helei ole v»i on vdk»rgustikku kHk»rgustikku k?ai't
k2aitisest umbes |kmraadiuses raadiuses
Heitsoojuse majandusliku | Suur potentsiaal majanduslikult V @ | potentsiaal majanduslikulf Heitsoojuse majandusliku kasutan| Heitsoojuse majandusliku kasutamise
arakasut ami s|lot st ar bekaks k a qotstarbekaks kasutamiseks v»i malus puudub |v»i malus suurendahb
kaugke¢ttes seda ei ole p»hjlning v»ib ¢l etada
v@hendada soo0j ushe
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Hindamist tuleks alustada soojuseaaskasutami se v»i mal ust e vali ku
jahutusveevajadust. Seda kriteeriumi ei saa t2ita
mittekasutatav soojus tuleb 2ra juhdi da. aVeeaypal ve
k2aitise | 2heduses viibijaid h&irida. Kui protsess
siis tuleb kasutada vees22a@2stumeetodei d, ngiteks
médrgjahu)ustwaid ringlusvooluga Ss¢Steemi . See t
kont sentratsioonits¢klitest tul eb rakendada mi n
summutamine, mis tingib hg¢brii dkoumfjakgimatinrgimssedoo n i k
soodsad, v»i b kaal uda k a »hkjahutuse kasut ami st
energiakasutuse ja kulude v»rdl emi sega.

Asukoha valimise protsess n»uab, et asukoha | »plil
jahutuss¢gsteemide valik, et leida ¢l dine opti maal
1.4.3 Kliimatingimused

KIii ma, mi da v-2jlg ehdiavakseenmpPergat uuri na, on &&rm
tingi mus. See m»jutalkanijiahjaloavayvipiroit sealsi k wt» i kna
jalv»i veega jahutamise vastuolu seisneb selles,

Eriti piirkondajdasyedtusmkermrgtewdu rsihdu | a n dawusega osdt o k k u
aastast, v»ib jahutuss¢steemi teatav ppandhkkéahaset
kombineeri mi sega. M»ni kord tuleb siiski |l eppida t
Vajal i ku protsessitemperatuuri saavutami seks on
jahutuskeskkonna temperatuur peab ol ema madal am Kk
kuiv-i a m&r gt emper akuur b dl psachsuttheuesneigdaes ipuhul v»i vad |
hooajalised k»i kumi sed piirata jahutussg¢gsteemi va
M& rgtemperatuur on al ati madal am kui kuivtemper a
atmosfaaritemperatuurist, »hunii skusest ja »hur »l
asjakohane temperatuur nifselt gnadalaip éempetatuur, rmilleniSvettesaab n t
aurustumi se teel jahutada. Tajutava soojus¢l ekandi
kus jahutusaine on »hk.

Jahutussg¢gst eemi t¢e¢ebi ja konstruktsiooni val i kul (
m2 rjga kui vtemperatuuri suvise tasemega. Mida suure
on kuivtemperatuurid, seda raskem on kKui v»hkjahu
I »pptemperatuur e. Nagu eespool mai nitud, v»ib S
cl etami seks saab v»tta meetmei qui kui Mapaaedusbuhkedt
kasuli k ma&@arata kindl aks, kuidas need temperatuu
maksimaalsed temperatuurid tegelikult saavutatakse.

N&2itena esitatakse tabeli s 1. 6, kui das evd»ineval
médrgjahutuss¢gsteemi valik m»xjutada Carnotod tsekli
ndites on m2rgjahutuse puwhuwleet eénup eerbatluiussradea i mEw gt
jahutusaine mi ni maal ne | »pptemperatuur. Kui vj ah
kuivtemperatuuril e | i sjaé#uivl »tdigperaauurisetinewisseda soutem o r g

ener gi at »rmeunsiunsee (vaéfrhteud n?2 i t e s )ine kkowsK kihtasSamal agaleoleks t e k
nditelkissd% »hususekao korral tavalise elektrijaam:
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Tabel 1.6: Kliimatingimused Euroopas
(saadud:[tm139, Eurovent, 1998)

ke e F Kuivtemp. M2 rt Kuiv - Ma r-
Rilk ja jaam (1%)? ( 5 c (1%§%np Erinevusk |1 » pp €4 | » p p ¢ g9 Tohus
( AC) (Ac)l (Ac)PPT® e
Kreeka Ateena 36 22 14 48 26 22 7.7
Hispaania Madrid 34 22 12 46 26 20 7,0
Prantsusmse Paris 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
Madalmaac Amsterdam 26 18 8 38 22 16 5,6
Prantsusmse 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 53
Norra Oslo 26 19 7 38 23 15 53
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 49
Taani Copenhagen 26 20 6 38 24 14 49
Portugal Lisbon 32 27 5 44 31 13 4,6
UK Glasgow 23 18 5 35 22 13 4,6
lirimaa Dublin 23 18 5 35 22 13 4,6
M&rkused.
1) Tabelis 1.4 esitatud andmed il lustreerivad kIl ii ma vdar iTe?eprsuenmids ta
konkreet se asuk oh amekeordloogaingitsitk.ab anal ¢¢si da

2) Statistiliselt on ainult 1% maksi maal setest temperatuuridest Kk»
3) Temperatuurierinevus: 12 K.
4) Temperatuurierinevdks m2rgs¢steemi puhul
5) Energi at»hususe kaagKkdh@askmi selt 0, 35% iga
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1.4.4 Matemaatiline modelleerimine, mudelite simulatsioonid ja katsed
testkontuuridel

Uut e j a ol emasol evate suurte jahutuss¢steemide
opti meerimi seks saab kasutada arvmudeleid, erit.i
ja katsed testkontuuridel on v»imahjkst &tbid viia

pi nnavee t er mjakaugulatuseswmiogoptiméerididssadastuse vastast® © t | ust .

Model |l eerimise eesm2rk ekreeundriida vmr»ijmaliidk ke fk¢oghsai
model |l eerimise tul emusi rajatistel e, et neid m»ju
oluline on uurida:

T veev»ttu ja heitvee @ravool u,

T k2itise visuaal seid aspekte,

9 aurupilvede teket,

fTtermilist ja keemilist m»ju vastuv»tvale keskkon
Testkontuuride eesm2rk on ma&daratleda jahutusvee
biosaastuse s a s . Sell eks paigaldatakse umbes ¢heks aast
esindavad tegelikke, aritegevuses esinevaid to°ot
kvaliteedi muut usi aastaaegade | »i kess ning kat s

m»»t kavas (ntiyhikbkaamuvalik)or ni

15Jahutustehni ka valimine keskkonnan»uet
Keskkonnan»uded v»ivad m»jutada jahutuss¢steemide
jahutuss¢steemi tasakaal ustatud val i kul vV o» i ol e
il diselt v»i b eristada viit peamilsst aspekti, mil!/l
1 energiakasutuse minimeerimine,
1 soojusheidete minimeerimine,
1 suurte aurupilvedminimeerimine,
i veeheidete minimeerimine ,
T mégra mini meeri mine,
1 pinnasesse ja maismaaelupaikadesse sattuvate heidete minimeerimine.
Need aspektid on omavahel seotud ja iga valik v»i
vadaltida tavap?2rase tegevuse k&igus tekkivaid kesl
selgumavesj  »jhak -wesijdhutuse erinevused ning konkreetse kot r ukt si ooni v»i mat
val i mise tagaj@rjed k&@itise t°°] e.

151 i hkf a vesijahutusega s¢steemide ¢l dine v»rd

Keskkonnaaspektide mi ni meejami»rhe&kj ahljesdud sagee

v»rdl uses. K@esol evas doku-meandvihsk jaarh uvt aisem vadh @\ ii ts&
ot sust ei tohiks teha ¢l di ses mb,t tneiss vs»eisvia ds epei ijraa
Kkummagi S¢steemi kasut ami st . Si i ski v»i b oll a as
jahutussg¢steemi veevajadus, pidades silmas vees?

kvaliteediga vee jarehttosmuuslelkelesrmRuikidahut{asi vii
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Maj andusl i kust v aa-jen uwregsa sjta hauit usleag ak si¢\wst lele mi
pe°rdepunkti ja kirjanduse kohaselt |j2a2a8b sece
AC ja 65 AC vahele (I »pptemperatuurina).

Kuiv-phkm@rgjahutuss¢steemide omaduste v»rdlu
n»utava jahutusv»i msuse korral [tmOO1, Bl oe

Ruumi n»uded:

T »hkjahutus vaj ab » hu vaikese eriso
mi ni maal sena, kui paigaldada »hkj ah
kohale,

T »hkjahutuss
l'iiga | &hed
kasutatud »

.steemide asukoha suhtes esineb
al e, sest see v»ib p»hjustada s
hu sissev»tu ohtu.

Hoolduskulud:

T ¢l disel't peetakse »hkjahutusega seotud hoc
katlakivi eemaldust ja veega kokkupuutuva pinna mehaanilist puhastamist ning ei vaja
|l i sapinda, et kompenseerida vee poolel teklk

Protsessi juhtimine:

T protsessitemperatuuri juhtimine on »hkjahut
| @bi vool us¢steemjdew,2| kasoowlere tsasaslkaal pii
veevoolu juhitavust. Mehaanilise U eimleega |
ol emasolev »hukogus piiratud ja »huvoolu s
kasutades ventil aatorite vahel duvat toeod

reguleerimist,
9 Jahutusvee lekkeid on lihtsam kontrollida, kuigi on teatatud, et kondensaatorite lekkeid on
raskem tuvastada. Tavaliselt m»jutab see pr

1.5.2 Konstruktsioonitegurid ja materjalide valik

J&r gAviledshenemi sviisi, on jahutussg¢steemi proj
oluline ennetav samm. M»l emad v»ivad m»j ut ac
energiatarbimist, kontrollitud (veepuhastus) ja kontrollimatuid (lekked) kesldtariteid,

m¢rasaastet ning soojusheidete suunda (vesi

materjalid teatud investeeringuid. J21 |l eqgi [
kasutatavate mat erj al i dene fbteidelt podti khasheeate v 2 |
investeerimiskulude vahel. See on j2llegi k
v»etakse arvesse j2rgmisi tegureid:

T k@aitamisviis (nt | 2&@bivooluga vVv»i ri ngluseg:
9 jahuti konstruktsioonjp ahut uss¢steemi paigutus (otsenel
T r»hutase (kondensaator),
1
1
1

jahutusvee koostis ja s°°vitavus,
jahutatava keskkonna koostis ja s°°%vitavus,
n»utav pikaealisus ja kulud.
Saadaval on mitmesuguseid materjale, mill est
toodud vastupidavuse suurenemi se jarjekorr
alumiinium/messing, vask/nikkel, sobivad roostevaba terase liigid mita Nendes r ¢ h
kasutatakse veel kvaliteedip»hist al ajaotust
erosioonile ja bioloogilisele saastumisel e s

konditsioneerimisvahenditega.
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IV i sas on esitatud m»ned kaalutlused | 2bivool uga
koht a. lga t°°stusliku jahut uss¢¢\Vedirgeevest puhul vV o» i
»hks¢steemide puhul s»l tub valitav materjal nii .
sul etud primaarkontuuriga kuivjahutuse puhul on pr
On il mne, et kaitise eri osades v»i b kasutada erir
materjal, mis on vee s°°%vitavuse v»i protsessitinc
tundl i kumad materjalid ( ella lvagaduis dahutusvee >keehulises el | e t ac
t°°tl emise ja kontrolli programmi j2rele, mis tookt
Tabelis 1.7 on esitatud n2ide konstruktsiooni er i
projekteeritud sama jahutusv»i msuse ja sama n»ut a
t2hendahb erinevaid suurusi, k sest dsuletede dhklaga g e erine
jahutustorni puhul on vaja umbes 7 kW rohkem, et
j »udl us. Sel | tegevedkuldj uphaunln av »viavlaidma ¢he teistest vV o»
projekteerimistegurite upsiuhulmiw»ivb»itvealda asiaran aesreiinde
eelistades m»nda teist variant.
Tabel 1. 7: N»utava maksi maal se heliv»i msuse tasem
v » r d[imu39, Eurovent, 1998]

Mehaani | i s| Suletudringlusega [H¢ br i i dne

m2rgjahut jahutustorn ringlusega jahutustorn
Kliima :
Kuivtemperatuur 26A C
Margtemper 18A C
Etteantud andmed:
V»i msus 1200kW
Sisendtemperatuur 38AC
Valjundt en 32AC
Vooluhulk 478l/s
Hel i v»i ms( 90dB(A) | 90dB(A) | 90dB(A)
Konkreetsed andmed:
Pikkus 3,7m 3,7m 52m
Laius 2,8m 24m 20m
K»rgus 3,2m 42m 30m
Ventil aat d 5 kW 11kwW 5,0 kW
Pihustuspumba 1kw 2,2kw 1,0kw
V»I] MSUS

153 V»i malused ol emasolevate s¢steemide tehnol

Uue jahutussg¢gsteemi puhul on rohkem paindlikkust,
hi nnat a alternatiivseid v»i mal usi , samas Kui ol e
muut mine sageli drastiline | ah eoloajatsnuutaMkuich i kor d on
ol emasol evate k2aitiste puhul on tehnoloogiliste
v»i mal uste arPVTIptihiernsetmids.viKwna kohaselt on heidete
v»ttes arvesse k a maj asadusahiuktkuessgspekme, ktut ahks
opti meeri mi st kaal uda tehnol oogi a muut mi st . Jar
t2hel epanekud j a RWT gledmuesreadmi s et i stiuumnaames n¢dite
optimeerimismeetmete kohta (vt ka Xl lisa).
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15313 2rel pai gpbdpmsed ja kaal utl used

Ol emasol evate k2&itiste moderniseerimist v»ib

1. ol emasoleva tehnoloogia asendamine teise, \

2. vananenud ehnol oogi aga seadmete asendamine kaas
ning

3. olemasol evate seadmete muut mine, et par and

n»udmi si

Erinevalt uue seadme valimisest, kus asukoh
m2aratletud, on moderni seerimise stsenaariu
parameetreid:

T ruumij @rel paigal datav seade peab sobima ol em
T k2itamisressuriswsusdep&i2gdledsiasadate paigalibelek s ¢ | et

vajali kke k2itamisressursse, uus infrastrul
1 seadusandlikud piirangiidk e s k k onnam»j ud, n2iteks m¢grakri

ol ema samal tasemel Vv »i madal amad kui vana
Ruum on sagel.i ise oluline p»hjus moderni see
ehitatakse uus k&aitis v»i hoone, v»i b oll a |
paigutada hoone katusele v»i mi s vajab vahem
Eelistatud | ahendus ol eks uus paigal di s, n
moderni seeri mi sega kegeauskuld k s Vd i tegeeuskdldi ksre makl s
peami si moderniseerimise p»hjusi Eelistatud
v@hendab ni i heiteid kui k a k2itamisressur
investeerimiskulusid. Arvestades tegevuskulude kokkuhoidejawna |l i kku hei det e
v»ivad suuremad investeeriamassda.ul ud end | ¢hi k
K»i gi moderni seerimisstsenaariumide puhul t U
jahutatavat protsessi. M»|l emat tuleb vaadel d
m»jutada protsessi j a vast upikdeab oldmg mhutataval e r n i
protsessi t»hususe s?2ilitamine v»i v»i mal us
jahutatavas protsessis tehtavad muudatused Kk
veel ¢ks oluline p»hjus moderni seerimi seks

Muutused jahutatavas protsessis v»ivad p»hju
u tekib protsessis vah
d

T Uue tehnol oogia t»tt €
jahutusv»imsust (n?2ide:promessidit i ter mi nal. ,
T Hei t soojuse temperatuuritase on muutunud, |

p»l etusprotsessid).
f Suurem osa protsessis tekkivast soojusest t

keskkonda.

T Protsessi temperatuuritundli kkus on suur ene
Tabelis 1.8 on esitatud kokkuv»te tehnol oogi |
v»i b pidada tehniliselt l' i htsaks (E), V»i me
mittekohalduvakg( NA) . 'l diselt on igal s¢ st eemikEl eri
ngitab, et v»imaluse rakendamine s»|l tub suur
te°tab. (Vt ka 3. peat¢kk ja lisad).
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Tabel1l.8:01l emasol evate s¢steemide tehnoloogilise moder
(isiklik teave)

_ T°ostuslikud fahutussg
Ui mal y OTCS OWCT OWDCT | CCWCT | CCDCT | CCWDCT

'l dine E E E E E E
V»i msuse E E D D D D
suurendamine
kWev & hend D E D E D D
Veekasutuse NA NP-E D NP-E NA D
va@hendam
Aurupilvede NA NP-E NA E NA NA
va@hendam
M¢ra v©ah NA E D E D E
Triivi NA E E E NA E
va@hendam
Ma&rkused:
'Koodide selgitused (vt k& ptk):

OTCS il2bivooluga jahutuss¢gsteem

OWCT Tavatud m2rgjahutustorn

OWDCT Tavat udkuivaghutugtorn

CCWCT ifsuletud ringlusega m2rgjahutustor

CCDCT T suletud ringlusega kuivjahutustorn

CCWDCT isul etud r i-fkuvjahutestoma m2r g
Jahutusprotsessi moderniseerimiseksonpahui mal i kke viise ja m»xned tg¢epi
koos asjakohaste kaalutlustega on | oetletud j&r gm

1532S00jus¢l ekande tehnol oogia muut mine

Tavaliselt on uue tehnoloogiaga seotud madal amad
peami sed p»hjused ¢he soojus¢l ekandetehnol oogi a a:

Tée¢epiline n2ide on | 2bivool usg¢gsteemi asendamine |
tegevuskulusid (vesi ja kanalisatsioon) ning | @2r
Ringluss¢steemi maj andus!l i kud nerglaietikalydesdKus » | t uvad v
eel dada, et vee ja reovee keskmised kulud on 1 4/
tegevuskulud selles n2ites | 2bivoolus¢gsteemi puhu
(2100 U vee eest jast2andéd Oko Kk emeirdji an ex4t000 A, mi
000 U investeeringukulusid. Kui tasakaal on eel k»
palju suuremad kui aastased kulud, siis muutub oluliseks teguriks investeeringu tasuvusperiood.

Selles n2@ites v»idavad tehnoloogia muut mi sest same
ka ettev»te. Samas kaasnevad keskkonnakulud t2ie
t®i endavast ventil aator.i j a puwmbsaeldneesr gri2aivtag sa d s 8 6
ma ar al aurustumi skadu, mille arvutami sel on eel da

jahutuse kohta (vt V lisa jaotist 3).

See n2ide h#itdab LkbeBBeda tehnol oogia muutustele.
on tulemus ¢sna erinev ja eelistatuks v»i b osut.
el ektrikulu on umbes 0,05 0/ kWh 3varvebekebusutbitud:
ringluse veekuluga 0@ , 2 3, Goleks majanduslikust seisukohast soodsam kasutada

| @2bi vool usg¢st eemi
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Tabell9:N2 i de | 2bivool us¢gsteemi muut mi se kohta r
[tm139, Eurovent, 1998]

N2 i:de a n , )

» huk omp 508kWs d L2bivool us, Ri ngl ussg¢s
Sisselasketemperatuur 15A C 27A C
Va3ljalasketer 35AC 35AC
Vooluhulk 6l/s 151/s
Aastane t©°°ty 1800h 1800h
Aurustumiskadu - 1400mj / a
Val]ljapesu 700mj / a

Aastane veekasutus 38800mj / a 2100mj / a

T2iendav vent 15kw

pumba energiatarve

Investeerimiskulud - 21000u

Kui kaal ut akse jahutuskonfiguratsiooni mu ut
energiat»hususel e. V » i ma | sugrendada.oTremparatuurttundliike k s

protsesside puhul tul eb kontrollida, kas B
ohutustaseme juures madal amaid | »pptemperatul
N2ide vesijahutusega kondensaatori asendami s
nditab m»ju | »pptemperatuurile ja s¢steemi e
v»i b potentsiaal sel't v @ h e i6d aKirarvak, o nsgd»elntswevea li tm
tingi mustest. Sellisest moderniseerimisest t

12215% k¢l mut usseadme ko minlsEsroventl998ner gi avaj ac

Keskmi ses temperatuurivahemi kus temperatuur |
h¢egbriidseégsteemide kasutusel ev»tt, kuija tul e
kanalisatsiooni kulusi d. Sel l i ne muu dolliseits e
vé@hendahastagd veetarbimist. S»l tuvalt tegel
v»ivad h¢gbriidkontseptsioonid n»uda | isaruum

1533Vananenud soojus¢l ekandetehnol oogi a a:

Sagel. ei ol e jahutustehnoloogia vahetamin
ol emasoleva tehnoloogia muutmine tuua kaasa
va@i ksemad heited ja madal amad tegevuéntlade ud.

arendamine ning vastupidavamate konstruktsio
mis tingivad tehnoloogiate asendamise.

Kuna protsessi temperatuurid tavaliselt ei muutu (sama tehnoloogia), siis on selle stsenaariumi

puhul p»hir»hk suunatud k&itamisressursside
eluea pikendamisele. Uute vastupidavate materjalide kasutamisega brma | i k pi ken
seadmete kasutusiga ¢le 10 aast a. On v&aga t»
seadmed saab n¢g¢d asendada kaasaegsetejpg suur
maj andusl i ke n@itajatega seadmetega.

Teepiline ngide l @bi vool uga jahutussg¢gstee
pl aatsoojusvahetite kasutamine. N2iteks aur
arengui d, e matgrjalidepa datbavahetessgsteemide n2it
kompaktsem konstruktsioon ja suurem energia
saavutatud sarnaseid tul emusi uue tehnoloog
Naide sel l»éKts, ormil lal ipraeg ewna e nlasutysele, oregitatgsdu s e m»
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tabelis 1.10. Sellisel juhul peavad investeerimiskulud olema tasakaalustatud aastaste
energiakasutuse ja hooldust2itmise kuludega.

Tabel 1.10:N2i de vananenud mehaanilise t»mbega m2rgj ahu

kohta kaasaegse konstruktsiooniga torniks
[tm139, Eurovent, 1998]

Naj: de Vananenud konstruktsioon: | Kasaegne konstruktsioon:
h .'I' indut seer it indut seeritu
Me paant 1S € kontseptsioon, madala kontseptsio
mérgjahutu t »hususieaasit »husts ejaverilaator
ventilaator
V»i msus 1200kW
Sisendtemperatuur 38AC
Va@ljundt empe 28AC
M2 rgtemperat 21AC
Vee vooluhulk 2871/s
Ventil aatori 75kW 4 kKW
Ventilaatorite 9 MWh/a 4.8 MWh/a
energiatarbimine
Investeeringukulud - 140000

1.5.340lemasolevas 0 0j us ¢l ekandetehnol oogia moderni seer

Sageli ei ole vaja kogu jahutuss¢steemi valja vahe
saab parandada ka moderniseeri misega. S¢steemi [
asendatpaakrsaeen dvavtiakse, samas kui ol emasol ev paigaldi
suurendada s¢steemi t»husust ja v@hendada keskkont
ja t»husamad jahutustornide t2itematerjalid ning |
Tabelites 1.11 ja 1.12 esitatud juhtumeid tul eks
Keskkonnakasu terviklikuks hindami seks tul eb ar \
jahutustorni t2itematerjali a s e nadatemvanaed tul eb E
t@itematerjalide keskkonnakul usi d.

Tabel 1.11: N2 i de mehaanili se t »mbega ma&rgjahutustorni
asendami se kohta kaasaegse k»rgtehnoloogilise t?2ai/f

[tm139, Eurovent, 1998]

Na'dae: _mehaanl Vananenud K»rge t»hus.
m&rgjahutus

V»i msus 3600kW

Sisendtemperatuur 38A C

Va]l jundtemper a|] 28A C

Ma@r gtemperatuu 21AC

Vee vooluhulk 86,1l/s

Olemasoleva kambri 26m]

Ventil aatori Vo 22 5kW 13,5kW

Ventilaatorite energiatarbimine 81 MWhl/a 48,6MWh/a

Investeeringukulud - 29 000

Seda, et k»i k muudatused ei avalda ainul' t positidi

saavutatud m@rkimisvaa2rne2mgmaamiseemet vdheagani thaev all

r-hu | anguse, mida tuleb kompenseerida ventil aat

suurendab jahutuss¢steemi otsest energiakulu. See,
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V o» i madal am m¢r at as e, on Kk o h-ajd Hoddeskuusid tilekst u st €
v»rrelda energiakulu v&2@henemi sega.

iat»hususe suurendami se k
| i sagedusnsuandurite abib moduleeritaaks. Selle
l a m2arkimisvaarne el ektrie

Ventilaatorite sissg a v 21 | al
tul emuseks v»ib o
olla 70% ja rohkem.

Teine n2ide energ
¢
I

Moderni seerimise investeerimiskulud v»ivad ¢
t¢eéebist ja olemasoleva paigaldise vanusest.
t »tt u vtégevkskuldma dModer ni seeri mi se investeeri mi s
tehnoloogia muutmise v»i seadmete valjavahet

Tabel 1.12:N2 i de akustilise toimivuse parandami se
[tm139, Eurovent, 1998]

N2ide: mehaani Olemasolev Moderniseerimine
m2&rgjahutus m2rgjahutu helisummutusega

V»i msus 1200kwW
Sisendtemperatuur 38AC
Valjundtemper a 28A C
M2 rgtemperatuu 21AC
Vee vooluhulk 28,7l/s
Ventil aatori v 15kwW 18 kW
Hel i v»i msuse t 90dB(A) 81dB(A)
Investeeringukulud - 12 000 u

1.6 Majanduslikud aspektid

Kulud on al at.i ¢ kjsa hoult wlsiss¢gesmaeiedmi t evgaul ri ekiud j a
individuaalse projekti tasandil. Eristada saab kolme olulist kululiiki:

M investeerimiskulud,

1 hoolduskulud,

1 energia(ja veevajadusega seotudyevuskuld,

T keskkonnakulud, n@iteks maksud ja j2a2tmete
Absol uutsed kulud ja erinevate kulude vahel:|
K»i ge madal amate investeerimiskuludega jahut

minimaalseid kasutusressursse. Tehnilised lahendused ressursganmimimeerimiseks toovad
sageli kaasa suuremaid investeerimiskulusid.

Seet»ttu on oluline, et maj andusl i kes k a
investeeringukulude v»rdlusel e, vaid ka jahu
on tegevuskulud seotud ¢l dise enesgiat ekems d
val i kust tuleneva energiat»hususe muutuse r.

puhul erinevaid lahendusi eespool nimetatud tehmiigandusliku meetodi abil, kasutades

Ategelikkuﬁ VvV o» i Av 22 r t usu[endbé,Caudreni9®ilar v u, mi s
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2 RAKENDATAVATE JAHUTUSS, STEEMI DE
TEHNOLOOGILISED ASPEKTID

2.1 Sissejuhatus

Sell es peat¢kis kirjeldatakse | ¢ghidalt m»ni ni
p»hi m»tteid. Nendes konfiguratsioonides v»ib
protsessi, asukoha, keskkonpjaa maj andus | i k &rinevadwe kaeoojusvahdtimi s e
suurus ja te¢ép, ventilaatorite t¢gep ja k2it
erinevate kriteeriumide alusel. Standardkir]j
1 iv»>hkjahutus | ail daamiursd ervi vna® rtgg rarhad grsa a
haselt on see vastavalt tajutav so00j us:;¢g
mbi nat si oon. Aurutava |jahutuse puhul (
hidsanesoojusest kantakse ¢l e | atentselt
ojus¢l ekanne,

atud v»i suadaedtudd sgssteeemmids on
skkonnaga kokkupuutes; suletud
rude, spiraalide v»i kanalite
sesed v»i Kkatdesdssggtseemmds o
hut atav keskkond vahetavad soojust,; k au
sul etud sekundaarne jahutuskontseur j o
ahutusaine vahel. T2iendava soojusvah
temperatuurierinevus suurem (umbes 5 K).
pri maarseteks j a sekundaar set eks S¢sStee
jahut ussuusttaeekmiuds eks s¢gsteemi ks ja seda
kus protsessikeskkonna leke ohustaks keskkonda.

O O C

O~+X® VDT XXX
M

OO OMm< O

S
n

J
)
j

K2 e s ol e v-dokumeBdisEeFkirjeldata otse¢@kkupuutegaj ahut uss ¢ st eeme
ajada otsese/ kaudse jahutussg¢gsteemiga), ses
protsessist, mille puhul neid kasutatakse (nt kuum teras). Teine jahutusviis on baromeetriliste
kondensaatoritega da8sihvdolu gahutatakse sotsee seaie kohlale siee
doseeri mi sega. Neid v»ib Il eida toiduainet?®©?©
s¢Steeme, samut i ei kasiteidtasglvmakumbedqpi Hai
kasutavaid s¢gsteeme.

Prakti kas kasut at akse Euroopas j a k a valij e
jahutuskonfiguratsioonide kohta mitmesuguseid nimetusi. Nende nomenklatuur on sageli seotud
rakenduse eesm@rgiga ja el ektri | aaessidedidXllt ¢ pol
i sa) . 11 di sel't v»i b eespool esitatud p»hi m»
kasutatavate s¢steemide | oetel u:
T I'2bivooluga jahutuss¢steemid (jahutustornic
T avatud ringlusega jahutuss¢steemid (m@rgjat
f suletud ringjahutuss¢steemid:
- »hkjahutusega jahutuss¢steemid,

- suletud ahelaga m@rgjahutussg¢steemi d,
T kombi neerjida ulduimAjrghut uss¢gsteemid (hegbriidja

- avatud h¢gbriidjahutustornidm

- suletud ringlusega h¢gbriidjahutustornid.
Sul etud ringjahutussg¢gsteemide puhul v»i b wve
kohapeal ehitatud v»i kokkupandavaid kohanda
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'l di selt kasutatakse | @bivooluga j-da(naftaat ud
keemi at®°°stuse rajatistes.
Terminit torn kasutatakse nii I|domud tkau
s¢steemi d) Kui ka kambri t ¢épi konstrukt si
katusel.
V»rdluseks on tabelis 2.1 esitatud m»ned
tehnilised ja termod¢naamilised omadused.
p»hijal (vt tabel i |l egendi ) . Od uv % ineadnv amr»ii esd ray, d ae
s»l tuvad suuresti soojusvahet. konstrukt si
mi ni maal sed | »pptemperatuurid varieeruvad
temperatuurierinevused erinevalt (vt | lisa
Tabel 21: N2 i de erinevate t°°stuslikes (mitte
jahutuss¢steemide tehniliste ja termod¢gnaamiliste
J J
[tm139, Eurovent, 1998]
Miinimum - | Protsessikeskkonna T°O°stu
Jahut us 4Jahutus |Peamine tempera- | minimaalne saavutatav protsessi
keskkond | jahutus- tuurivahe || ppt e mS)(eAé V>»i msu
p))hi m» t (K)4) (MWth)
7 -
pvatud o] vesi puhtvst 37 5 187 20 <0,01- > 2000
<
Avatud 3 Vesi Juhtivus / . .
S ¢ S ti&kauadme konvektsioon 6110 211 25 <0,01->1000
Avatud Vest) s . . .
ringjahut i hk Aurustuminé 61 10 271 31 <0,17 >2000
1 otsene
Avatud Vesi)
ringjahut U hak Aurustuminé 97 15 301 36 <0,1->200
i kaudne
Sul etud 1 Ves? [Aurustumine 7) . -
jahutussgd 1 h% | +konvekisioon| 7714 281 35 0,21 10
Suletud kuiv N . " N .
shkjahut i h k |Konvektsioon 107 15 4071 45 <0,17 100
Avatud Vesi? Aurustumine . . 6)
hebriidjd 1 h%k | +konvektsioon [ 281 35 0,15-2,5
Suletud Vesi? Aurustumine . . 6)
hebriidjd 1 h%& | +konvektsioon 7114 281 35 0,15-2,5
M&r kused:
1) Vesi on sekundaarne jahutuskeskkond ja seda kasuf
2> ihk on jahutuskek&a&hktoakse mill ¢ esesblboruda.
3) Aurustumine on peamine jahutusprintsiip. Soo0ojus
vahekorras.

4) Tuleb lisada soojusvaheti ja jahutustorni temperatuurivahed.

konfiguratsio

5 L»pptemperatuurid s»l tuvad asukoha kIl iimast (and
temperatuur 30A/21AC ja maksi maalne veetemperatu
6) V2i keste sedthimeme seadtdmaskombi natsi ooniga v»i spd

saavutada suuremaid v»i msusi .

7) Kui kohal datakse kaudset S¢St eemi VvV o» i on k a a sbKt nis]
toob kaasa protsessi temperatuuri t»usu

Tabelis 2.1 toodud n2ide n2itab, et
protsessi soovitud temperatuuri vahemik
Ruumivaj aduse j a kul ude t»t tu ei

kui v»hkjahutuss¢st eeme, samas
t

soojuse 2rajuhtimi seks.

Kondensaatorite puhul on
temperatuurierinevus | »pperinevuse j a
Al »pperinevusiA t&2histab temperatuuri eri

kalsut at a
KMW®hvwe s isjuaulr tetmas t

temperatuurierinevused
jahutusve
nevust
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va@l juva kondenseeritud auru) ja kondensaat ol
vahel Vaartused j@2vad vahemi kku 3 kuni 5 K

Tabel22:N2 i t ed erinevate energiat®®stuses kasut

termod¢ég¢naamili ste omaduste koht a
[Kommentaar: EDF/[tm056, Caudron, 1991][tm056,Caudron, 1991][tm056,Caudron, 1991]]

JAlf Ll WSSy s Rakerjdatud Energiatoo_tmisprotsessi
temperatuurierinevus (K) v » i mMW th)

AvatudP bi vool us { 1320( » pp er3i5n ey <2700
Avatud m2rgj a 7-15 <2700
Avatud h¢gbrii 15-20 <2500
Kuiv»hkjahutu 1525 < 900
Sell es peat ¢kis antakse ¢l evaade k»ige | evin
seotud keskkonnaaspektidest. | ksikasjalikum
[ll ja V lisas ning viidete loetelus olevates dokumentidéstJg nevas tekstis kasu
k»i ge sagedamini esinevaid tehnilisi termine
kui kasutatakse ka muid m»isteid.

2.2 Soojusvahetid

Soojusvahetid on ol deméndik ohis 3 o jnivjahdtatayabt priatsessidty a d

K ui ka jahutuss¢steemist. P2rast soojusvahet
juhtimiseks. Tavaliselt kasutatakse kahte t ¢
ningplaadi j a r aami t ¢epi

2.2.1 Manteltoru -soojusvahetid

Seda tg¢epi soojusvahetiga on t°°tlevas t°°s;
t°°kindlaks. On olemas hul k erinevatkdulidelonst r
vV o» i kus soojusvahet:i on prongkmeetr ¢ k 1.d Is ¥»
temperatuurideks, t°°tami seks auru v»i sooj u
ja protsessikeskkond | iigub ¢mber torude, m

manteltorusoojusvaheteid Il lisas.

2.2.2 Plaatsoojusvahetid

Pl aatsoojusvaheteid kasutatakse ¢ha enam mi

keemi at°®°stuse ja elektrijaamade rakendustes
temperatuurierinevuse juures, samut i k¢l mad
soojusvahetid auru ja suurte gaasikoguste jahutamiseks ning olukordadesse,&kn o ht s et t
biosaastuse ek k eks, ning protsessivedeliku ja jahu
M» n el t¢éebil on topeltkonstruktsioon, et tag
raske hooldada. Plaatsoojusvahetid°ch o n o o ms e d , kuna v»ivad ol |l a

ringikujulised) kui samaasdojisvaheatid vahet uspi ndal
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223 Soojusvahetite keskkonnakg¢gsi mused

Keskkonna seisukohast on m»l ema soojusvahetitg¢ebi

- piisavalt hea konstruktsioon t»husa soojusvahetu

- n»uet ekohane ko n grotsessikeddiku elkimist jalutuskeskkdnta, d a

- materjaldi valik soojus¢l ekande t»hususe tagami
protsessikeskkonnast tuleneva korrosiooni valtin

- mehaaniliste puhastusseadmete kasutamise v»imal u

23 L2 bivooluga jahutuss¢steemidd
231 Ot sesed | 2bivoolujahutusega jahutussg¢gsteem

Tehniline kirjeldus

Ot sestes | @bivoolus¢gsteemides pumbatakse vesi al | i
suurte vee sissevoolukanalite kaudu otse protses
l 2bi mi st juhitakse so00] enushkantaksepretsessistgahutugaindlea g a s i pir
ol e vaheseinte kaudu,somj ssvesienauveaed pmerutlel t or ude
pl aatsoojusvahetites. L@2bivoolusg¢gst eeme tahist al
paberit®®°stuses ni metvowdd gmaljjalndittuestsg sd & eanna el § aih
var ust amols, Betzsl991]

tq t
Tarbijad

M

I

L g
Joonis2.1:0t sese | @bivool sskpam j ahut ussg¢st eemi
[tm001, Bloemkolk, 1997]
Jahutusv»i msus
La@2bivoolus¢gsteemid on kavandatud enaWnbugdt i suurte

neid v»i b projekteeri da kWg .v 8Siukueg dtee ed gkitad miacaenajdaec
veevoolud 1 MW jahutamiseks on vahemikus 0,02/sn( I T = 12K) kuni 0,034 rfis (/T = 7K).
L@2bivoolujahutusega on v»i mal ik saavut ada mad al
temperatuurivahe on3 K.

Keskkonnaaspektid

L@2bivoolus¢steemide puhul on peamised keskkonnaas
9 suurte veekoguste kasutamine,

1 soojuse eraldumine,

T kal ade sissev»tmise oht,

M tundlikkusbiosaastuse kat | aki vi VvV o» i korrosi ooni suht es,

1 lisaainete kasutamine ja sellest tulenevad veeheited,

1 energiatarbimine, peamiselt pumpade puhul,

1 protsessivoolu lekke oht ning

f vee sissev»tu s»elte mudaga ummi stumine.
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Rakendusalad

L2bivoolus¢steeme kasut at akse suurtes t oo
keemi at°®°stuses j a rafineerimi stehastes. L@
pinnavesi . Va@ajiksemate kasutusviisidesegkahul,
kraanivett v»i p»hjavett. L2bivoolus¢steemid
t°e°kindel ja sobivalt madala temperatuuriga

v»i vad samut.i S¢St eemi kel snuveeakvahteetujss iee keemjlinet a d e
koostis siin va&@hem pii r apmd@gd/ankDonkjaJerinerkPd6h ss ¢ st e

232 L@2bivooluga jJjahutuss¢gsteemid koos j ahi

Kuna elektritootmise protsess t°°tab vaaku
kondensaatoris tavaliselt protsessivee reost
| 2bi voolus¢steeme koos jahutussbumbpgaassee pe
juhtimist. Sel |l i st konfiguratsiooni kasut at ¢
mi nna ] a t »st a s ama k2itise vV o» i teiste r e
vastuv»tuv»i me, | 0 0 d eja pinndvee itekmperiuur en, santuft oluliseds e ¢
tegurid. Sellist eeljahutusvii si kasut at akse
ja sisemaal j»e?2a8rsetes k?2itistes.

Selliste jahutuss¢gsteemide suhtes kohal dat al
Jahutustorni t2idise valikul tuleb arvestada
|l aia t@itega v»i pritsiva t2itega jahutustor

&
Joonis 22 Energiat®®stuses kasutatava ot sese

j ahut us skeeant e e mi
[tm132, Eurelectric, 1998]
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233 Kaudse | 2bivooluga jahutussg¢steemid

/
--—--—-——-——--f—--
1 t
Tarbijad ¢
—

t1 t2 M

R Sl W) Ao ™
Joonis23:Kaudse | 2bivool ugskgemj ahut ussyg¢steemi
[tm001, Bloemkolk, 1997]
Tehniline kirjeldus
See jahutussg¢steemi konfiguratsioon on sarnane ot
puudub otsene soojuse ¢l eekanne protsessivedel i ku
kohta kasutatakse ka m»i st eskantaksepkoisassikaskkonnadt j ahut u s ¢
vV o» i tootelt ¢l e jahutusainel e, mis ringleb sulet
jahutuskontuuris annab jahutusaine oma so00juse SO0Cc
(nt pinnaveel sdoj mssahebi'ae darbult ¢ks kord, nn p
See vesi juhitaks otse pinnavette, samas kui sek:
Jahutusv»i msus
Kaudse | 2bivooluga jahutusega on v»imali k saavut ac
t2iendaval e soojusvahetile v»5 b Ktemperagt usuxli tvia\ha
soojusvaheti t»hususest.
Keskkonnaaspektid
Vit k a ot sese |l 2bi vooluga jahutussg¢gsteemi. Sel |
protsessivedeli ku sattumise oht pinnavette on min
Rakendusalad
Kaudse | 2bivooluga jahutusveesg¢st eemi kasutat akse
protsessivedeli kud |l eki ksid jJjahutusvette. Pinnav
jahutussg¢gst eemi puhul olulised. Samut i tekitab
soojuskoor must . Kaudse | 2bivoolusg¢steemi cks wvari
Seda o0osa jahutatakse »hu abil, e sveega. %edai see seg
t2iendavat jahutusv»i msust saab kasutada neil aas
i1 diselt ei ole t2iendava soojusvaheti t»ttu (st
protsessi | »pptemperatuurid nii madal ad kui otses:¢
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24 Avatud ringjahutuss¢steemid

Joonis24:Avatud ringj asheent uss¢ st eemi
[tm001, Bloemkolk, 1997]

Tehniline kirjeldus
Avatud ringjahutuss¢gsteeme nimetatakse ka av

s¢steemides jahutatakse | 2bi soojusvaheti (de
suurem osa soojusest juhitakse keskkonda. Jahutustornis jaotatakeseme nenud v e s

jahutustorni t2idise, kus see kokkupuutel »hu
see pumbatakse tagasi sooja protsessi, et S
tekitataksdoomulikul moelv » i we otriiltae abil, mi s suruvad v»i
jahutamine toimub v&aikese o0sa jahutusvee aur
tul eneva tajutava So0j use kadude t » t-tjau mi
kuivtemperatur m» j ut avad suurel m22ral seda, mill i :

Enamik, kuid mitte kogu tornis jahutatud vesi lastakse ringlusse ja seda saab uuesti jahutusveena

kasut ada. Peami sed veekao p»hjused on aur
puhastamine (tahtlik valjalasknki ne®Il jnaipnegs ul eo
aravool ringlusest, mis on vajalik jahutusyv
aurustumi se kompenseerimiseks |lisatakse vett
ringlussg¢steemi j aoks k -3 Wt atama |ji sahwtey\ox
l @2bi vool usg¢st eemi vooluhul ga%t . SEmeogi At g? &8
n»udega A0, 25% | jahutusvahemiki, mis m2rg
vooluhulgast. V2l | ap e350,80n¥s*1@00 WV4, jaratuse lsobtd. Veev a h e |
pool estusaeg varieerub ¢hest tunnist kuni ne

See s¢gsteem n»uab aastaringselt k&2ttesaadaval
puhastamine.

Jahutusv»i msus

Avatud ringluss¢steeme kasutatakse peamiselt
vahemikku 1100 MW, kuid ka palju suurema Vv»i msuseg
kasutatakse enamast. si semaal , kus vett ei

edasine t»us ei ole vastuv»etav, nagu see 0
a a r[t;@05, Van Donk ja Jenner,1996]. M2 r gj ahutustornid annavad
umbes 80% ulatuses latentse soojusena (veeauruna) ja umbes 20% ulatuses tajutava soojusena
[tm132, Eurelectric,1998]. Tehni | i selt ja majandusl i kud0t on

AC temperatuurierinevus 4 K. Temperatuurieri |
kohapealsetest kliimatingimustest.
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Keskkonnaaspektid

Ringluss¢steemi keskkonnaaspektid s»l tuvad eel k»i
Need on j&rgmised:

T jahutusvee |isandid ja nende heited va&aljapesu Kka
1 pumpade ja ventilaatorite energiatarve,

T »huheited,

T heitgaaside teke, kondenseerumine ja j228 moodust
T meroa,

f jahutustorni t2idise asendamisest tulenevad |22t
1 inimestetervise aspektid.

Rakendusalad

Ringluss¢steemid on kasutusel mit mesugustes prots
veekogu v2&iksem soojuskoormus, kuna va@ljuv heitsocf
omadus on jahutamisedsa sut at ava vee koguse v&@henemine. See

| @bi vooluga jahutuss¢steemide muutmine avatud aur
vV o» i mitut jahutustorni

Avatud ringjahutuse konfiguratsioonid on j2rgmise:i
- -avatud m@rgjahutustornid,
- -avat ud-vhg b safiviatiutustornid.

24.1 Loomuli ku t »mbega m2rgjahutustornid

Konstruktsioon

Suured tornid on t2nap?@eval manteltg¢epl ja val mi
enamast. pe°rleva h¢gperbooli kujulise mantliga, n
l nvesteeri mi skulud on suur ed, sdaladaleomukdiku i kaitamis
t »mbega ma&rgjahutustorne kasut at akse tavaliselt
t°%stusettev»tetes.

Veejaotuss¢isteem

Soojusvahetist tagasi tulev vesi tuuakse veejaotu
tilgad v o» i veekil e. Vee chtl ane jaotamine par an
veejaotuss¢igsteemi osaliseks kpabuamssekmsuset. vShm
pakutakse talviseid t°°regiime, mis p»hinevad jah
Jahutustornit 2 i di s

T2idisega osa on iga avatud m2rgtorni oluline o¢
toi muvaks soojusvahetuwveks.priisdims stveipi .ol Kial ekti?l
tavaliselt tihedalt pakitud lainelisest ja orgaanilisest materjalist vertikaals s t l eht edest (VAR
pl aati dest, mille t»ttu vesi vool ab | &@bi torni al
ja seda saab kasutada enami ku rakenduste puhul . M>»
ollesbiosaastuseleindlikud.

Pritsimiste¢epl t2idis on saadaval erinevates kon
erinevatest materjalidest (nt pui dust) . Pritsimi:s
kil et?2idis, kuid eldlokdhasdd at akse evesk»dogetugeval
kvaliteediga ja kilet2idise kasutamine ol eks pinne
sisaldus on suur, kasutatakse ka kiudtsementplaate.

Triivik»rvaldajad

Vee s@2stmiseks paigal datakse veejaoturite kohale
»huvooluga kaasaminekut. T2nap2eval valmistatakse
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ti st VvV o» i kiudtsem

materjalidest, n2iteks p S
a e r»hul anguse.

| a
p»hjustavad vaid minimaals

Loomuli ku t»mbega m2rgjahutustornide omadused:

- »huvool on tingitud »hu tiheduse erinevuse:s

- k»rgus on m2 r2k0iOmins)v;2 2[rknoen s(t8rOu kt si ooni k»rgu
lennundusele, elektroonilisele andmesidele ja aurupilvedele],

- puudub ventilaatorite energiatarve, va&alja ¢
v»i mal davad v@&@iksemaid k»rgusi,

- need on konstrueeritud vastuvoolu ja sisemi
jooniseid 2.5 ja 2.6),

- need eeldavad baaskoormusega t°°tamist, st
- neid rakendatakse ¢ i ajel kard, missu@Orajatided/t h s 0 «
nague |l ektrijaamad v»i suured keemiatehased,

- need pakuvad v»imalust v2aa@av|ivaba suitsugas:
korstnana, et v2ltida keskkonnakaitselistel

Joonis2.5: Vastuvoolugaloomuli ku t »mbega m2rgjahutustorn
[tm103, BDAG, 1996]
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Joonis2.6:Ristvoolugaloomuli ku t »mbega m&r gjahutustorn
[tm010, Betz,1991]

242 Mehaanilise t»mbega m2rgjahutustornid

Konstruktsioon

Mehaanilise t»mbega jahutustorne kasutatakse eri |
ehitami seks kasutatakse mitmesuguseid materjal e,
kasutusaja ja kapitalikuludednpaetbsestooBiusir emadi k

v»ivad olla v&ga erinevad, kuid enamast. tehakse
kaetud teraskonstruktsioonidest ja monteeritavast
tornide (5 MW;) puhul kasutataksendiselt puitu; need on odavamad, neid saab ehitada igal

aastaajal ja nende ehitamine v»ib olla kiirem kui
Samut i on v»imali k kasutada moodul s¢steemi, st mi |
betoonkonstruktsiooni s. Sel viisil saab s¢steemi I
el ementide arvu s»|l tuvalt udeskkonnatingi mustest | &
Materjalid ning konstruktsiooni ja projekti t¢ep
Viidates nende tornide kujul e j a suurusel e vV o» i
mit mesuguseid nimetusi, mi s ki rj d@ledhaav avd» i rbe ntdueu ak a ¢
ringi kujulise jahutustorni -kai kambduoutsegegpitudhtbano

konstruktsioonina.
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Vee jaotamise, t?idsesadmat ¢érkowst kudoonwiki dami &:
t »mbega m®rgjahutustorni omast, kuid nende t

00D AELL.
HIBHDRBE
Joonis2.7: Abiventilaatoritega loomuli k u t »jahigustgra

[tm103, BDAG, 1996]

Ventilaatorid

Mehaanilised jahutustornid kasutavad »huvool
pal ju va&aiksdommauil kkuit »snbegadj ahutustornid. Me h
Kuiv-, mXmug h¢gbriidtornides) kasutatakse suurt
n»uet est erinevad ventilaatorite l 2bi m»»dud
aksiaalsd ) . Lisaks sel lvedie mi»timeak idiarvuasde l¢ihseed aj an
Ventil aatori t ¢ ¢jbuit ajba jajhaumiutsd ovalii kk nmm¥ gi av a
»huvool u tekitami sjaindutseersgudt®rhe. er i st atakse sund

Abiventilaatoritega torn on erikonstruktsioon, mida on kasutatud mitmetel juhtudel, kui kohalik
ol uk or dadalamatdobni.

2421 Sundt »mbega m@rgjahutustornid

Sundt »mbega jahutustorni omadused

- ventilaatorid jahutustorrp » hj as suruvad »hku | 2bi torni,

- SO0O0jusv»i msus»iommoadsutl neeelriismeilstegva regul eerit a

- kasut at ak s eventidaterigg kanstraktsioome

- jahutustorni suurus uwumkuipomur Bbtutdy Mmbaegadeesr o

- torni saab kohandgikle &atusaelpaigaltamiee),al e ma a

- otsene energiatarbimine on eeldatavaltivk e ,

- tavaliseltprojekteeritaks&# ast uv ool yuy p»hi m»tt el

- seda saab projekteerida mitmesuguste rakenduste jaoks: tippkoormuse ja suurte
soojushul kade 2@arajuhti misekm®mi ¢ nlgo brAaskeopa |

- rakendatakse mitmesuguste so0jugskwmimsglse e |
ligikaudu 100 MW,

- loomuli ku t»mbega tornidega v»rreldes on kapit

- mehaanilise t»mbega jahutustornide kasut ami
baktereid k2sitlevaid eeskirju.
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FROM HEAT e
EXCHANGERS DRIFT
> EEEEEETET 1 (VINATORS
/ FAN
FILL /
— AR IN
= [ T—
| c—
TO HEAT
EXCHANGERS

From heat exchangeiisSoojusvahetitest

FiliT2i di s

To heat exchangeiisSoojusvahetitesse

Airoutii hk valja

Drift eliminatorsi Tr i i vi k»rval daj ad

Fani Ventilaator

Airinii hk si sse

Joonis28:Vastuvooluga sundt»mbega jahutustorni skeem
[tm010, Betz,1991]

24221 ndut seeritud t»mbega m2&rgjahutustornid

Il ndut seeritud t»mbega jahutustorni omadused:

- ventilaatorliado$advutwumbavad xhku | 2bi torni,

- jahutusv»imsus on teatud piirides reguleeritayv

- eelistatud on suhtelisdihtne konstruktsioon (monte&vad elemendid, valmis toode),

- jahutustorni suurus on ipilioocanuwldi,k w atj»andbeesg av 2thoermm ir
- jahutusv»i msusat, &Pl adwewr emdane sektsiooni ga,

- torni saab kohandada ¢mbritsevale maasti kule (ke
- otsene energiatarbimine on eeldataval't vaike,

- projekteeritakse nii vastuvoolu Kkui ristvoolu pb>

- seda saab projekteerida mitmesuguste rakenduste jaoks: tippkoormuse ja suurte
soojushul kade 2rajuhtimiseks ning baaskoor musest

- rakendatakse soojusv»i msugte puhul al ates | igikdé
- loomuli ku t»mbega tornidega v»rreldes on kapitaliin
- mehaanilise t»mbega jahutustornide kasutamisel t

baktereid k2sitlevaid eeskirju.
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MULTI-BLADE f 1 AIR FLOW
FAN

DISTRIBUTION AREA END-WALL

i : \ L /CASING
7

SPLASH
OR FILM
FILL WITH
SUPPORTS

—_—

AIR FLOW

/
LOUVRES L| N

—~———

AIR FLOW

S
/\_/\.f\/

DRIFT ELIMINATORS  LONGITUDINAL PARTITION

Multi-blade fani Mitme labaga ventilaatpDistribution areai JaotusalaSplash or film fill with
supportss Pr i t si mi se v »i kil eAirflogv§iph u \; Bownddrsi samkllm,®sft t ugede

eliminatorsi Tr i i v i k pAirflowi idfa y \g @raHvall casingi Korpuse otsasejrAir flow i
i h u v; bomditudinal partitioni Pikisuunas vahesein
Joonis2.9:Ka mb r i t¢eepi ri stvooluga indutseeritud t

[tm010, Betz,1991]

25 Sul etud ringjahutuss¢steemid

25.1i hkjahutuss¢steemid

ihkjahutuss¢gsteemides ( ehk(kedej akuyt asigs st é

torude v»i kontuuride, mi da jahutab | 2biv »hi

juhtudel:

- peaaegu igasuguse keemilise koostisega kessk
soojusvaheti materjali,

- olukordades, kus jahutust okrdntit elsiasaadvaevs iaieniu |
aja jooksul,

- kui aurupilvede teke ei ole lubatud.

Tehniline kirjeldus

Ol enevaltt rakendusest koosnevad sul etud roi
toruel ementidest, kondensaator. spiraalidest
teraskonstruktsioonist ehk toringestv»iL2jpahutou
(kaudse s¢steemi puhul ). Loomul i kul moel v»i
me°da torusid, jahutades seega soojusjuhtivu
juhtudel vool ab »hk . riPstoit sé&$$ii k essokokjoungdy alh®b i
mit mek?igulise konfiguratsiooni kohaselt.
Protsessi keskkond on vedel i k, jahutussg¢gst eem
auru (gaasi vV o» i k¢l mutusainet) jahutatakse ¢
jahutussg¢st eemi »hkjahutusega &dbadeerbaanhot il
| oodusl i ku t»mbega konstruktsiooni
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Torni  konstruktsioonis  kasutatakse  mitmesuguseid  korrosioonikindlaid  materjale.

Konstruktsioonivalikuid on palju. 1Thkjahutussy¢st ee
kui vd@iksemate kakupel. aBNeedte»bseadmeti¢eéa horisont
ristkeli kukuj ul ikksugdu,l ivseerdt,i kvaaasltsaevda Ivt» ik 3M t i se pai gu

Jahutusv»i msus

Praktikas kasutatakse »hkjahutust sagel. k»rge te
jahutamiseks tasemeni, mille puhul muutub sobivamaks vesijahutus. Soojusvahetuse

l'ii kumapanevaks j »uks on jahutus»hu jua protsess
maksi maal set projekteeritud temperatuur.i v»i b pr

Projekteerimistemperatuur s»|l tub kuivtemperatuur i s

Kuna »hu soojusmahtuvus o0 n-jakénvektgoonfkdefitlentbon / k g . K) ni

madal , on v aj arenmtdogjusvahetispinda kjuiajesshwut use puhul . Seet
paigutatakse toru pinnale sagel] ribid, et t»husa
kaalutlust el kasutatakse »hkjahutusseadmete proje
1015 AC. Selle tubegemaeds| oppteémpetsdt W), d kUvYh e ma
piirkondades, kus va@giesmyhusl eéempadattuaumpeodat ukusrri e
| »pptemperatuurid tabelis 2.1 j a tabeli s 2.2

konfiguratsioonide puhul suurenevad vastavalt temperatuurierines @3 UC) j a saavutat a

| »pptempe#dt WECHi.d (50

Keskkonnaaspektid

Peami sed keskkonnaaspektid on m¢gra ja ventilaatc
kasut at a, valja arvatud juhul, Kui seda kasutat a
jahutusainena. Kuna aga see Vvesidseanitte mingit et ud ri ng
hooldust.

(Ribiliste) torude v&lispinna puhastamine on vaj al
oleva prahi ja v2@ikeste putukate neile kogunemi se
Rakendusalad

Kuiv»>hkjahutusega soojusvaheteid kasuwtiat akse pal
suurem»»t mel i stena. -jNeei ma fktaaskuet eamhiaakts®e® skteuesneisa t oode

elektrijaamades vaakumkondenseerimiseks ning heitgaaside jahutamiseks.

Sama v»i msuse saavutamiseks vajab kuiv»hkjahutus

j a kuivsg¢gst eeme peetakse sl disel t kall i maks.
kui v»hkjahut ust ainul t konkreet set entades,kus k or dades,
veevarustus ei ole m2rgjahutuse jaoks piisav.
2511 Loomul i ku t»mbega kuivjahutustorn

Loomul i k ukuivighotlstergide omadused

- baaskoor musel t°°%t amine, st t°°%tamine rohkem Kkui
- soojusé r aj uhtliemi2ed MWt h, st suured rajatised, nagu
keemiatehased jne,
- kasutat ak
- kasutat ak

S olukordades, kus on n»utav absoluuts
ainult | ¢h

e
e olukordades, kus jahutustorni | i save
i kest aega.
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AlREXIT

DRIFT ELIMINATOR

WATER DISTRIBUTION

AIREXITii HU V LJAVOOL

THROATI Ki R

SHELLT KEST

DRIFT ELIMINATOR TRI | VI Ki RVALDAJA
WATER DISTRIBUTION VEE JAOTUS

PACKINGI T | DI S

AIRENTRY 1 HU SI SSEVOOL

SUPPORT COLUMNB TUGISAMBAD

Joonis2.10:Loomul i ku t »mbeg g »kuimkgerslreut ust or ni
[Eurovent, 2000]

Joonis2.11:N2 i de |l oomul i ku t»mbega kuivjahutustorn
[VGB, 2000]
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2512 i hkjahutusega vedelikujahutuss¢steemid

i hkjahutusega vedelikujahutustorni omadused

- ventilaator.i abi l regul eeritav soojusj»udl us,

- vajalik on suletud ringlus,

- niisund Kk u i indut seeritud t»mbega,

- sisemisener giatarbimise kulu on eeldatavalt suurem

- v2@i ke soojuse &rajuht,i mine, st v&@hem kui 100 MW

- jahutatava protsessi jaoks peab ol ema vastuv»et a
peaaegu |l ineaarselt (kuiv»hutemperatuur.i suhtes)

- k2itamiskulud koosnevad peaaegu t2ielikult energ

- keskkonnaaspektid on eel k»ige m¢gra ja energiakul

AIR DISCHARGE

FLUID IN

FLUID OUT

AIRIN

AIRDISCHARGE1 HU V LJAVOOL
FLUID IN T VEDELIK SISSE
FLUDOUTIiVEDELI K V LJA
ARINTT HK SI SSE

AIRINTT HK SI1 SSE

Joonis2.12:Kuiv-» h k j a h ut upsstyisrsketatme
[Courtesy of Eurovent, 2000]

Joonis2.13:N2 i de kui v»hkj ahutusega vedelikujahut:i kohta keem
[isiklik arhiiv ]
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2513 i hkjahutusega aurukondensaatorid

j a h kandessaatpieid (vt Xl lisa) kasutatakse laialdaselt energeetikas ja keemiatehastes

kondenseeri mi seks. i hk t»mmatakse vent

akse nei st I 2bi . L2bivool av wabturujvahut a
t 2.14) . Kaudse s¢steemi puhul jahut a

h k
ur
ur
00 s

ah atakse |l oomuliku t»mbega jahutustornis.

—— o —

u
ut
ni
ut

—;

hkjahutusega aurukondensaatorite omadused
soojuse @rajuhti nseadadistes* i kestes ja suurtes
- jahutusvett ei ole vaja,

- otsene energiatarve on eeldatavasti suurem
puhul,

- n»uab suhteliselt va@ikest ¢l dk»rgust,

- v»imali k on kaamtdrwsid,a | ¢hi kesi heit

- mqrkimisva@a@8arne ruumivajadus aurugeneraator |
- seade peab kohanema koormuse ja temperatuul
muutuvat Kiirust,

keskkonnaaspektideks on eel k»ige m¢gra ja el

Generator
Turbine

Boiler

T Cooling Air

Tube Bundles

Condensate
Collection Tank

Generatori Generaator

Turbinei Turbiin

CoolingairiJ ahut us» hk

Tube bundle$ Torukimbud

Fani Ventilaator

Condensate collection tarikkondensaadi kogumismahuti
Pumpi Pump

Boileri Katel

Joonis2.14:0t sese »hkjahutup=elyiamdetiine ensaatori
[Balcke D ¢, r 20Q0]
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Joonis2.15:N2 i de turbiini heitauru kondenseeri gsti seks m»
[tm111, BDAG, 1996]

252 Sul etud ringlusega m2rgjahutuss¢steem

Sul etud jahutuss¢steemides ringleb jahutatav kesk
puutumat a. Keskkond juhitakse | 2bi spiraal: (prim
(sekundaar ehk pihustuskontuur). Soojus juhitakse keskkonnast pihustatavasse vette (tajutav
soojus¢l ekanne). V&ikese osatuee pargsbpupmsaeesl ekat
veest »hku. Lisaks toimub tajutav soojus¢l ekanne
jahutami ses tajutav ja | atentne soojus¢l ekanne al
seadmete kahjustamist. Aurustumiskaod t r i i vi mine ja tuul em»jud p»hij
kont sentratsiooni t»usu, mist»ttu on vaja m»ningas
vee lisamist.

Jahutusv»i msus

Soojuse ¢l ekandev»ime on va&aiksem kui avatud s¢ste
vaiksem. Seadmei d kombineeri desi400kWhkunidavut ada su
MWwn Tavaliselt on v»imalik saavutada temperatuuri
suletud primaarjahutuskontuur (kehtib k»igi sul et
valistab vajaduse sisemiste shoavpstadawiustasvaet e | 2 r el e
ringluse energiavajadust. Suletud jahutuskontui puhul on v»i mal i k S
| »pptemper at uux0 dA G, a hsesniitkuuvsa [2t5 a[gmd30,Ebravenk | i i mat i ngi
1998]

Temperatuurid veekihis soojusvaheti pinnal on kuni

mis’tavaliselt-SjOaaAvCa,d kwa hge mipkrkauk tdkas v»i b esineda
80 AC.

Keskkonnaaspektid

Kui sul etud ringlusega jahutuss¢steemides kasutat
see tavaliselt |l eelistatud demineraliseeritud vesi
v»i b olla kuni kuus kuud. s, kufpungba thandite jueesion on vaj al
toi munud | ekked ja aurustumine v»i kui s¢gsteem on
vaja v2he, v»i b see tavaliselt ol la k»rge kvalit
probl eemi ks. Kapwuhijadsutdadae skatvl»aki vi tekkimist toru
vajalikuks v»i b osutuda t°°tlemine (puhastamine)
kont septsiooni st t°%°regdgiimist ja «habmatfeghBmust
kuna torni saab kasutada kuivtornina, kui keskkoni
ventilaatori m¢gr a.
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Rakendusalad

Sul etud jahutuss¢steeme kasutatakse paljudes
kompressorite jahut ami seks ning v»i vad and
temperatuuri reguleerimiseks [tm010, Betz, 1991]. Neid saab kasutada niieswur k u i vaik
rakendustes. V»ivad l ei da rakendust vedel i
jahutusvesi), gaasi jahutusena (nt diiseln
kondensaatoritena (kombineeritud ts¢kliga el
Kui protsessikeskkond spiraalis v»i torudes ¢
et see kondenseeruks vedelikuks, nimetatakse
kondensaatoriks.

2521Mehhaanilise t»mbega suletud ringlusega m
Mehhaanilise t»mbega suletud ringlusega m2rg
- soojuse @rajuhtimine va@aikestes kuni suurt

- saavutatavad on madalad jahutustemperatuurid,
- kompaktne konstrukt si seadmetagar r el des »hkj ah
- v@hene energiavaj adus,

- vajadus veevarustuse ja pihustusvee ringl

- aurupilve saab summutada, kasutades aurup
kuivalt,

- keskkonnaaspektid, eelk»ige veepuhastus |j

AIR DISCHARGE

e S e g
i E—

SRRRRRISESHAR ROSESHARAALN HRRBLER]

FLUID IN

FLUID OUT

AR IN : g AIR IN

SPRAY WATER
PUMP

AIR DISCHARGEI HU VvV LJAVOOL
FLUID INT VEDELIK SISSE
FLUDOUTiVEDELI K V LJA
AIRINTT HK SI SSE

SPRAY WATER PUMPPIHUSTUSVEE PUMP

Joonis2.16:l ndut seeritud t»mbega suletud ringlusegs
[Eurovent, 2000]

2.5.2.2Aurustavad aurukondensaatorid

Aurustavate aurukondensaatorite omadused

- soojuse @rajuhtimine keskmiste ja suurte

- madal amad kondenseerimistemperatuurid Kkui

- v@hene energiavaj adus,

- el disel t suur emad kui »hkjahutusega aur.
pinnaga,

- keskkonnaaspektid on eel k»ige veepuhastus
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26 Kombi neer Htkwd vmearhgut uss¢steemid

2.6.1 Avatud m? r-/guiv-( h¢bri i d) jahutustornid

Tehniline kirjeldus

Avatud/ kmfirwgi ahutustorn ehk h¢gbriidjahutustorn on
t°°tatud olulise |l ahendusena jahutusvee kasut ami s
m2rja ja kuiva jahutustor ni vephotsesd loiEnatsioom u aur ust a
H¢ebriidjahutustorni saab kasutada kas -puhtalt't m?a
[/ Kuivjahutustornina, s»| tuval't s MmMbritseva keskkoi
l 2bi b esmalt jahutusdlgaiokaiwvamojowssak o &krumu egna l dhau \
sagel i tekitab ventilaator. Pa2rast kuiva sektsi o
sektsiooni s, mis toimib sarnasel:¢t avatud ringlus
seguneb toromsag |l mdi s&ast osast perit auruga, Vv&hen
kui »huvool jahutustornist va&@ljub, mis kaotab (pe
H¢ebriidjahutustorni toime optimeerimine t2hendab
t2ita aurupilvede v@hendami se n»udeid. Samal aj al
sektsiooni.

1 Isotoopne segu Hebriidjahut 7 Kuiva sektsiooni

2 Helineelajad
3 Kuiva sektsiooni ventilaatorid

8 Jahutusvee peapumbad
9 Turbiiniga kondensaatorid
10 M2rja sektsiooni

soo0j a \

4 Ribilised torud, kuivjahutuse osad B ) 11 Kui Kisiooni , !
a H H H H: ) SRV ulva sekKtsiooni sooja vee toru
5 M*rja sektsiooni Pz e - ] 12 Jahutustorni vsimendusp.l
6 M2rja sektS|oon|/ A )
e EEEE [
d A Ly Mk
2 Bt L A AR R L D L AL LB P o T LI A O B BRI PE 2
‘l’i’f’l‘i‘l’i’l"ﬁ T T T O T AP VI PO TT 1T |||"||"|“||“1|vli :
AR (e AR N annnn innnnannnnikIng v EsSE
1 7
il 1
12 12
Joonis2.17.H¢ bri i dj ahutustorni p»hi m»tteskeem (n2ide en
[Eurelectric, 1999]
Avatud h¢gbriidjahutustornide omadused:
- baaskoormuse ja osalise koormusega t°° k»igi Vv»i
- jahutuskeskkond on ainult vesi,
- suurema osa t°°%ajast on vaja jahutustorni Il i save
- soo0ojusj»udlus on sama, mis m2&rgjahutustornide pl
- lisavee kogus va@heneb,
- keskkonnakaitse eeskirjad, nt ¢l dise k»rguse ka
v&@hendami ne,
- mgrasaaste m2d2ruste t»ttu on n»utavad m¢grasummut
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Hebriidjahutk®itoamiseéekbukagkst atakse mitmeid
- reguleeritava kiirusega ventilaatorid,

- »hu sisselaskeavade sulgemi sseadmed (n2itelk
- kI api -dakonsaktgioonidesse suunduvate veevoolude reguleerimiseks,

- meo°davoolus¢steemid,

- v»imenduspumbad (erikonstruktsioonide puhul

- s¢steem m2rja aurupilve ja kuiva aurupilve
H¢ebriidtorni konstruktsi oon

Praegu on saadaval ainult mehaanilise t»mbeg
t¢eepilisest avatud m@rgtorni k onjsat rno@krt gssi eokotnsi
mil |l el m» 1| e mal on 0o ma » hu si dselHusbkreiaivda ah e
kasut at akse pakettjahuwtendtidramitdean a,egas ursditux
j ahut ust oimdaotdeatimch @ mbei venti |l aatoritega kambri
veejaotuss¢ st eem, triivnkm»mey @&lmédamiomeni kanhel L
tunnusjooned.

Mehaanilise t»mbega jahutustornid on varusta
»huvool kokku segada. Nei d saab vastaval't

aurupilvede tingimustele automaatselt reguleerida.

Jahutusv»i msus

Nei d saahb ehitada pakettjahutustornidena,
jahutustornidena ja suuremates m»»t metes ka
mille soojuse 2rajuhti migkeni2600MWsus on vahemi
Keskkonnaaspektid

Peamine erinevus h¢briidjahutustorni ja tava
veekasutus (milleks on I|lisavesi), mtmd32,o0n 2 (
Eurelectric,1998].

H¢ebriidjahutustorni aastase ilenser goatdaeks miv»
mehaanilise t»mbega m&rgjahutustorni omast ,
kahekordng a (mRdurigr sektsioon) . Kaal umi s el on
jahutustornid, mis on |l oodusliku t»mbega.
Rakendusalad

Ot sus paigaldada h¢gbriidjahutustorn tehakse
piirangud ja aurupilve v&2@hendamine) ning mi:Ht
eriti Saksamaal ja; hendkuni ngriigis (koostootmi ss¢st
kasutamine piirdub temperatuurivahemikuga®25 U C, sest on t2heldatu
kergemini kaltsiumkarbonaadi sadestumine tor

sadesaimist ja selle rusikareegli kasutamisel tuleb olla ettevaatlik.

262 Sul etud ringlusega he¢gbriidjahutusse¢st e
Tehniline kirjeldus

Sul etud ringlusega h¢gbriidjahutusse¢gsteemide
ma&rgjahutuss¢steemi omadust e g-ga radigaiventilgatorid)d ut a b
»huvool u swwindwaagtriwdol ) | a vinjgotish34).mimdi sielst st
nende seadmete ruumivajadus va@ike. Suletud r
kol me t ehnphustamvad r byl i med spiraalid, adi abaat

s¢steemi d.

Keskkonnaaspektid
Suletud ringlusega hg¢gbriidjahutustornid ¢hen
ma&r ki mi skbkksudhovale v»rreldes tavaliste suletu
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V»rrel des sul etud ringlusega kuivjahutustornide
jahutustemperatuurid. Suur use, energiatarbimise |
tavaliste suletud ringlusega m2r gj ptustatauadt or ni dega.
ribiliseds pi raalid) v»ib olla vajalik p°°rata erilist t
saab enam kui tasa teha m2rkimisva2aarse vees2astug:
ainult va@aga | ¢hi kese aSuadveahuedmirkiun gjl ouoskesgual hasabsrtiaisdj
oluliselt ka aurupilvede teket ja m»nedes konstrul

2.6.2.1 Pihustatavad(ribilised) spiraalid

12
3y a3
h ~q1 1 Primaarjahutuskontuur
o 2 Sissevool
2 3 3 Jahutuselemendid
' 2y 4va | javool
i | § r 5 Soojusallikas
- 6 Jahutuskontuuri pump
P — 7M2 r g s e kveekontouo
- — 1| @ 8 Lisavesi
B 9 Vee kogumismahuti
A h I0OMuda?2rastus
i , -' 11Jahut us»hk
o [ 12 Ventilaator
13Ventilaatori ajan
\1 "-9‘.“'
Joonis2.18:Sul et ud ringlusega h¢gbriidjahutustorni p»him

Sul etud ahelaga jahutustornis voolab protsessikes
kogumi k vV o» i ribiline spiraal) sul etud kontuuri
jahutuselemente niisutatakse sekundaarse veekontuuri kaudu jasamaldplligh k ¢ 1 e el ement i ¢
et tekitada aurustussoojust. Elementidelt maha voolav jahutusvesi kogutakse basseini ja seda saab

mitu korda ringlusse | ast a, m»ni kord teise jahutu
Kaudse konfiguratsiooni puhul eileo primaarjahutuskontuuris voolav keskkond mitte
protsessikeskkond, vaid teine jahutusaine, mis omakorda jahutab teises soojusvahetis
protsessikeskkonda.

2.6.2.2 Adiabaatiisedj ahut usseadmed, mis niisutavad ja eelja
Adi abaatilises regiimis me°dub jahutatav vedelik
mée°da m2rga tekki alla ja tekki Il 2biv »hk saab sea
»hk voolab ribilistest whphkemadodadjesdst mP 3idakyiav v»hla

tavap?2raste aurustavate jahutusseadmetega on veekd?U
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WATER DISTRIBUTION SYSTEM ‘ AIR QUT ‘
Dl — FINNED CoIL
AR
>
N —Heeees
\AXIAL FAN
PRIME SURFACE COIL — |
AR
-
IN
SPRAY PUMP \¢
SUMP WET DECK SURFACE
WATER DISTRIBUTION SYSTEW EE JAOTUSS| STEEM
AIRT 1T HK
AIROUTIi HK V LJA
AIRINTT HK SI SSE
AXIAL FANi AKSIAALVENTILAATOR
PRIME SURFACE COIL PRIMAARNE JAHUTUSSPIRAAL
SPRAY PUMP PIHUSTUSPUMP
SUMPi SUMP
WET DECK SURFACEM R G TEKI PI ND
Joonis2.19'H¢ bri i djahutuss¢gstedmrigamlPi neeri tud Kku

[tm151,BAC, 1999]
2.6.2.3 Kombineeritud tehnoloogia

Kombineeritud tehnoloogia puhul kasutatakse ribilisi spiraale, pihustatavat primaarjahutusspiraali

ja mdrga tekki. Kuivas regiimis on sel juhul
keskkond | 2bi ni i ribipremearjpahwmtad $ i rkaual iy
jahutab ainult kuiv »hk. M2rjas/ kuivas regi.
me ©dumi st pi hustatavatest primaarjahutusspir
protsessi taghwtiugspiathaalPirdenlataralal a vool av so
pinna. 1 hk t»mmatakse sisse ja | &bib nii pri
ja kogub soojust. Ribilist spiraalst2l9.2bi des

2624 H¢ebriids¢steemide kulud

Hebriidsegsteemi de rakendanmdijsae |l k &iiti amit akisleu dee
n»uavad h¢gbriids¢gsteemid suuremaid investeer.i
jahutussg¢gsteemist. V»rreldesrvamas) &hwousy1Orf

300 MW suuruse avatud m2rgjahutusega jahutust
kui ilma aurupilvede summutamiseta jahutustorni puhul. Teadete kohaselt on suletud ringlusega
ma&rgjahutustor ni dadanpse kuud 1)5 korda puurémae kuivatirbpéve

v@hendami seta tornide puhul (Eurovent). Kul us
kokkuhoidu ja k2itamise paindlikkust. Aastas
v » i v adl jumb maodustada vaid umbes 10% jahutustorni aastastest kuludest. Need

maj andusl i kud kaalutlused s»l tuvad muidugi koc
[tm139, Eurovent, 1998].

Energiat®®°stuse pool t esitatud kul un2itaj
h¢e¢briidjahut ust oir7é000 eurotdivivMkuwodh tan 4S5k 1 0 @G sekt o
131,6 korda suuremaid paigalduskulusid kui S
aurupilve v&2@hendami se s¢{(steeme.
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27 Ri ngj ahutussg¢steemidd

Eespool esitatud peamiste jahutuskonfiguratsiooni
nendega seotud erinevaid tehnili si konstruktsi oc
protsessi, tegevuskoha j a keskkonna n»uet est. $
p»hi m»isteid ning s¢steemide kirjeldustes on kasut
avatud ja suletud s¢steemi de vkaohheall.d aOnisnees ev »iab Kksai uic
p»hjustada palju segadust, kui need ei ole ringja

271 Ot sesed ringjahutuss¢steemid

agu eespool °el dud, on otseste jahutussg¢gsteemi de
jahutusaine | a rotsessi keskkond vahetavad soo0j ust
eskkonnaga. Prot sessi keskk disesana kaadu fpimuv lekeu s ai ne ( »
@hendaks seega, et protsessikeskkond satub ¢mbr i
(kondensaatorites) m»jutab v&liskeskkond protsess
seda tehakse jahutustornis, on sammdbjusvahetusprotsess, loetakse see siiski otseseks
s¢steemi ks.

Naide avatud | ajahutahiestabutusepa kéndemgaatori verkiorguuri, on seega
ot sene s¢gsteem (kui gi nagu mainitud, m»jutab | eke

272 Kaudsed ringjahutussg¢steemid

Kaudse s¢steemi m22ratlemise p»hielement on see, ¢
chenduses ol evat jahutusainet. See t2hendab, et |
Avatud ringjahutustorni puhul seopmstailetadkantudrior ni st v 2|l
ol eva veega. Sul etud kontuuris ol ev vesi valjut

soojusvahetisse, kus vahetab soojust protsessikeskkonnaga.

Sul etud ringjahutustornides j2rgitakse sama p»hi m»
jahut atakse vee jalv»i »huga. Jahutatud vesi si s
kondensaatorisse, et vahetada soojust protsessikeskkonnaga.

Kui sul etud ringjahutuss¢steemid t°°tavad talvel
kontuur tavaliseld@t mitte ainult vett, vaid ka k¢l
Tegel i kul't v»i b need sg¢ steeneindiedk st, a aksu nlai ikgeiltnaudtau sati -

saastata keskkonnaga avatud kontaktis olevat jahutuskeskkonda.

28 Jahutuss¢steemide kul ud

l ga konfiguratsiooni kohta on antud kulude n2it aj
arvutused n?2itavad ¢l es suurt varieeruvust ja Vv»i
ei pruugi si i ski ndijidata kygiuge tedayamats J armpipkmotkik
m»jutavad Kkulusi d, on v&ga olulised kasutajate va
s¢steemi v»i tehnika rakendami se teostatavust i ga
arvesse v»tta oenneolguilaihsiendd un.® iNeeekds j uhul , kui kaal L
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Oluline aspekt jahutussg¢steemi ja v»imalike
rakendatud meetme algsetenvesteeri mi skulude ja sellest
Praktikas v»ivad suured investeerimiskulud t
aastased p¢si kulud, mis v»ivad investeeringu

va@l jendada ka s¢steemi kpwwangMdM ud sooj usv»im

To°stuslike (mitte elektrijaamade) rakendust
kui »hkjahutusega s¢steemide puhul mi t mei d Kk
v»rdles erinevaid s¢steeme. tdmpergtuureennavust ning el g i
tulemused on kokkuv»tlikult esitatud X | isa

mudelit, mida selgitatakse XII lisas.
Elemendid

'l di sedrtveasudeebv»tta j2rgmisi kulusid m22aravali

Tabel2.3:Vestj a »hkj ahutuss¢steemide kuluel emendi d
tm001, Bloemkolk, 1997]

Kul ut Kuluelemendid Vesijahut ui hkjahutus

Soojusvaheti (d) (
mudel)

Soojusvaheti(d) (materjal)

Protsessis olevad torustikud, torusillag
Pumbad/varupumbad
Sisselaskeseadmed

Torude sissel asel/
Val| jal askeseadmed
Jahutustorn(id) (
Ventilaatorid

Helisummutus

Kaudne s¢steem (1t
soojusvaheti, torud, pumbad)

Fikseeritud

x

XX |X | X

x

XXX XX [X[X|X|X]|X

Muutuvad | Ve s i (p»hjavesi,
Vee va?l]ljalasketas
Lekkeseire

Vee konditsioneerimine
Energiatarbimine (pumbad ja
ventilaatorid)

Hooldus X X

XXX X [X
x

Metoodika
Erinevate jahutuss¢gsteemide kulude v»rdl emi s
kasutatud meetodit on | ¢hidalt kirjeldatud X

V»rdl used

V»rdlused tuleks alati teha samade t°°tingi
hajutatud MW, kohta.

Arvutused on ndidanud, et kulutundl i kkus [
energiatarbimi sest. Vaga oluline on soo0jusva
valitud konfiguratsioonist ja materjalist. Odavad materjalid ja mudetiPmr avad 2&r a ar v
al ampiirid. Erimaterjalid m22ravad 2ra ¢l em
materjalid v»ivad ol al ikalttami Stkendiasda Mo omilgd U
kulusid.
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Aastakuludena arvutatuna erinevad investeeringud ja tegevuskulud oluliselt. Sellised tegurid nagu
(lisa)veevajadusjghi nd ning energiatarbimine on m22arava t2ht

aastaseid kulusid. Kui vhayahat asel Xppuemame sat uwm
madal am on n»utav | »pptemperatuur, seda kallimaks
mad al | »pptemperatuur kul ude hi ndami sel va@hem

temperatuurierinevused ei ole vaikesed.

X lisa tabelis X.2 on esitatud erinevate suurte t
Sell es meetodis kasutatud andmete p»hjal sel gus,
suuremad kui Kkui v»hkjahut use miskiiud lolid seeMastuyj ahut usege
¢l di selt k»r gemad kui teiste s¢steemide puhul

jahutusvees¢isteemide puhul v»ivad suur emad i nv
tegevuskulusid (hooldus, konditsioneerimine).

Eespool esitatud andmete p»hjal v»i b j2a@reldada,

t2hendada k»ige odavamat varianti . See s»l tub sel
kehtestatud heitkoguste tasteunledled ei gasi gdlagiakjat Ritst mi
eral di hi nnat a, mi s on teostatav. Eespool esitat

suunistena ja need on esitatud X lisas.
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3 T¥¥STUSLI KE JAHUTUSS]| STEEMI BE
ASPEKTID NING RAKENDATAVAD ENNETUS - JA
V HENDAMI STEHNI KAD

3.1 Sissejuhatus

ToO°stuslike jahutuss¢steemide keskkonnaaspek
puhul erinevad. Jahutuss¢gsteemide keskkonnac:
soojuse ja jahutusvee | i s aaiehkelgabjuhbléuielks sendei nn a
k¢si muste (nt me¢r a) keskkonnat@htsust al ati
jahutatava t°%°°stusprotsessi keskkonnategevus
puhul v»rdselt olulisedaurndiitteles tekevyva) ads
kuivjahutuss¢steemide puhul . K¢gsimused, mis
t°%°stusliku jahutussg¢gsteemi kaal umi sel arve
kokkuv»tl i kul3t. lesiOnatsued gtegbelti kui v»etakse a
k¢simus va@hem oluli seks, kui d seda ei ol e Kk
j@rgmi stes peat¢kkides toodud arutelust. Ke s
s»wl tai nul t rakendatud konfiguratsioonist, \Y;
kaitatakse ja kuidas hallatakse jahutussg¢ste
K2esolevas peat¢kis k2sitletakse keskkonnaas
mida v»ib olla vaja keskkonnaloa taotluse | @
nende tehni kate PWIkii mdtl takisdn? 2miadna ssdalmar vesse
on jahutuss¢steem juba olemas ja on il mne, e
uusehitise olukorraga. i1 di selt saab protses
konstruktsioon v al i mi saelgga twadtheéemd st ja va&altida suur
hei detest. i ksi kjuhtudel tuleb kindlaks m22ar
kusjuures olulist rolli m2ngib asukoha spets

PVTkindlaksm22aramiRv@k8d h&me miest diat ek sega keskk

tehni ka puhul eral dekeskkoneas!l as e msdatmidsijeda ij d
1. peat¢kis kirjeldatud ¢l dist | 2henemisviis
juhti mi se v2hendami sest. Sell ele j2rgneb v»i
valtimiseks v»i v @ hressucsse mbidadesk ssimag atssaet liatsuatabaka d

jahutusprotsessi toimimist:

1. v2ltimine tehnoloogiliste v»imaluste abil

sisseehitatud tehnilised meetmed,
- konfiguratsiooni muutmine,
2. va@ltimine s¢steemide t°° optimeerimise abil

3. | »ptehnoloogiatey »i | i sat ehni kate rakendamine.

Arut at akse i ga v»i mal use keskkonnam»j u j a
energiatarbimisele. K»i gepealt ndidat akse,
energiatarbi mist m»j ut ada. Seej2rel esitata

tulemuslikkuse kohta.
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Tabel3.1:Eri nevate t°°stuslike jahutuss¢steemide keskkonnakg¢si mused
[tmO001, Bloemkolk, 1997]
Energia- _ Kalade® _ _ ihuhe _
tarbimine Veevajadus kaasaf Heited pinnavette (otsesed | Aurupilve Me 1 a Risk Jaag
(otsene) haaramine teke
Soojus| Lisandid Lekked | Mikrobio -
. loogiline
Jahut ussg¢s ) risk (tervis)
( B.2) ( B3 ( B.3) ( B3)| ( B4 ( A5) (B85 | (86 | (A7 ( B7) ( B.8)
L2bivoolu ; + . ®6)
Vaikég ++ + ++ o -- -- - ++ IV a
(otsene kontuur) (biotsiidid)
L2bivool u a + ; ; 6)
++ + ++ o - - - a SAVAS
(kaudne kontuur) VET kg (biotsiidid) Vailk-/vai
Avatud . ®) vVaik :
. + + - Vai , + + + + A
margjahut + (aurupilve3
(otsene kontuur)
Avatud - + + - vaj ®) Ve ik + + vaik o+ +
m&r gjahut (aurupilves
(kaudne kontuur)
Avatud m® ¥ vaik - vai|vaia| . _® | vai 2 ¥
kuivjahutustorn
" a j( . .
Suletud ringlusega + + _ _ Ve Ve &g _ + vaild vaikle v
mar gj ahut (aurupilves
Su_Ie_tud ringlusega + _ _ _ _ -/ va _ + vai k _ _
kuivjiahutus
Suletud ringlusega " vaik - ~ | vaia| vaik| - vail vai K vaikl-/vai
m?2 ¥/lgivjahutus
M2 r kused Ll »i k tekstis
-- poleebaoluline 2ka muid | ii ktexmmatdaakse kaasa
V2 i k elulisus alla keskmise  3: biotsiidid, katlakivi eemaldajadkorrosioonikaitse
+ oluline 4: potentsiaalselt, lekke korral
++ vad@ga oluliné&»igel kaitamisel ei ole probleemiks
6:;j 22t med t2hendavad veev»tu ja dekarboniseerimise k2igu
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3.2Energiatarbimine

To°stuslike jahutuss¢gsteemide energiavajadus
Otsene tarbimineoener gi a kasutamine jahutussg¢steemi I
on pumbad ja ventilaatorid. Mi dav » § u uwreeenvaoto |
s2ilitamiseks kompenseerida, seda rohkem ene
Kui jahutuss¢steemi ei k&aitata »igesti, v»ib
energia v » i toorainekul u. Jahutussg¢st eemi muudatt
jahutuss¢gsteemi kui tootmi sprotsessi kogu en
3.2.1 Otsene energiatarbimine

Jahutuss¢steemides vajatakse energi at jahut
Seda va@ljendat akse er i engehajgdtud soajusdmegavati iVa K i |
koht a. Konkreetne energiatarbimine v»ib oll s
konfiguratsiooni st (konstruktsioon (temperat
(aastaringne, ainult suvel justavad eriadvusiekusjuuresK a K
s ama jahutussg¢st eem tingimjsed tavaliselb jrobkera terermgiat ki i i m
j ahedamat es kliimapiirkondades. M» n el juhul
val mi stami seks. Jahutuss¢steemi peami sed ene
T pumbad (mida kasutatakse k»i kides jahutusve
jahutusvee ringluseks:

- nende energiakulu s»l tub vooluhulgast, pu
(soojusvahetite arv, konstruktsioon), jahutusvee sigse valjavool u k o
pumbatavast keskkonnast (gaas, vedelik, tahke aine),

- kaudsed s¢gsteemid on kahe ringlusega ja v

- jahutustorni puhul on t»stek»rgus suuren
rohkem energiat,

T ventilaatorid on ventilatsiooni jaoks kasu:
mehaaniliselt jahutatavates kondensaatorites:

- nende energiakulu s»l tub ventilaatorite ¢
t»stek»rgusest,

- kuivs¢gsteemid vajavad ¢l diselt sama |jahu

aurustavyad(sm®regni d, kuigi see ei pruugi I

Seotud tegevuste energiakasutus

Jahutuss¢steemide energiavajaduse ¢l di seks h
k2aitamiseks vajalikke abiseadmei d. Sell e koh
on esitatud jahutusvee kemi ktmiad, mideekasutatekset e k s
biosaastusev ast u v»itl emi seks ning mil | e puhul 1
generaatorist 120 kWh. Arvestades minimaalset kontsentratsiooni, mis on sissepuhkekohas
vajalik, nimelt vahemikus 0j8 g Q/m?, ja jahutusvee mht u , on vx»imalik e
hinnata.

3.2.2 Kaudne energiatarbimine

Tootmisprotsessi  energiatarbimist nimetatakse jahutusprotsessi kontekstis kaudseks
energiatarbi mi seks. Ebat »husa jahutamise kor
S00j us ¢ | Wosamgtusee» t(tnut) t »st ab protsessi pool el t
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rohkem energiat, mi da tul eb toot a kohapeal vV o»i
t oot ekadusipd ojtas evs®shendahbusust .

Jaotistes 1.2.1 ja 1.4.3 k2sitletakse m»jusid tern
v@iksema jahutamise t»ttu v»ib kogu energia muund
energiat»hususe v2henemi sega umhsetataks® awttl Cel si us e
m2rgjahutustorni, mitte | &@bivoolusg¢gsteemi, ja tul e
toodetakse maksi maal sel't 2% va&@hem energiat. Kui

pumpamisenergia erinevust (mis o8 &W. jahutataa MWnk o ht a) , p»hjustaks see t
cheprotsendilise energiat»hususe va@henemi se. Tava
t2hendab 1% va&@henemi ndt3968ste. kasutegur va@heneb 40%

Jahutami se keskkonnam»ju hindamine peaks h»I| mama

Kaudse energiatarbimise muutumise tagaj?argi kogu
protsessi pool se temperatuur.i t » us uSedmwefj u, mi s tu
arvutatud ja peamiste jahutuskonfiguratsioonide v
3.2 esitatud andmed kajastavad iga jahutuskonfiguratsiooni otsest ja kaudset energiakasutust ning

COrhei teid. Nei d kol me neupwjekiepramtsparkniestritet linemdarse k se j 2r g

funktsioonina:

- jahutusvee vooluhulk,

- pumpamisr »hk,

- pumpami se t»husus (p°°rdv»rdeliselt).

K@esolevas n2ites on andmed iga jahutusp»him»tte
| 2bi vool luxlkisyt cecelmus(,st e e niftunnis MWksouhst ao n( vk»@G0 8m6 UC MV
kohta) ja see v b vee n»utavale k»rgusele pumpe
kW/MWpnaast as, eel es, et pumba kasutegur on 75%.
rhul angus ja t t eki t adM&Vn 4 ,J5a hbuataursit d rinsias ¢»shtkeue m
|l i saenergiat, et »sta vesi ¢le nt 8 mja |isaks s
jahutuss¢gsteemi ga nyMMghsaks.ee 4,5 baari ja 15 kW
Eeldatakse, et ventilaatorid vajavad 154V, Kui neid kasutatakse ainult suvel (4 kuud), on

keskmine energiavajadus 5 KIMW .

Samas tabelis on v?&|]jendatud kaudne =energia kui
funktsioon. See toob kaasa protsessi pool se temp
arvutatud kui1,4kWMWUC vt |1 | isa). See t2hendab, et iga pro
kohta suureneb n»utav energia 1,4 korda.

Teades iga jahutuskonfiguratsiooni kogu energiata
COrhei t kogust esnkahtal Arvatada satbuedergist¥dtmiseks vajaliku energia, et

toot a jahutuss¢steem| poolt tarbitud energiat. Ku
on 40%, tuleb iga jahutecdkarstgdaze mimks i valmji eedab keh &

hajutamiseks (=jahutamiseks) vajalikku energiat ehk kWek oht a ( a) . l ga a kohta t
teatud koguse C{heide. Eeldatales, et kbbbt MW(pidevas t°°s) eraldub
(1500 2500) tonni CQaastas ehk2tonniGoOa. ( See arv on tul etatud Madal

andmetest ja s»ltub k¢gtusesegust ).

Tabelis 3.2 esitatud andmed j22vad sarnase |jahut

v»rdl emi sel cl diselt Il eitud suhtelise energiakasu

nei d ei tohi ks sellistena kasgmutoand a.2 hamweteil i esit att auhd

teine Tabel naitab selgel't seda, et jahutuse t>

ma&drkimisva2a@@rne ning et tagaj®rjed kogu energiabil
i

ne on j ahut us sgnd dtsest kuiika Kafdset enengiatarieimist. ar v e st a
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sel

Tabel3.22N2 i de erinevate jahutussyg¢ setrd emiedqg i aaatj adal set vyeog d | juzheteldkMbhskehta | a
[tm059, Paping,1995]
Otsene erienergiatarbimine Suurenenud eriene':gi;?:retz)imine g?g;}?::rg'& Ezis_e"d/d CO
kW /MW baT -hajutatu
(KW MW 1) ?ut_rJnCa) (KW /MW ) (KW /MW ) @) (a/MW )
Jahut ussg¢s
Rakendatud Kokk
Pumbad Venti- Kokku parandustegur” otseneo + Igau dné
laatorid =
1,4kWJ/MW U C
L2 bi voolotsgna 10(9i 12) - 10 0 0 10 25 50
- kaudne 15(12 18) - 15 5 7 22 55 110
Avatud m2r gj a 15(1317) 5 20 5 7 27 68 136
H¢ebrii dj ahut ul 15(13117) 8 23 5 7 30 75 150
Suletud ringlusega jahutusto| >15(13/ 17) 8 >23 8 11 >34 >85 >170
Kui v»hkjahutu - 20 20 20 28 48 120 240

1)

paranduskoefitsiendi arvutamise kohta vt Il lisa.

TOoOOostusli

kud

jahutussg¢steemid
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323Jahut ami seks vajaliku energia va@hendamine
Jahutuss¢steemide vajaliku energiakasutuse v&@hende
v@hendavad t°°stusprotsessi kaasatud soojuse taas
keskkonda juhtida. Kui on vajas,vtedmiemati famiug als
¢l diselt ja absoluutselt v2hem energiat vaja. Tai
seadmetega ja jahutussg¢gsteemi n»uetekohase k2itarl
temperatuuri t»usu.
iige matlonpsatidkt §@aooni valik v&@hendab jahutussygst
See on v&ga keeruline k¢gsimus, mis h»I mab paljusi
n»uandei d. Kohal datakse j2rgmisi t awekssliad |, mi da v»
teadlik:
1. jahutuss¢steemi osade »ige paigutus, n@iteks sil
voolusuuna muutused, hoiavad 2ra turbulentsi |ja
2. mehaaniliste jahutu stornide puhul on energiakasu
ventil aatorite Sép ja asukoht ning reguleerida
3. »ige ta@idise v»i t&itematerjalide valik (arvest a
soojusvahetus,
4. mi ni maal se »huvoolu takistusega triivik»rval daj a
Materjalide ja konstruktsiooni muut mi ne ei tundu
s¢steemide energiavajaduse v&2hendami seks, eriti s
v»imalus jahutustorni si semnmiks»trev alsdaadjea t(ev)e nvt?illjaaavt aohr
V2ai ksemate s¢steemide puhul nagu n?iteks avatud
mi s on paigaldusvalmina m¢geéegil, on jahutussg¢gst eemi
He a n&dide konstruktsiooni m» j u koht a on sil edat
tuumael ektrijaama suure (178 m) | oodusl i ku t»mbeg
konstruktsioon parandas »huvoolu jrara?heghmamat »hu
jahutust, kusjuures 1 UC v»rra jahedam on selle
suuruse aastase kokkuhoiuga.
Vdga va@he on teatatud v»imalustest v&2hendada | aht
ventilaatorite v»i paindlikuma t°°s¢steemi abil '
ventilaatorite¢gegpi de j a ener gdridg waa sadbukaseitadk o ht a . Sa
muutuvate kiirustega [tm97, Il mmel | 1996] vV o» i S
ventil aatori s¢steemi, et vajaliku »huvoolu regul
Seoses triivik»rvaldajate m»juga ventilaatorite j»
[t mO9 2, Becker ja Burdick, 1994] j@reldusel e, et
vahel on erinevusi ning led awadlnkewwas vmemnjtud awaadjoahb
kaal umi st , v»ttes arvesse kogu s¢steemi kontekst.i
hi ndami ne, mi s h»Il mab torni konfiguratsiooni ja Vv
vahel Sel |l d ifk»hijedla &krmmswidiiha v»rdl us erinevate ven
Naited jahutustorni taidise muut mi se koht a nai
m2rkimisva2a2arselt suurenenud, jahutusvee temperat ul

paremini jahutatud ([tm034, Hobson et al., 1995], [tm041, Burger, 1994]1tnRemberg ja
Fehndrich, 1993].

T2ite soojusvahetusv»i msuse parandamine parandab |
v»i b wva&@hendada ventilaator.i te°od, saavut ades sar
Muutumatul t°°tasemel muut ub | ahusatsiocosiv»i msus suur el
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kasutamine v»divbhlitlekvoaldavaP@&dahul e tarbetut t
geomeetri a. Ti hedast kilest taidised tekitayv
rohkem ventilaator.i energiat. Pritsitavad t°¢
vkisema t»hususe t»ttu n»uab see t2idis suure
kompenseerida ventilaatori suurema energiatarbimisega.

Praktilised kogemused ngitavad, et hool dus
vaj ali kku energiakogust. p 1l diselt t2hendab
n»uetekohast puhastust, et v 2 h e n dbalatiekivist,;, st e e
korrosioonist,biosaastusest n e . S¢steemide puhastamine hoia
kanalite ja t2idise pinna siledana. See h o
pumpami sv»i msust ja par amdablt ussovoejeu st ht d teurs tn.e
mi s tasakaalustab jahutusvee | isandi kasutam
kui ka kaudset energiatarbimist. Paremast hooldusest tingitud/kd&Vh e ne mi st w21 j as
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 erit.i suurte | @
kuivshkjahutusega s¢steemide puhul ei ol e s
joogivett. P»him»etteliselt rdnavetttkui magdvetttSoadarek s k
vesi on rannikual adel rohkest.i kattesaadav,
P»hjavee kasutamine jahutami seks peaks I @2 hi

madal amateks otstarven eklsa (Ww2hdamklsubl athwd ,a m &/
seda kombineeritakse muude vajadustega seotu
p»hjavee t aseme al andami se takistusteta k a
h¢droenergia tooitkn$ sm& s k? tPrdng amavcka@®v uvsie t »ttu
kasutamine jahutuseks.

Veekasutus ja veetarbimine on m»|l emad ter mirt
kasut at akse. Veekasut us t 2 h e nd a Buunatekée tagasima k
alli kasse, kust see on v»etud (l&bivool). \
kasutatavast veest (ringluss¢steemide vaaljap
|l 2heb jahutuspr ot s e svanise tkef kadumas Tadbimineuos eriti olulisee | a
ndaitaja, kui jahutamiseks kasutatakse p»uatu
Kasutatava vee kogus on suures osas seotud
Euroopas on jahutusvee kasutamine m2rkimisv:
(pinna)veest vaj al ik el ektrij aama denatele bl
t°°%°stusharudel e, mil |l est keemi at°®°stus on su

Veevajadus on erinevate jJjahutusveesg¢gsteemi de
(otsene ja kaudne) veekasutus s»l tub j2rgmis
1 - protsessi (kondensaatori) vajadusest,

1 - sissevooluvee temperatuurist,

f-vastuv»tva vee maksi maal sest l ubatud temper
- ahutusvee maksi maal sest | ubatud temperatuu
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Tabel3.3:Eri nevate jahutuss¢steemide veevajadus
[tm001, Bloemkolk, 1997]

) Keskmine Suhteline viekasutus
Jahutussg¢gst e - [%6]
[ mj / htd] MW

L2bivooliwsenst eem 86 100
L2bivoolikaudnet eem 86 100
Avatud m2r gotsefeut u s 2 2,3
Avatudm?r gi Kkaadheu t u s 2 2,3
Avatud m2rg/ kui v 0,5 0,6
Sul etud m&rgjahut | muutuv muutuv
Suletud ringl useg:§ 0 0
Suletud ringlusegmm?® r g/ kui v j 15 17
K eeldused jahut usDI20Kms u s

avatud m2r:gjahutkuesnhosentratsi o

a v at u dkuivjghutug 5%k ui vtoo

sul etud ri-kuiytbrmsedai mdPrg 0i250e mi ku

Avatud ringlussg¢steemiaesulsatl ied wkiiviahgtlsigrdideg & gma? m‘@rg

puhul v»etakse suurem osa veest ringlusse ja so00]
Nendes s¢swueekddwrtsusonv@dga erinev ja konkreetsed a
s»|l tub kasutatavast kontsentratsioonitegurist (mi

v@hemal m22aral ¢mbritseva »hu temperatuurist.

Kaudsed suletud ringlusega kuivjahutustornid v»iyv

kuid v»rreldes vesijahutuss¢steemidega on selle k;
vesi ehk lisavesi vajalik ainult siis, kui on tekkinud leke, ntpumt i hendi t e, aarjkute e
kaudu, v»i kui vesi on v&alja lastud, et v»imal dad
vad@ikesed ja joogivett v»i i seqgi demineraliseeritui

iigusaktid

Erinevad ametiasutused likmesriikides tegelevad veegakus sur si ga v»i vastuv»tva
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 veese 2 sohmeesmeseleemi des, piirates al li ka
kasutamise osas on Euroopa tasandi l peamine »igus
kvaliteedile kui ka p»hjavee kvantitatiivsele sei:
kaudu seotud pinnavee °kos¢steemidel e j a veeva
l'ii kmesriikides on pinnavee v»tmise ja kasutami
reguleeritud.

Probleemidseosek e sk konnal i ste ristm»judega

Veekasutuse piiramise k¢gsimus on seotud j2rgmiste

- soojuse eraldumine pinnavette,
jahutusvee lisaainete kasutamine,

nNii jahutussg¢gst eemi kui tootmisprotsessi ener gi @
kaudsed heited.

K»i ki neid tegureid tuleb hinnata, et teha kindl a
parim | ahendus. J2rgneval't p¢c¢éetakse kirjeldada ko
keskkonnal isi ri stm»jusid

72 Tl ktuslikud jahutuss\steemid



3. peaf\kk

3312 Rakendatud meetodid veetarbi mise v&he

Jahut ami seks vajaliku veetarbimise v&@hendami
|l oodusl i kel v»i ©°koloogilistel p»hjustel pii
sademete hulgaga pi i r kon rmaweallikdaamthendumigepohtljai s e d
suhteliselt suure jahutusveevajadusega ol uko
seda ¢l etada v»i kus soojuse eraldamine pinn
1. Jahutustehnoloogia

Jahutuseks vajaliku veekoguse® hend ami s el on oluline s¢steen
soovitatakse kaaluda »hu jahutamist, nt avat
n»ut av jahutusv»i msus piirata kuiv»hkjahut
soojusvahetuspind& u i see on teostatav, tul eks t2hel ep
ventilaatorite t°°ga seotud suurenenud k L
Kuivj ahutuss¢steemide kasutamine toob ¢l di se
Seettmtltelk s eel i stada m2rgs¢steeme. Kuivjahutu
|l i savee) tagamine ei ole v»imalik.

Ol emasol evates | @2bivoolus¢steemides on ringl
cks v»i mal us? herdamniadak®e. Tornid varustataks
et veel gi v@hendada aurustumi sest tulenevat
tuleb v»tta meetmeid soojusvahetuspinna kat
k¢l jest t@hendab jahutusvee ringlus samal aj e
2. S¢steemide k2itamine

M2 rgjahutusega ringluss¢steemi des on sagel.]
suurendamine, vd@hendades v&l|ljapesu sagedust.
avatud m2rgjahutustorni n»uetekobhanei boslbduer
ts¢klite arvu ja seega tagada harvema valjap:¢
Kont sentratsioonits¢klite arvu s uubiesaadtseni n e
vastaste kemikaalide j2arele, et v»i mal dada

sadestumisohuta. Leidub mitmeid teateid, milles tutvustatakse veepuhastusprogramme, mis on
kavandatud eel k»i ge suur ema k on tladeveevajadust§ai 0 o n

va@l japesu mahtusid [t mO094, Al fano ja Sherrer
potentsiaalsele elementide kontsentratsiooni suereni sel e va@l| japesuvees.
Kriitilise ¢l evaate jahutustorni ts¢kl i te me

v»i b | eida dokumendis [tm095, Cunni ngham, 19
arvu suurendami se v»i me s»| t stdst tgguaitegt (nd ees t k
temperatuur, pH, vee kiirus) ja n»uab k»rge
t°°%tingi musi j a vee keemiat, ei pruugi
kont sentratsioonits¢kleid niungk 2enmeni pahdtud
arvestada sellega kaasnevate kuludega.

3. Lisatehnikad

Ringluss¢steemi des, Kus kasutatakse suhtel i s
l i satehni kaid. Nende tehnikate eesm2rk on pa
Jahutusvee eelto°°otl us (n2iteks flokul at s
membr aani tehnol oogi a) v»ib v@hendada veeva
s2ilitamiseks on vaja v@hem va&aljapesu. Veep
k»radbhd(vt va&ljapesu kohta IV |isa).
Aurustustiik on tehnika, mi da kasutatakse v
edasi . Seda saab kasutada sell eks, et valtid
sell e valjalaskmist, kuid seeoVvVbieb Desiamigdai s
Aurustustiigis jahutatakse vett, pihustades
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jahutuspinna, mille j2rel saab seda uuesti kasut ac
moodustumisest tulenevatetekrobioloogilistele riskidele (vt 3.7.3).

Veevarude n»udl ust p¢écéctakse vadhendada ka erineva

mi t mes kohas ¢hendami sega. Selline vees&®2stumeeto
kaal umi st . ToO°%stusobjektide veestmtmeidalulisal t er nat i i\
aspekte [t mO65, Mei er ja Ful ks, 1990], mida tul ek
1. ¢l evaade ol emasol evatest veevarudest ja nende ke
2. k»nealuste allikate veekoguste ja nende k»i kumi s
3. saasteainete ja t°°t|lemisviiside hindamine veeal
4. kehtivate veevarude t°°tl emi se programmi de
konditsioneerimismeetoditele,

5. ringlussev»etud vee v»imali ku soojusjuhtivuse su
6. keemilise to°°tlemise programmi v»imalused jahutu
7. alternatiivsete taaskasutami smeetodite °konoomsu
Eel pool | oetletud tegurid m»jutavad veeallikate v:
kasutatavad veevarud on tavaliselt jahutustornide
tertsiaarselt t°°del dud hegtVvVejuhmudet sioma all jud 3 tnn
vajadust veel gi keeruli sema veepuhastusprogr ammi

( X1 i sa). Aurutusvee tiikide v2ljapesuvee korduv

ole vee suurenenud soolasisaldusdesitundlikud.

Val| japesuvee puhastamise j a taacekbhsut amigs e edamiell
p»hinevat tehnoloogi at . Tekkinud settega seotud
val|l japesuvee puhastamisega ja keskkonda | askmiseg

3.3.2 Kaladek aas at >»nenb a mi

3321 Kaas at »smtase mi

Suure veev»tu puhul, naiteks | 2bivooluga jahutus\y
kaasatmaenbjaani s¢ st e emi sattumine. | | doyeu heed ei v»eta
on peamiselt kataaimudkesl 2 bi vad jahutusvee sisselaskeseadmet e
s»eKadsatmnmbami kohali k k¢simus ja kaasahaaratud Kk
h¢drobioloogiliste tegurite kompleksil, mis t&hee
Vett t »mmat akse si sesvobbguanas i tjeas s an? rskuiumi sv 2 2 r
Sisselaskekanalid on tavaliselt varustatud prahifiltritega, et kaitsta soojusvaheteid ummistumise ja
mehaaniliste kahjustuste eest . Kinnij2aamine t oi
kondensaat or ihtedlid edvxi paadcgjuiusavtad s»el asi d. Pal jud
jahutusveega s¢steemi sisse ja hukkuvad mehaanil
kaas at sekab a mi

Andmei d jahutusveepgaj &laatassypmaeani sissep2@a@asu | [

u
koguste kohta ei ol e | atinaidtep@oviddtulemasiVadaldhaadesd . Anal ¢
Reini |j»el cvasiumau $dda MN ekt ri jaama [ KEMA, 1992] | a

d

2225m/ s) kaasahaaratud kalade arvu kohta. Tul emuse
eri hooaegade | »i kes on kalade arvukus v&ga erine
Uuringud I nglismaal Trenti |j»el asuvas 2000 MW el
kalu haarat:i S¢St eemi »htuh2 maruses Vv»i var st p2
|l @2bi vooluga jahutuss¢steemiva@iirmge ei |l eitud ka t»el
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s»el al ej 22 mise koht a. Nii oli see ka ¢hes te
[Carter ja Reader, ajakirjanduses]. M»1l ema el
| ai usega eksa Holl andi elektrijaama kaasa
nditavad enam kui-kalddbkessy abdbasud kamadaast a
ol I cm pikkused. Seda kinnitavad ka

e ui gi suremus oli seal 100%, sama
ud Kk alRealer, ajakirjankdusg ¢ hi ne [ Carter | a

>SS X O+

i

tul emus
ol i
Erinevate elektrijaamade vahel on erinevusi
kal aliikides. Kuues Madal maade el ektrijaamas
prooviv»tuprogr ammi t ul e mu s &ide arv Yarigerabv1a jd 25 liigit Kk
vahel ning jahutusvee s»elale j22nud kaiade
jahutusvee kohta, arvestades aasta keskmisena [Hadderingh et al., 1983].

J2rvedel, j»esuudmetes ja mereranni kul asuva
arv olla palju suurem kui | »dlotdaeKEMA AIB2.r i j aam

Tabel 34: Kal ade s»el ale j22mise m22r (FIR) el ek
jahutusvee vooluhulga suhtesormaliseeritud
[tm164, Travade, 1987]ja [tm165, Turnpenny etal, 1985]

Vesi Elektrijaam V» i mEVwVs) (kg/F1I0§ m¥

SizewellA 480 73

) ) Kingsnorth 2000 44
P»hjamer.

Dunkerque 600 19

Gravelines 5400 48

Dungenesa 410 190

La Manchedi Dungenes8 1200 40

'Paluel 5200 43

Fawley 2000 19

Bristoli v 2i n Hinkley B 1300 24

Merealad Le blayais 3600 79

J»ed Loire (StLaurentA) 1000 1,8

3322 Rakendatavad v&2@2hendami smeetodi d

Te%°stuses on erinevate tulemustega valja t?°°
suurtest jahutusvee sissevooludest tingitud
tulemused niRnwuidmedt il auvad paljudjast bi
tehnilistest teguritest, mida ¢tul eb hi nnat a
v»rdl emine v»i matu.

1. Jahutustehnoloogia

Kal ade kaasat»mbamise va&altimiseks tehtud teh
kal ade kaasat»mbamine ei ol e probleemi ks av.
sl eminekul mi s on kul ukas t oi mpuhu .KalaBee d a \
kaasat »mbami st takistavaid seadmeid v»ib | ei
Sell e ennetami seks kasutatavad | ahendused on

heliseadmed, mis suudavad suunata eemale soomustega kalaliikide parvesid, kuid ei toimi
angerja puhul,

- valgussg¢gsteemid v
- sisselaskeava asu

eealuste | ampidega, mis s
koht, s¢gavus ja konstruk:
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- vee sissevoolu kiiruse piiramine (kuigi l ngl
kaasat »mmatud kalad | asevad end vooluga kaas
parvest laiali) isegi siis,j ukmiisenatde eoln pfas2sssein

- jahutusvee s»elade v»rgusilma suurus (jahut
kohasel't on samas el ektrijaamas v»rgusil ma s
elluj22vate kalade arvu jahutusveega2xjal ask
2 mm, sest kal amai mude suremus on suurem kui
[KEMA, 1972] ja [Hadderigh, 1978].

Sisset»mmatud kalade suremust saab v&2hendada

s»elast v2&lja ja kallab nad tagasi pinnavette.

2. Ka@itamistavad ja | »ppseadmed

Si ssevoolukiiruseO,v®hmhsamPnéeéasal sal dellt posit

sissevool ava kalli ibhruulskea.v @Shaemmadsa mv »nieb t @ hendad a,

si ssevoolukanal ei d, mil | el v»ivad ol | a t ehn

k2itamispraktika muutmine Vv»i | »ppseadmete te

m»j ut a, kuid ok»k& @ivamgsa, mtd&kaasat »mbami st

arvesse kalade kaasat»mbami se seadusp&rasid ni

Tabel 3.5: Jahutusvee sisselaskeseadmete olemasolevad kalakaitse tehnoloogiad

Tuletatud allikast: [tm152, Taft, 1999]

Kategooria Kaitsetehnika M»j u M&r kused
Kalade Liikuvate veParandada k a| Nende kalastaadiumide
kogumise v»rgusil ma s|lkal amai mude |suremus kaas

s¢steem

optimeerimine
(suurendamine)

kalastaadiumide | | u j

on madalam kui nende
staadi umi de
j 22 mi sest

Madalsurvega Kalade transport tagasi N»uab teist
veepihustid, et pesta kalaq pinnavette joatoru sg¢st
l'ii kuvatelt l'ii kuvaid s»
ja viia nad tagasi
pinnavette
Kal asumbad s/Parandab s»e Kalad j22vad
j @2 nud kal ad| tagasitransportimise
el luj@2mist ajal pg¢sival
Liikuvate s»Parandab s»e/S»el al viibi
pe°rl emine j @2 nud kaladl ¢hendami ne
el l uj2a@mist
Kalapumbad Kalade transport tagasi iigete tingi
pinnavette sa8@ilitamine
keeruline
Kalade Nurga all s» - -Tugevamatelikide |- N»uab ¢ht |
¢ mbersulkal ade m°°da el | uj 2@ ale0%h pidevat madala
Ss¢Steem > tundlikumatel liikidel kiirusega voolu
- Eisobikalamarjale, |- J22agid tul
-maimudele ega eemaldada
va@ikestel e
K2 i t umi| Valgus Eri nevat e v a Paljudes olukordades on
t »kked |- vilkuvad tuled m»ju s»ltub |vajalik m°°d
- pé¢sivad t u| olukorrast, kalaliikidestja |k »r val e j uhi

- el avh»be
- muud lambid

kalade arengustaadiumist.

Heli

M» j u &ohdlikust b
olukorrast, kalaliikidest ja
kalade arengustaadiumist.

Paljudes olukordades on
vaj ali k mood
juhitud kaladele
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3323Hel i seadmete ja valguss¢steemide kul ucd

On selge, et igasugune ol emasolevas s¢steem
andmetel on olemasolevatele rajatistele rakendatud kalakaitse tehnoloogia lisakulud 20D 000
000 eurot, sealhulgas seisakukulud. Uute ehitiste puhul on alteradties vee si ssev»t

|l i sainvesteeringud t»en?2oliselt v&iksemad.
Hea energiat»hususe tagamiseks ei tohi vee v
suuremkui0,® , 5 m/ s. See m22rab s¢steemide pi kkuse

Val guss¢st ejeanie mattiegsfwllid on 100 il4@0Okekrats e s ¢
ja helis¢gsteemi (BAFF) puhul umbes 180 000 e

3.3.3 Soojusheited pinnavette

3.3.3.1 Soojusheite tasemed

Kogu eralduv soo0j us s at yjahutuskeskkonkama kasht&takse velt,u i

| @heb kogu soojus »hku kas jahutustorni veep
on pinnaveest va&aljunud, v»ib see m»jutada ve
Soojuse eraldumine on tihedalt seotud ka ka
ot sesed Kkui ka kaudsed | @bivoolus¢steemi d mo
pinnavette suunatud soojusalli ka,ee kaudua s o
Ringluss¢steemi jahutusvesi eral dab suur ema
Jahutustornist v&]javoolava veega eralduva s
soojusest, samas kui umbes 98, %% mesrjaul dk b ht
vee®kos¢gsteemile on v2&ahe, kuid on ol emas kog
vastuv»tvate veekogude kohta. Temperatuuri t
bi oloogilise tootmise (eujfubfiemroemi pénnawets:t
veekeskkonda, eri ti kal u. Temperatuuril on
fé¢sioloogiale ning kaudne m»ju, m»jutades ha
Soojenemine v2@hendab hapni ku k¢l lastusva2aartu
kaasa hapnikutaseme v&2henemise. Soojenemine
| agundami st , mis p»hjustab suuijamat usagrei kunh
kui mitu t°°stusharu kasutab sama piiratud p
et va&altida allavoolu asuvate t°°%stusprotsess
Vee erisoojusest, mis on |ligikaudu 4,2 kJ/ kg

jahutusvett soojendat aks e ncsempkjahituswdvoolu intbesk v »

86 n/tunnis. Laias laastus vajab iga kWoojust 0,1 fitunnis jahutusvett. Ringlusjahutusvee

puhul antakse soo0ojus »hule ¢l e jahutusvee

aurustumi ssoojus on 2500 kJ/kg (20 UC juures

Eel k»ige energeetikat®®°stuses on wuuritud teg
nd

rolli m2ngivad. Soojusheite hi ami sel tuleb
f vastuv»tva vee temperatuur.i hooajaline vari
T | »gede v emmlukirgse meajaljnevarieerumine,
T v&@ljavoolava jahutusvee segijakaagolatuses), ul at us \
T ranni kual ade puhul | oodete |l ii kumine v»i t L
T konvektsioon vees ja »hus.

Tl ktuslikud jahutuss\steemid 77



3. peaf\kk

Arusaam kuumaveepuhangu k2itumisest pinnavees on \

keskkonna kaitsmisel, vaid ka sisgea v 2| javoolu »ige koha wvalikul
kuumaveepuhangu uuesti si sset temie@toirigsecgakai s m»j ut a
jahutussg¢steemi t »husust . N2iteks kuumaveepuhangu

1 K isotermi piires asuvat ala (ilma tugevate hoovustega segunemiseta), on tavalise elektrijaama
puhul umbes 1 ha MWk o ht a Vv » i. elektfjda®a pyH umbes 45 Km P» hj al i kum
kirjeldus kuumaveepuhangu k2&itumise kohta on esit

3332 iigusaktide n»uded soojusheidetele

N»uded konkreetsetele mageveekogudel e

Euroopa direktiiviga 78/ 659/ EM}] (18. juul: 1978) «
teatavatele ainetele ja soojusheidetele selleks
tunnustatakse kohali kke t i eatghtavaid srandeidmi s k2 si t |l evad
Kui temperatuurin»uded s»l tuvad kalaliikidest, eri
kalapopulatsioonile:
- | » h eveeksgtide
- karpkalalastereekogud.

l ga °kos¢steemi puhul kohal datakse kolme termilis
- vee maksimaalne temperatuur segunemistsooni piiril,
- veemaksi maal ne temperatuur k¢l maveeliste 1iikide
- vee maksi maalne temperatuurit»us.
Tabel 3.6: Veet emperatuuri n»uded kahe °kos¢st eemi ]
78/ 659/ EM} )
Parameeter L » histelveed Karpkalalaste veed

Tmax segunemistsooni piirl U C) 215 28,0
Tmaxk ¢ | maveeliste

A 1 1
sigimisperioodil( U C) 00 00

DTmax( U $&yunemistsooni piiril 15 3,0
M& r kKtuesmper at uur i piirva3aartusi v»ib ¢l etada m
Muud vastuv»tvad veekogud

Liikmesriigid regul eerivad soojusheidet pi nnavet
tingi mustest j a muudest teguritest, nagu vastu
kliimatingi mused:; vastuv»tva veekogusevadbi me v»tt a
hoovused ja |l ained (vee h¢drod¢gnaami ka) . Sagelii :
konkreetse vastuv»tva pinnaveega. Selle n2ited on
T maksi maalse v&ljavoolutemperatuuri standardi mi ne
kuumades riikides 35UC),
T maksi maal se So00j use piiramine seoses vast uv
temperatuurierinevustega (Bfmax #1 0 K, m»»detuna kogu tootmispro

distantsi ulatuses),
f pinnavee ma k s i mateniperatuuripradiils ja upinmaeee &oga kasutatava
jahutusv»i msuse m22aramine.

Need n»uded on | ubades s»nastatud.
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Teised eeskirjad ei nde ette ¢l diselt fiksee
piiritemperatuur jahutussg¢gst eemi téeebil e. L
ma2a&aramise juures oluline romulutpmheallee Mbamp g
ametiasutus | iigitab vastuv»tvaid veekogusid

3333 Rakendatavad v&@ahendami stehni kad

1. Jahutustehnoloogia

K»ige parem viis soojusheidete v2hendami seks
pri maarprotsessi Vo> |l eides ¢l eliigsele so0o0]j
keskendutakse probleemile, mis puudutab soojuse heiteid pinnaveetsgude

V@ hendami smeetodite kaal umi sel on oluline m»
ja pinnavesi on selle juures vahepealne kesk
ot sustada, milline nei st onajadltii snti astea vkaenrs. k k.
v@hendada, juhtides rohkem soojust atmosf&ar
aurustumi sest tingitud veekadudega. Soojuse
veekasut use va@hendami s esgga. Mida engi ddojase eralube r g i
konvektsiooni ja aurustumi se kokdonvestimalodte r o h k
kasutamise t»ttu vaja, va@alja arvatud juhul,

tavaliselt suuri investeeringuid jalpu ruumi.

Suurte v»imsuste puhul on (peamiselt) j»gede
l ai alt |l evinud | ahendus valida sobiv soojus
ringl ussg¢st eenvkiookaidjahgtugtornigh. m2 r g

2. K&2jtami stavad
 ht egi konkreetset kaitamisv»imal ust, mi | | e
pinnavette, ei ole teatatud.

3. Lisatehnikad
i ks vana praktika, kmisdud aEakesep akuiildk ar 2\gaae lv 2

viimasel ajal taas t2helepanu p?2lvinud, on a
jahutami se t»hustami seks on oluline d¢g¢si nu
uuesti jahutskontuuri siseneb, ning jahutustiigi piisav pindala. Selle tehnika hindamiseks tuleks
seda v»rrel da sarnase V»i msusega jahutusto
asjaoludele:

1 vajalik pindala,

9 aurustumisest tingitud veekadu,

1 energiakulu,

1 veepuhastuse vajadus,

9 aerosoolide moodustumisest tingitud mikrobioloogilised riskid (vt ka jaotist 3.7.3).

Teine | »pptehnika on suurte elektrijaamade h:
tehni ka, mi d a kasut at akse juhul , K ui heitve
temperatuuri sell e si ssev»tdgdkaoanraseamisest tulenevatd a v a
veekaot ust tul eb v»rrel da kuludega, mi s tu
va@i ksemast t»hususest.

Veel ¢ ks meede, mi da soovitatakse So00j use
jahutuss¢gsteemi vee va@ljavoolu projekteer i mi
ajal osa oma soojusest. Sell e me eseso@en&gmine,val m
mis kompenseerib jahutusvee k»rgemast temper
kohta puuduvad ja selle m»ju ulatus on samut
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34 Jahutusvee t°°t]|] emi sel tekkivad

Jahutusvee t°°tl empsahavteakkei vpikedt atkkesiet ep ek s k »i
jahutuss¢steemide probleemi ks. V»ib eristada nel j
heidete allikat:

1 protsessikemikaalid (toode) ja nende reaktiivsed ained, mis tulenevad leketest,

1T jahutuss¢steemi seadmete korrosioonist tingitud

1 kasutatud jahutusvee lisandid ja nende reaktiivsed ained,

T »hus ol evad ained.

Nende heidete ohjamiseks kasutatakse erinevaid me
kontrollimatute heidete v»imalust p2rast | ekke to
valida seadmetele k»ige sobi v adomksenmzettaeateje,a |l i . Kaes
mille eesm2rk on v2@hendada jahutusvee | isandite Kk
T -v2hendades veepuhastuse vajadust,

T -valides keemilise t°°t] use, mil | el on keskkonna
T -kasutades kemi kaal e k»ige t»husamal viisil (s¢s

341 Jahutusvee t°°t]l emise rakendusal ad

Jahutusvee t°e°otl emoopeustidierhiamdd » redseandami seks j a
kaitsmiseks, et k»rvaldada mitmed negatiivsed m»j
jahutusvee t°°tlemise eesm2rk va@hendada kogu ener |

Ebasoodsad m»jud on tugevalt seotud jahutu
k2a2itamise viisiga (nt kontsentratsioonitsg¢k g é
magevee omadest ning probleemi ks \aasteaigete ol | a ¢ 1 e
heited. Samut i v»i b jahutusvesi saastuda protses:c
tegemi st on avatud m2rgjahutustornidega, siis to
mikroorganisme ja aurusid.

svee
i te

Jahutusvee | isandei d kas utm®tragkjsaeh ult2ubsisvsosot!|euesny sdteese m
ma&rgjahut ussy¢ Kktud evmsi¢bd £ ejme dmedsr.g Kui vett kasutataks
kuivs¢gsteemide spiraalis, v»i b suletud kontuuri s
va@ikeseid |Ilisandite koguseid.

onna seisukohal't on | isaained olulised: nee
des pinnavette v»i pal ju va@ahemal m2 2 r al » h ku
kendusviisid teada, kui di mebt pelasni deét i vAaktaet
use meetodil A. Kasutatavate kemikaalide m»j L
/' oht) v»i m»»t mi se abil. Kuna neid kasutatal
kasutamine seotudt Kklae nkeavhajdu | v 3&iek smexmjassd e gsag o jr
est. Kui soojus¢l ekanne on ebat »hus, v»ib
ades energiakasutuse suurenemi st (st sarna
t tooraseerjénetept mitskatpend. Jahutussyg¢st e
da, kuna soojusvahetuse v&iksema t»hususe
pumpade ja ventilaatorite t°° j2rele.

Vee kvaliteedist tulenevad probleemid, millega ta:

f jahutusvee seadmete korrosioon, mis v»ib p»hjust
protsessivedeli ku sattumist keskkonda v»i konden
1 katlakivi, mis tekib peamiselt kaltsiumkarbonaatide, sulfaatide ja fosfaatide, Zn ja Mg
sadestumisel,
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1

torude j a soojusvahetite ( ka m2rgpaghut us
makroorgani smide ning h»ljuvate tahkete ain
ummistumise suurte osakesteganfa/ | »eikcdhegga) Vv»i jahutustorni

Korrosioon

Setted
(organismid)

Biokile

Joonis3.1: Erinevate veekvaliteedi probleemide vaheliste seoste graafiline esitus

Jahutusvee probleemid on sageli omavahel seo

k a

bi osaastust. Korrosiooni kol ded p»hjustav

turbulertseid piirkondi, kuhu koguneb biosaastBsi o0 s a a s duwendadaaluspinna edasist
korrosiooni (joonis 3.1).

Vee konditsioneerimiseks kasutatakse j2rgmis

i Korrosioont » k edst aj a
varem kasutati peamiselt metalle, kuija@ suun
pol ¢meeride suunas. See t2hendab, et toksil
on valja t©°°t abiolagindataamnie ¢ op g memad d .

T Knvaduse stabil itss&kedsdraijdd v » i katl aki vi
valemid on ol emas peamiselt pol ¢fosfaatide,
selles valdkonnas on viimased arengud suunatud parebiaiEgundatas t e chendi
valjato°°tamisele.

I Hajutuskemikaalid:
enamasti kopol ¢meerid, sageli koos pindakt:i
biolagundataus.

T Oks¢deerivad biotsiidid:
kasutatakse peamiselt Kkloori (v>»i kl oori j i
(ka broom) on tugev oks¢deerija (akuutseltt
Ig,hik kuid kloorimise k»r v aroodugtumithee Musild on h
oksg¢ deerlvad bi okisiiriglusd, owe soisnoioknperlbMk si i d v
UV-kiirguse kasutamine n»uab vee eelt®°%t]ust
on eeldatavast.i vahem kidehguhull kuid nekde kasutamiheo g e e
n»uab erilist hool t | on kallis ja ei ol e k»

T Mitteoks¢deerivad biotsiidid:

i sotiasolooni d, DBNPA, glutaaraldehg¢ge¢ed j a
chendid on ¢l diselt 2gedalt toksilised | a
h¢drol ¢¢suvad v»i |l agunevad muude méhhaelsn
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Tabel3.7:Avatud ja ringlusega
t°°tlusviiside keemilised
Tuletatud allikast: [tm135, Nalco,1988]

mé&rgjahutuss¢steemi des k
komponendi d

Veekvaliteedi probleemid
Keemilistet © © t Korrosioon Katlakivi (Bio)saastumine
naited |L2Dbi v Ringlus- [L2 bi w Ringlus- [L2 bi | Ringlus-
s¢stels¢gste{segste|sigstelsegste|lsestel]
Tsink X
Mol ¢bdaadi X
Silikaadid X
Fosfonaadid X X
Pol ¢f osf aa X X
Pol o001l est X
Looduslikud X
orgaanilised ained
Pol ¢meeri d X X X X X X
Mitteoksg¢d X
biotsiidid
Oks¢deeri v X X
M&rkused:
Kr o o mi suur e Kk e Kisutatarseda enanj laialdaseltt t u e i
Jahutusvee t°°tlemise vajadust ning kasutatavate
kirjeldatud V | isas. Jahutusvee konditsioneeri mi ¢
i seloomuga gubumumeemodl ee valik p»hineb j2rgmist
- soojusvaheti seadme konstruktsioon ja materjal,
- jahutusvee temperatuur ja keemia,
- pinnavees olevad organismid, mida v»idakse kaasa
- vastuv»tva vee®kos¢gsteemi tundlikkus va@ljuva | is
suhtes.
Mis tahes t°°tl emisviisi n»uetekohaseks toi mimise
|l eelisus kindlaksm2@2ratud vahemi kus. Hea pH ja |
olulisemaks seal, kus kasutatakse-ptd n d1 i kumai d veet©°%tibwtod se progr a
ringlusega Jahutustornides kasutatakse tihedamai
va@ljapesu ja veevajadust. T°°stuses on ¢ha enam | e
ja viib [ 2abi |l i saainetet diaminmij e &eaistd jvaash uj ab uts
omanikule.
Arvestades erinevate k2itise ja s¢steemi erip2ras
l'isandite te¢epilisi koguseid. Kui tasemed on esit
tonnides jahutusvee m3 koht &8 on esitatuch Magalintasdésu d MWt h Kk
hiljuti tehtud inventuuri tul emused Madal maade t
Andmed n@itavad, et erinevusi on ni i s¢steemide Kk
kasutatavad veeavdsdik,adp»omj anv?d sie kjsa jkommgdensaat .
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Tabel3.8:H¢ po ktilt arribi mi ne Madal maade m2rgjahut ussyg
[tm160, Bijstra, 1999]

: Aktiivkloori tarbimine, kg/MW w/a
Jahutusvee allikas 2 :
L2bivool usg¢ Ringlussg¢ste
Magevesi 85(10-155)
™ — 200(20-850
So ol animvesi » i 400(25-2500) ( )
Muud veeallikad 400(20-1825)

3.4.2 Kemikaalide heited pinnavette

EuroopajaUSAsoheht ud palju t°e°d jahutusvee opti maa
t°°%°tlemisviiside ja muude tehnikate rakendan
kahjulikku m»ju veekeskkonnal e. Ssutamigle.t i kesl
Jahutusvee t°°t]l emisest tulenevaid eriheitei
kemi kaalide anal ¢¢simeetodid ei ole k2attesaa
spetsiifilistele kemi kaaddstdet @l evrwed waad Krxarswd le
aval dada ol uli st m»ju pinnavee keskkonnal e.
reageerib & % t oot est, moodustades haloformig¢hende
Berbee, 1997].

L¢ehiajalise meju kvantifitseerimine on v»i ma
(2geda) toksilisuse kat sed. Nei d tul emusi
keskkonnam»judel e pinnavees, [ sest Bti k aaj e
bi oakumul at si ooni (Pow) ja kantserogeenset m
Madal maades | 2bi viidud mitmeid wuuringuid o
kasutamise kohta ([tm001, Bloemkolk, 1997], [tm072, Berbee7[129[tm160, Bijstra, 1999])

ning mitteoks¢,deerivate biotsiidide kasutami
et al., 1999)).

3421 Oks¢deerivad biotsiidid

Mi t met es rii kides on |l oodud programme, et

jahutusvees. Sagelii kasutatakse jahutusvee |
Madal maades kasut at akse pi deva dos epahuli mi s e
sihtkontsentratsioonina G,,2 [mg FO/I] heitvees. Aeg j al t t o i #lareerdmise korral g o k k
on FO v»i FRO kontsentratsioon al ati alla 0,

goddloseeri mise ajal wv»ib IFAO O/,»5 nrgRA Kklo2nht esdeanlt r
(tunni keskmine v&2artus).

Optimeerimine biotsiidide seire ja kontroll
v@hendada jahutusvees kasutatavate kemikaal i
biotsiidide ja nende k»rvalksaadusee, mati eebe
on bromoform, koormus [tm157, Jenner et al, 1998].

Mi t med keemi at®°%°stuse j a energiatoot mi se
opti meerimi smeet mete kasutuselev»tuga v2hend
50% [tm160, Bijstra, 1999].
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3422 Mitteoks¢igdeerivad biotsiidid
1999. aast al viidi I 2 bi uuring ringjahutussg¢st
mitteoks¢gdeerivate kemi kaal i de keskkonnam»jude k
anal ¢¢simeetodid olkaemikkka aleisthen dlawvrmtds e mi»r»adtesiiooni d
kasutatud kemi kaalide puhul kasutati toksilisuse t
Kui jahutusvesi juhi ti ot se pinnavette, p»hjust e
kemikaalide kast ami ne pal judel juhtudel pi nnaveele tugeyv
kemi kaalide (h¢gpokloriti) puhul l eiti toksilisuse

(pidev doseer idmoisneee)r ijma n83 HOgolgk mittedetis¢cgdeeri vat e
PEC/PNEC suhtarvud 20 (isotiasoliinid), 2500 (BNS),-68M00 (BNS/MBT) ja 3700 (DBNPA)
([tml149, Baltus et all0.),,, t1a999]i tv t1l 6k o( KBRK). v6»4t)e tj a( I9k. ¢

Tei ne | @biviidud uur i ng -benstsotiasaliisB;on, 2met Y-gbti asol i i
isotiasolin3oon) kasutami sel jahutusvee |isandina ei saa
pinnaveeldvt tm149,Baltusetal., 1999] |k 13ja 14).

ToeOo%t |l emi sprogr ammi d o reespodl gimetatud tegurgegt anidg op seega » | t uv ad

kaitisespetsiifilised. Lisandite heited on erinev
pool est . Lagunemine, koostoime ja v»imalikud puh
heitkogust, amilsasltraksles yaal jsel |l est tul enevat m» j L
opti meerimine ning (automaatse) doseerimise ja se
oluliselt v@hendada kemi kaali de kasutamist jahutu
veele.

Hol | andis on h¢gpokloriidi ja br oomi kasutamine | a
chendite (m»»detuna Ktm001,Bldexkplk, ¥097]ja [thn@/2,Berbeei nnav e es

1997].

M»ni kord puhastatakse jahutusvett enne 2rajuhtim
rafineerimistehaste v2&2l|ljapesuvee puhastamine koos

vd@hendada biotsiidide m»j u pitnunnadvleiekl emi tBieool kososgdieleirr
biotsiidide madala taseme suhtes, mi s v»i b h2&ijiri
mudap 2 r si6tOu% evstrra ja rohkem (100%). F¢esi kalinel ke
veel eksperiment aat set!| emiseenepuhirl,éseonkabksest useks
biotsiidide polaarsus, kuna need j22a3avad veefaasi .;
Avatud ringluss¢steemide puhastamine on kontrolli
va@liskeskkonda. Suletud s¢steemide puhul valjapes
vaikesed j a tavaliselt juhit aks et bintgidide veed kar
kontsentratsioon jahutusvees ja seega ka nende ko
k»ige suurem kohe p2rast doseeri mist. S¢steemi

reaktsioonide, ng2diteks hyg¢ drsoelnét¢érsait stimgatdut j Virdkesqieda b
teadmist saab kasutada, et hinnata nende eeldatavat kontsentratsiooni heitvees. Seda teavet
kasutatakse ka puhastusvee v&ljavoolu sulgemisel
aktiivsusega Dbu. Bdasisé optimeerimise\s&alujamiseksooh olulised mitmed
tegurid. Lisaks kontsentratsioonile va&@ljavoolus o

3423 Biotsiidide heiteid m»jutavad tegurid

Tegureid, mi s m»jutavad heiteid ja nende p¢gsivus
tavaliselt kasutatavate oks¢deeri vat e j a mitteo
kirjeldanud [tm004, Baltus ja Berbee, 1996]. Jahutusvee puhastamise prograamimi k ul m@ ngi v ad

koos jahutusprotsessi tingimustega rolli j2rgmiset
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T h¢gdrauliline poolestusaeg (kasutatakse ka s
T hegdrol ¢ ¢ s,

1 biolagunemine,

T fotol ¢¢ésid,

9 lenduvus.

H¢edrauliline poolestusaeg m2a2ratakse puhast e
kogus, seda v&2iksem on h¢drauliline pool est
H¢edraul i line pool estusaeg ei m»j ut a eedoks ¢ d
di ssotsieeruvad ja toimivad kiiresti, kuid r
toimimist.

Mitteoks¢gdeeri va biotsiidi hegdrol ¢ ¢ s toi mub
suureneb pH jalv»i temperatuuri t»ustes ka
aeglustab vastuv»tva vee madal abm mietmpeadlad ydie e
biotsiidide p¢sivust veekeskkonnas.

Bi ol ¢¢ s, fotol ¢¢s ja Il enduvus el m2 ngi mitte
Fotol ¢¢s saab toi muda, Kui veekeskkond puutu
biotsiidide (h¢gpokloriti) puhuduunnguteld, mitleo | | i m
kohaselt on |l eitud, et |jahutlbbs%d drimpiokd orn tst rk
kord, kK ui need Jjahutustorni |l 2bi vad. H¢epokl o
Biotsiidide biolagunemine s»|l tub orgaanil i st
biolagundatau s e s t . Suur mi kroobipopul atsioon, t emp
vee suurem hapnikusisal dus suurendavad bi ol
orgaanil i st ainet, millesse biotsiiduninev »i v e
setetes. Samuti v»ib orgaaniline materjal bi

3.4.2.4 Heitkogused

Pinnavette sattuvate jahutusvee heitkoguste representatiivseid kontsentratsioonitasemeid on raske
esitada. On p¢éetud kvantifitseerida ainete h
vastavad mudelid. Samas ebsi tadakihtiegéspbetdkine
v»taks arvesse k»iki aspekt e. Tul eb teha pal
viisil kexigeat ahighmeat a. I X lisas on esitatu
m2 r g ] a hiatm@04, Baitus ja Berbee, 1996].

3425 i i gusaktid

Paljudes liikmesriikides on jahutusvee kemikaalide heitkogused reguleeritud pinnavee reostust
k2a2sitlevate »igusakt i de gleitvool8dela, dhiliespehdl orkkendlakse n d u
m&aratud mi ni maal®fe phevaspol umwinleks (smadusand
vastuv»tvad veed klassifitseeritud ja igale
heiteparameetrite tase.

Val jalastava vee kvaliteedi osas on kehtesta
VvV o» i el avh»beda¢ghendite) si sal dusel e, va&aheni
kasutamist.

Kehtestatud on n»uded suurte ja w3 XKretsu £t el
i1 diselt ei tohi temperatuur suurema o0sa aas
hooajaliste tingimuste korral , repifkontas UWlagudak u i |
kuni -mi0, AC»i mal datakse teatavat paindlikkust
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Konkreetsemad n»uded keemilise koostise kohta on
Sl di sel t n»udei d adsorbeeruvate orgaaniliste h a
bioloogilise hapnikutarbeBHT), keemilise hapnikutarb&HT) , kl ooriainete ja fosf
kontsentratsiooni kohta ning j22km»ju kohta | umi
eristatakse erinevaid jahutuss¢steemide te¢epe (|

konkreetseid toit®itd gwsitd ,mi rkdgatbd k ssi g dkske ai

Madal maades p»hinevad v&hendami smeet med ainete ol

Sell eks, et v»i mal dada ettev»tetel ja veeametite
veereostuse m»j u, on va&alja t°° tbhaklassiftseegrisd, i n e hindai
pakendami st ja m@rgistamist k2sitlevatel Euroopa »
S»l tuvalt aine omadustest tuleb kohaldada BTMi %
hinnatakse j2@2kheidet vastavalt kohal datavatele v
saavut at a, v»i b mda@arata t2@iendavaid meet mei d.

Euroopa keemi aal msiedt avagdsa&hkt kdi, geni sahutusvee 1|is

esitatud j2rgmistes dokumenti des:

T n»ukogu direktiiv teatavate ¢henduse veekeskkonc
reostuse koht (76/ 464/ EM; ) ,

M vee raamdirektiiv,

1 preparaatide direktiiv,

9 Dbiotsiidide direktiiv 98/8

t
a

343 Pinnavette sattuvate heidete v&@2hendamine

3431 ;| Il dine | @henemisviis
Tehni kad jahutusvee kasutamisest tulenevate pinna
1. jahutusseadmete korrosiooni v&@hendami ne,
2. protsessiaineteahut uskontuuri | ekkimise v&@hendamine,
3. jahutusvee alternatiivse t°°t]lemise rakendamine,
4. v@hem ohtli ke jahutusvee |isaainete valimine,
5. jahutusvee lisaainete optimeeritud kasutamine.
Vastavalt | PPC direktiivile peaks jahutusvee to°°t

suunatud puhastusvaj aduse vd@hendami sel e (saastus
optimaalsele kasutamisele (saastuse kontroll), arvestades maksimamijseusov ahet use n»uet
rajuhitavas jahutusvees sisalduvate kemi kaal i de
v»i mal usi . Lisaks 1. peat ¢kis selgitatud sobiva |
ennetavale | 2henemi svikisei Ité,° smiulsll @ kle®f-d, aenlutt ursask e
v»ib kaal uda v@hendami se v»i mal usi teatavas j e
jahutuss¢steemide puhul on va&alja t°e°tatud | 2henemi
[tm001, Bloemkolk, 1997].

Ni i uute kui ka ol emasol evate s¢steemide jJaoks
|l 2henemi sviis. [tmOO0O5, Van Donk ja Jenner, 1909
va@hem samu samme ja nende sammude Kji2rodiumiirse t a
tegureid, mis |lisaainete kasutamise v2hendami s

esitatud joonistel 3.2 ja 3.3.
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Bi otsiidide kasutamise optimeerimiseks on o
omavahel seotudpt i meer i mi ss keemi koostami seks pakut
Ja&8rgnevalt esitatakse soovitused kahe vooske
ol evatele jahutusvees¢gsteemidel e | a skeemiche ol
pakuvad biotsiidide optimeerimiseks samma mmu | i st | 2 henemi svi i si

Jooni st 3.2 selgitatakse j2rgmiselt [t mOOS5,

projekteerimise etapis tuleb otsustada, millist jahutusviisi soovitakse kasutada. Kui kasutatakse

vesijahutust, tuleks kaaluda tehnilisi lahendusi, mis hoiavad dbrdtl jahutusves ¢ st e e mi s
eeldatavalt esineva biosaastpse pul at si ooni . Ol ulised k¢si muse
arvesse v»tta, on ja@rgmised: piisavalt suure
osades ning kanalite ja soojus het i t e Suj uv e biosanstusesettimite e v @
Mittetoksiliste ja biosaastusekinnitumist takistavate katete kasutamine aithilmsaastuse

kogunemi st veelgi va@hendada. Veehaarde konst
ja organismide kaasamine ol eks minimaal ne. F
viidud brutomaterjali kogust vile selleksiolla titdan e n d a
(korrosiooni kindel, sileda pinnaga) isse fhedr od
valjalaskekarbid saab teha klaasiga tugevdat
torude ja ¢henduste jaoks. Samuti v»ib projel
nditeks ¢¢hendused keemséi sei | av &h eord diotga | v s ie
spetsiaalsed doseerimispunktid ja aami d) , vV o» i k a keerulisema
mehaaniliseks p ufarma t] avteiksaesle $ a d-lnwnvmiekksd 4 n de s ¢
M» nel j uh u-biosaastisth» makkmios ek s kasutada kuumt?©©°t]
vaj a. Kuumtoe©°t]|] use kohaldamiseks tuleb proje

T2iendavad optimeeri mi sv»i malused sarnanevad

WI Kdziidzaa NadSSYA

I K2l K Vesijahutus
1 bNAGSRY
Insenertehnilised | -korrosioonikindlad materjalid
lahendused - sujuv konstruktsioon
- suured voolukiirused
S bNAGSRY
¢NASYRE @I | -SSt il tehiikadzd S
alternatiivsed tehnikad S-IN&F £ EARS aNa
¥ ;AAtE AT 22VALIDKA
Bioloogilise saastuse
kontroll
[]
Y dZdZY |:| | | Kontron
] hiotsiidideaa —l
[ NoA@22¢td WA Y 3f dza 3
CWS CWS
Viide J l
heiteloale Vi Vit
voogskeemi 2 voogskeemi 2

Joonis3.22.Jahutusvees¢steemide projekteerimisskeert
biotsiidide kasutamist
[tm005, Van Donk ja Jenner, 1996]
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Biosaastuse probleemid:
-2NBIF YA&AYAR
L ad 2KG aNg
- probleemi suurus

'

¢ dz@l aGF Rl 0A2

‘ jah Insenertehnilised lahendused

¢cpadl aara -aAa8YyROSS §5¢
-araasSgpidz 2yaidNyz
/ jah tpKadza8 1| pNDIt
Protsessilekked? - korrosioonikindlad materjalid
- lisasoojusvahetite paigaldamine

Insenertehnilised lahendused
ei - alternatiivsed ja lisalahendused
1 jah e
y -2l Kdzii dza 88 ONA
t I NFYyRERE -YAGGSYNNBA&SR 0AZ2
tingimusi? takistavad kattematerjalid
i -asragr @s8s3at |24
: -2NNHE 1 dzRS {2 NHzy dzN
ei
_ p jah
[ NoA@22fd / .
’ Avatud ringlusega CWS
CWS - Biosaastuse kontroll gliseg
YpNBI t @22 T
h1&aNRSSNA 9 CAZ208AARA
UNNOA OI f
¥ ¥ ¥
x & éa h1aNRSSNM Y aAlUl0S2]aNR
52a ? S NA YA Idoseerimine: biotsiidi doseerilnine:
02112 0211 0211
- pidev - pidev - tolerantsuse
. N -SSaYNNJ kujundamine
- sihtoseerimine “pH
- doseerimisriiulid . ]
| Y
h1aNRSSNRJ t dzK I & (i dzZAa NEOA A Y
GNNoA @I ¢ apftddzdl £t G o042
¥ Viide CW$ spovitud . Y
Biotsiidi doosi [ opaml Al  A20AAARA R22
ONKSYRE Y] - ohutus
Y x :
) Seire:
Seire: - biosaastus
- b|g_sa§§(;us, - biotsiid
- biotsii ‘

4

I SAUUYSS <SNNb

‘ !

Viide heiteloale

Viide heiteloale

Joonis3.3:L2 henemi sviis biotsiidide kasahamuseeesd pendanm
[tm005, Van Donk ja Jenner, 1996]
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Joonis 3.3 n2itab k»iki samme, mida tuleb bi
Jenner 1996] . Ol emasol evas jahutusveesg¢gst eemi
populatsiooni ja biosaastuse riski suurust. Selle eelduseks on piisav bioloogiline seire.

Bi osaastuse probl eemi p»hjust tul eks anal ¢,
parandada vee eeliactnaksega | { neermirkirme) . Se
bi osaastuse ohust, vd@hendades si s shwlbagilise vat e
kasvu peami seks p»hjuseks on protsessil ekke
korrosioonikindlaid materjale v»i paigal dade
mehaanil i st puhastamist. Stekeerkiaatudagi rkws tke
ni metatud v»i mal usi

L2bivooluvé@deradmitd&se makrobi osaastust m»ni k
kasut amat a. Naatriumhe¢gpokIl orii on k»ige ol ul
gokina v»i pidevalt. Makrobi osaastusetkai»r j e
makrobi osaastust on rohkesti tekkinud, on sel
aja jooksul. Soovitatav on kaaluda sihtotst a
bi osaastuse r i ditesisse]di tvéekg ad msjkiekwaltpa des. Mi n
annuse kindlaksm22a2arami seks on oluline keemi.|
kontsentratsioon jahutusvees¢steemis v2heneb
t »hus j@2ktase jahutusveesg¢gst eemi kriitilis
kolorimeetrilise DPBt e st i abil regul aarseltt kasitsi k a
kont sentratsiooni m»»t mi ne j a hu temisler ehsl. on
Makrobiosaastuse seireseadmed annavad teavet organismide kogunemise ja kasvu ning biosaastuse
t»rjeprogrammi tulemuslikkuse kohta. See tea’
jaoks | 2bivoolus¢steemi dbsaasiusefaus esi neb probl «

Avatud ringl usnwnukobiasagus pafueloiseth erebleem kui makrobiosaastus.
Mikrobiosaastuseeirevahendid, nagu ATiReetod ja plaatide loendamise meetod, annavad olulist

teavet mi krobi osaastuse populatsiooni arengu
organismide ja toitainete koos | ahdetda éitv e e g a
mi krofiltreerimine, sadestamine) . Li sa&s ai

jahutusvees k afitreeaminel gnis gom aosal ninglusvee kogumahu pidevast
filtreerimisest. Sel | ega s aa bbiotsfidikegost Biatsiidi e d u k

goloseeri mi se aj al tuleks k¢glgvoolu filtrid
biotsiiditarvet ja hoida 2ra mikroobipopul at
Ringlusega jahutusvees¢steemides kasutatakse
Madal maades te°del dakse l i gi kaudu 90 % roi
Mitteoks¢deerivaid biotsiide kasusuadapakksda ai n
piisavat kaitset. Oksg¢deerivat e j a mi tteoks
kasutamise v@hendami seks mittekatkestavat v»|
madal al tasemel pidev miakaglenkwmii ne, dtaemmaatai
v@hendab ka bioloogilise tolerantsuse tekkim
optimeerimi seks on vaja nende t@@pseid k e emi
v»i mal usi on jtud.b Biolooygilsed emeetodita biatsiidide kontsentratsiooni

m»»t mi seks jahutusvees v»ivad olla kasulikud
V»i maluse korral on soovitatav nii oks-¢gdeer
doseeri mi se aj al puhastus t2ielikult v o» i o]
heitkoguseid. See on eriti t etsiidide pukul. Lisaks ot i re
soovitatav kasutada h¢pokloritiga to°orPdetl dud
vd@hendada HOCLI aurustumi skadusid jahutustor
tingimata bi ot si i dohjata kataligtekkimiseomul ul i ne on si i ¢

Tl ktuslikud jahutuss\steemid 89



3. peaf\kk

Hepokl ori ti ja bromiidi kombineeritud kasutamine
jahutusvees¢gsteemis ja ka | @bivoolugaijahutusvee
broomitud amiinidi on tugevama biotsiidse toimega kui nende klooritud homddofzg nad

lagunevad kiiremini.

K»rge eekvaliteediga ringluss¢steemides v»ib ¢he
p°°rata t2hel epanu korrosiooniriskile. M»ned koger
ol nud. L»puks v»ib ringlussg¢st ¢gaepakkudela UV »i mal i ku t
valguse kasutamise. W al gu s ks ei suuda sii ski jahutusve

bi osaastust k»rval dada. Sell eks, et see meetod ol

sest valgus peab suutma | 2bi veesamba tungi da.

Selle I 2henemisviisi v»ib kokku v»tta j2argmiselt:

1. Jahutuskonfiguratsiooni vali ku (Il 2bivool uga, a
h¢e¢briidjahutustorn) otsustab muude tegurite
konfiguratsioon ise v»ib omakorda m»jutada veer
avatud it r gj ahutustorni de vahel tavaliselt erineva
mitteoks¢deerivate biotsiidide kasutami sega.

2. Kui s¢steemi vali k on tehtud (vt ka 1. peat ¢kki)
sobitada arvukate kombi natsiooni de vahel j@rgm
jahutusvee t°°t]l emise vajadust
f soojusvahetite ja kanalite materjali valik ja
T jahutuss¢steemi pai gut umsnna gt»mpikidblet kaaa viuunwbul ent

suurendada n»utavat vee Kkiirust,
9 jahutusvee keemia parandaminea k endades eel t°°tl ust,
T jahutuss¢steemi mehaaniline puhastamine,
T alternatiivsed miitktUV-meegi 0di da filkeéeimine ksl t e a

S»l tuvalt sell e hindamise tulemustest v»i b m2rgj

katl akivi, korrosiooni VvV o»i bi osaastuse vastu. See

k2aitamisviisist, n2it ek walitidgahutuskenfigunatsidorist. ooni t s ¢kl i t ¢

On selge, et suletud ringlusega kuiv»hkjahutuse pu

ei ole selline t°°tlemine vajalik. Kemi kaal e v »i

puhastami seks, kuid tavaliselt mitte s¢steemi k2it

Kui jahutusvee t°°t|l emise vajadus on kindlaks teht

n»uetele vastav jahutusvee t°°tl emise programm. N

T teatavate ainete kasutamise keeld jahutusvee t©°P°
metallorgaanlllsed chendid, nitritid, merkaptobe

1T teatavate ai ete v»i ainer ¢hmade (nt t sink, f osf
jahutusveest tulenevas heitvees, m22aratledes nen

T kompl eksainete biolagundatavuse miini mumtaseme n

f jahutusveest tuleneva heitvee °kotoksikoloogilis

Jargmise | 2henemisviisi puhul toob jahutusvee puh:

kui ka ol emasol evate s¢steemide puhul kaasa jahut

1. selgitajakseéeug¥kepapuhastamise vajadus p@rast sed
fg,(;sikalised puhastusmeetodid,

2. valitaks vajali ke |l isaainete tg¢ep,

3. hinnatakse kasutatavate ainete keskkonnariski,

4. v»i maluse korral kasutatake®i hsemi d, mille m»ju
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3432 V2@ hendamine materjalide valiku ja s¢s
Uute s¢steemide puhul saab valida materjalid
kasutami st. Jahutussg¢gsteemi de seadmet es k as
tarnijad pakuvad oma seadmeid tavaliselt paljude erinevate metgllidalamite kujul, et

v»i mal dada k?2itajal valida materjal, mi s S
protsessitingi mustega, mille jaoks see on e
m»el dud | 2bivoolus¢stegmideimied ¢ lae aninaatsydbk a $ nig
sool ast vett. Ol uline on m»i st a, et m»ned ma
mis v»ib materjalide valiku keeruliseks teh
Naiteks v»ib suurem tundli kkksemaosa@asituaeus
Jahutussg¢steemi »i ge paigutus ja konstruktsi
Kokkupaneku aj al tuleks valtida ebavajalikke
M» |l emad p»hjustavad tur bul entltda, segt sce suerehdab t u |
korrosi oo mannav p »pmde Boguhemists

S¢steemi kaitamine sobiva mini maal se veekiir.
v@hendab ka makrobiosaastuse kogunemist ja m
Organi smide pindadele kinnitumise v&2hendami s
S¢St eemi puhastamise h»|l bustami seks kasut at
bi osaastuse vastased v2rvid v»ivgda sti°slatlad audd
m¢rgivabad pinnakatted ja v2rvid. Nende veeal
jahutuss¢steemi suurusest ja tingimustest. N
va@i ksemates | ahut us saegpimdernglise kuivatangse teeh MNeed kns e |
pul brilised pinnakatted, mida saab kasutada

ei kasuta lahusteid ja on korrosioonikindlad, nii et tulemuseks on seadmete eluea oluline
pikenemine.

Suuremates madrgjahutuss¢gsteemides kasut at ak s
kogemused n2itav-adaastanptdetulbaebndgdasd | ks 1
kasutatud biosaastuse vast asedguvaskfpar ve, mi s s
tribut¢gegltinooksiid (TBTO),dmssserdadavddyv ¥y
veel suurtes rajatistes, n2iteks elektrijaam:

ulatuses kasutada.

344 V2@ hendamine jahutusvee t2iendava ja al

Jahutusvee puhastusvajadu v@hendami seks o
kasutamise v&2hendami eks on kirjeldatud j2&rg
- filtreerimis-j a eelt°°tlustehn|kad,

- t°° k@jgus puhastamine,

- va@ljalg¢glitamisega puhastamine,

- kuumtoeo°ot]| us,

- pinnakatted

- ultraviolett(UV-)valgus,

- helitehnoloogia,

ja va&arvid,

- osmootiline gokk.

Nende meetodite p»hi m»te on parandada j ah
jahutussg¢gst eemi el ementi de (kanalite ja so
s¢steemis keskkonna, milles biosaasteisththogune
kokkuv»tlikult kirjeldatud XI Iisas ja on il
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Vo on veel uuri mi sel . Keskkonnakasu peaks ol em
kasutamisega.

N2 i t e daguse puhul on vaja suhteliselt puhast vett, samas kui osoon ja helitehnoloogia

vaj avad t2iendavat energiakul u. El ektriline veet
jahutussg¢st eé&mides, (t<°otabmi®enmplCerijad uuwarnidli s 30ni kr oo
mittekeemilise t»rjemeetodina paljut»otavaid tule
Finantskulud v»ivad varieeruda, s»| tuval't S¢Steem
tehni kat jahutuss¢steemi integreerida.

Ringlusegam? r gj ahutuss¢steemide puhul rakendatavat V e e
kasutamise v&@hendamiseks v»ib vaadelda samas val
v@hendami seks (vt jaoti st 3. 3. 2) . Edabd t °°tl us m

sool asisal dust, mis-my»j koabowviag anii tkodknuj & att d a&kti vini n
k2itamist.

Samas on va@he andmeid jahutusvee eelt®°tluse m»j
v@henemisele, kuid suletud jahutuskontuuride puhu
0SmMOOS ja suuremahuwtrusns ystegamiadveafitt@admingl&Xl k ¢ 1 gvool un
i sa). Teatatud on madal amat est kul udest veev»
korrosiooni » k etes, katlgkieit » k etset ajjaa hajutusvahendite doseer i mi
cmberkonstrueerimine ei olnud vajalik.

345 Hei dete v&2@hendamine jahutusvee | isaainete
Parast k»i gi tehnoloogiliste ja k2itami smeet met e
konditsioneerimise jaoks kasutatavate lisaainete hindamine ja valik, et kasutada aineid, mille
n»uetekohase rakendamise korral wvhi keskkohalmt»ysv
t°e°tl emi se teoori at on kirjeldatud jaoti ses 3.
t°°tl emi sprogrammi valimine on selgelt kohaspetsi
arvesse paljusid teguatud, managujaPjteke k¥%atiseest
Selle tulemusena on va&alja t°°tatud suur hul k ¢hel
jahutusvee t°°t] emisel kasut atakse.

Nende toi mi vust jahutusringluses hinnat akse j a
veekeskkonnas pa2rast nende keskkonda l askmist.
jahutuss¢steemis t»hus, kuid jahutussdest eemi st v @
kahjutu lisand.

Kirjanduses on esitatud andmeid erinevate jahut u:t
jahutuss¢gsteemi deskkloinmaenl» j uetonn&reee ul i ne ja s»I|t
teguritest. Toodud n2ited n2itavad selgelt, et o]
kogust ja et see v»ib viia ka erinevat t¢epi Il i sa
11 diselt peetakse ELi s kemikaalide hindamist vaja
met oodi ka nende kasutamise keskkonnam»jude v2hend

tasandil on tekkinud raskusi:
1 erinevate rakenduste puhul kasutatadeevaid hindamismeetodeid,
T andmete k@ttesaadavus preparaatides sisalduvate

probleemiks,
9 ainete hindamise eest vastutavad erinevad osapooled,
T paljudes riikides tuleb veel v&lja t°e°tada riski
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T°°%°t|l emi skemi kaal i de rakendami se kontrol |l i mi
m»nes | iikmesriigis teadmised t°°tl emiskemi
t°°tl emi skemi kaal i de suhtes kohetéeéeasavdtelgsne
esitatud Saksamaa »igusaktid.

Saksamaa f°deraal se veeseaduse 31. Il i sa, mi
»i gusaktist, mille eesm2rk on optimeerida | a
kvaliteeti. Selle tulemusena on kehtestatud piirangud teatavate aiagtebiotsiidide ja muude
ainete, protsessi sisestamisele ning see h»l
K»nealune »igusakt p»hineb neljal etapil

1. keelatud ainete loetelu, mis sisaldaB r g mi st :

- kroomi ¢hendi d,

- elavh»beda¢ghendi d,

- metallorgaanilised ¢hendid (nt tinaorgaanil
- merkaptobensotiasool,

- orgaanilised kompleksimaterjalid, mis ei ole kergbstlagundataad,

- gokkROotl use | uliotsididetkui Kloomniraomhieosoonijakd.-ga,

2. teatavate ainete ja ainer¢ghmade sisal duse g

- kloordioksiid, kloor ja broom,

- AOX,

- keemiline hapnikutarve,

- fosfori¢hendid (anorgaanilised ja ¢l dfosfor

- Zn.

3. k»i gi kasutatud orgaaniliste ainete kerge |
bi ol agundatavusin on koosk»l|l as kemi kaal i seat
C4 osaga,

4, kasutatavate biotsiidide v2&ljavoolavas | ah
piiramine ei keela nende kasutamist, kuna
Samas v»ivad need ol | a avatud j a kspjaol av e
n»uetekohaseks toimimiseks h&davajalikud. E
i sel oomu kohta ning n»utakse selle v2&]jen
bi oteste, nditeks | ahjendust egutrviete s( Tvb»)r,r e
m¢rgisusega jahutussg¢gsteemi s.

Vaatamata seadusandlikele piirangutele mitmete jahutusvee kemikaalide kasutamisele, on

saadaval suur hul k |l i saaineid ning vaja on
kohaspetsiifilisi tegureid, naguundlikisuSamus s ¢ st
j22ks konkreetse siseriikliku regulatsiooni

n»utavast ¢l dkohal datavusest.

Seega on ¢ks v»imalus jahutusvee heidete ke
teiste ainetega, mille m»ju keskkonnale on v
asutused kasutanud | ubade andmidanisevalends Sdlleu st e ¢

vahendi aluseks on lubade heakskiitmise menetlus. Loaomanikud peavad éname m h al d u s |
menetluse kaudu esitama taotluse jahutusvee lisaainete kasutamise ja muutmise kohta. Lube
vad@ljastavad asutused k dsnundstatudandenetus.| Eeldatalse, éti n d

l @2hitulevikus | 2hevad kemi kaalide tarnijad |
il evaatamine on osa ainete ja valmististe v
¢l di se hindamusmemosesdska $ae hindami smetoodi

kl assifitseerimise, pakendamise ja m2&rgistam
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'l diselt toimub jahutusvee |l isaainete hindamine kc
hinnatakse ainete olemuslikke omaduemadusttAi nei d hin
al usel (kantserogeensus, age meé¢rgi sus veekeskko
bi okontsentratsiooni tegur). Ainete ja valmistist
t2@pset koostist. Rahvusvahel i sgtCCAY EGr@pau s pr ogr amm
»igusaktid (biotsiidide direktiiv) ja kemikaali hal
et need andmed ainete omaduste kohta muutuvad ¢ha
Esi mese sammuna saadakse teave | isaaine ohupotent
alusel hindamisel ja valimisel kohaldatakse ainetele ja nende valmististele ohtlikkuse tuvastamise

testi. See on Madal maades vp?1997hja [tmO7,tNelheekd k at se (]
19971) , mis p»hineb eelk»ige ohtlike ainete dire
direktiivil (88/379/EM}). Katse keskendub aine °k
mut ageensust, k ant sslisust gj& diolagundatayust, dog eRdna ja t ok
biokontsentratsiooni tegurit. Selleks on siiski vaja andmeid, mis ei ole alati kergesti
kattesaadavad, osaliselt konfidentsiaal suse t»tt
kogutud.

Li saainete hindamisel ja valikul v»ib olla abiks |
mille m»eju vastuv»tvale keskkonnale on v2&2iksem. Li
tootmi skoha tasandi |l v »i kaeswesedahdmedrkaantatadatet r ak end
alternatiivsete | isaainete v»imaliku m»ju koht a.
ri ngjahutussg¢st eemi (avatud jahutustorni) j aoks.
esialgseks hindamiseks standardne PEQgeifast on lihtsustatud mudeliga, mille puhul

eel dat akse, et |l i saai ne ei |l ahjendu | »es, mi st »tt
sell e mudel i puhul il ehinnatud. Samuti eel dat ak:
t°°tingi mustlesvyt khunar vmrausdsee kemi kaal i (de) Si ssev
raamdirektiivis s@2testatud kemi kaalide keskkonnak
Teine etapp h»I| mab opti meeri mi smeet mei d, et v @ h
k»i kv»i mali kes t°°%etappides (vt j2rgmine jaotis 3.
v»rreldes seda kehtivate veekyvastaidarditepa(EQS3.esm2r ki de
Kui neid eesm?r ke ei saavut at a, v»i b osutuda vaj
v»imali k kasutada alternatiivseid |isandei d, v»ib
ohtlikud |Iisandid v&@hem ohtli ke alternatiividega.
K»neal usel | i saainete hindamise menetl usel, mis o
p»hineva kemi kaalide m2@2rusega, on ja&rgmine | isav
1. v»imalus m22rata kindlaks k»ige v&2iksema keskkor
2. v»imalus m22a@arata kindl aks, kas kohali kud veekval
Kui seda hindami smeetodi't (mis on ainete ja ¢henc
biotsiidide suhtes, tul eneb esi mesest sammust aut
Praktikas t2hendab see bi ot snisprayiamni jaokswtriagni se j a do
l 2biviimist Tei nevahhemm, p ari &l |keuellgseebl te noapnt i meer i mi
kohali kule vee®kos¢steemile prognoositava m»ju hir
Sell e hindamisega kontrollitakse kol me kriteeri umi
kohal dada t2iendavaid v@hendami smeet mei d, seal hu

asendamist. Madalmaades kontrollitakse biotsiidi prognoositavasekdraitsiooni vastavust
maksimaalsele lubatud riskitasemele (MARL).
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Seej 2rel tuleks rakendada t2iendavai d meet me
1. biotsiidi kontsentratsioon heitvees on suurem kui MARL ja kui;

2.biotsiidi l i sanduv kontsentratsioon pinnave
kui X % MARL-ist ja kui;

3.biotsiidi Il dkont sentratsioon pinndapirees t ea
Kirjeldatud hindami smenetlus on ¢ksikasjalik

3.4.6Jahutusvee lisaainete kasutamise optimeerimine

Jahutusvee |l i saainet e kasut ami se optimeerim
annustamisregiim ja j2lgida veepuhastusprog
jahutuss¢steemi soojus¢lekandel e ja odhaelt usel

seotud ja et sobiva doseerimiskorra eelduseks on seire.

Annustamisregiimi valiku eesm2rk peaks ol ema
il ma et see v&2hendaks jahutussg¢steemi j »ud]l
korrosiooni Vo» i katl aki vi t e kldsti nms teab kapsa kaj a h u
kaudseid keskkonnam»jusi d, ning ¢l edoseerinr
bi osaastust, suur emat heitetaset ja suuremai
joonise 3.4 kohaselt. e&mias»i gestvinepnojaghtesere
miini mumkontsentratsiooni, et hoida s¢steem
tekkida mesnimmgdneabinosaasmime aga viib selli:
n»utavat maksi maal set kontsentratsiooni ning

AWS WAV el
Evizanatt

alumine piirnorm

Kontsentratsioon

Aeg

Joonis 3.4: Valesti projekteeritud seire- ja annustamiskorrast tulenev lisaainete
kontsentratsiooni muster

Jahutusvee kval i tsieldtidoansil ¢(jsadnips» h3 .n®e)y aeesm
n»ut av kont sentratsioonitase, et tagada
kontsentratsioonitasemeid j a seega va@henda:
te°tluskul usi d. $ kavanhdathddoseetirisskeamidwaalku lisdaigeskagust
ja seda v»i b pidada kulut»husaks meet meks.
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Nemine piirnorn

Kontsentratsioon

‘\ alumine piirnorn

T T T T T T T T T T T T 1

Aeg

Joonis 3.5: 1 i g e prdjekteeritud seire- ja annustamiskorrast tulenev lisaainete
kontsentratsiooni muster

3.4.6.1 Jahutusvee lisaainete doseerimine

34611 Doseerimisregiimid
([tm010,Betz,1991],[tm005,Van Donkja Jenner1996], [tm157,Jenneetal, 1998])

Jahutusve& e mi kaal i de doseerimine toimub jargmistel vili
1 pidevalt:
i hooaja | »pus,

v

i perioodiliselt settimise ajal,

v

i madala tasemena settimise ajal,

T aegaj alt (ni met at ak-doseerknseks),¢, st i mi seks, parti:i
T pool pi dimpwlasidéna wateiduvalt,
T massi i v s edogeerimitela, njjlle pukul jahutusveele lisatakse korraga suur kogus

kemikaali.

Pi devat doseerimist kasutatakse jahutussg¢gsteemi de:
Paremates s¢steemides doseeritakse neid vastavalt
Seda kasutatakse endi sel t obidsaastusejaHlormosioors tasie mi des, p¢
Kogemused n@itavad siiski, et v@hendatud kasut ami

sama t »hus.

Ajutise doseerimise korral sisestatakse kemi kaal!i
¢l itami st v»i kemi kaali wv@&l jast amidaseerinksal i breer it
kasutatakse jahutuss¢gsteemiddes kEBbbohkdgdeerkiumi sshas
mahu suhe v2&]japesu mahusse on suur. Nendes s¢st
kaotatud v»i tarbitud materjali koguse. Seda kasu
perioodili st doseer i miidetantimikKibdhsdide dinsid dosedritaksel s v ees ¢ st
tavaliselt katkendlikult. Partiloseerimist saab kasutada nii ringlksu i | 2bi vool usg¢st eemi
Seda ei saa kasut ada chekordse Il 2bi vool uga S

kemikaalikontsentratsiooni.

Samut i saab doseerida sihtotstarbeliselt jahut us:
soojusvahetite sisselaskel e. Ol uline praktika or
kohandatud makrobioloogilise kasvu hooajaliste omadustega. Annustamind t u b k a

jahutussg¢steemi t ¢éebi st . Ringlussg¢st eemi puhul m »
kaitamisviis. L2bivoolus¢steemis on doseerimi se ace

kuna kemikaali ja jahutusvee vaheline kokkupuuteaelg gnh i k e .
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Vadajikeste s¢gsteemide puhul toi mub doseeri mine
automaatne seade, mis seotakse seires¢steemi
jahutusvee t°e°otl emine spet si akeerukatee rmitmeted et
jahutuss¢gsteemidega rajatiste puhul on tarni
hall at a. Vad@i ksemate s¢steemide puhul teostahb

neid toetab tarnija poolt teostatavregulan e ¢ |1 evaat us.

Doseeri mi se opti meeri mi sega on v>»imal i Kk bi
doseerimise viis s»l tub biotsiidi toi mi mi se:
mustrist (makre¢ mi kr oorgani smi d) , j ahutuss ¢ stcesd miem
veetemperatuurist ja jahutusvee toitainetesi
tahkel kujul.

Doseeri mine v»i b kdbbai dpeindaeev Mm»ies gokki r j andu
|l @bi voolus¢gsteemides peaks toimuma pidev do:
kokkupuut eaega, kK ui doseeri mi ne on madal at &
v»i mal i k pi dev gddansinekasutatakée mais katkendlikia dosegrimist:aiaity

toi muva t°°tl emi se eesm?rk nendes S¢St eemi
kontsentratsioon, mis tungib biokile sisse
t°e°t |l emi katgkenwdliibk t°e°tl emine anda v2iksema
heitvees ja olla ka kulutasuvam, kui on vaj
vai el dud, kuna on tehtud t2hel epanekui d, et
védmemi se -kase@nikki ne. Selle kohta on vaja rot
sei sukohast pidevat dose-evr»ii miksatt kleinhdtl § &krk uk adsou
| 2heb seires¢steemi, et ot ssindtaard as,e kmsi. | |Dals e@mr
opti meerimine peab toimuma nii, et samal aj a
Ringlussg¢gsteemides v»ib s¢nergilistest toir
v@hendada puhastusvee t°°tl emi se kont sentr
toi mespektriga biotsiide saab kombi sum@vwai t ul t
antimi kroobse toimeaine kogust suurendamat a
oodatava m»j u. Selline oluliselt suurem t»h
lisaainete kombinatsioonide abil. Ainete doseerimist ei pemrtatg tegema samaaegselt, vaid seda
v»i b teha vahel dumi si, saavutades samasuguse
tekki mine on v&@hem t»en?2oline, K ui kasut at ak
ebat»en?o0line, sied mvlkemalbe d( wiliekk»igile nei
muutunud. Tuleb arvestada erinevate ainete v.
biotsiidi toimimist ja et va@ltida ohtlike re:
Biotsiididega t°°tlemise eesm?2rk v»ib olla
ul atusest on ravi k as ennetav V»i ravi v. :
naatriumhe¢gpokl orit. Hepokl oritjialdwtsieses 4 snti evem
torureaktorina, kus h¢e¢pokl ori ti j a orgaani
reaktsioonid. Selliste reaktsioonide tul emus
ranni kual a jahutusvettvy»t awvdarky &l dildtalemuseks om n n u s
soojusvaheti v a | jdand 25K,edAS amg /ulu.r eSe e-Ridhutite nd ab
reaktsiooniaega. HepokIl ori t doosi on m2r kin

lisa jaotis 3.3.3.2.1 ja X lisa jaotis 3.3.3.2.1)

346.12 Doseerimiss¢steemid
([tm010,Betz,1991])

Kasutusel on mitmeid doseerimiss¢steeme. Do s
Kui vi kemi kaale. Vedel kemi kaalide puhul Kkasu
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ti hendatud kol bpumpasid (k»rgsurve al |) j a me mb
kasutatakse selliseid doseerimiss¢steeme nagu mah
gravimeetrilised s°°turid (kemiXCQtadride Mhecseéel @ mign
segami smahutisse). Ei ole teada, kas ja kuidas eri
l i saainet e tarbi mist vd@hendavad. Kahtl| emat a par ¢
kali breerimine doseerigust, tdpskichta Domealiamisst

kontrollida ainultveij ahut uss¢steemi n»uetekohase seire teel

3.4.6.2 Jahutusvee seire

Jahutusvee t°°%tlemiseks vajalike kemikaalide vaj

|l i saainete kasutamist ja heiteid kikletKktkseknda, taval.

meet odi ks, k ui heitvee t°°t| emine, kui see ¢l dse

Eristada v»ib biotsi i ddpuhastuskenskaatide (ketladtier> kseesitragjta tjea, mu L

korrosiooni » k est aj ate ja hajutusvahendite) seiret, sest

tegur jahutuss¢steemis esinevate organismide k?2it

34621 Katl akivit»kestajate, korrosioonit»kestaj

([tm067,Hootsetal, 1993])

Keemiliste t»kestajate kasutamine ja nende kasut a

olukorraspetsiifiline k¢si mus. l gal juhul on tege

T jahutusvee kvaliteet ja eelt°°tlusv»imalused (pe
vajaminevast vooluhulgast,

T vajadus v@hendada veetarvet, suurendades tsg¢kli
tingib katlakiviprobleemide suurenemise,

1 jahutusvee temperatuur ja soolade lahustuvus,

T i saainete vastasti km»jud.
Ringjahutuss¢steemides kasutatakse jahutusvee t»k

mit meid meetodei d. l'l evaates [t mO067, Hoots et al ,

jahutuss¢steemides rakendatakse:

T k2sitsi Kkragulseemireemi ne | a

T t¢éhjendamine ja manustamine (v2ljapesust poolt a

T veem»»tja poolt kontrollitud tsg¢gkl1lid,

T k¢l gvoolu keemiline anal ¢saator (mikroprotsessor

M fluorestsents.

Il gal meet odi | on il mselgelt omad eelised ja puudu

ei pruugita saavutada. Erinevad seiretehnikad eri

kogus. Siiski tuleks v»i malsi keul tolpealsjew twadl tjiadchau tdics

n»udl use k»i kumi sega. Seevwi»iddl epbdhg aiesrtiamias tk.e mi k aa
Doseerimise varieerumine v»ib toimuda mit mel p»hiji

f operaator v»ib olla t&@helepanematu,

T seadmete t°°kindlus on madal,

T kemi kaali de taseme kaudne m»»t mi ne,

f vale muutuja m»»t mi ne,

T anal ¢¢si ja reguleerimise vaheline aeg on | iiga
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T anal ¢¢si meetodi korratavus v»ib oll a madal,
T jahutuskoormuse ja |lisavee kvaliteedi muut.
Kogemuste p»hjal on il-mme,dosteekdP»mMmgestd3peemn
kemi kaali de kontsentratsiooni jahutusvees | a
aeg. Seires¢steemid peaksi d s uuisavee kvplitebdg i d a

muutusi (XI lisa).

3.4.6.22 Biosaastuse seire
(tm005, Van Donk ja Jenner, 1996] ja ([tm087, Engstrom ja Tully, 1994])

Bi osaastuse seire p»hineb nii mi krobiol oogi |
tegel i kul mi krobiotsiidbgatsPPdilpmogeammiseme
v»ti on v»ime m»»ta kiiresti ja t2&2pselt mikr
Hea doseerimiskorra saavutamiseks on | 2bivoo

T teha probl eemianal ¢¢s organismi (de) koht a,
9 iseloomustada organismide esinemise hooajalisi erinevusining/ | » pde a r
sigimisperioodi),

T v»tta arvesse veetemperatuuri ja vee kvalit
M valida doseerimisprogramm (nt | okaal selt se
f otsustada, millised doosi ¢hi kud vahendavad
T otsustada s e iranna/pjr omgle @astamise pdale(sigimisperioodi

mé & r a miranea) | » mdi/austrite seire (kontsentratsiooni tuvastamine).

Sarnast strateegi at viilhgkobBalidaeaemkade avahu

jahutustornides kasutatavate |l i saainete do
suurendab veelgi TEt®endamiasese keguukuust on kon
suurendami se m»j u, mis ¢helt poolt s2astab v
tekkimise v»imalust ning vajadust spetsiifil
rajai ste projekteerimisel olla il mselgelt heak
Need v»ivad v&@hendada vajadust t»kestajate
keeruliste ainete |isamiseta, mi s omakorda a
Nii uute kui ka ol emasolevate jahutussg¢steemi

(nt lekked) ja iseloomustada leitud organisme, enne kui otsustatakse, milline biotsiid on vajalik.

L2bivoolus¢steemide puhul on makrobi osaastus
on makrobiosaastuse seire. See on oluline minimaalse vajaliku biotsiidi annuse
kindlaksm22ramiseks ja biotsiidide a@gstusemeer i

tekke ja kasvu ning biosaastuse t»rjeprogram

Veel gi sihip2rasem doseerimisregiim on vahe
arvesse Vviibimisaja varieerumist protsessi eri osades. Erinevatel aegadel ja eri kohtades
doseeritakse n»utavat &kl oor i kognoesatele jalausdveeyv al t
voolu mustritele. Protsessi | »pus ja enne |
erinevate protsessivoogude kokkusegamise tee
mitte, saab TR@ v eel gi v 2 he n dkagdste taseme s lang/L(\tt ¥l dsa). h e

Avatud ringluss¢gsteemi puhul on mikrobi osaa:
|l i savee kogus on tavaliselt palju v2&aiksem, s
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eelt°°tluse kui ka ringlusvee o0s a@oskegnisgpubud | una f i |t

on ringluss¢steemide eeliseks see, et S¢St eemi S

toimida ja see v@hendab @emine S&rhy taipesru rsied d leu kg t
[

bi otsiidide kasutuse optimeerimise eelduseks bios
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35 Jahutus»hu kasutamine ja »hu

351 i huvaj adus

T hu kui ressur si kasutami selpeeit aolpéraotss easthi kr
kasutatakse k»igis jahutuss¢isteemides peal e
»huvajadus seotud ventilaatori t°°ks vajalik
Tabel3.9:Kes kmine vajalik »hwuhwdalsshsltlke eami idree wauthe

[tm134, Eurovent, 1998]

Jahutuss¢gsteem I huv @l

|l @2bi vooluga jahutus 0

avatud m2rgjahutustor 25

avatud kmdrwvg hegbriid)j g 38

suletud ringlusega jahutustorn 38

suletud ringlusegm @ r/kylivjahutus 60

suletudr i ngl usega kui v»hk 100

Mi da suurem on vajalik »hukogus, seda suur en
energiakulu ja m¢gratase. Tabelis 3.9 on v»rr
i huvool on tiahedavt s$a@otatientse soojus¢l ekan
rohkem »hku kui m&@rgjahutus.

M»nes eripiirkonnas (nt tihedates t°°omnauspi.i
koostise t»ttu v»ib see p»hjustada (ribilist:¢
mi s m»|l emal juhul m»jub t»husale soojusvahet
ebarealistlik ja sell eelkiolhulat ev » iol eolelsd twd jual
puhastamine ja/v»i jahutusvee t°°tl emine, s»lI
Teisest k¢ljest toimivad avatud m@rgjahutust
vad@lja mitmeid saasteaineid. See v»ib m»j ut
jahutussg¢steemi tood, kui d sel el kohta ei ol

3.5.2 Otsesed ja kaudsed heited

TeO%°stuslike jahutuss¢gsteemide k2@itamisest tu
Kaudsed heited tekivad tootmisprotsessi t asa
asjaolust, et ebat»hus | ah ud enargiat), e kompansedridas u u r
toote v»i |j»udluse kadusi d.

Ma&rgjahutustorni dest tul enevate otseste »hul
vahetus | 2heduses Neid peetakse jahutatava
va@i keseks. Kaitamisel v»ivad tekkida j&rgmis
1.til gad v»ivad weéepshadtudkandkaalem» ni ngai d

2. ebakorrektse biotsiidiga t°°tlemise ja jaht

(legionelloos) (jaotis 3.7.3).

Avatud ja sul etjuad prékruggV juslregtau snttaeorgni des v»i b

triivimise ja |l endumise t»ttu, mis p»hjusta

m»ni ngast kadu. On teada, et klisemiklaaalril deal ®&ud
101
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suureneb temperatuuri kasvades, kui d hei dete tek
mit meid tegureid. Seet»ttu on heidete kvantifitse
esitatud.

Triivik»rvaldajaid peetakse oluliseks va@hendami ¢
t2nap2eval varustatud triivik»rvaldaj atega, kuid
veepiiskadena v2&]| juda. Need | ahaldavadutipakesedo s ak e s i j
|l angevad heit»hu voolust allatuult v&lja ja v»iva

| adestumi st [tmO0O46, Vanderheyden ja Schuyler, 199/
on teatatud kroomiheidetest, kuid enamik rfigsrilike on kroomi kasutamise keskkonna

tervisekaitsen»uetega seoses keelanud; samuti on |
Jahutustornide otseste »huheidete kvaliteet j a Kk
jahutusveepuhastamiseks kasutatavatest lisanditest, nende kontsentratsioonist ringlusvees ja

triivik»rvaldajate t »hhususest. M&rgjahutustorni
tilgaeraldajate abil on v»i mal inkkoguvoduhuigasa t r i i vi mi ¢
vV o» i i seqgi alla selle. Jahutustorni heiteid on pgy¢
Vander heyden j a Schuyl er, 1994] . Saadud andmet e
kontsentratsioonid on v2ikesmtd niggleyjahmt8sjorni kui d nei
valjal askeava projekteerimine j a pai gutus on 0
kliimaseadmete Vv »i muude jahutusseadmete sisselas

Praegu puudub standardiseeritud meetod triivikadude (ja keskkonna saastumise) arvutamiseks
etteantud jahutustorni konfiguratsioonide puhul. Konkreetsete konfiguratsioonide triivikadude
kontrollimiseks on olemas kaks katsemeetodit (mida ei ole artiklindaiud):

- isokineetiline meetod (IKneetod),

- tundl i ku pinna-meetod)i vi m»»t mine (SS

M» 1l e mal meetodil on omad eelised ja puudused.
IK-meet odi eelised on j2rgmised:

1. suur kogumi st»husus k»i kide tilgasuuruste puhu
2. v»i malus anal ¢¢sida konkreetseid el ement e,
3.va@ljundilt integreeritud proovi v»tmine.

IK-meetodi puudused gn@ r g mi sed:

1. »hus |l eiduvad el emendid v»ivad tul emusi moonut
2. suure t»hususega triivik»rvaldajate v»i madal a
vajalik pikk prooviv»tuaeg.

Olemas on katsekood, milles kirjeldataksekka t s e | 2 b4140). i mi st ( CTI

SSmeetodieelised n j @2rgmi sed

1. v»i mal dab til kade suurust ¢l e 30 Om,

2. seda ei m»juta »hus ol evad el emendid,

3. annab suhtelise n2@itaja triivik»rvaldajate t»h
SSmeet odi puudused on j&rgmised:

1. v@hene t»husus v2ikestkegymisall | a 30 Om suuruste t

2. el v»imalda vahet teha kondenseerumise ja tridi

3. puudub til kade anal ¢¢s konkreetsete koostisosa
Vanade jahutustornide kasutusest maha v»tmi sel , r
teatatud asbestiosakeste juhusl i kest hei detest,

Aruanne kasutusest maha v»t mi s anisekobtkkeskendus e asbest.
kaitsele otsese sissehingamise eest [tm082, Mittendorf, 1990]. Kuna asbesti ja samalaadsete

materjalide kasutamine on Hk keelatud, ei kasutata uutes ega hiljuti ehitatud jahutustornides
asbesti. Asbest i v adsthvasustds fakanematssijahuudtanideasmbes 20
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Jahutustornide »huheidete v2hendami sest ei
meet od. Pidades silmas v»imali ku saastuse ¢
j2rel dused:

- jahutustornide »huheidete v@hendamine on pc
veev»tu v@hendami seks, eel k»ige triivik»rve
- »huheidete v2@2hendamine on positiivses seo0sce

ning
- jahutustornide »huheidete v@hendamine on pc
optimeerimisega (s¢steemi to°° optimeeri mine

3.5.3 Jahutustornide aurupilved

3.5.3.1 Aurupilve de teke

Aurupil ve teke v»ib ol | a oluline avatud
niiskusesisaldusega »hk va&ljub jahutustorni s
protsessi kaigus kondenseerub uuedswis wnZxlej a un
Kui gi tegemi st on peaaegu 100% veeauruga,

keemi at°°stus) tekkida markimisva2a2arne ebamee
kuju ja ul atust m»j ut avad auhiiskossning Rartuul. Mida mp e r
k¢l mem ja niiskem on atmosf aaryr | seda stabiil:
Euroopa parasv°°°tme v»i k¢l memate piirkondad
talvel. Suurtest rajatistest (elek&rip ma d ) l2htuv 22rmuslik aurupi
tornide (465 0 m) puhul p»hjustada udu ka maapi nne
il mastikutingimustes v»ib suurte aurupil ved:
teedel e j2ide.

3532 Aurupil vede v&@hendami ne
[tm101,BDAG, 1996],[tm123, Alt ja M2 u 11887]

@hendamine on tehnoloogiline int
ooni . Aurupil ve tekkimist saab
, ni mel t segades seda sooja kui
tustorni-tkuja»dbjaehudusitogihusiede
ud spetsi aal s eldadesa(tjactigt.6.)ve t ek ki

tuvalt kliimatingi mustest j a pr oEusepssi n
i matingi muste puhul vaidet akse, et peaaeg
u SoO0Ojuskoormusest kanda ¢t ®°tkaukisvab|l nsae ki
upilveta. Teatud tingi mustes, nditeks v ¢
uskoormuse korral, v»i b torn t°°tada ka
t p2evasel j a °iagald tmo gyjjalhuriursg (Kol aa
eval peab torn t°°tama he¢gbriidregiimil, mi

TSc<LV XX T~
Py O0Cc O —vy
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36 M¢raheited

361 M¢raalli kad ja m¢gratasemed

M¢raheited on olulised kohal i kul tasandi | . TOoOost
tekitavatest allikatest ja lubade va@ljastamise pr.
k2aitise me¢r a | ahut amatut osa. t ulJ@erneelviaktul ¢ rtaul g R ¢
investeeringuid v»imalikesse summutusmeet metesse

M¢ér a on 1l disel t probl eemi ks ni i mehaanil i se

mé@rgjahutustornide puhul. Teayeat ajrahudtusdteo rknoihdea m
leida VDI-direktiivist 3734 ja SaksamaaVEBu uni stes va&alja t°°tatud standa

jahutuss¢steemide kohta [tml158, VGB, 1998].

Nende jahutuss¢steemide poolt p»hjustatud m¢gra pul

1 ventilaatorite s»|l med {(kxeingi | mabh@ani lhiasnenats» ralh &
jahutustornide puhul,

1 pumbad k »i gi jahutusveega t°°tavate s¢steemide plL

i jahutusvee basseini langevad tilgad / kaskaadina langevad veemaisitt

ma@rgjahutustornide puhul

Hel i kiirgus v»ib olla otsene v»i kaudne. Hel i kii:!

f »hu sisselaskekohad,

T »hu valjalaskekohad.

Heli kiirgavad kaudselt:

i ventilaatorite mootorid,

T ventilaatorite valjal gsthkoekknstruktisioohidg pahuljeimle ut ust or ni
see m2drkimisva@2rne panus) .

Kuiv»hkjahutusega tornide m¢gra on peamiselt m»jut e
ja nende k2itamisviisist Juhul , kui summut ami s e
madal, v»ib domineerida soojaukwualmét ittee mg¥ia.konden:
M2rgjahutustornide puhul tuleneb m¢gra ainult | ang
Vv o» i ni i |l angevatest tilkadest kui mehaanilistest
m¢ra valjem kui veetil kadie ns¢uruar.u sSeset . e iKus » I»thuw gna® rse
summut usmeet mete abil va@hendat akse, v»i b veega seo
v»i b veem¢gra summut ami st
Elektrijaamades ja suurtes t°9°%stusettev»tetes kas:!
on teat atLuodo djudsrlg nkius tt.» mbpeughau Ij aohnu tvueset owond Idueeh ul k | a
k»i ge olulisemad tegurid, mi s m»jutavad summut ama
ol uline kuni 5 m k»rguseni , teadete kohaselt ei C
m»ju kogum¢gr al eeleinami msusenuaseHH si sselaskeava juu
v»rrandil e:

Lw (dB(A)) = 68+ 10* (log M/Mo) N2 Mo =1t/h
Hel i v»i msuse taset | oodusli ku t»mbega jahutustorn
arvutada j2rgmise v»rrandi abil:

Lw (dB(A)) = 71+ 10* (log M/Mo) T 0,15* (H/Ho) N5
Mo =1t/ M=vee vooluhyl k massi |j2ragi
Ho=1m (H=j ahutust)rni Kk»rgus
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Ventilaatoriga t°°panat e ein® rod jea hvueteunsstroar nsi pdeek
kui gi erinev. I ndut seeritud t»mbega jahut usH
va@ljavoolus (hajutil) tekkiva veem¢ra osakaa

j @r gmi siabilv»r r and

Lw (dB(A)) = 72+ 10* (log M/Mo) N3 Mo=1t/h
Mehaaniliste jahutustornide puhul on k»ige
(ventilaatorid, reduktorid jne). Ventilaatdabatippudekirus (256 0 m/ s) m»j ut ab ol
m¢rataset. Oluline on ka kaswtiatalklsivaealt\i d mtait
nende | abade arv ja te¢ep. Teatat i, et redukt
veevoolu ja ventilaatorabatippude kiirus&k or r a |l ) hal vast. m»j ud

a,
va@hendat aksesi(ing mMmPwted) ,r stk skt ori te m¢gra dom
Ventil aatori heliv»i msuse taset saab | igikau

Lw (dB(A)) = 16+ 10* (log V/V ) + 20* (Dp/Dpo) N5
(Vo=1m®» h KDpo = 1hPa)

Seda ¢l di st v»rrandi t saab kasutada ni. me h
t »mbe (¢l eval't i memi sega) ventil aatorite pu
ventilaatorite ©panus heliv»i msusesel s amd kKse
ventil aator.i panus indutseeritud t»mbega tor
v»i b olla kuni 5 dB(A).

Kasut at i j@rgmi st v»rrandi t, mi s nditab, k u

ventilaatorilabatippude kiirusega

Lw (dB(A)) = C+ 30log Usp + 10 log(Q*P) i 51log Dtan
(C = ventilaatori iseloomulik kujuUs, = ventilaatorilabatippude kiirusQ = ventilaatori

vooluhulk P=vent i | aat gDri=vresnh ull armg)wyg i l 2bi m» »t
M¢ra sslathwh uksa orni konstruktsioonist. Betoon
ja va&aljavoolu kaudu. Erinevatest kergemat est
arvesse v»tta ka kestast l 2htuvat m¢r a.

Li saks sell ePegjmbhpouaborni m¢r at aset k a
konstruktsioonitg¢eép, kusjuures vastuvool u p

ristvoolu puhul.

M¢ra saab i seloomustada erinevate sageduste
sund »mbega m&rgjahutustornide vahel esineb er
tekitab | aia sagedusal aga m¢r a, samas kui me
val daval't madal atest sagedustast mi 8se k¥#dith sm
on tavaliselt valdav veem¢gra, samas kui venti
kaugemale ventilaatoreid kasutavasujaistornist minnakse.

Erinevate jahutustornide heliv»i msuse taseme
kogum¢grasse oma panuse. Seda illustreerivad
[tml158, VGB, 1998] ja tabel i erimdtehhdes kassitatdavatd u d
jahutuss¢steemide kohta [t mO0OO1, Bl oemkol k, 1
M2 rgjahutustorni |l angeva vee m¢rat asemed S
| angemi sk»rgus annab indutseeritud t»mbega m

1 dB(A) madal ama heliv»i mgameéambra ggmie jahiunds
puhul 3 dB(A) madalama taseme.
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Tabel 3.10:N2 i t ed suure rafineerimistehase jahutussg¢ste
seotud summutamata heliv»i msuse tasemete koht a
[tm001, Bloemkolk, 1997]

Seadmed V»i msus Lw, dB(A)
Kompressorid 490/2000 kw 108/119
Pumbad 25/100/1300 kw 94/98/108
Auruturbiinid 1000/2000 kw 106/108
i Ikjahutid 7120/60 kw 89/93/98
i hkjahuti/lkondensaator 170 kw 102
i hkjahuti/kondensaator 2,7 MWth 97
i hkjahuti 14,7 MW/ 188 kW, 105
i hkjahuti 1,5MWw/ 7,5 kWe 90
Jahutustornid 300 MW 106
Jahutustorn 2000 m/h 105
M&r kused
1. viide p°°rleva o0sa, mootori jne v»i msusel e,
Tabel3.11:Summut amata heliv»i msusejavasegmevel u»ydlbuouesyphi
m»»detuna eri t¢epi tavap@raste m2rgjahutustornidi
[tm158, VGB, 1998]

M&rgjahut ustj|, : Il hu valjalask
konstruktsioon Lmw st ss el e ok (difuusori ava), dB(A)

Loodusl ik t»mm 84N3 69N3
Avatudm? r gj ahut us 86N3 80N 3
Av at _ud m2 r gkanzdik 883 853
t ¢éspuindt ymbega
Avatud m2rgjah N <
t ¢ ¢ipdutseeritud » mb e g 85N3 B8N3
Eri t ¢épi jahutuss¢gsteemi de»sdimmmaseks hehi vsaibmad u
dokumenteeritud er i t ¢épi jahutuss¢steemi de S umm
b
I

altoodud tasemete varieerumisest v»i b j2areldad
kasutatavast konstruktsioonist ja seadmetest.

Tabel3.12.Er i nevate jahutuss¢gsteemide m¢egratase il ma mg
[tm134, Eurovent, 1998]

M¢rahei de

Jahut ussg¢gsteem dB(A)
| 2bi vool us¢steem
jahutustoril oodusl i kK t »mme 90-100
jahutustori mehhaani l i ne t»m 80-120
suletud ringlusegphutustorn 80-120
h¢egbriidjahutus 80-120
kui v»hkjahutus 90-130
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36.2 M¢ra v&a2hendamine

(tm158,VGB, 1998],[tm061, Eurovent/Cecomafl997],[tm086, Van der Spek,1993], [tm093,
Mirsky, 1995])

M¢ra va@hendami skeskancdkda erh kesmastel e meet |

meet metel e, enne kui kaalutakse mis tahes t ¢
piirded v»i suured t»kked. Erinevates suuni st
vece kaseadi st tul enevat m¢era ja mehaaniliste se
jahutustornid v&@hem m¢rari kkad (summutamat a)
on m¢gra summutamine t»husam. I I ms el gkahe suu
hool dus samut.i aja jooksul mera v2aiksemana |
ainult mehaanilise t»mbega jahutustornid, S
t2iendav »hur »hu  angus maj andusimg kat it kas a
radi aalventilaatorite valimine t&2hendab sage

tegevuskulud kui telgventilaatorite puhul.

i1 dine | 2henemi sviis on, et m¢gra opti meeri mi
Kui on vaja t2iendavat m¢era va@hendami st \
summut ami sel tuleks silmas pidada m¢gmuwst vahe
(suurem energiavajadus) ja muude m¢graallika
panust m¢gratasemesse tuleb vaadelda kui osa
muudel e teguritele tuleb arvmemsgrsa Iveuvitlutkaj d
Jahutuss¢steemide erinevate v»imali ke m¢graal
esitatud v»rranditest selgelt na&ha, millele
naiteks til kumi s KHabatigpudsléirlsele j a ventil aator.i
36.21Veekaskaadi méera juhtimine (m28rgj al
Loodusliku t»mbega jahutustornide puhul kesk
sest »hu v2&aljavoolu panus kogu m¢ratasemesse
mida | angev vesi basseinis t elksepeedeldumige?tbreineb
t2idise |ja aludsr udpB)l.v eT ai»etntdua v( 1sOu mmut ami ne v»i b
l 2htuvat m¢Baldd&i derraeelSobvitatakse jargmisi

keskmise suurusega ja suurte mehaanijligtetustornide puhul.

3.6.2.1.1 Esmased meetmed

Esmaste meetmetena on tuvastatud j2rgmised t

T veepinna alandamine basseini kiirema t¢hijel
me¢r at »kkena,

T vee | angemisk»rguse v@hendamine on v»i mal il
v@hendami se teel, mis on piiratud meede,

T tilkade [ °°kide va&altimine basseinis on v»ir
@8rajuhti mise seadmete abil (l°°gisuunajad)

T t2idise all olevanhetameekogmmesseananadem»j u.
| mber suunami se meetodite puuduseks on p ¢
bi osaastusele, mis v»ib potentsiaalselt ka

3.6.2.1.2 Teisesed meetmed

Rakendatud on j2rgmisi teiseseid meet meid:

T helisummutid koos piiretega »hu sissel aske
Puuduseks v»i b olla »hu r-hul angus, mi s
tasakaalustamiseks v»ib kuluda 20% paigal d:

T muldbarj22rid torni aluse ¢mber: summutav |
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1 heli neelavate kihtidega heliseinad (ehk summutusseinad) annavad helisummutuse 20 dB.
Nende kasutamise t»husus s»l tub nende konstrukt s
torni alusest.

3.6.2.1.3 Kuivjahutustornid

Kuivjahutustornide m¢gra tuleneb peamiselt ventil a
kuivjahutustornide puhul v»i b vee m¢gra muutuda o
kiirusega | 2@bi soo0j usvahet i selgelt kukldamatsekuisnauglt or i t e my¢
kasutatavad seadmed on madala m¢ratasemega, j a |
saavutada sama suuruse Kkui ventilaatori m¢gr a. Sel |
heli summutus ja tul eidoleckimisa.l uda ¢hendustorusti ke
36.22Mehaani |l i ste seadmete m¢grat»rje (meha
Keskmise ja suure mehaanilise t»mbega jahutustorn
viidata samadel e esmastel e mee jamigtoenldepuhulmi da mai ni
Lisaks kohaldatakse j2rgmisi meet mei d:
T peene v»rgusilmaga v»rgud v»i kootud struktuurid
|l angevate tilkade pritsimism¢gra. Vahendavat m»j u
Mehaaniliste seadmet e me¢r a summut ami ne viitahb p
vahendami s-é&dileiviahutustormoes. Rakendatavad meetmed on esmased (seadmed)
vV o» i tei sesed (neel dumine) . Erinevate ¢mgrasummutu
v@henemine |igikaudu 20 dB(A) ja kuni 30 dB(A). Sce
vaja kombineerida vaiksemaid seadmeid t&iendava m
vV o» i méerasummut aj at ega. Sellised uyendagad i vse me roi
i nvesteerimiskulusid, kuid k2itamiskulud j22&@vad m:

3.6.2.2.1 Esmased meetmed

Teatatud on j2rgmistest esmastest meet metest:
1 ventilaatorimeetmed:

- v2ikese v»imsusega ventilaatorid (v2henemine p
- suur &mahmht use Vv ent-bdBAxdrievuseyoma ganuseramhab k&
l[abade arv,st8 | aba asemel 4 | aba (see v&hendab ka en
- madala m¢gratasemega ventilaatorite kasutamine,
»huvoolu ja »hur»hu puhul v&@iksemad | abatippud
T madala m¢ratasemega reduktorid (v2ikesed ¢l ekand
ajammootorid), spiraal hammasr ati thang | tekiasnderdk § eat e
v»i maluse korral otse ¢hendatud ajamid,
T rihm¢glekanded kiilrihma, | ameri hma v »i madal a my
V»imal use korral peaksid rihmad ol ema kapsel dat
T madala m¢ratasemega ventilaatori mootorid,
1 tsentrifugaal, mitte aksiaalventilaatorid,
T v»imalikult suur vahemaa ventilaatori |l abade | a
1 hammasrataste ja ventilaatorimootorite jaoks painduvate tugede kasutamine,
T »hukanalite aerod¢naamiline konstruktsioon.
T2iendava v@hendami se saab saavutada seadmete k?@2i
va@hendada, |l anget ades p°°rete arvu minuti s. Ma d
ventilaatorit kasutada vPi e elniaiapn $seelgwintiveshi doi rmy, s eag
va@heneddlomidhBEAD v»rra.
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3.6.2.2.2 Teisesed meetmed

Mehaanilise t»mbega jahutustornidej g uvhdullj alna 4

Vastukaal iRkbs dnBiyrAd) Ivd»rra v@henemise eelisele

2007 0 Pa wv»rr a, mi s tul eb il et adaea {Migeada¥xéa.

ventilaatorite abil.

Naited on j2rgmised:

T »huvoolu summutamine ja korpus v»ivad ai da:

T hel neel avad konstruktsiooniristid, mi s e
» hu vadl|l javooluava (di fuusori) si sse, Vahe
voolujoonte mustri ja seel &bi parema t »mbe.

f m2rgjahutustornide tilgaeraldajad v»ivad ol

T i saks sellele on osutunud edukaks ka k¢nkze
sisselaskeava ¢mber. M¢ra vad@henemine ta&8nu v
20 dB(A).

36.23M¢ra va@hendamise kulud

M¢rasummut usmeet mete kulud varieeruvad m2r ki
kas see on o0osa uue jahutusrajatise projektee
meet met est . Uue he¢egbriidtorni p a utgsméetnetes e p
(ventilaatorite, piirete) kogukulud umbes 20% kogu investeeringust.

Kulude kohta esitati naide, mi s osutab, kKui
suureneda. Aksiaalventilaatori puhul saab kasutada erinevaid konstruktsioan@& {Cr t us |
| abati ppude kiirus), il ma et sieet »vhtuhseunsdta.k sV arg
j a ¢l i madal a m¢ratasemega ventilaatorite p
lisameetmeid.

Tabel3.13:N2i de kul ude suurenemi sest erinevate he
m>» e | dentithatorikonstruktsioonide puhul
Tuletatud allikast: [tm086, Van der Spek,1993]

Ventilaatori konstruktsioon WE I(dIB(\,/A;)) I msus Hinnaindeks

Klassikaline 100 1

Mad al me¢r a 95 15

V& ga madal me¢ r 90 3

I'1i madal me¢r a 85 4

Tabelis 3.13 esitatud andmed nditavad vaid k
ventilaatorikonstruktsioonide puhul, kui d ar
j a jahutustorni konstruktsiooni kul usi d. E
ventilaatorite mak u mus v »i b samal aj al anda v2ai ksema
madal amaid tegevuskulusid. Seet»ttu ei saa ¢

kul ut »hus.
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37 T9%°stusli ke | ahut uiskigspekttide e mi de g a

3.7.1 Lekkerisk
[tm001, Bloemkolk, 1997]

3711 Esinemine ja tagaj2rjed

Lekkeid v»i b-keuii neldlkaj anhiut uvsess¢sist eemi des, kuid ¢1 di
vesijahutusega s¢steemide puhul . Eel k»ige | @bivoo
kaudu veekeskkonda. Ava-tuwd Miwasgstteemudesi gl @ ®¢ gna
kohe, kuid | eke saastab jahutusvedeliku, mill e ke
soojusvahetusprotsessile. Seda |l ek ke m» j u o0ksy¢de
toimimisele on selgelt illustreeritud [tmO9@Gr ab et al , 1994] . L»puks val
protsessiained koos v2&l|ljapesuga.

Ot sestes »hkjahutuss¢steemides v»ivad | ekked p»hj
peet a l ekkeid kuiv»hkjahutuse puhul keskkonnaprc
kuivjahutuss¢steemide |l ekete vavdad miashkldt mausd sitmae mik
ei kuulu k2esol eva dokumendi kohal dami sal asse.
Soojusvahetite puhul esineb korrosiooni, erosi oo

sellised tegurid nagu materjali valik, vedeliku kiirus, seina temperatuur ja survetasemed. Selle
tulemusena v»ib tekkida protsessmvaedelvinku plroke ep

saastumine/ h2aired. Ka jahut.i tée¢éep v»i b |l ekkeohtou
erinev toimimine vibratsiooni ja |I»puks ka | ekkei
jahutatav voog sisaldab keskkonnale kakjilie ko mponente. El ektrijaamade k
aurustusseadmete kondensaatorite lekkeid ei peeta probleemiks veekvaliteedi seisukohast, vaid

pigem protsessitehnilisest vaatenurgast. El ektri
vaakumi kadumist, mis oob kaasa el ektritootmise protsessi k
jahutami se (aurutootmise) puhul v»i b veeleke p»hj
Tootekadu soojusvahetite | ekke t»ttu v»ib olla ol
(n2iteks sool ases vees) kasutatakse suhteliselt
vaskkondensaatorid). Vask on ssges$ée ¥Xasmaubset, k u
praktikas esineb biosaastust ka vaskkondensaatorites. Vaseheited on ebasoovitavad ja neid saab

vad@ltida paremate materjalidega, nagu titaan ja ro

chendei d.

M»ni kord omistatakse |l ekkeid ka jahutite Ahigista
esinemisega Vv»i tihendusmaterjalide | ekkimisega.
millest on tegelikus prakti kaalglest eat atud, on p»hj u:
f Kkorrosioon/erosioon keemilise saastuse tagaj?rje
T bioloogilise saastuse, kemi kaalide ja bakterite
T mehaaniline erosi oo mnn@/pjr>gegkadee twstit uyi,breeri vate

9 vibratsioon( p» hj ustatud voolust v»i v&|liste pumpade r e
1 lekked, defektsed tihendusmaterjalid,

9 valtsitudtorup| aadi ¢ henduste higistamine,

1 toru-plaadi kinnitusdetailide irdumine,

T materjalide mehaaniline pijndge/,»imitse ntpuelrean eubu re bsat », i
T jahuti l iiga k»rge temperatuurik»ver; ¢le 500 C
Suurte mahtudega | 2bivoolus¢steemides on va@ikesei:
sisaldavate jahutuss¢steemide puhul v»i b al ati ol

jahutusveesenam2 hem p¢siva saastuse wveeeme| umi y2s &ma$ aow
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avastatav. Suur emai d |l ekket asemei d on V>»i ma
madrkimisva2a2rset ja olulist heidet. Jahutusto
| enduvad ¢hendid ja | ekked juhiotnaktseegeh jkeonodsu sw
va@ikese mahu t»ttu | ekete avastamine | ihtsam

Lekke suurus saab tavaliselt teatavaks vahejuhtumite tulemusel ja piiratud ulatuses ka
| 2bi vool usg¢gsteemi des teostatavate m»»t mi st e

tavalisel't kohe ¢sna olulised. T e g etl suuktee s t i
va@ljavool ude3tpwrhruils (j1& rOdDMWk em) v »i vad kierges
3000 kgl 24 h, arvestades valjavoolude o hi k-

esinemissagedus v&ga erinev.

3712 Lekete v&@hendamine

Soojusvahetid tuleb projekteerida nii, et lekkeid ei tekiks. Erinevad organisatsioonid on andnud
soovitusi nende hoolduse olemuse kohta. See koosneb ennetava ja parandava hoolduse

kombinatsi ooni st sest on n?idataobdl eeme at hiué
kontrolli all hoida. Ennetav hooldus on sageli osa tootmise peatamisest, mis toimub kord kahe aasta
jooksul . Parandushool duse puhul l ¢l i tatakse
toru sul gemi se v » amiset teal. uSnajusvghetite ahll,j Aidaa d¢i esaa

tootmistehnilistel p»hjustel va&alja | ¢litada,
selgub, et Arikkeidfn ja |lekkeid p»hjustavad
kalilmakanstrukt si ooni v»i paremate materjalidega
kui rikete kulud. I nvesteerimiskulud on toot:

Seet»ttu tuleks soojusvahetitk®presfaebatdaeeun s e$

Lekete esinemise v&@hendami seks v»ib rakendad

T valida m2rgjahutuss¢steemide seadmete mater
T k2itada s¢steemi vastavalt selle projekteer
T kuij ahutusvee puhastamine on vajalik, siis v

T j@8l gida ringlusega m2@argjahutuss¢steemi des |

ikas tekivad probl eemid, sii s on neil

Kui prakt
i selt s»ltuvad probleemide p»hjusest

os al S

Komponentide tasandil (soojusvahetis):

T kontrollida erosiooni, korrosiooni p»hjusei
T kontrollida t°°tingimusi v»rreldes projekt
T asendada jahut. parema tg¢¢ébiga, kontrol |l i de
T juhtida |l ekke t»ttu saastunud vool puhast us
f suunata seonduva jahuti jahutusvee vool ol
v»i mal us ei k»rvalda |l oomulikult jahut:i rik
S¢steemi tasandi l (kogu jahutusveesg¢gsteem v»
T s2ilitada jahutusvee ja protsessivee vahel
s2ilitada jahutusvees ¢l er »hk,

T muuta s¢steem kaudseks s¢gsteemi ks v»i Kui t
ringluss¢steemiks (v»ttes arvesse v»i mal ikl
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Keemi at®°°%°stuses rakendatav VClI ohutuskontseptsio
valjavool u, mi s p»hjustab veekSeddudkesvaditk arda jseelkiss i
kontrollimisekshinnatakse keemiliste protsesside aineid (kasutadesaRi s ei d) ja | »pl i k hi
on seotud n»uet ega, mi s k2sitlevad (kaudse) j ah
lekkeseire meetodit (vt VII lisa).

On il mselge, et kaudse s¢steemi v»i jahutustornigaé
peaaegu 100% ulatuses kontrollida Ai nul t si i s, Kkui sg¢steemi r-hk | an
vett, kuid seev ool uhul k on v.2i KM=l gma kwartiroandii t awvhul tul eb
jahutatava protsessi n»uetega. Kaudse s¢steemi p
suurendahb temperatuurierinevust j a t »stab protse
jahutatav protsess suudabdse t aliwdaad, pw»0t sessi aine(te) omadused
projekteerimist, et kaitsta vastuv»tvat pinnavett
M»ned ettev»tted kasutavad teadlikul't jahutussg¢s
varustatud kaudse jahutusega ja rditlekeohtlikud oad mitte. Kuna lekete kontrollimine 2 i b

ol evat keeruline, ei tohi ks prioriteetsete ainete
eelistataval't | 2bi voolus¢steeme kasut ada, eriti al
Ol emasol eva jahutuss¢gsteemi puhul ei ol e kaudne
majandusl i kult k»ige sobivam | ahendus. Haid tulem
hooldus j a kontrolliprogrammi k ohal damie, sked suurel e
kasutatakse merevett. M»ned jahutid tuli v&alja va
v»imali k n»uetekohase biosaastet»rje ja hool duseg
voolu piiramine) 90% uklsaet Useeksetve? heunvidhasd aa.mi RBaek esng,dsd te
kohtade seirega saab | ¢hendada aega soojusvahetdi

L2bivoolus¢gsteemides on |l ekete avastamine keeruli
kal duvate ja kahjulikke aineid jahutavate so00jusyv
l ekkeid selektiivsemalt | a t 2eksoreomnlsédnienmetavt a. L ek Kk ey
kui parandav hooldus, kuid ¢l djuhul on k»ige kul ut

3713 V2 hendamine ennetava hool duse abil

N2aitena varasematest kontrollimeetoditest v»i b tu
h¢drostaatilise katsetamise ja t2@iendava uuri mise
kontroll keskendus t or ude gdab mestwsedefektida fafajasadv at el e o0s
staadiumid ja ¢htl ast korrosiooni on raske palija
|l ekki vad torud. K¢si mus on sel |l es, kui das valida
Seet»ttu ei ol e @ereassgpeomdt e kikgnretlrdaltluidmeegt odi t ega
keskkonnareostust, mis tuleneb ootamatutest | ek e
spetsifikatsiooniv2l|lise toote esinemisest. Teisest

suur hulk vartorusid.

Kogemused soojusvahetitorudauuniutnhgtgapi ooumimidse g a
soojusvahetitorude © © ki ndl ust saab oluliselt suurendada ja |
Kuna sell e meetodi abi l on v»imali k kontrollida ¢
p»hineb kontrollimise sagedus f akikutedterldde Sel |l e tu
ri kkeohtu prognoosivate kontrollimeetodite abil v
ja saada teadmisi korrosioonik2itumise kohta juba
| ekki mi sest tingitud oi®dnmakordattaoh lasu kaskkannake, kon@ hene mi s e
v@henevad heited jahutusvee kaudu.
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Sel l e meet odi rakendamine ¢ he keemi at ehase
kasutuselev»tust 1990. aastal v&hendanud tor
Benelux Terneuzen, 1999]. Sel |l e t ulnemstae | on
kokkuhoi d, mi s tul eneb toruvahetuste arvu \
kontrollimise kulud. Lekkivatest torudest tingitud ootamatute protsessikatkestuste arv on viimase

10 aasta jooksul 90% v»rra v@henenud. i
372 Kemi kaal i de |l adustamine ja k2itlemine

Kemi kaali de | adust ami ne j a k2itlemine or
keskkonnaprobl eem. Jahutuss¢steemide | isaain
ning kemi kaale v»idakse doseerida | ahjsesindat u
on v&ga erinevad ja s»l tuvad mitmetest t egu
materjal ) : kemi kaal ide | adustamisest ja k2it

ks pH reguleerimiseks kasutatakse kont s
s¢sinikusisaldusega terasest mahutite
mi st mahuti s, on Vv aj avonkasaadahamikupusnpadesr e n t
ees s»elureid, et eemal dada k »i k korrosi oo
ladustamispaagis leiduda.

o ®» ®

X o

~ o

- un o
(¢

M»ni kord toodetakse |isandeid kohapeal . N2it
h¢pokl ori tit See protsess, mida ni metataks
gaasilise kloori tekKki mi s epettabitptuhastadaSNende ohiudet u |
va@altimiseks kasutatakse v»imaluse korral alt
Jahutuslisandeid v»ib k2itaja doseerida k?2si
tellida selle spetsialiseerunud ettev»tetel
doseeri misel on suur em o hng keskkbnnaga imneeste tervise v a d
huvides tuleks kohaldada ohutuid k2itlemispr
oht , et need j2etakse hool etusse, kuid need
ELis tuleb j2rgida kemikaalide transporti, I
keskkonnalubade puhul on vaja rakendada kot
va@hendadjaa |le&klkkkeeo ht u, et valtitduami gt nma sng jva/
pl ahvatusoht u, m2aratledes piiratud al a, kus
Sellised alad on wvarustatud mittel2bil askvat
eraldatud, et hoida reageerivad kemikaaliti las , samut i tul eb tagad:
ventilatsioonikiirus.

Ohtlike ainete ladustamisBVT-sid on kirjeldatud BREFd o k u me nd i s, mi s k 2s

heiteid.

3.7.3 Mikrobioloogiline risk

3.7.3.1 Mikroobide esinemine

Jahutuss¢steemidest tulenevad mikrobioloogild@

esinemi sega jahutusvees Vv»i S¢St eemi osades,
soojusvahetites ja jahutgussttecernm iddee ptuzhiudi snees .d |
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Peamised termofiilsed haigustekitajad, mi da | ei du
on bakteridLegionella pneumophila (Lg) a a mRaedleriadfowleri (Nf) Mer evees v»i vad

|l @2bi voolujahutuss¢gsteemides areneda m»ned hal of i
ini mesele patogeensed. Nimetatud |liigid esinevad |
kontsentratsiooni des. Kishh ggmauttesnpestad aimird e st »tt & kul
kliima, mis soodustab nende bakterite arengut,ymisi b t eki t ada potentsiaal se:
tervisele Legionellaarengut soodustavad biosaastusa m°® © bi de, vi burl aste ja ve:
See levib aerosoolide kaudu. P2@rast m»ningaid suu
ja omadusi nind.p arengut meditsiinilisest/bioloogilisest vaatepunktist laialdaselt uuritud. Samas

on paljud keemilise ja protsessitehnoloogiaga seotud asjaolud endiselt ebaselged.

M&rkimisva2a2a@arse k»rgusega ja h&sti toimiva triivikon»
aurupilves on bakterite emissioon k*kmwemgeshtul ine,

kont sentratsioonist | oodusliku t»mbega m2rgjahut u:
betoonseina siseke¢ljel esinevast bi osaastusest.

triivik»rvaldajale | angdhud [tml45, Werner ja Piet
Mi t mel korral on teatatud Lp esinemisest t°°%stusl]|
k»rgus on palju v2&2iksem Kkui | oo du-Rdbhetkejat » mbega t
Richter, 1994] , kuid selget -pubahgptel gahel &ilola s eost j @
suudetud kindl aks t eh a-puhadgute vahehdn siiskuesisegusl seese mi de | a
siis on see alati olnud seotud halvast:i hool datud

Te¢ e pilegioseladr engut soodustavad tingi mused m2rgjahut

f veetemperatuur jahutustornis ori350 A C;
1 pH on vahemikusi;
I esineb biosaastus.

Vahem teavet esitati Nfeei ssitnee mh asieg uj sat ekk»» rt rayj alt deg mins2el
t2hel diftauck,nget takistab messing ja soodustab roo
sagedamini esindatud avatud ringjahutuss¢steen
jahutuss¢Nskeewmabddami st uuriti, kK ui parast konden
Prantsuse elektrijaamas suurenid$ sisaldus elektrijaama jahutusvees (3008). Pidev

kl oori mine maksi maal se vabd0,82kd&/ loovd Nermdaesnelgah e ¢
kontsentratsiooni ja tase j2i alla 4 patogeeni /|

3732 Bakterite m»»t mi ne

Lpbaktereid m»»detakse kol ooni-dedlidri kohtagadhendet avat es ¢F
kontsentratsioon jahutustorni vees varieerub tead:
vaga k»r ge S 10aGFd/ineBiokiledes b leitud Lp kontsentratsioone kunf 10

CFU/cnt.

Kl'ii maseadmete puhul kasut a{lGO6GFY, kjicheeotedelge,ni ngr i i gi
kas seda saab wv»rrelda h2sti hool datud m2rgjahut
esineva seonduva riskiga. Esitati soovitus hajd&ontsentratsioonallat@€F U/ | . T°°stusl i ke:s

méa@r gj ahut uss ¢ s tlp &onisahteatsiooreds ikvardifitsadrireine ja sellise CFU
taseme kindlaksm22ramine m2rgjahutuss¢steemides,
vastuv»etav, v»ib vajada t2iendavaid uuringuid.

3733 Mi krobi ol oogiliste riskide v2hendamise teft
([038, Millar etal., 1997]ja [tm040, SchulzeRobbeckeja Richter, 1994],[tm166, Morton et al, 1986]
[tm167, Fliermans, 1996],)

Legionellapuhangu tekkimise s¢gndmuste ahel h»|l mab j2rgr
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- virulentse bakterit¢gve tekkimine jahutussyg:!
- tingimused, mis soodustavad bakterite paljunemist,

- saastunud vesi, mis p22@aseb aerosoolidena ali
- piisavad tilgad, mida vastuv»tlikud isikud
Legionell oosi ennetamine peaks seega p»hinet
jahutuss¢steemis. Eriti just USAs j a ' hend
ennetami seks. Legionell at soodust &wreserkuaas k k o n
(nt jahutustorni) korrap@®rane anal ¢¢s ja t@ai
biotsiidij22kide tase ja |lisavee kvaliteedi

Lpbakterite (ja muude bakterite) kogunemise v
j@rgmisi meet mei d:

kasutada puhast vett ja v»imaluse korral |
va@altida protsessilekkeid jahutuss¢gsteemi,
va@ltida seisvate tsoonide tekkimist,
va@ltida valgusenergia v2@henemist jahutust ol
avatud veekogusid,

tagada | ihtne juurdep?22s regulaarseks puha:
kasutada h»I| psasti puhastatavaid v»i vahet
projekteerida k¢l ma vee temperatuur v»i mal |
temperatuurierinevused),

va@ltida katl aki vi ja korrosiooni,

opti meerida konstruktsiooni, et soodust ada
CT minimaal set kaugust asustatud al adest ei
meet mei d, et va@altida aurupilve j»udmi st ma:
v»i mal dab,

T aurupilve tekkimise v&@hendamine v»ib aidat:

= =4 = E

= —a =

Seoses jahutustorni asukohaga on tehtud ettepanek hinnata jahutustorniga seotud mikrobioloogilist

riski, mimer pmbespbpul atsi ooni l j a per emehe

Hi nnangulised kategooriad on j2argmised:

- 1. kategooriak » r ge i imj aahiustkust or n, mis teenindab ha
tervishoiuasutust, kus hool datakse inimesi,
asub selle | 2heduses (< 200 m),

- 2. kategooria: jahutustorn, mis teenindab \
i ni mesi, v»i mis asub nende | 2heduses (> 2«

- 3.kategooria:elamy »i t°°stuspiirkonnas asuv jahutus

- 4. kategooriamadalaim risk elamurajoonist eraldatud jahutustorn (> 600 m).

Selle klassifikatsiooni alusel tehakkegionellae si nemi se kontrol | i i gak

igakuiselt kuni kord kvartalis (2. kategooria), kord kvartalis kuni kord aastas (3. kategooria) ja

kord aastas p2rast suve (4. kategoori a).

Jahutustornide k&itajatele soovitatakse jarg
T protsessi peatamise ja k2ivitamise korral 1
s¢steem seisab ¢l e nelja p2eva,

T jahutustornidesse sisenevad operaato+jdad pec
ninakaitset(Pdnas k on t»estatult toi miv),

T kui jahut ussg¢ st e kprtuvastamish) talabtkesutadkneaangiser a s t
puhast ami s e k-goasi kbnibioatswanii di  § o k
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Nende soovituste kohta v»ib teha m»hn®eddavajsalmak k us €
t

jahutuss¢gsteemide t°°tlemine biotsiidiga (kloor).
s¢Ssteemi st , seal hul gas tarvi kutest , nagu nditeks
puhastada j a -th%i°deslida.i gaSelgloikdde2 bt °°uvilierma sep? pevab
veepuhastusettev»te. Kui s¢Steem on tugevaltt S
desinfitseerimine.

Kogemuste p»hjal on selge, et keemiline t°°tl]l emin
JahutuspyBBfakemkumaks kontrollimiseks ja puhastami
j ahut us pima tolevatele setetele pi osaastusel e, mi st »ttu on ol
puhastamine.

Kirjanduses mainitud vaba -dodsioase, midatoa kokaldud mg/ | on
pdrast LD puhangut. Kuna tegemist on suure hul ga
sobi jahutustorni hool dust adsoesneeekrsi.mi galvajahul®®°d
jahutusveele enne selle 2rajuhtimist detoksi kats
bisulfititoeotlust.

Tul eks =eelistada Kk»r bpeatr em@galtdunsitiaspdl,j uetkui? | ¢ idma
eelistatakse vees olevdtegionelladeh 2 vi t ami seks oks¢gdeerivaid biotsi
bakterite r¢e¢ndami seks on vaj a aegl asema t oi me

mitteoks¢deerivate biotsamiiindiddenda.daNenddeoahemgas oo
isotiosoliinid.

Hil jutises Holl andi aruandes [tml55, Ber bee, 1999]
taseme v&@hendami seks, mis kinnitasid, et biotsiidi
veel kindl aks m2 2 rkentsaenttatsioodid® r2 enlechaltaimi sek s Cbd vaj a Kk
biotsiidide kontsentratsioone, kuid need avaldasid
m¢ergiste k»rval saaduste k»rgema tasemega. Madal am
biotsiidide kasutamine (tabel 314 kui d see ei pruugi olla alati rak
keskkonnam»ju uurimine n&itas, et protozoa h2vital

nende ts¢gstid on kasutatud mitteoks¢gdeerivate biot

Tabel3.14.Temperatuuri ja biotsiidideabuustdrrfidest | emi se m» | |
Tsiteeritud: Kusnetsoy, [tm155, Berbee,1999]

Jahutustorn Madalama Biotsiidi Biotsiid M&r kuse
t emper at u kontsentr. (mg/l)
T2 5 UCEAUo o
A kuni PHMB, 3, okk | Alutiselt alla -
T15 UCERUO avastamispiiri
T2 5 UCeErUo -
B kuni BNPD,5, qpkk | Autiseltalla
T15 0 Cenlo avastamispiiri
PHMB. 2-250 Vahetada kraanive
C n.r. Gokk ' ' Pole selge vastu
Ajutiselt,
D n.r I_DI—&/IBA-ll, 10* CFU/ kuni
@ 10° CFUII
Ajutiselt,
E nr. oD 65190 116° cRUM kuni
@ 10° CFUI/!
M&rkused
PHMB:pol ¢ heksamet (| d@&bi guaniidkloriid
BNPD:bromonitropropaandiool
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388 Jahutuss¢gst eemi k2aitamisel t €

Jahutuss¢gsteemide k2itamisel tek&ndmeied.] 2RI

jahutuss¢steemide puhul v»i b mingil etapil

kasutusest maha v»tmi sest. Seadmete ja ka k

toovad kaasa j2rgmised k»rvaldatavad |22t med

f si ssevooluvee eelt°%t] usest (nt dekar boni se
ma&rgjahutustorni k2aitamise k2igus toi muvast

T ohtlikud j2a&tmed (nt v&@ikesed mahutid, | ekl
t°°tl emi sega m2rgjahutuss¢steemi des,

1 puhastustoimingutest tulenevad heitveed,

T j22t med, mis tekivad k2itise ¢mberehitami se

3.8.1 Muda teke

M2 rgjahutuss¢steemide kogumi smahutites v»i b
dekarboniseerimisprotsessist, kui seda praktiseeritakse kohapeal. Ei ole teatatud konkreetsetest
meet met est , mis v@hendaksi d mudiao nteeekrkiiminset . v
t»en?o0liselt muda settimist. Praegu m22ravad
ja kohalikud (v»i riiklikud) »igusaktid. M»ne
teistes | iikmedreilidki des gteui eni mMi2d att® %t ud vi

Jahutustornide veekogude p»hja |l adestunud setf
ja algloomade ts¢gste v»i resi st ent slLegiodellav or me
pneumophilal ei dub v&ga suures kontsentratsioonis
rauvuakl oriidist puhastamise k?2igus klpgustoisd emt
l eidub ka t2idise katlakivis Setiessetkdbene
v»i ¢mberto°otl pmtktdeethaktgbpol oogili st kval |
ja ¢mbert°°tl emine p»hjustab m2rkimisvaarset

382 Jahutusvee t°°t|l emise ja puhastustoi mi

Jahutusvee t°°tlemine (eritti?2 map¥ewmalt eawstiama
paljudel juhtudel hoitakse vastavaid aineid taaras ja mahutites ning neid rakendab, ladustab,
transpordib ja k&itleb tarniija.

Sama kehtib k a puhastustoi mingutest tul ene

spetsialiseerunud ettev»tteid, kes neid toim
Selliste j22tmete tekkimine ja k»rvaldamine
téeepiline. See, mi | ma ar al see kujutab en
jahutussy¢st eemi kasutusviisiga, Si sasmseoo !l uV
t »hhususega. Sell e keskkonnak¢si muse kohta ei
383 J22tmed k?2itise moderniseerimisest, a:
k»rval dami sest
i1 di selt on jahutuss¢gsteemid projekteeritud |
selge, et mida paremini neid k@&itatakse ja h
tuleb projekteerida ja ehitada ka vastavalt konkreetsi&tees ut ust i ngi mustel e.
osade rakendamisel, kasutusel't k»rval dami sel
materjalide keskkonnam»juga. Esitati j2rgmis
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3.8.3.1Plastide kasutamine

Jahutustornide ehituses kasutat akse ¢ ha enam er
pol ¢prop¢l een, pol ¢et ¢l een | a klaa3|ga tugevdatud
sobivad materjalid jahutustorni s leagutainiseks.k or r osi i v ¢
Praeguseidd kogemusi on kirjeldatud Saksamaa El e
dokumendis [tm. .., VGB, 20007 . Pl astide kasutamin
kui p@rast plastel ement i thaskasutadaj Seni eidleeveéehtaatatgdt on v » i 1
kogemustest, mis v»iksid seda illustreerida.

3832M2 r gj ahutustornide ehitamiseks kasutatava

Puitu on kasutatud ja kasutatakse ka praegu jahut
et tagada sell e pi kaeal i sus. Jahutustornides ni i
kasutatavat puitu v»ib keemidiibseka prodedged dpa» h iTrPefd d
I (vasksul faat, kaaliumdi kromaat ja arseeni pent ok
Vaidet akse, et kasutusaja jooksul kaob ainult 10%

Seda, kui suures ulatuses satuvad @&CA t °°del dud puidust tulenevad he
K u

ole v»imalik kvantifitseerida. On teatatud, et
pinnal ikka veel m2r ki mi sv??2 sstords eéinnegeweevoklgmi kaal e. |
maha pestud saada ja varem v»i hiljem vastuv»tvas:
KunaCCAs si sal duvad Cr ja As, tundub, et eda ei k a:
CCAga toot]| ePMTjna tr»em el i selt see keelatakse. Pui c
t°°tatud ja rakendatud alternati i vsstelenevadt ©°t | emi s v
heited pinnavpttguhakkahademarKk

Kui CCAt °°del dud puit tuleb k»rvaldada (m»ned riigi
asjakohases pr¢gilas), siis on oodata v22hesel ma a y
p»l etami st asjakohases r aj diris$esC€AQ, a ktus® deenl admi dk peul i ednue
k»rval dami seks k»ige soodsama tehnidokamendindl| aks m?22ar
kohal dami sal asse, kuid ka siin tuleb hinnata eri ne

3833M2r gjahutustorni t2idis

Niipea kui jahutustorni t2idis tuleb asendada, tu
erinevatest materjalidest ja see m22rab 2ra, Kkuid:
ei ole andmeid esitatud.

Erijuhtumi ks on asbestpaberi st taidise kasutamine
Euroopas kasutatud, kuid asbesti v»ib olla varem
jahutustornide ehitamisel v » i ohtlkkuse® endanfei di ses. Ku
kahel da, ei kasutata seda enam jahutustornides. Vi

ja selle eemaldamiseks on vaja erimeetmeid.

l'hes viites on esitatud n&3l7deaadsxtus jasdkesuli,st pxHji
soojusvahetuse v&@henemist. Vajalik ol t2idise ee
ohutustingimustes [tm082, Mittendorf, 1990].
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4 T¥¥STUSLI KE JAHUTUS $ART BME W iDIEMA L |
TEHNIKA

4.1 Sissejuhatus

Ka@esoleva peat ¢ki ja selle sisu m»istmisel _
eess»nale ja eelk»ige ktesohavaii eakamenbiam
K@esolevas peat¢kis esitatud tehnikad ja meet
tasemed v»i tasemete vahemi kud on hinnatud i
etappe:

T protsessi peamiste keskkonnaprobl eemi de

r-huasetus selgelt energiat»hususe suur el

suurendami sel ), samut i pinnavette sattuv
optimaalsem&onditsioneerimise abil,

nende p»hik¢gsimuste | ahendami seks k»ige asj

pari mate keskkonnat»hususe tasemete kindl al

maai | mas kattesaadavatele andmetel e; enam
k2itisespetsiifilisteks,

f tingimuste wuuri mine, mi |l | es n e elkbskkomalised v u st
ri stm»padmine motivatsioon selle tehnika r
hinnan?2itajai d opiratydluldtusesel t esi tatud v2aga

1 PVT valimine ja sellega seotud heitg a/ v » i tarbimistasemete Kk
1l di sel t k»i k vastavaltt direktiivi arti kil

E

Euroopa | PPC b¢groo ja asjakohase tehnilise
olulist rolli k»igis nendes etappides ja sel
Sell e hindamise p»hjal on k2®esol evasPVpeat ¢k
kasutamisega seotud heitea t ar bi mi st asemed, mi da peet aks
puhul sobivaks ja mis paljudel juhtudel kaj
toimivust. Kui esitataksBVT-gaseotud heitev » i tarbi mi stasemed, tul e
tasemed esindavad keskkonnategevuse tul emusl
rakendamise tulemusena protsegai asukohaspetsiiflst es ti ngi musRVd& s , V >
ma@aratlusega kaasnevat kulude ja eeliste tas
piirva2da@artused ega mini maal sed n»utavad t»hus
M»nel juhul wv»ib olla tehnitdvsieltawvbi masi &s s
sell ega seotud kulude Vo» i keskkonnam»j ud
jahutuskonfiguratsiooni puh®PVT-nas obi vaks. Selliseid tasemei
pi dada p» hjyhtedeldkaiesinkvad edlised ajendid.

PVT kohaldamisega seotud heitga tarbimistasemeid tuleb vaadelda koos mis tahes

ki ndl aksm?adrlautsud ngi mustega (nt kliima, asukdc
Eespool kirjRMI-dastewd um» it atsetmed” tul eb eri st ac
mi da kasutatakse muj al k2esol evas dokumendi
kasutades konkreetset tehnikat v»i tehnikate
eeldatavh t saavutatav m2rkimisv22arse aja jooksu
protsessi puhul , kasutades k»nealust tehnika
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V»imaluse korral on kuludega seotud andmed esitat
tehnikate kirjeldusega. Need annavad ligikaudse ettekujutuse kulude suurusest. Tehnika
rakendami se tegeli k maksumus sstitub®siéek&i maksues
| »i vudest ja asjaomase k22itise tehnilistest omadu
selliseid kohaspetsiifilisi tegureid t2ielikult I
tehakse j2rel dusededsthaiti kvaut e mag hhtnad,usll ¥ kuudes ol e
kohta tehtud t2®hel epanekutest.

Kaesol evas peat PUTipse aksi taalteunda ¢M»dricnleu spunkt i ks, mi
ol emasoleva k2itise praegust toimivust v»i uue k?2i

kaasa k2itisRVTpralwmikst esothii vgitmust e Kkindlaksm22rami s
kohaste ¢l diste siduvate eeskirjade kehtestamisel

ni i, et need vast aPVhtda sseiment edsei tvastiudon, | rdé isdtel ieseqgi
arvat akse, ett i sle@mavs»a lveavdd\Wdl ti ki 3keundeat e | sduiusntaes v » i S ac
paremaid tul emusi, s»|l tuvalt iga konkreetse juhtu
rakendatavusest.

KuigiPVT-dokumenti dega ei kehtestata »iguslikult siduyv

t°°stusel e, l'ii kmesriikidele ja ¢l dsusele teavet
heite ja tarbimistasemete kohta. Iga konkreetse juhtumipuhble b ki ndl aks m22rata as.
piirva2artused,dvvpeéekesi arvessm?i P®Cja kohali kke asft
42 Hori sontaalne | 2henenmPVBViis | ahu

m2aratl emi seks

Enne k2esol evaBVTpedaefpkiusteskbiakug»tet selgitataks
t »l gendada kdblemendi lorsantaddsitis&oomu.

Hori sontaal se | @2henemi sviisi puhul eel dat akse, et
nendega seotud v@hendami smeet mei d s ®&dbmishi nnata ni-
ei s»l tu t°°stuslikest protsessidest, milles tehni

°0stuslikud jahutuss¢steemid on jahutatava t©°°s
okumendi regul eeri mi sal asse Kuuluvaid jahutuss,
ompl eksne valtimise | a kontrol |l i nexdltloa kuul uvat
akendust e, tehni kat e j a t°°%°tavade mi t mekesi sus
ermod¢gnaamiline i seloom kaasa t2iendavaid eri ne
eskkonnam»judes.

Se suure varieeruvuse tx»tt PVIokno hkeae r¢gulldiinsei v »r
dusi . Peetakse v»imalikuks ¢l dise ennetava
ilistele kogemeudder @henpdamusabs¢gsteemi de

Sell e ennet ava esmadeRvii ¢ mihewnieinBushvud h&p©®°r at akse k»i ge
t2hel epanu jahutatavale protsessile. Teine olulin
ehitamine, eelk»ige uute k2&itiste puhul. Ja | »puks
viisid on k¢llistehatuduudt eneekd it i olulised ol ema
tehnoloogilised v»imalused on m&rkimisva2aarselt pi
teostada hoolikas hindamine.
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4.2.1 Integreeritud soojuse juhtimine

4211T°°stusl i k jahutus = soojuse juhti mine
TeOostusprotsesside jahutamist v»i b pidada s
energiamaj andusest. Hajutatava soo0juse kogu
j »udl ust . See |j»udlegsasemim» koné&bg wrmatkoiradan
k2itamist ning sell est tul enevalt k a j ahuf
Tagasip®°°rduvaltt m»j utab jahutuse |j»udl us Kkeé
M» |l emad m»j ud,aurdinie,ottud edb K uwisakaal ust ada, V »
jahutussg¢gsteemi muutust tuleb kaaluda, arves

Seda kontseptsiooni v»i b kasut ada PVUT%®dimemep unk t
p»hi nPWYTl»i gi k2aidnstet eaurhaidr i tud | 2henemi svi
jahutuss¢steemsd? ikleistkakdoensn atm»g ak aal u nii .ot ses
Tei si s»nu, heidete va@hendami se m» j u tul eb t
muutusega. Praegu ei ole keskkonnakasu | a
mi ni maal set suhet, mi da saaPVBnakasuthdbawar deé
Sellegipoolest saab seda kontseptsiooni kasatdda er nat i i vi de v»r dl emi s ¢

4212 rahitava soojuse v@hendamine so00j use
optimeerimise abil

Ennetav | 2henemisviis peaks alustama t°°%stus
eesm2rk peaks ol ema eel k»ige soojuse 2rajuht
@8rajuhtimine ener gi a PYTaSogusetaaskasatamina praseskid peakse n a
alati olema jahutusvajaduse hindamise esimene samm. Protsessi integreeritud energiameetmed ei
kuul u k2esol eva dokumendi regul eerRVmi sal a
viitedokumentidele, mis on koostatud [|PH#Eektiivi raanes ja milles Kkirjeldatakse
energi ameetmete v»i mal usi

Uute ehitiste puhulv » i b v aj al i ku s ooj Pghanll siis, kussee ttenel d a mi
ol emasol eva sisemise ja va@lise soojuse maksi
v»i mal¢ulsetjeds®tva soo0oj use taaskasutami seks.

Olemasoleva rajatise puhulp eab kohal datava jahutuss¢steemi

muutmisele samuti eelnensai semi se ja va&lise t amisrkga saur ajmi Isie
soojuse koguse ja taseme v&@hendamine. Ol ema
tulenevalt s ¢ st e e mi toi mimi sal ebar andamt aegstv»rrelc
suurenemi sega tehnol oogiliste meet met e abi
muudatustest. 'l disel' t j a suurte ol emasol ev
toimimiseparadami st kul ut asuvamaks kui uue Vv»i t2ij

v»i b seBVA@-kspi dada

4213 ahutuss¢gsteem ja protsessin»uded

Kui on kindlaks tehtud protsessis tekkiva heitsoojuse tase ja kogus ning kui heitsoojuse edasine

v@hendami ne ei ole enam v»imalik, v»ib 1. p €
teha esialgse jahutuss¢steaanine an» keait. e |lgarhb ip
ol ulist rol I m&d ngivad protsessi juhti mi se
praeguses etapis peaaegu PYTkoht,tkuid mitmetearoteessi al g
omaduste suhtesj¥mpebdusbd. j2rgmised
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' mbritseva temperatuur.i tasemete kohaldamine p»hi
saadud jahutussg¢gsteemi de kohal dami sel erinevates
kui vtemperatuur madal atasemel i se dijahitus.Koidbj use 2ar aj
piirkondades, kus on madalad keskmised Kkuivtempe
jahutada vesi madal amal e protsessitemperatuurile
vett on piisavalt, v»ilbesijphutusetedhafuitddaud hei t sooj use
Ohtlikke protsessiaineid, mille lekkkorral tekib suur keskkonnarisk veekeskkonnale, tuleks
kontrollimatute olukordade valtimiseks jahutada k:
Jahutuskonfiguratsiooni vali k peaks p»hinema eri
v»ttes arvesse k»i ki protsessin»udeid. Protsessi
juhti mine, protsessi t oi mi mi set ami°nkei.n dE@sm?rak no»nu
mi ni meerida valitud alternatiivi kaudset m»j u. I
paremini v»rrelda, kui vé@ljendadakaseda ofs$¢astijau
energia¢ehi kioh{BW Teine svwoiomaldes viodfliegnui s@&tks on
jahutussg¢gst eemi 0t s es e ¢ anpeotsapsit@olmestasemeunsuatustmu ut u st (
tonni des, m»l emal juhud)kotd& |l j astatud energia¢hi ku
Jahutustehnol oogia muut mi st keBW-ksainuitgisnkuij u v henda
jahutuse t»husus j22pb samale tasemele v»i veel gi

Tabel41:N2 i t ed protBW&ahtan»uete j a

Protsessi omadused o EsmanePVT a .
Kriteeriumid lahenemi M2 r kus Viide

\Vee ja kemikaalide Energiat »

K»rge (> 60kasut use v(Eeljahutamine | ahut uss ¢ [Jaotisl.1/1.3

soojuse tase ¢l di se enekui va »h usuuruson piiravad
paranemine tegurid

. . \ . .
Keskmine(266 OUC)| | di se en €Pole teada Asukohaspetsiifiline Jaotis1.1/1.3

hajutatava soojuse tase parandamine

Madal( <25UC) [l dise eneg, . - Jaotis1.1/1.3
Soojuse tase parandamine \Vesijahutus )Asukoha valimine
Opti maal ne Kuivjahutus on

ener gi at »H
veesaagtu

ruumivajaduse ja

Madal ja keskmine v2iksema Jaotisl.4

soojustase jav » i ms

M2 rjgh ¢ b i
] ahut uss ¢

aurupilve energi at »
va@hendami s v@hem sob
Jahutada tuleb ohtlikke Lekkeohu Kaudne Tuleb atsepteerida Jaotisl.4 ja

aineid, mis kujutavad VI lisa
endast suurt

keskkonnariski.

va@hendamirf ahut us s ¢temperatuurierinevu
suurenemist

122 Industrial Cooling Systems



4. peat\kk

4214 ahutuss¢steem ja asukohan»uded
Asukoha poolt seatud piirangud kehtivad eel k
veel valida. Kui vajalik soojuse @rajuhtimis
valikut. Temperatuuritundlike protsesside puhulRTv al i da koht , kus on Kk
jahutusvesi.

Mi t met el p»hjustel ei péegstitata uusi rajat.i

samas kui nii uute kui ka olemasolevate rajatiste puhul on asukoha omadused selged, kui asukoht
on teada. Asukoha k»ige ol ullaastaneklimamusteo chidah a a m
kirjeldavad kuivj a m2r gt emper atuuri d.

Tabel4.2:N2 i t ed ammdugtgaPsT kohta

asukohan

aurupilve ja torni
k »r gust

hebriidjahult

energiakahju

N

S Kriteeriumid EsamanePVT : M&r kuse Viide
omadused I henemi s
K»r ge ku-i
Kliima N»ut av Hi nnat-pap m2 r uurikorral on Jaotis1.4.3
projekteeritud kuivtemperatuuri kui v»hkij a
temperatuur \varieeruvust ¢l di sel t
enerhysusa t »
Piiratud kohapealr(Monteeritavad) Purangud . Jaotis1.4.2
Ruum . ... jahutussyg
pind katuset ¢epi .
- suurusele ja kaalule
konstruktsioonid
Teostat ayv
Pinnavee Piiratud : . kuiv-v » i Jaoti®d2.3
kattesaakattesaafR nNglussest hebriidselass
- Optimeerida soojuse
Vastuv»t taaskasutamise taset
\veekogu tundlikku Vas.tavus -Kasutada ri .
. soojuskoormuse . Jaotisl.1
soojuskoormuse - Asukoha valik (uus
vastuv»t | A
suhtes jahutussg¢st |
P»hj avee : Il hkjahutus . :
P»hjavee]. o ' |[Energiatrahvi .
a
k2attesaa kasutamise pusav_alternatuvne aktsepteerimine Jaotis3.3
a veeallikas
va@hendam
Vvaltida Kk
soojuspuhangu
segunemist Jaotis
: Suur mahtuvus, a ., Si ssev»t ull2l/ jaotis
Rannikuala > 10MWi, L blvomus"‘vett s.gaP2
segunemistsooni, Xl lisa jaotis3
kasutades
temperatuuride
kihistumist
Juhul, kui on
kohustus
Konkreetsed v @ h enda d|Rakendada Tuleb aktsepteerida

peat

Industrial Cooling Systems

123




4. peat\kk

Muud kindl aks m&aratud omadused on ruum, vee k @
arajuhtimi seks ning ¢mbr ijtas etvla’ds ttuusnpdiliirkkuodn mpa d )r.k oRwx
v»i bPWlrlakendada kuivjahutuss¢gsteemi, j@rgides p»|
v»imali kult v&@ike, eriti piirkondades, kus p»hjav
Tabelis 4.2 on tooduBVTn 2 i t ed , mi s on m»ne asukohaomaduse puhu
422 PVTrakendamine t°°stuslikes jahutussg¢gsteemi
1. peat ¢kis on esitatud ennetava | 2henemisvii si é |
j2rkj@rguline hindamine v»ib viia selleni, mida v»
Selle | 2henemisviisi reekd me sni kndgs istellelteagkas es elo.t ujda | 3 ¢
pakutakse valja tehni IPdlkd ,ndriak sont 23 eaonti sk g@o tperatmd isa
» hku kasutavate jahutuskonfiguratsiooni de j aoks
keskkonnam»ju volnhekeamulsieke il esanne j a mitte t @
T e i s iPYhtabelitest valitud tehnikate kombineerimine eiRNiT-gaj a h ut u s sL¢»sptl ei ekmi n i

PVT lahendusonkohaspetsiifiline lahendus Si i ski usutakse, et t°%9°stuskog
PVTkohta j2reldusi, v»i maluse korral kvantifitseeri
3. peat ¢kis on esitatud tehnilise t°°%r ¢ hma antu
pai satavate heidete v@hendami seks. l ga keskkonnal
konfiguratsiooni puhul on peé¢eéetud ki iPdTl aks ma & r a
ma2aratlemi seni . M»nda tehnikat on |l isades ¢ksikas

seotud probleemidel, keskendudes biotsiidide ja musta nimekirja kantud ainete kasutamise
v@hendami sel e.

Valjapakutud tehnikad on kasutusel ol evad tehnika
kvantifitseerimine on keeruline ja need v»ivad te
k »i ki meet mei BVYT-najias nmoins eesii tsawtludu t2ielikul't kohal i
s¢steemide puhul kaaluda. Ol emasol evate rajatiste
keerul i sem, Kui v»i malused on piiratud ja s»|l tuv
olemas ol evat es |saeh old opsratiysete eneetnrietd eakendamisegi palju

takistusi, valja arvatud j uhul ,modKiteseerimidee hnol oogi |
v»i mal usi

Tabelites 4.B4.12 on esitatud tehnikad, mida peetakB¥T-ks, l 2ht ud®¥T esmase

l @henemi sviisist:

T ¢l di se energiat»hususe suurendami seks,

T vee ja jahutusvee | isaainete kasutamise v2hendan
T »hku ja vette eralduvate heidete v&@hendami seks,
T mé¢ra vadhendami seks,

f veeorgani smide kaasahaarami se v&@hendami seks ning
T bioloogiliste riskide v2hendami seks.

Ja22t mete v&a@hendami seks v»i kaitl Pwuwiidsnellega e i ol e ki
valtida keskkonnaprobleeme, n2iteks pinnase ja ve
l ga keskkonnakg¢si muse puhul on kindlaks m22ratud \
teistele keskkondadel e. 'l diselt tuleb iga jahut
kaaluda sellega seotud m»jusiedojpai snelekFrésmi met Kegsi a
mis m»jutab mitut keskkonda.
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M»ne meetme puhul eVil-lekwiarsd lavlasd m2Eratusdcd. S
erinevate jahutustehni kate rakendamine paliju
seonduvaid tasemeid. Sellistel juhtudel on antud kvalitatiivne kirjeldus.

Uute jahutusrajatiste puhul on PVT al ust ada vd@hendami smeet met
projekteerimisfaasis, rakendades madala energiavajadusega seadmeid ja valides sobivad materjalid
seadmetel e, mis puutuvad kokku protsessiaine
j@rgmineprnakttiakads ... on jahutusveesg¢steemi |
p°e°ratud t2hel epanu suhteliselt vaike asi

jahutusveesg¢st eemi keekkeremambsjsedeg gp.° °Kan a k §
peavad t°°tlemisviisid sageli selle halva pr
et need v2hendaksid biosaastuse ohtu. Sel | i
oll akse vdhé&ehwadtlii kprojekteeritud jahutusy
pi kaaj alistest kuludestidA [tm005, Van Donk | a
Kui eelistatakse kuiv»hkjahutuss¢gsteeme, on |
m¢era v2@hendami sega ning vajaliku jahutuspi nn;

Olemasolevate rajatistep u h u | v»ivad tehnoloogilisRW. meet
'l di selt on tehnoloogia muutmine kulukas, ku
tuleks siis v»rrelda muudatuse investeeri mi
v@hendami sm»ju ja muude keskkoenknsa noljeukdse voaraav
jahutusvee ringlusena kasutamise (mis n»uab

(ilma biotsiidita, kuid suure soojusemissioonige e k e s k k onda) keskkonnam»

Eelneval't kokkupandud valmis jahutustornide

tehniliselt Kkuli ka majanduslikult teostatav.
kinnitada, kuid tarnijate kogemuste kohaselt on suhteliselt lihtnetma v 2 i kese su
jahutustorne, nditeks suletud ringlusega m2r
m2 /kuivkonfiguratsioonile ¢l eminekuks. See e
Eritellimusena kohapeal p¢estitatavate suurte
teha. Teistsugune tehnoloogia t2hendab taval
Ol emasol evate ma&drgjahutussg¢gsteemide puhul
keskkonnameet metel e, et vé@hendada veePWAsut us
mitte niiv»rd tehnoloogilise, vaid pigem k?2i
j2releval ve, kaitamine ja hool dus.

43 Energiatarbi mi se v&@hendamine
431 (I di st
PVTj ahutussg¢steemi projekteerimisetapis on:

T veeja »huvoolu takistuse v&@hendamine,
T suure kasutegurigal/v@ikese energiakuluga s

T energian»udl i kéheadadmeine KkXIlgdaisa, jaoti s
T rakendada | @bivoolus¢steemides ja m2rgjahui
et hoida pinnad puhtad ja va&ltida katl aki vi
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Il ga
k2itamiseks vaj
tehtud mitu tehnikat/meetodit.

432 Kindl aksm2aratud vPVYhlednhldeand mit \vhinii kia dr a a me s
TO°stusprotsessi jahutamise integreeritud
kaudset energiakasutust. Kaitise el di se
kasutamind’VT,e el k»i ge protsesside puhul , mi sm).n»uavad
J»gede jal/v»i suudmete puhul v»ib | 2bi

f soojuspuhangu | aienemine pinnavees |

T jahutusvee sissevool on projekteeritud

T soojuskoor mus ei h2airi teisi vastuv»tva

El ektrijaamade puhul , kus | 2bi vool us¢gsteem
m2rgjahutustornid e meutugkdonfigturatdioansd skuibnéndékkasutanmne u d
v»i b nende (Il dise k»rgusega kaasneva Vi

Tabel4.3:PVT¢ | di s e

cksi kjuht umi

puhul
ali ku madal

energiat»hususe

peaks
ai

eespo

ol

ma PVD>osaman kindlaks

suur endami

jahutustornid vahendar

pumpade ja ventilaatorite
kasutamine

EsmanePVT
Asjakohasus Kriteerium l 2henemi svi.i M2 r k u s g Viide
Suur 11 dine La@bivool uval | Vttekstieespool | Jaotis
jahutusyener gi at| valimine toodud tabelis 3.2
Kei k s 11 dine Muutuva t°° Tuvastada tuleb Jaotis
¢“Yener gi a t| rakendamine vajalik 1.4
jahutusvahemik
S¢steemi s
Ksi k s Muutuv i hu/veevoolu|valtida e
¢ltoo moduleerimine ja kavitatsiooni
(korrosioon ja
erosioon)

. Puhtad kontuuri Optimeeritud veepuhastus | N» ua b pi i| Jaotis
K»i k soojusvahet jatorupindade °©°t |l e|j@arel eval| 34
ma r gs ¢ s {pinnad J P J '

Sooja heitvee uuesti
. Jahut use¢g " .
a
L.b|voo Sailitarslsset»vn#_blatnnlrn Xl lisa
s¢Steem j »gedes j a s|
j »esuudmet es

. Erienergia Vai ksema
K»i k L . -

tarbimise energiatarbimisega
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4.4 Veevajadusev 2 hendami ne

441 I di st
Uute s¢steemide puhul v»i b m2rkida j2a@rgmist:
T ¢l di st energiabil anssi silmas pidades on ve

9 uute rajatiste puhul tuleks asukoht valida nii, et suure jahutusveevajaduse korral oleks olemas
piisav kogugpinna)vett,

T jahutusveevajadust tuleks v&@hendada, opti me

T uute k2itiste puhul tuleks asukoht wvalida n
jahutusvee suure v&|ljavoolu korral,

T kui vee k&ttesaadavus on piiratud, tul eks v
t°°regiime, mis vajavad n»utava jahutusv»in

T k»i kidel juhtudel on ringjahutus ¢ks v»i mal
teiste teguritega, nagu? i t eks vajali k vee konditsioneer:|

energiat »husus.

Ol emasol evate vesijahutuss¢gsteemide puhul v»
taaskasutamise suurendamine ja s¢steemi t oin
kattesaadavus on piiratud, on . kel utseg st ®leono
ringjahutuss¢steeRVMTdke ja seda v»ib pidada

Suure jahutusv»i msusega el ektrijaamade puhul
n»udvaks meetmeks. Arvesse tuleb v»tta ruumi

442 Kindl aksm2aratud vPVYhleienhldeama mit £vhinii kia dr a a

Tabel44:PVTveevajaduse v&@hendami seks

EsmanePVT
|l 2henemi ¢

Asjakohasus Kriteerium M&r kuse Viited

Jahutamisvajaduse Soojuse taaskasutamis
va@hendami ne | optimeerimine

. ] |P»hj avee Kk
Piiratud allikate kasutamis{ gj glePVT

va@hendami ne

Asukohaspetsiifiline,
eel k»ige 2 pea
olemasolevate

s¢Steemid

Ringluss¢s]Erinevad

. Veekasut use . 2. peh
K»i k rakendamine vee o
) . - jaotis3.3
m2r gjahi konditsioneerimisele
s¢steemiVeekasutuse |H¢gbrii djah Jaotis
kui on kohusfs¢gsteemi Tulebaktsepteerida | 2.6/
aurupi |l ve | alrakendamine energiakahjusid jaotis
3.3.12

Kui vesi (lisavesi) ei ole
protsessi (0sa) ajal

k2attesaadayv | Kuivjahutuse
piiratud ( p» rakendamine
piirkonnad)

Tuleb aktsepteerida | Jaotised.2
energiakahjusid ja3.3 Xl
lisa jaotis6

Suurenenud vajadus
vee konditsioneeri | Jaotis3.2 ja
misej 2 r el e, | Xllisa
pehmendatud lisave
kasutus

K»i k ri1
m2 rjga m?2 Veekasut use Kontsentratsiooni

/kuivjahutus ts¢klite o
S¢St eemi
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Mi t mel korr al on soovitatud kuiv»hkjahutuse ra
energiat»husust, on kuiv»hkjahutus v&@hem atrakti:i
see kuivtehnoloogiat. On arvut atjuad,6 m2ertg |l ahtuetmas eed ai
seotud kulude vahel vai ksemad kui pi kema el uea pu
kul usi d, muutuvad erinevused samut i vai ksemaks.

tingimustel, samuti eel jasdmatel kus eldksvajkligseljvetmat el t emp

45 Organi smi de kaasahaarami se va@ahen

451 (I di st

Veev»tuseadmete kohandamine kalade ja muude organ
vadga keeruline ja kohaspetsiifiline meede. Ol emas
kul ukas. Rakendat ud-wmwii tk»artjsuemiasilgasirenkad Mesdkgai iatt see h
chtegi konkrP¥BkspedadaeahnKbhhal i k ol ukord»im22rab, m
t»rjumi st ePWhiM»x@ani mgai d Sl di s rakendatavaid str

projekteerimisel j a PYTaks, kuidt reeedi keteilv ad» iebe | kind gadka uut
s¢steemide puhul

S»elte kasutamise kohta tuleb m2rkida, et s»el teg
kulud v»ivad olla m&rkimisva2aarsed.

452 Kindl aksm2aratud vPA/hleeqnhildeanma mit £vhinii kia dr aa me s

Tabeld5:PVTkaasahaarami se v@hendami seks

EsmanePVT
Asjakohasus Kriteerium I 2henemi s M2 r kus € Vited
. Ka kriitilised alad, .
Vee sisselaskeava nagu kudemisalad Jaotis
sobiv asukoht ja Pinnaveeallika biotoobi ; En depiil 3.3.3ja
konstruktsioonningl anal ¢ ¢ s kalade kasvpukoha( Xl lisa
kaitsetehnika valik jaotis3.3
K»i k
|l 2bi vool u
V»i pinna . ) o
Sissevoo|uga Vee k||ruse Optlmeerlmlne
jahutussg¢ Veev»tukas..lssev»t’ﬂ!_Ikan Jaotis
ehitamine piirata setete teket; 333
makrobiosaastuse e
hooajalise esinemise
j&l gi mine.

46 Vette juhitavate heidete va@ahenda

46.1 | | dPViTd 2 henemi sviis soojusheidete v&2hendami
See, kas soojusheited pinnavette aval davad kesl
tingimustest. Selliseid kohapealseid tingimusi on kirjeldatud, kuid need ei anna aluB\ViEha

kohta ¢l dist ja@reldust.
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Kui prakti kas on soojusheidete piirangui d
l @bi voolutehnol oogialt avatud ringjahutusel e
ja k»i ki v»imalikke aspekte arvtesesba vdteledus
v»i b PUMT#sadaul eb tasakaalustada ¢helt poolt m
tulenev ¢l dise energiat»hususe suurenemine
tuleneb va@aiksema solbjlusek@asagqgwalt i misesmisdPlil
v»i ks see h»l mata n2iteks teiste protsessid:
sama, kuid n¢ged kel memat veeal li kat ), kuna si
Kui meet mete eesm2rk on ¢ di siélddtv svidhh etnalaa a mw
j @ r e | RVU koktal Suurte elektrijaamade puhul on rakendatud eeljahutust (Xl lisa), kui

konkreetne olukord seda n»uab, nditeks selle
Heitvee koguseidtulepi i r at a, v»ttes arvesse direktiiwvi
n»udei d. Vastavad kriteeriumid on kokkuv»t]l
direktiivi artikI:i 11 s2tetele, misidkasitlev
46.2 | | dPVilTd 2 henemi sviis, et v2hendada kemi
Lii kmesriikide poliitikas ja t°°stuses on k»
tul enevate kemi kaal i de hei det e jah@tdmisé puhuwd el e
soojusheidete k»rval endi selt k»ige olulisem
Viidates vaitel e, et 80 % keskkonnam»just

ma&rgjahutuss¢steemi projekteerimise etapis v
T m2a@arata kindl aks piteopgestaus sai né ngd9 Mmuistedv (s » hi

T m2a@arata kindlaks jahutusvee allika keemil./| ¢
1 valida sobiv materjal soojusvahgdioks, arvestades nii protsessi tingimusi kui ka jahutusvee
omadusi,
T valida jahutuss¢steemi muude osade jaoks s
T m2a@arata kindlaks jahutussg¢st eemi kaitamisno>
T valida teostatav jahutusvee t°°tl emisviis
kemi kaal e v »i kemi kaal e, mille m»ju keskkor
T rakendada biotsiidide valikukava (3. peat ¢k
1T optimeerida doseerimisregiimi, j2algides |jat
Sell e | 2henemi svii si eesm2rKk on v@hendada
Ol emasol evate s¢steemide puhul on tehnol ooc¢
keeruline ja ¢l diselt kulukas. Keskenmuwida tu
doseeri misega seotud seiret. On tuvastatud m
on ¢l diselt kohaldatavad teatud s¢steemikate

vaja jahutusseadmetes suuri muudatusi.

Parast seda, kui jahutussg¢steemi tundl i kkust
t»husa soojusvahetuse s2ilitamiseks olla si:i
veekeskkonnale v2@hem kahjul akenejnaleutvwsi vmread i k
rakendamine.

Kemi kaalide valiku osas on j»utud j2reldusel
on raske, Kui mitte v»imatu el di sel PYioel k
j2rel dusteni. Tingimuste ja to°°tlemisviiside

ainult kohapealse hindamise teel.
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Selline hindamine ja selle osadPVV-ksi vad ol l a | 2hen
Selline | 2henemi svi i s-dokumendissning sed kaodnetkvaherslistiméisv as BREF
aitab koostada valitud kemikaali de esimest jarjes
mis seob jahutuss¢gsteemi nr»ega&d( Vialst uvips a)a. vieeh &kme
eesm2rk on minimeerida jahutusvee | isaainete ja e
p»hiel emendid on biotsiidide direktiiv 98/ 8/ E] (B
kasutada erinevate ainete RHE PNECv 2 2 r t u s i , kusjuures PNEC/ PNEC sut
ma@arami sel m»»dupuuks

Konkreetsete ainete kohal dami sel on pal ju kogen
kasutatakse kloori st saadud komponente (eel k»ige
kombinatsioone, samuti v&2hendatud kontsentratsioo
Sama kehtib ka biotsiidide kasutamise kohta ring
s¢steemi des kasutatakse sagel.] mltut ai net si sal
komponendi d PWiIv»ai meddeieiolte®ehi ks ¢l dse kasutada.

biotsiidi val i mi seks h»|l mab kohallkk aspekt e, |
eesm?rke.
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46.3 Ki nd

|l aksm22aratud

4.6.3.1 Ennetamine projekteerimise ja hoolduse teel

vP¥hledihideamda mit :Vvhinii kia dr a a

projekteerim

Tabel46:PVTveehei dete v2@hendami seks
Asjakohasus Kriteerium EsmanePVT M& r k u s ¢ Viited
| @ henemi g
Protsessiaine ja
Kasut ada [|iahutusvee
korrosioonitundlikky korrosioonitekitavuse Jaotis3.4
materjali anal ¢¢s, et
Ksi K materjal
m2r gj ahly
teemid )
V2@hendad |Jahutussg¢st ¢ Xl lisa
biosaastuga projekteerimine nii, et jaotis
korrosiooni valtida st af¢ 3321
S»l tuval't
: Jahutusvee voolamine |konstruktsioonist,
Manteltoruga | Puhastamist . rotsessi e
sooiusvaheti h»l bust ay|oruseesjatugeva p o Il lisajaotig
) konstrukisioon biosaastusega keskkond | temperatuuristja |1
toru poolel r»>hust
Vv a hendadaT' kasutamlne_ '
KOITOSiooNt kondensaatorites, kus XIl lisa
tundlikkust kasutatakse
riimvett.
Vd@hese korri( |l eminek
. a sul ami t e ( k jkorrosioonitasemeg|
Elektrijaamade |V@ hendadapyunktsiooniisul amit el |Xllisa
kondensaatorid | korrosiooni roostevaba-im»jutada |jaotis5.1
tundlikkust nikkel) kasutamine teket
Lisaks se
Vaht pal |l i de |ollavajalik Xl lisa
Mehhaaniline automaatsete mehaaniline Jotis 5.1
puhastamine puhast us s ¢ s tpuhastamine ja J '
kasutamine k»rge vee
Vee kiirus uute seadmete g 5, | t yv al t
Va hendad albuhul>18m/sja korrosioonitundlik |y 1.
kondensaatoritesse| torukimpude kusest, vee i20tis 5.1
tekkivaid setteid |J * r el pai gal (kyaliteedist ja : '
(biosaastuy m/s pinnat©°c°t
S»l tuval't
a o .
Kondensaatorid Y, _h en d ada Vee ki 08 m korrosioonitundlik X1l lisa
ja soojusvahetid soolgsyahetlte_sse ee kiirus > 0,8 m/s kusgst, vee jaotis 3.2
J tekkivaid setteid kvaliteedist ja '
(biosaastust) pinnat?®°©°t
Soojusvahetite kaitsmisel
Valtida gPfegifiltrid Xil lisa

esineb ummistumisoht.
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Tabel4.6(j 2)XR/Tveehei det e

va&@hendami

seks

projekteerimise

Asjakohasus

Kriteerium

EsmanePVT
|l @henemi g

M2 r1r kuse€

Viited

V2@ hendada
korrosioonitundlik
kust

Jahutusvees

s¢sinikter a
kui korrosi
v»i mal i k t 2]

Mitte riimvee
puhul

IV lisa jaotis 1]

V@ hendada
korrosioonitundlik
kust

Maaalustetorustike puhul
tugevdatud
klaaskiudplasti, kaetud
raudbet ooni
s¢siniktera

IV lisa jaotis 2

Vd@hendada
korrosioonitundlik
kust

Vaga korros
keskkonnas soojusvaheti
jaoks Tit or ude v
te omadust e
teetsest roostevabast
terasest torude kasutami

Ti ei ole
redutseerivas
keskkonnas, vajalik
v»i b oll a
optimeeritud
biosaastuse kontrol

IV lisa jaotis 2

V2@ hendada

Avatud, madala

t »mbega
mar gj ahty

V@ hendada
biosaastuse vastast
t°°%t ] ust

veekvaliteeti (nt suur
tahkete ainete sisaldus,

katlakivi)

biosaastustoolase biosaastuse tasemega ja IV lisa jaotis4
S suure koormuse toega
vee tingimustes t2ite kasut
Avatud
m2r gj aht
tornid Valtida : o o
biosaastuse Pwtqsade CC_:A tl Jaotis3.4, IV
) vV o» i TdBisaldavate SR
t»rjesid t| . . lisajaotis4
ohtiikke aineid |V " Vi de [kials
PVT
Ta2idise val
Loodusliku arvestades kohalikku

XIl lisa jaotis
8.3
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4.6.3.2 Kontrollimine optimeeritud jahutusveepuhastuse abil

Tabel4.7:PVTveehei det e v?2hen dptimeertus puhastusatealt usv ee
. o EsmanePVT a .
Asjakohasus Kriteerium e e el swi i M?& r k u s | Viited

Jaotis
V2 hendad g Jahutusvee keemia 3.4Xl lisa
lisaainete j2l gimine ja jaotis7.3
kasutamist
PVT ei ole:
T kroomi ¢ heng
T el avh»be,da/
1 metallorgaanilised
K»i k m2rg chendi d (nt
Kasut ada tinaorgaanilised Jaotis3.4/
ohtlikke kemikaale ¢hendi d) VI lisa
1 merkaptobensotiasqol
T gokRO°tl us
biotsiididega kui kloor,
broom, osoofja H,O,
L2bivoolu :
jahut uss ¢| Biotsidi Malroblosaastuse - Xl lisa
avatud sihtdoos ]annusego timeerimiseks jaotis
m2r gjahut P 3.311
. M»nes pi
biotsiidide kasutata biotsiide ' talvine
kasutamist (sadamad)
Viibimisaja ja veekiiruse
Vaher@ad | NeTuVise ';aiuaa’;"ﬂev Eikohaldata | Sa0roo
heiteid tasemega 0,1 mg/l kondensaatoritelg jaotis
(valjal askek| 3.3.2
Vaba Merevee pidevkloreerimise | gap?eva X lisa
(j""'ﬁ‘k)okskorral FO V»keskminejaotis
L2bivool ulheited 0,2 mg/ 1l (v* 3.3.2
jahut ussyg
Mer evee vahe
Vaba kl oreerimise|lgap?eva Xllisa
(j2k)oksgFRO tase O 0|keskmine jaotis
heited (va&ljalaskek 3.3.2
1 a
Merevee vahelduva @ o k {u:ni(lieskenins v
Vaba kloreerimiseVaartus Xl lisa
(j22k)oksFRO tase O 0 rotsessi '| jaotis3.
heited (valjalaskek]|P 3.2
kontroll
V& hen@Xad s
¢ h e ntekett e | Magevee pidev kloorimine Jaotis3.4,
magevees ei olePVT Xl lisa
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1

Tabel4.7( j 2PWyeehei dete v2@hendami seks jahutusvee optin
Asjakohasus Kriteerium EsmanePVT M& r k u s ¢ Viited
| 2henemi g
Vd@hendadgT®°°tami ne | .
h¢e¢pokl orijpH va2artuse Xl lisa
9.
V@ hendadgK¢l gvool una x| lisa
kogustj a v 2 || biofiltreerimine onPVT o
jaotis
Avatud 3.11
m2rgjahdyva@hendadaq
tornid h¢e¢drol ¢¢gParast doseq Jaotis
biotsiidideheiteid | ajutiseltv 2 | | ape s 3.4
sulgemine
. Hinnata kogukulusi
Osooni Tootl emiGALasv»rrel degXllisa
kasutamine mg Os/l biotsiidide jaotis
kasutamisega 3.4.1
471 hku jJjuhitavate heidete v&@hendam
471 1 I dine | 2henemisviis
Jahutustornide »huheidetele on suhteliselt vahe
tekkimise m»ju. M»nedest esitatud andmetest j2relc
kuid neid ei tohiks t2@helepanuta j2tta.
Kontsentratsioonitaseme alandamine jahutusvee rin
heiteid aurupilves. V»i b aRvdigeloomugaed (1 di sed soovi
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472 Kindl aksm22ratud vPV/hlehldame mit €\ninii Kia dr a &
Tabel4.8:PVT» huhei dete v&@hendami seks
Asjakohasus Kriteerium EsmanePVT M2 r k us | Vited
|l 2henemi g
Valtida Aurupilve eraldumine _
. piisaval kK »r Jaotis
aurupilve . ; | 353
Csudmist |Minimaalse v .5.
. | . kiirusegatornv 2 | j al
K»i k maapinnale
a .
[“miéglah' Hebrii dt ehnil Vajalik on kohalik
0 vValtida aurupi |l ve v?2 hindamine Jaotis
aurupilve meetodi d, n 2| (linnapiirkonnad, | 3.5.3
tekkimist. soojendamine liiklus)
Asbesti kasu
Kasutada [(v»i sar nagae Jaotis
ohtlikke aineid konserveeritud puidu 3.8.3
. kasutaminei olePVT
K»i k
mé&r gjahi Eeldatavasti on
tornid Torni v&2&lj allsuure,
Val ti da n projekteerimine ja paigutum@ r ki mi s .
sise»hu et v&ltida vk»rguseg Jaotis3.5
kvaliteedile sattumist klimaseadmete | oodu s | i
si sset » mb e s sjahutustornide puh
va@hem ol
. : a1
K»i k Vﬁ‘hendadaseu.'St.e tri)s IIItadJaotisB.S
a . o . kasutamine, mille kaduon| ma d a | » :

m?a r gj a h | trivikadusid . ja Xl lisa
. <0,01% kogu takistus S
tornid s ) jaotis 5.1

ringlusvoolust
48 M¢rahei dete va@ahendamine

481 [ 1 di st

M¢rahei detel on kohalik m»j
On kindl aks m&a&aratud rida
v@hendami seks rakendada. E
meet meid kasutades aga

p»hjustavad

r>hukadu,

jahutuss¢steemi

Ke¢si mus,
mi ni maal

sei

nagu
d

Va

mi da
il di st
k a s el P¥lIkd p
hendami

st asemei

u.
esmasei
smased
tul eb

eteut | aeknseev
d.

d

m eteidesuaid d
v@hendat akse

Jahutusseadmet

tei s
mu
valjatun

j a

kompenseer

e n e r g plilavalik bruirdividuaalne M¢ r a

jt2orignmi vsui s t
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482 Kindl aksm22aratud vP/hlednldeanm mit £Wwinii Kkiadr aa me s
Tabel4.9:PVTm¢r ahei dete v2@2hendami seks
Associated
Jahut uss Kriteerium EsmanePVT reduction Viited
|l 2henemi svi levels
Va@hendada .
sisselaskeava juures Erlm_evad olemasolevad O5dB(A) Jaotis3.6
. tehnikad
Loodusliku veekaskaa
t »mbega Vd@hendada|N2iteks mul
jahutustornid m¢raheite/mgra summut | <10dB(A) Jaotis3.6
aluse ¢mbjt»kkesein
Madal a m¢r a .
Vahendada| ventiaator kasutamine, Jaotis3.6
ventil aat mille omadused on nt: | <5dB(A) Jaotis3.6
- suurem ;l @ ’
- va@iksem |
Mehaanilise Kiirus
t »mbega Piisav k»rg
jahutustornid Hajut opt|meer|tud helisummutite Muutuv Jaotis3.6
konstruktsioon . .
paigaldamine
Sissej a valjal
V& hendad a| summutusmeetmete 0O15dB(A) Jaotis3.6
rakendamine

49 L e k
491 ' 1 di

Lekkeohu
protsessi

jargmi si
T vali da
T k&aitada
T kui j ah
T j2lgida

valjavo

keohu v&@hendamine

ne | @henemi sviis

v@hendami seks tul eb konrstnuktsioerglea n u pe°r at
ainete ohtlikkusele ja jahutuse konfigur
ol di si meet mei d:

ma&rgjahutuss¢steemide seadmete materjal v
S¢St eemi vastavalt selle konstruktsiooni
utusvett on vaja puhastada, siis valida »
kemi kaalide | ekkeid m2rgjahutuss¢gsteemid
olus, anal ¢¢sides valjapesuvett.
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492Kindl aksm22ratud vPVhleinldeamd nsit £\whinii kia dr a a
Tabel4.10:PVT|1 ek keohu v&2hendami seks
Asjakohasus’ Kriteerium EsmanePVT M2 r k u s| Viited
| 2henemi g
Tehniline lahendd
. . \ k »r gema
K»ik $00lya|tjga va®lele sooQu Shuleb luvaiga | Il lisa
. 50 UC . .
pragusid uhtumi puhul
eraldi
Kasutada Protsessi seire I lisa
Manteltoru projekteeritud piirides — jaotis 1
soojusvaheti Torude/toruplaatide | Keevitustehnoloogia ole alati [l lisa
tugevus rakendamine jaotis3
kohaldatav
, Temperatuur .
Seadmed V@ hendada _Temperatuur metall m»j utab .IV I!sa
jahutusvee I S jaotis1
orrosiooni
parssim
o Lekke korral
VCI skoor5i 8 Ot s es Hambus® M| | peca Vil lisa
Ot s e s ¢ jsdusese m| Lekke korral
VCI skoor5i 8 = Porasessja automaatne | kohesed VIl lisa
anal ¢¢si v s {meetmed
) Ot s e s Psdusese M| Lekke korral
VCI skoorO9 Porasesg@ automaatne kohesed VII lisa
anal ¢¢si v s {meetmed
Ot ses¢steem
VCI skoor®9 korros_lopnlkmd_last » Lekke korral ;
Flow-through materjalist soojusvahetigq automaatsed VIl lisa
coolingsystems aut omaat ne ¢ meetmed
Tehnoloogia muutmine:
VCI skoor©9 - kaudne jahutus Vil lisa
- ringlusega jahutus
- »hkjahut usg
Ohtlike ainete Jahutusvee pidev VIl lisa
jahutamine seire
Saadaval on ka
. muid
Ennetav hooldus Kontrollimine mittepurustava
pe°risvoolu pul
kontrolli
tehnikaid
Recirculating Ohtlike ainete Val japesuvVved
coolingsystems | jahutamine seire
1) See &bel ei kehti kondensaatorite puhul
410Bi1 ol oogi lise riski v&hendami
4101, I dine | 2henemisviis
Jahutuss¢steemide k?2itamisest tuleneva biolo
temperatuuri, hool dada s¢steemi korrap?arase
meetmed kuuluvad enam? hem heade hool dustavade hul ka, r
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ma&drgjahutuss¢steemi puhul ¢l diselt rakendat akse I
mil s¢steemi t°° ei ole optimaalne, ja seisakud rq
tuleb arvesse v»tta pr oj ek tkedbjekiidmsubtéesngga asukoht a ¢ |

haiglad, koolid ja eakate majutusasutused.

4102Ki ndl aksm2aratud vP/hleiqnldeamda mit £vhinii kia dr a a me s

Tabel4.11:PVTbi ol oogi |l i se saastuse v&@hendami seks
Jahut uss Kriteerium EsmanePVT M2 r k u s| Viited
| ®henemi g
V@ hendada 3;‘ Ssgnteruias veenl Jaotis
vetikate teket 9 g , 3.7.3
v&@hendami ne
Seisvate tsoonide tekkimi
V&2 hendada|v?2]l t {projekteerimise
K»ik ring bioloogilist saastust | ja optimeeritud keemlllse
a . t°%t|l emi se
ma&rgjahut
s¢steemid Lekkejarg Mehaamhse ja keemilise Jaotis
. puhastamise
puhastamine ; ; 3.7.3
kombinatsioon
Haigusetekitajate .
. ; " . Jaotis
Hai gus et el perioodiline seire
! ) 3.7.3
jahutussyg¢st g
Operaatorid peavad Kui pihustus
2 .
Avatud Vihendada ;?ser:er%ifseﬁkgngnzau ° 2eiadsm:deon | Jaotis
m2 r gj a h u t| nakkusohtu o : . .1 3.7.3
nina ja suukaitset vV o» i kui
(P3mask) k»rgsur
puhastus
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Chapter 5

5.CONCLUDING REMARKS
5.1 Timing of the work

The work on this BAT Referencedocumentstartedin June1997 with the kick-off meetingon
19-20 June 1997 describingthe scopeand the key environmentalissues.Originally the scope
includedvacuumsystemsas well, but due to their highly processrelatedcharacteristicst was
consideredo betoo complexto coverin ageneralway and wadeft out of thework.

Two draftswereissuedto the TechnicalWorking group (TWG) for consultationThefirst draft
wasissuedin Junel999andthe secondin March 2000.In both consultationperiodscomments
and newinformationweresubmitted.

The final TWG meetingwas held on the 29-31 May 2000 and a high level of consensusvas
obtainedon contentaswell ason theBAT conclusionsvasobtained.Therewasgeneralsupport
for BAT conclusionson the horizontal subjectof industrial cooling systems.The referenceto
local aspectsand its consequencesor the BAT conclusion were strongly debated. The
optimisationof cooling water conditioningasa major aspectof cooling systemsoperationwas
also heavily discussedCommentsand new information submittedduring and after the meeting
havebeenincorporatedn thefinal report.

In the main part of the documentthe generalapproachto arrive at BAT for industrial cooling
systemgs explained.The main conclusionson BAT arepresentedn Chapter4. A largenumber
of annexedllustratesthe generakonceptwith practicalexamples.

5.2 Sources ofinformation

As sourcef information a large numberof documentsreportsand information from cooling
systemoperatorsand authoritiesas well as from suppliersof equipmentand cooling water
chemicalshasbeenusedto draftthedocument.

Of thesethe documentdm001 (NL), tm056andtm132 (PowerIndustry)andtm139(Equipment
suppliers)canbe consideredasgeneralbuilding blocks. Otherinformation submittedwas more
focusedon a particularenvironmentaissue,wherethe emphasiswvas largely on cooling water
conditioning.

Informationwas further obtainedduring site visits and by personalcommunicationon selection
of technologyand onexperiencesvith theapplicationof reductiontechniques.

5.3 Recommendationdor future work

Cooling is an essentiaklementin manyindustrial processesThe assessmertf bestavailable
techniquesfor cooling systemshas revealedthat internal heat managementselection and
operationof the cooling systemand the resulting emissionsto the environmentare directly
related However,the BREFprocessasnotbeenableto identify exampledhatgive a quantified
illustration of this principle and a future BREF would benefitfrom further investigation.

Within the TechnicalWorking Groupthereclearlyis agreementhatBAT for cooling systemds
an approachwithin which a numberof specific techniquescan be identified. It is a complex
issueinvolving thermodynamigrinciplesandinteractionwith the characteristicef the process.
It is clearthat BAT for cooling systemss a balanceof the demandsf the industrialprocesdo
be cooled, the designand operationof the cooling systemand the costs.For this purposea
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BAT -approachis developedwith the emphasison preventionby technologicalchangesand
improving operating practice. This approachmakesa distinction betweennew and existing
cooling systems,but in this documentit is emphasisedhat reduction measuresn existing
cooling systemshavethe sameobijective.In other words, the sameapproachapplies,but it is
clearthatoptionsfor reductionarelimited in existingcoolingsystems.

The procesof exchangeof informationhasmadeit possibleto identify a numberof techniques
thatcanbe consideredAT on ageneralevel,aspresentedn Chapter.

To determinetechniquesunderthe primary BAT approachfor cooling systemshowever,has
beendifficult. There seemsto be reluctanceto identify specific reductiontechniquesin the

frameworkof ahorizontalissue wheregenerakpplicationmaynot be smbvious.

On the changein technologywith an associatedeductionin emissionsno detailedinformation
on a practical examplehas beenmade availableto illustrate the potential for improvements,
acknowledginghatidenticalchangesn similar cooling configurationscould still havedifferent
associatedeductionlevels.Comparison®f the performancef systemsvould needcomparable
unitsandit is suggestedhat performanceadatabe expressegber unit of heatdissipatedMW1,).
Examplescanbefoundin thedocumentwherethis wasfeasible.

Concerningthe environmentalissuesassociatedwith the operationof the industrial cooling
systemsin the scopeof this document,emphasisis largely on reductionof emissionsto the
aquatic environment. Few data were reported that are consideredasrepresentativandan
inventoryis recommendedo be ableto get a betterpicture,which could serveasa benchmark
for resultsof (future) reductiontechniques.

The TWG considersthe selectionof cooling water additivesto be an important pathway to
reduce potentially harmful emissionsto the aquatic environment. A general assessment
procedurewhich includeslocal characteristicss necessaryo makea selectionat a local level.
Two conceptsare presentedn this BREF to aid the local assessmertf cooling wateradditives.
The TWG considershboth conceptsasvaluabletools, but the benchmarkconcept(Annex VIil. 1)

is still atheoreticaimodelandwill needfurtherexamination.

Emissionsto air from wet cooling towers may contain chemicalsor bacteria,but it was a
commonview in the TWG that very few dataexist. To identify their importancewould need
accuratemeasuremento quantify emissions,given certain water conditioning regimesand
efficiency of thedrift eliminators.Furtherinvestigationon availabledatawill be needed.

In someMemberStatesa lot of attentionis currently paid to the developmenbf Legionellain
wet cooling towers as a result of somerecentoutbreaksof Legionnairesdisease Hencethe
relatively large sectionpayingattentionto this aspectFromtheinformationsubmittedit is clear
that further work is neededo establishrepresentativeoncentratiorevelsof Legionellaandto
improvetreatmentdor systemsleaningafteroutbreaksaswell asfor daily maintenance.

A maximum level of acceptablecolony forming units (CFU) in a cooling systemwith an
associatedow risk hasnot beendetermined At presentit is not clearif sucha level canbe
identified andfuturework mayidentify progressn thisfield of work.

A numberof techniqueswere identified and consideredBAT, but someare still in a stageof
developmentand may be consideredas emerging. Their application and environmental
consequencestill have to be assessedExamplesof these techniquesare the spray (or
evaporativepondsandcold andheatstorage.

It is recommendedhatthis documentberevisedin 3y e atime t6 assesshe abovementioned
points.
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ANNEX | THERMODYNAMIC PRINCIPLES
Potentiallyeverychangein anindustrialcooling systemcanaffect the processof heatexchange.

When applying BAT to industrial cooling systemsthe consequencefor the cooling process
haveto beassessedlsousingthethermodynamigrinciples.

|.1 Heat transfer in a shelland tube heatexchanger

In a counterflow designheatexchangeheatis transferredrom a warm sourceto a cold source
andthe heatexchangeanbedescribedasfollows:

Q=DT,(In)*U*A

Q heattransferrederunit of time (W)

& m(In) logarithmicmeantemperaturelifferenceLMTD (K)
U overallheattransfercoefficient( W/ m|] K)

A heatexchangingsurfacel m] )

The LMTD for a tube heat exchangerfor countercurrentflow can be determinedwith the

following equation:
— (T1' tz)‘ (Tz' tl)

T S T 1) (- 1))

T1 temperaturénlet warmprocesside(K)
T temperatur@utletwarm processide(K)
t1 temperaturénlet cold side(K)

t2 temperatur@utletcold side(K)

Heattransferis promotedby alargesurfacearea(A). For practicalreasonghereis alimit to the
sizeof the surfaceareaandin thatcasefinned tubesareapplied.Different sourceof resistance
(R) form anothedimitation to heattransfer.Generally resistancer is expressea@sits reciprocal
value of the heat transfer coefficient 1/U and largely consistsof the thicknessof the wall

betweenthe two mediaandits conductivityandthe stateof fouling of the exchangingsurface.,
but also the conductivity of the liquids is important accountingfor the effectof different
velocitieson heattransfer.

Depending on the nature of the medium that flows throughthe heatexchangerthe heat
exchangingsurfacegetsfouled. During use of the exchangetthe resistanceo the transferof
heatincreasesFor designpurposesauseis madeof a pollution coefficientor fouling factor, that
equalsthe maximumfouling dependingon the natureof the mediumor the coolant.In Tablel.1
a few examplesare given, wherea lower fouling factor meansa lower stateof fouling of the
heatexchangingurface.

Table 1.1: Fouling factors for shell and tube heat exchangers,indicative values[Van der Schaaf,

1995]
Medium Fouling factors (W/m2/K)
Riverwater 300012000
Seawater 1000 3000
Coolingwater(coolingtower) 3000 6000
Light hydrocarbons 5000
Heavyhydrocarbons 2000
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Two thermodynamigrinciplesareresponsibldor heattransfer:
transferthroughconduction(andconvection),
transferthroughevaporatiorof amedium.

Heattransferin a dry cooling systemthroughconductionand convectionis called sensibleheat
transfer In awet cooling systemwateris cooleddown by direct contactwith air. Sensibleheat
transferto air in adry coolingsystemcan bedescribedasfollows:

Q=C, *m, * DT
Q heattransferred

C, specificheatcapacityof air

DT temperatur@ange

m, massof air

In a wet cooling systemthere is additionally heat transfer through evaporation latent heat
transferandcanbedescribedvith thefollowing formula:

Q=m, *D
Q heattransferred
m,’ massof air
DH enthalpyrange

With theseequationsthe massof air necessaryor dry (my;) and for wet (m:0 fooling canbe
compared:

m  C,*DT
m,_ DH

The ratio dependson the temperaturerange DT and for examplewith an increasein air

temperaturef 10 to20 C thisratio is aboutl:4. In this exampleit meanghatdry cooling needs
four timesmoreair thanwet cooling. In otherwords,a largerheatexchangesurfaceis required
for dry cooling.

|.2 Approach

It is alwaysimportantfor a cooling systento provide sufficientdriving forcein orderto achieve
the transferof heat. A minimal temperaturdifferenceis necessarnpetweenthe incoming and
the outgoingflow, i.e. the differencebetweenthe temperatureof the processmediumleaving
theheatexchangeandthetemperaturef thecoolant(wateror air) thatentergheheatexchanger,
basedon a counterflow design.This differencein temperaturas calledthe approach For wet
cooling towersthe approachis defined asthe differencebetweenthe wet bulbtemperaturef
theair and thetemperaturef the coolantleavingthetower. For drycooling towersthe approach
is definedasthe differencebetweernthedry bulb temperaturef the air and thetemperaturef the
coolantleavingthetower.

A cooling systemis designedo meetspecificationghroughoutthe year.Of course whenwater
and air temperaturesre low, requirementsare easily met. But higher temperaturegan cause
problemsboth in operationsand for the environment.Through sustainedowering of process
flow or sustainedaising of the amountof cooling medium,the temperaturespecificationscan
eventually be met. There are, however, design limits to this approach.Systemsare often
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designedn suchaway that specificationgmaybe exceededo amaximumof 5% orloweron an
annualbasis.

For watercooling, a minimal approachover the heatexchangeiof 3-5K is used.Lower values
canbereachedbut this requiresa largerandthereforemore expensiveheatexchangingsurface.
With more heatexchangersn a cooling systemthe different individual approachefiaveto be

addedup andthe more exchangershe higherthe approach For a cooling tower an approach
temperaturef 7K to 15K is oftenused.

For condenser®f power stationsthetermfit h e d ma f e insgtaadokapproach,is used
indicatingthe differencebetweenthe temperaturef the condensatésteam)andthe temperature
at which the cooling water leaves the condenser.To calculate the temperatureat which
condensatiortantake placethe terminal differenceand the temperaturencreaseof the cooling
waterhaveto be added.In casea cooling tower is usedthe approachof this towerwill haveto
be addedaswell. For condenserpracticalexperienceshowsminimal terminaldifferencesn the
rangeof 3-8K, alsodependingon thefouling factor[tm056,Caudron,1991].

The minimum end temperaturghat can be achievedby a cooling systemis determinedby the
approach of a cooling system and the designtemperaturewhich depends on the climatic
conditionsof thesite.

|.3 Capacity of a heat exchanger

The capacity or duty of a heatexchangeris the amountof heatthat can be removed.The
required heat transfer area of a cooling systemis influenced by the different heat transfer
capacitiesof the cooling mediawater and air, by sensibleand latent heattransferand by the
driving force. The designhasto considermaterial requirementspollution, drop of pressure,
flow speedspatialrestrictionsandthe volumeto becooled(fluid or vapour).

The total capacityof a cooling systemis determinedoy addingup the duties(or capacities)of
all heatexchangers:

Q.. =SQ, [J/ sorW] with Q, =duty of useri

Dueto its physicalpropertieswateris anideal heatcarrierbecausef its high thermalcapacity.
It thereforeonly requiressmall heatexchangesurfacesThe mosteffectivetransferof heatis by
evaporationof water. The latent heat (evaporationof water) comparedwith the specific heat
capacityper K at3 0 Us@bout630 times higher (Hv/C). The specific heatcapacitiesof air,
water,andevaporatingvaterareshownin Tablel.2.

Table 1.2: Specificheatcapacitiesof air and water

Air: . Cp = 1005.6+ (16.03*10%t) J/kg/K
(sensibléheattransfer)

Water: C= 4192 Jikgat1 0 U C
(sensibleéheattransfer) C= 4182 J/kgat5 0 UC
Evaporatiorof water: Hv = 2502 kJ/kgato U C
(latentheattransfer) Hv = 2431 kd/kgat3 0 U ¢
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|.4 Wet and dry bulb temperatures

The wet bulb temperatureis the lowest temperatureto which air can be cooled down by
adiabaticevaporation.The wet bulb temperaturealwayslies below dry bulb temperatureand
dependon the measuredemperaturef the atmospherethe humidity andthe air pressureThe
dry bulb temperaturds the temperatureof dry air anda very importantfactor in the designof
air-coolers where sensible heat transfer is the underlying mechanism.Wet and dry bulb
temperaturesanbethesamewhenambientair is fully saturated.

For latent heat transfer the wet bulb temperatureis the relevant temperatureand it is
theoreticallythe lowesttemperaturé¢o which watercan be cooleddown. In caseof wet cooling
towerswherethe heatis transferredrom the cooling waterto the air mainly by evaporationthe
wet-bulbtemperaturédi.e. thedegreeof saturation)s thereforeanimportantdesignfactor.

1.5 Relation between heat transfer and heat exchanging
surface

A high heattransferanddriving force (approachwill requirearelativelysmall surface,resulting
in a compactand cost effective heat transfer concept. Becauseof the lower heat transfer
capacityof air, dry cooling systemsrequire much larger heatexchangersurfacesand driving
forcefor the samecooling capacity.This largerheatexchangesurfaceresultsin a higher demand
on spaceand potentially higher investmentcostsagainstthe absenceof costsfor water and
coolingwatertreatmentandthe associate@nvironmentakffects.

The required heatexchangingareaalso dependson the mediumthat is to be cooled.As an
example of this Table 1.3 shows examplesof heat transfer coefficients and the associated
surfaceareasf variouscombinationof coolingwaterandprocesdluids.

Table 1.3: Heat transfer coefficientsand estimated surface areasA (m?) per MW and at 20K mean
temperature differencefor different industrial applications
[Bloemkolk, 1997].

Heat transfer coefficientU | Estimated surfacearea® A

Hot processside (W/mZ2K) (m? per MW)
Fluids
-organicsolvent 250750 200-600
-light oil 350900 55143
-heavyoll 60-300 166-830
-gases 20-300 166-2500
Condensingapour$
-watervapour 10001500 3350
-organicvapour 700 1000 50-71
-vacuumcondensergvater) 500-700 71-100
-organicqpartlycondensing) 200500 100250
Notes:

1. StartingpointisaeT ( | n ) Godlidgivith water.Calculationis basedbn overallheatexchange
coefficientU andis meantasacomparison

2. It shouldbetaken into accourthatcondensingapoursperkg drainoff much moreheatthancooling
fluids; perMW heatdischargedrelativelylittle vapouris thereforecondensed.

3.Q=U. A. &T (Il n)

As anexampleof whattheabovecould meantwo case®f installedcoolingsystemspnefor dry
cooling andonefor evaporativecooling, are comparedand the resultsare shownin Tablel.4.
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The dry cooling tower with a cooling surfacediameterof 20% more, hasonly 47% of the
capacityof theevaporativecooling systemwith anapproactof 20K comparedo 12.6K.

Table 1.4: Effects of the cooling principle on the capacity, approachand cooling surface of a cooling
system
[132,Eurovent, 1998]

Characteristics Dry natural draught cooling | Wet natural draught cooling
tower tower
Capacity 895MW 1900MW
Coolingsurfacediameter 145m 120m
Approach 20K 12.6K
Temperaturédry bulb/ wetbulb) 14/10A C 11/9A C
Minimum endtemperatures 34AC 21. 6AC
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ANNEX 11 PRINCIPLE OF ENERGY SAVING

THROUGH OPTIMISED COOLING
[tm059, Paping,1995]

II.1 Subject

This Annex reviewsa methodof calculationof the potentialenergyconservationn the event
that cooling is carried out at lower temperaturesThe conservationis expressedn terms of
primary energy,with a dimensionlesaunit of kWw/MW1, per K temperaturedifferencein the
cooling processtself. The reductionin energyconsumptionis achievedby the useof inhibitors
that have been subjectedto a standardtest method. Theseinhibitors ensurethat the water
coolersremain cleanerduring the summermonths.The direct and indirect energyuse because
of the choiceof any of the six main cooling systemsin a specific areacan also be calculated
with this dimensionlessumber.

II.2 Summary of conclusions

1 In practicethe variabletemperaturagyradientsacrossfouling are of the order of magnitude
of 1 to 4K.

I Colder cooling water in the immediate vicinity of the pipe wall results in energy
conservatiorof 3 | kW /MW /K. This is equivalentwith EUR 300 per MWy, cooling per
annumper K temperaturaifference’

I Theuseof an efficient mannerto combatthe decreasén the heattransfercoefficientacross
fouling of heatexchangergesultsin a potential energy conservationfor the European
industrial sectorpro ratio of this energyconservatiorfactor. For every 100 GWi, cooling in
Europethe energyconservatiorpotentialis 11 PJy per annum® per K. This is equivalent
to areductionof the emissionsf carbondioxide of 700thousandonsperannumperK for
every100 GW, coolingin Europe.

1 Theinvolved energyconsequencesf the choicefor eachof the six main cooling systems
are even more significantly. The difference in minimum attainable cooling water
temperaturefor each of the six maincooling watersystemscanalsobe expressedin
necessargnergyexpenditureo cool. Thesamefi d i me n s factorol f e $EIHEMW /K
can beappliedfor comparisorof the designalternatives.

1 Theuseof certaininhibitors in cooling water resultsin significant energysavings.These
savingscan exceedthe primary energycontentof the additivesby severalfactorsof ten.
Theenvironmentalmpactdecreasem proportionto thesesavings.

1 Theenergyconservatiorachievedby the useof inhibitors exceedghe costsof the relevant
additivesby averywide margin.

An illustration of both effects,asdiscussedn this Annex, is presentedn Figurell.1. A lower
temperaturef the coolantaswell as theuseof antifoulingtreatmenwill effectthe heattransfer
throughthe exchangewall andthe waterfilm.

! Basedon $14.7 /barrel; with an energyvalue of 41.87 GJth/ metric tonne oil equivalentand 7.45 barrels/ metric tonne oil
equivalent representing.51 barrelsper kWth yearor 81 EUR /kWth year(Ministry of EconomicAffairs, Netherlandspil/gas
conversiortable NOVEM).

2 PJth= Petajoule thermat 10" Joule.
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Extra temperature gradient = Energy loss

quouling
quate rfilm
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Potential energy saving
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Every0.12mm=1K

Figure 11.1: lllustration of areasof potential energysavingby reduction of the temperature gradient
through afouling layer aswell asby using colder cooling water influent

[1.3 Introduction

Following many informal contactsa number of multinationalswith branchesin the Europe
founded the industrial coolingwatergroupin 1991. They took the initiative to developa
standardtest methodfor coolingwater inhibitors. The basisof this methodwas formed by the
researchcarriedout in the nineteereightiesby DSM and Shell. Thefi | n d uCGoolingiWatér
P r o jwassetdp in the form of ajoint projectin which both the customerdor and suppliers
of thesenhibitorsparticipated.

The potentialconservatiorin energy- in combinationwith the reductionin malfunctionsof the
productionprocessachievedby the use of cleanerheatexchangers was the mostimportant
motivefor all partnergo decideto investin the project. This Annex discusseshe issuein more
detail.

The generationof shaftpower and/or electricity is always accompaniedby cooling; this is
necessarginceonly a maximumamountof useful energycan be extractedfrom a mediumat
any given ambienttemperature A proportion of this energywill passthrough a number of
processstepsandwill ultimatelyreachthef a c t aooliygévatersystemTheyearly averages
for the standarddirect energyconsumptiorexpendedn cooling, expressedh termsof the ratio
KWe / MW, cooling@nNd assumingcleancoolersin the summemmonths,is shownin the following
table.

¥ ASHREA Handbook,1983 Equipmentvolume; American Societyof Heating, Refrigerationand Air-conditioning Engineers
Inc., Atlanta, USA, 1983.

Industrial Cooling Systems



ANNEX Il

Table Il.1: Energy consumptionin kKW e, electricity consumption/ MW th, coolingWith cleanheatexchangers

Coolingwater-system Energy Consumptionin k We,electricity consumption/ M Wth, cooling
with clean heatexchangers.
- Cooling-water Fan
pump
Oncethroughcoolingwater °10; range5to 25 5t025 n/a
Circulationrcooling water with open -
wetcoolingtower 15; rangel0to 25 5t020 5t010
Closedrecirculatingsystem ©30; range20to 60 5to15 10to 50

With an efficiency of the generationof electricity of 40%' the abovefigures will needto be
multiplied by 2.5to expresghe energyconsumptiorin termsof the primary energycarrier. The
relative energy consumptionrequired to cool by meansof a water systemthen becomes
dimensionless.

Moreover this energy consumption will increase in direct proportion to the (higher)
temperature®f the cooling water and/or (increased¥ouling of the coolersduring the summer
months.To calculatethe indirect energyconsumptiorin a morereliableway the previoustables
in thisdocumenhaveto belinked. (Theclimatic conditionsof the Europearcountriesmentioned
in Table 1.6, and the technical and thermodynamiccharacteristicsof the different cooling
systemsfor industrial applicationsfor a specific generals i t ciinfate mentionedin Table
2.1). Thefollowing table showsthe lowestattainablewatertemperaturest inlet for the various
cooling systemsduringthe monthsof July andAugustin the Netherlands.

In practice virtually no tap water or groundwateris used for cooling. Moreover it isless
desirableto make use of thesekinds of water for this purpose,and the practiceis gradually
beingdiscontinuedConsequentlyt is possibleto statethat oncethroughcoolingwatersystems
locatedon the coastconsumeheleastamountof primaryenergy.

Table I1.2: Mean attainable lowest coolingwater inlet temperaturesfor the various cooling systems
during the months of July and Augustin the Netherlands.

. Mean attainable min. Remarks; Netherlandsas
Cooling system _
temp.[ C] example
Locallimitationsof heat
Oncethroughcooling: river 23 dischargdoy thermallimit
values
Seawatealongthecoast 19 Northseal2 T C
below mixing
tapwater 15 Costprice
groundwater 12 Limited stock
Openwet coolingtower 24 Wetbulb19(C
Air cooling;(for comparison) 40 (producttemp.) Drybulb28 IC

4

CentralBureaufor Statistics, CBSThe Hague.
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Moreover the energy consumptionwill increasewhen the heat exchangersare fouled. This

sedimentcan be classifiedinto microfouling and macrofouling.Blockagescausedby shellfish
and other solid sedimentpreventingthe flow of water throughthe pipes may be regardedas
macrofouling. Microbial slime, scaling, deposits,that eachin turn resultin the formation of

corrosionproductson or in the warm cooling pipe, are all classified as microfoulind. A

characteristic commonto all the various forms of fouling mechanismgs the concomitant
increasén theinternalenergyconsumption.

This annexdiscussedhe additional energy consumptionper K extra temperaturegradientin

more detail as well as it presentsthe calculation basicsfor the direct and indirect energy
consequenceas .thechoiceof eachof thesix coolingsystems.

I1.4 Calculations

I1.4.1 Principles
Industrialcoolinginstallation Daog = 10 K (= driving force)
F =5 KWinm? (= heatflux)
consequentha Utta = 05 KWgnpm?K? (= overallheat
transfercoefficient)
Assumea deposit Oouing = 0.12 mm (= variableresistance)
with a | fouing = 0.6 W m™*K™=thermal
conductivity)7

Heattransferis conceivedto be analogoudo a seriesof resistancedetweenthe productto be
cooled,thepipewall, thelaminarlayerof water,andthevariabledegreeof fouling:

1 1 1 1 1
= + + +

U.ro.tm’ o product o pipe wall Olwater layer (1 Jouling

Pollution = Extra temperature gradient

qu pollution
Dq) waterfilm
T

product

} Potential energy saving

cooling water

Every 0.12 mm = 1K

Figure 11.2: Graphic representationof pollution factors responsiblefor extra temperature gradient
over the pipe wall

®  Dutchexperiencavith condensemaintenancek.J.SneekH.A. JennerKEMA, Amhem.

®  Practische waterbehandeling (Practizatertreatment), Prof). Defrancq de Sikkel Malle.

7 VDI-Wa r me Btelr &< .h u nfgsdrd h 2 Wa e me setheta egwveitetg AuflageDl-Verlag. D¢ ssel dor f .
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Relativeheattransfer coefficients

1= Utotal + Utotal + Utotal + Utotal

a product a pipe wall &8 water layer a pollution

Relativetemperatuegradients:

_ DC] product + Dq pipe wall + DQWaterIayer + Dqfouling

1=
Dq log Dq log Dq log Dq log
Together:
2 -1
quouling: M* Dq log = lJtLﬁll* qlog = 05 kWt m K = 10K = 1K
D
& fouling / 0.6 W m-1 K-l
fouling
Boing 0.12mm
Consequentha

Dq fouling = 1K

It is assumedhat fouled water coolersin industrialinstallationshavevirtually no influenceon
energyconsumptiorduring the eightcoldermonthsof theyear.This is basedn the necessityof
preventingcertain processflows from being cooledto too low a temperatureFactoriesshall
always keep at least one coolingwater pump in operation; a fan that has been stoppedis
incapableof a further reductionin its capacity.Savingscan be achievedduring a longer period
of time in power stations.However,industrialcooling installationsare usually deployedto cool
avarietyof productsandconsequentlgxhibita greatvarietyin typesof heatexchangematerial.
As aresultof this diversity, industrialcoolinginstallationshavea needfor an appropriatedesign
of the use of inhibitors to accommodatetheir complex systems,in turn resultingin the
utilization of the maximumbenefitsof the calculatedenergy conservationduring only four
monthsin a year.Consequentlythe calculationsin this annexarerestrictedto this shortperiod,
andareapplicableonly to the cooling capacityof water systemausedin industrial installations.
Thereasonfor theserestrictionsis thatthe interpretationof coolingwater additiveswould have
been underminedf power stationshad alsobeenincludedin these calculationsof the energy
conservation.

In practiceoneor morefi s o | u areé usedts KmMedysituationsin which the designof the
cooling systemin combinationwith the inhibitor is incapableof supplyingthe requiredcooling
capacityduring the summemmonths.(Thesesolutionsare comprisedof increasingthe amountof
coolingwaterand/orcooling air and/orthe producttemperatureind/orthe procesgpressure)All
suchsolutionssharethe commoncharacteristiof a concomitanincreasen the internalenergy
consumption.
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Pollution compensation through:
* morecoolingwater
* morecoolingair
* higherproducttemperature
* higherprocesgressure

Tout, product

Driving force
out

tin, coolingwater

Length heatexchanger

Figure 11.3: Schematicrepresentationof driving force over the length of a heatexchanger

In thefollowing calculationghe additionalenergyconsumptiorresultingfrom microfoulingis
expressedh termsof a1l A é&tratemperaturgradientacrosshe fouling. The formulaeshown
on the previouspageindicatethatan extral A @Gemperaturgradientalreadybecomespparent
oncea microbial slime layerhasattaineda thicknessof no morethanan orderof magnitudeof
0.12mm.Thisis alsoapplicableto alayerof boiler-scalewith a thicknessof the sameorderof
magnitudeThe calculationsassumehatthe heattransferdecreaseknearly with the thickness
of the fouling. The reductionin heatexchangecapacitycausedy thefirst 20% of blocked
cooling pipesdueto macrofoulingcanbe compensately increasinghe requiredtemperature
gradientoy 1 A Bowevereveryadditionalblockedcoolingpipewill resultin an exponential
increasan the additionaltemperaturgyradientrequired.

CoolingtowerdischarginglO MW+, F 1000 nf h*  circulationflow rate

Dg = 8.6K coolingwater
inlet/outlet

DQiog = 5.0K cooling tower cooling
limit

[1.4.2 Quantity of coolingwater -

The following is an exampleof a calculationin which a 1K extratemperaturgyradientacross
microfouling is, in practice,compensatetty anincreasdan the numberof coolingwater pumps.
Thetemperatureandflow-rate of the productandthe quantityof heatremovedfrom the product
remainconstantThe averageressuraropis adjustedo 3.7 bar.

The capacitywill be doubledby the parallel operationof two identical centrifugalpumpsonly
in the eventof a purely static pressureHoweverevery successiveooling-water pump brought
into operationin a coolingwater system will result in a change of the dynamic head
characteristicsAs a consequencef thesechangeghe nominal capacitieof the pumpsmay not
be totaled.The resultantreductionin the capacityrequiresincreasecpowerconsumptiofi

The removal of an equal quantity of heatrequiresthe circulation of an extra 10% of cooling
water(= 20% extrapumpenergy)to compensatéor theextral K temperaturgradient:

& Pomper(Pumps)L.W.P. Bianchi,Stam, Culemborg.
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More coolingwater >> increasedpumping power

1KW,/ MW, perK

*
Q2pumps$2 Q 1pump

Q Ql Q2pumps

Figure 1.4: Number of cooling water pumps and changeof cooling water low dueto fouling

Ap* P 20%*®*[ p*g* AH |
n n

W is

20%*

3600 s/h m 8

0.7

3
1000 m” /h ,{ ]Oﬂf)k—gj* 9.8%*37"? water gauge }

_ 20* 10° kg.m, m
0.7 s S

Nm

3
=30* 10 < = 30kW, per10 MW, cooling.

Correctedfior 4 summemonthsper year:

on an annual basis1 kWe/ MW i, per K

11.4.3 Quantity of cooling air =

The samecooling tower of 10 MWy, is used but the removalof the samequantity of heatis now
achievedby compensatingor the 1 K extra temperaturegradientacrossthe microfouling by
increasingthe quantity of cooling air the fans passthroughthe cooler. The power consumption
of thefan increase$rom 54 kW, to 83 kW, per 10 MWy, *:

®  Calculationfrom POLACEL, Doetinchem(NL), and practicalexperiencawith variablepitch in combinationwith start/stopof
one omorefans.
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Correctedior 4 summemonthsper year:

on an annual basis1 kWe/ MW, per K

Conclusion:  an increaseof either the amount of cooling air or the cooling-water flow
rate requires the sameannual amount of extra energy.

[1.4.4 Product temperature )7; gas volume 37

M ove more gasvolume; PV =
polluted heatexchanger>> warmer

2 KW,/ MW, per K

0 A

Product

2 KK

Driving

Cooling
1AK

Lengthheat

Figure 11.5: Changeof temperature gradient of product gas(moles)in a counter flow heat exchanger
dueto fouling

Theinlet temperaturef the productis assumedo be constant.This meansthat the decreasén
the outlet temperaturef the productdischargedrom a fouled heatexchangewill be lessthan
that from a cleanheatexchangerThe temperaturegradientacrossthe fouling will be virtually
uniformly distributed along the entire length of the heatexchangerAs a result of thesetwo
effectsthe reducedtemperaturedrop of the productat the outlet of the fouled heatexchanger
will be twice the magnitudeof the temperatureggradientacrossmicrofouling on the watersideof
the heatexchangerA pure countercurrenheatexchangetin which the energycontentper K
temperaturechangeof the coolingwater flow rate (= in fact the specific heatof a quantity) is
greaterthanthat of the productto be cooledwill exhibit convergentemperatureorofiles at the
outlet side of the heatexchangerThe reducedtemperaturalecreasen the productoutlet side
causedby microfouling on the watersidewill consequentibe lessthan2 A (rer K temperature
gradientacrosghe fouling. Converselygnergycontentper K temperaturehangeof the cooling
waterflow rate smallerthanthat of the productto be cooledwill resultin divergenttemperature
profiles at the outlet side of the heat exchanger.The reducedtemperaturedecrease on the
productoutlet side causedby the samemicrofouling on the watersidewill then be in excess
of 2 A @erK temperaturgradientacrosghefouling on thewaterside.

Under conditionsof adiabaticcompressionat a constantproduct massand compressiorratio,
the removal of the samequantity of heatis now achievedby compensatindor the extra 1K
temperaturegradientacrossthe microfouling by increasingthe final temperatureof the product
to be coolecby 2 A C .

Theformulafor the samecooling towerof 10 MW will thanbe:
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|

Four K%
W - I V— * dP - @‘, * R * Tfﬁ * i1 " [&J ’ = 1
K- Pun.r

Pm

= compressorworks alinearfunctionof theinlet- gastemperature.

= per2 C producttemperaturencrease- % extracompressorpowerconsumtion
273 + 27

= | =———1-1=0.67 percent more compressor work per 2°C
273 + 25

Correctedor 4 summermmonthsperyear:

on an annual basis2 kWe/ MW ¢ per K

Conclusion:  the displacementof volume is more expensivethan masstransport.

[1.4.5 Product pressure =; cooling compressor =

For the samecooling tower of 10 MW, where,for the samemassflow rate, the removalof the
samequantity of heatis now achievedby meansof productcondensatiorffor example,for the
benefit of a refrigeratingmachinebasedon adiabaticcompressionand expansion).This will
raise the processpressureof the productto be cooled so as to compensatdor the 1K extra
temperaturgradientacrosshe microfouling:

Increaseddewpoint=increasedprocess

b 2 KW/ MW, per K
P
N
og %0 @ \/ P2
[®
L L/G G
H [J/kg]

Figure I1.6: Representationof increaseof processpressureto compensatdemperature increasedue
to fouling

Assumptions: propenerefrigeratingmachine

inlet andoutletpressures 1.9and13barrespectively
boiling points - 33.6and28.5A @espectively
pressurgemperaturegradient 0.33bark™
compressoandturbineefficiency 0.66
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Cooling factor Carnot Cyclus = O _| 273053364 =3.852
Hm - 6‘0:4? in 28-50 - (- 3364) at 28.5°C
O } [273.15-33_64}
Oin=Oout | ,, 28.50-(-33.64) | . ... .
Cooling factor difference = = ( M asnse 6314 _ 1.0151
Bin 273.15-33.64 62.14
HHH-G(}H? in+l°C 2950'(‘ 3364) ar205°C
1-1.0151
Extra compressor power cons.= ————— = 0.594 percent per K
3.852*0.66

Correctedior 4 summermmonthsperyear:

On an annual basis2 kWe/ MW  per K

Conclusion: @ Fr i g aretwieesasexpensiveascalories.

1.5 Total potential energy conservation per A C
colder cooling-water boundary layer

11.5.1 Efficiency of power generation y

Theefficiency of thegeneratiorof electricityin the Netherlandss 40%*°.

Reusesteam 40% eff .
H [J/kg] Blow off stean 20% eff.
" e
/ P2
Latenthea
S[I/kg]

Figure 11.7: Efficiency power generationfor pumps, fansand compressors

The generationand consumptionof steamin a petrochemicakcomplex are usually in balance
during the autumnand the spring. In the winter high-pressureand mediumpressuresteamwill
be divertedto the low-pressuresteamnetwork. Conversely,in the summersomeof the low-
pressuresteamwill be disposedof by blowing it off to the atmospherand/orcondensingt in

1 CentralBureaufor Statistics, CBSThe Hague.
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coolers.Moreovera numberof steampumpswill be shutdown, and someelectric motorswill
be startedup, soasto compensatér theshiftin theenergybalance.

Steamturbines are also used as auxiliary turbinesto power refrigerating machines.ln such
situations the extra low-pressuresteam produced and exhaustedduring the summer (the
additionalamountgeneratedas a result of fouled productcondensersyvill be disposedof. The
extraenergyconsumedoy the refrigeratingmachinewill then be accompaniedy extraenergy
losses,which will be a magnitudeof 5 larger. The enthalpyof superheatediigh, mediumand
low-pressuresteam ionly onefifth higherthanthelatentheatof water.

The Dutch Industry uses20% of the total cooling capacityfor compressogasand refrigerated
cooling ™. Half of this refrigeratedcoolingis carriedout by meansof (auxiliary) steamturbines.
AFr i g(ormine g @calérigsi@am@more expensivehan calories,and volume displacements
are more expensivethan masstransport.In practicethis meansthat during the summermonths
preferenceawill be givento startingup coolingwater pumpsand fans earlier, and shuttingthem
down later, ratherthan increasingthe processpressuresFurthermorejn the first instance80%
of the capacitylost by inefficient cooling due to fouling will be compensatedy meansof
start/stopcommandgo motors.

Consequentlyhe averagancreasan primary energyper K temperaturgradientis:

(80%*1 S[10%*2) (10%*2) _yo o i o
04 0.4 0.2 = ——¢ w P

Note: The aboveexpressednergyfactor canbe calculatedfor other Europearcountriesaswell, if
the relative cooling capacityfor compressorgas and refrigeratedcooling is known. It is
expectedhat the outcomewill rangebetween3 and4 kWi, / MW, perK, sincethe power
generatiorefficiencyin Europeis alsoaround 40%.

[1.5.2 Total water used for cooling in the Dutch industry (excl. power
plants)

Numbersregardingcooling water consumptionhaveto be availableto calculatethe absolute
directandindirect energyusageaswell asthe absoluteenvironmentaimpactof eachof the six
maincooling system®naEuropearscale.In the Netherlandsthesestatisticaldatawere available
with a spreadover the last decades.The majority of the water consumedby the national
industry (= 3.1* 10° m® per annum)is destinedfor usein cooling. The total amountof water
usedfor cooling purposesamountsto 2.7 * 10° m® per annum (for power plants 8.3*10° m®
p.a.).Of this waterthe majority is fresh,saltor brackishsurface water. The original statistical
sourcesdifferentiate betweenwater usedfor generalpurposesand for cooling. However this
data makes no differentiation betweenthe proportions of water usedto feed recirculating
and oncethroughcoolingwater systemsCalculationsindicatethat the amountof heatremoved
by watersystemsn the Dutchindustrialsectoiis of the orderof magnitudeof 180 PJy per annum
12 (= 5.7 GWn ™) and equally partitionedbetweencooling towersand once throughsystems.

11 st ConsultB.V., Woubrugge Decembed 9 RESR003Marktonderzoeknaarhet electriciteitsverbruiken de mogelijkheden
van electriciteitsbesparingn de Nederlandsendustrie (Market researchinto the electricity consumptionof the Netherlands
industry,andopportunitiedor electricityconservation).

12 CBS, Heerlen:key figure K-261/1991;water provisionsfor companiesl991,and everyfive yearspreviouslyfrom 1957.CBS,
Voorburg;keyfigure K-117/19921 & -2; Dutchenergyconsumption, annudiures1992 and the priatecade$rom 1972.

13 Also verified with datafrom:

EmissieRegistratiewarmtevia water E 260 tot en met de 6% ronde (registrationof heatemissionsvia E260 water up to and
including the gth round(for themostimportantcompanie$rom anenvironmentaperspective)n thel 9 9 0RI\&V) Bilthoven.

Aut hsunveydf thetop ten companieis the Netherlands; datRIZA; Lelystad,Netherlands.
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1.1.1 Total potential energy conservation per A Ccolder cooling-water
boundary layer

The figure of 180 PJ» per annum,removedby coolingwater systems,in combinationwith an

averageextraannualenergyconsumptiorof the orderof magnitudeof 3 | KW / MW per A C
colder coolingwater boundarylayer, would resultin a potential energy conservationfor the

Dutchindustrialsectoramountingto:

0.63 P per annum per A C

Or in financialterms:

EUR 1.6 million per annum per A C

Assumingthat the Dutch situation representonly 5% of the Europeanindustrial production
capacity where cooling is involved, it can be estimatedthat the cooling capacityin Europe
appliedby industryis in the magnitudeof 120 GWs, where power plants cool 200 GWi.. For
thewhole cooling sectorin Europethe potentialenergyconservatiorwould thenamountto:

35PJy per annum per A C

Orin financialterms:

EUR 100million per annum per A C
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11.6 Examplesof calculationsfor the relative conservationof
energyand reduction of the environmental impact achievedby
the use ofinhibitors

[1.6.1 The contribution made by oxidation

The following is an example of the use of inhibitors basedon oxidants such as sodium
hypochlorite(becausehis is a relatively well-known degradabladditive):

Assumptions
Basis:
electrolyte(or bulk purchase) 2.2 KWhe / kg chlorineequivalent
- productionefficiency 0.7 We /! We
- thermalefficiency 04 We / Wi
- concentration 15 %

cooling installation

- thicknessof slimelayer 0.5 mm (no inhibitor in
summer)
- boundarylayertemperaturgyradient 4 K

-averagficonser ataito @ 3.5 kWi / MW /K

useof inhibitor
- influent ° 1.0mgl™, stoichiometricoxidation,
- effluent 00.1mgl™, activechlorine
- intermittentchlorination,suchas4 hoursin use/ouf use
- 1% conversiornof dosedchlorineequivalentto halogenatedby-productsalso
expressedas chlorine equivalentwhich amountsto approximatelyto 3% of
brominatechydrocarbon$tm160, Bijstra, 1999].

[1.6.1.1 Oncethrough cooling system

usageof hypochlorite 300 kg C/IMWy  [tm160, Bijstra, 1999}
costsof hypochlorite 114 EUR/ metrictonnein tanktruck

Consequentlyoth the energyconservatiorratio™ and the performanceprice ratio of the inhibitor
areof overridingimportance The useof this oxidantachievesnvironmentakenergyconservation
severafactorsof tensin exces®f the primary energycontentof theinhibitor.

The environmentaknergyyield of this inhibitor is morethana factor 10 higherthanthe financial
conservatior®.

Theuse ofhydrogernperoxideor ozonewill resultin a decreasef theabovementionedatios.

14 Basedon chlorinedemandn the northwestEuropeardelta.

15 tThe energyconservatiorratio is a dimensionlessiumberthat compareshe energyconservatiorachieved
by the useof the inhibitor with the primaryenergycontentof therelevantadditive.

16 Thefinancial conservatiorratiois a dimensionlessumberthat compareghe financial conservatiorachieved
by the useof the inhibitor with the cosbf therelevantadditive.
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Energy conservation ratio =

8760 hr/yr el 35kWa/ MW K*4K | _ 5 J ouput
300 kg " as chlorine” per annum / MWn [ 2.2 kWh./kg chlorine J J input

0.7W. /W 04W./ W,

Financial conservation ratio =

EURO 114/ mt

14 kWﬂ’r /MWIF& * EURO 81 / kW!k per year _ 5 EUROOH!;)M
EUROIM:J:

2 mt hypochlorite / year per MW ,, cooling

Note:mt = metrictonng(s)

The dimensionlessenvironmentalenergyratio can be supplementedy the calculation of an
additional relative environmentalload massratio. This also indicatesthe energy conservation
achievedby the useof inhibitors, but now expressedn termsof the ratio of the reductionin the
emissionsof carbondioxide to the productionof unwantedprecursorsas a result of oxidative

sidereactions.

Environmental mass ratio =

1.94 kg CO,/ Nm’ natural gas

52 Jouput 4 31.6 MJ,/ Nm’ natural gas

Ja'npm C - X
3% conversion to halogenated ones

2.2 kWh. kg chlorine® 3.6 MJ ./ kWh,
0.7 WE,/WE*O.-QI WF_,/W,;,

Howeverthe quantity obtainedfrom this formulais not entirely dimensionlessThe environmental
massratio canbe introducedfor the estimationof the total environmentakffectratio, for instance,
by introducingthe effect ratio of specific chlorinatedby-productsin seawatersuchas bromoform
(84%), dibromaoacetonitril (10%) and trihalomethanes,such as dibromochloromethanesnd

bromodichloromethand8%) [tm157, Jenneret al, 1998].

Their unwantedormation,which is lineair with the amountof chlorinationof the system,canthen
be comparedvith theresultingreductionin the amountof energyused whenboth areexpressedh

unitsof CO; andits correspondingzonedepletingeffect.

[1.6.1.2 Open recirculating system

watervolume;basin+ pipes 50 m® / MWi,

metering (for3 mg/nt) 1.0 |ht
meteringtime, discontinuous 1.0 h/day
costsof hypochlorite 160  EUR/ metrictonin 1 m® multi box containers
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For continuousdosageregimesand/orlessadequatgrocesscontrolled dosagespproximately3-
timesmorechlorineequivalentperMW, arerequired.

Energy conservation ratio =

( I MW o h* 24 hours/dayj i 35 kW MW, K*4K _ o5 Jounu
11 hypochlorite/day (1 5%*2.2kwh./kg chlorineJ Fswgiie

0.7W./W.*04W./Wa

Financial conservation ratio =

( 14 kW 0/ MW 4 J *( EUROS81/ kW, per yearj _ 29 EURO i

365 [ hypochlorite/ year per MW , cooling EURO 160 / metric tonne

The energyconservationratio and the performanceprice ratio of the sameoxidant usedin a
circulation systemare higher than those for a oncethrough cooling system.Converselythe
consumptionof primary energyrequiredto cool by meansof a recirculatingsystemis higher
thanthat of a oncethroughcooling system.Consequentlynostof the largestpower stationsare
locatedin thevicinity of the coast.

Therelativeenvironmentaload massratio canalsobe calculatedfor this system.

Environmental mass ratio=

(1‘94 kg COZ/ijnamra! gas)

285 Jouput 31.6 MJ.,./ Nm’ natural gas _16000_C0:
J(’npm C - X

3% conversion to halogenated hydrocarbons

(2.2 kWh,/kg chlorine * 3.6 MJ,,/ kWhmJ

0-7We/We*0'4We/th

Onceagain,the massratio betweenthe requiredreductionof emissionsof carbondioxide and the
unrequiredemissionof halogenatedhydrocarbon®f the sameoxidantsi but now applicableto a
recirculatingcooling systemi' is higherthanthat of a oncethroughcooling system.Converselythe
consumptionof primary energyby a coolingtower systemis higher than that of a oncethrough
coolingsystem.
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II.7 Examplesof calculations of the relative savings
in energywith colder cooling water

[1.7.1 Coastalwater versuscooling towers

Assumptions”: -influenttemperature coastalwater 19 A C
coolingtower 24 AC
effluentpressure oncethroughcoolingsystem 1 mwg
coolingtowersystem 14 mwg

(heightof tower+ nozzle)
Raisingthe cooling waterto an additionalheightandthensprayingit throughthe nozzleresults

in an additionalpower consumptiorof the pump per MWy, heatremovedby meansof a cooling
tower system:

_dp*P _o*|p*g*AH]|

/4
n n
3
100 m™/h foook_%*ggﬁ,*}smwg
_ 3600 s/h m s
0.7
% 73
3OO mokg M s {@]: 5 kW e per MW y cooling
0.7 ) s S

Thepowerconsumptiorof the pumpexpressedh termsof

primary energythroughoutheentireyearis 12.5kW+, per MW , cooling
Thecoolingwateris on averageéb A Gvarmer,so 17.5kW per MW , cooling
Togetheradifferencein theenergyconsumptiorof 30.0kW;n per MW y cooling

Consequenthin the light of the benefitsto energyconservationarge cooling systemsare, in
practice preferablybuilt in theform of oncethroughcooling systemn the coast.

11.7.2 River water versuscooling towers

The temperaturedifference of a oncethrough cooling system, supplied with river water, in
comparisonwith a cooling tower is in the order of magnitudeof aboutl K. Togetherwith the
maintenancef the necessanpressurdifferenceacrossthe cooling water the total differencein
energyconsumptioramountgo 16 KW per MW i cooling.

" Onderzoekindustrieelwaterverbruik(Surveyof industrialwaterconsumption)final report,F.C.A. Carner,Krachtwerktuigen
Amersfoort,1992.

SamenwerkendRijn- enMaaswaterleidingbedrijveri980i 1992,RIWA, Amsterdam.

Jaarboeken monitorirgijkswateren(State Water Monitoring Annual&pm 1980.
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[1.7.3 Groundwater versuscooling tower

Thetemperaturdaifferenceof a oncethroughcooling systemsuppliedwith groundwatein
comparisorwith a coolingtoweris thelargest,.e. 12 K. Thetotal differencein energy
consumptiorrequiredfor coolingis then42 kW per MW  cooling. It wasassumedhatthe
powerconsumedy a pumpthat pumpsup groundwateis of the sameorderof magnitudeas
the powerrequiredto maintaina cooling-tower effluent pressuralifference.However,the
linited availability of groundwaterestrictsthe useof this way of energyconservation.

1.8  Appendix environmental impacts

Table 11.3: Conservationratios for oncethrough and recirculating cooling system

Energy- Financial- Mass
Type of coolingsystem Conservationratio Conservationratio Ratio environment
I atrmrel! I EUR ouput / EUR input CO,/C-X
Oncethroughcoolingsystem 52 5 3000
Openrecirculatingcooling 285 20 16000
system
Table 11.4: Energy conservationwith potential colder coolingwater source
Systemcomparison kW t per MW Remarks
Coastalvaters versuscoolingtowers 30 geographicallgpecified
Riverwater  versusoolingtowers 16 localthermalburden
Groundwater versuscoolingtowers 42 limited stock

The abovepresentechumberscan be usedto show the outcomefor specific areasin Europe,
like for instancea high-industrialisedarealike the NetherlandsThe replacemenof all industrial
cooling towers by oncethrough cooling systemssuppliedwith river water would resultin a
nationalenergyconservatiorof 91 PJ, *® * 16 kWiw/MW4, = 15 PJ, per annum(equivalentto a
reductionof the emissionof carbondioxide of 93000 metric tonnesper annum). This would
require the availability of 85 m%secriver water throughoutthe entire year. Conversely,only
those cooling systemslocated at a relatively small distancefrom a river would come into
consideratiorfor sucha replacementthe distancesotherwiseinvolved would negatethe energy
advantagesffered by the useof this sourceof water.Soit i s sudptisingthat mostindustries
and power stationsare locatednearbyrivers and coastalareas emphasisinghe importanceof a
propercooling designandlocationchoice.

8 Watersymposium 1995; syllabu3, Nederland€orrosieCentrumBilthoven.
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ANNEX Il SHELL AND TUBE HEAT EXCHANGERS FOR
INDUSTRIAL ONCE-THROUGH COOLING
SYSTEMS AND THE OCCURRENCE OF LEAKAGE

The designof the heatexchangelis extremelyimportant,asit is the key elementof a cooling

systemwherethe exchangeof heattakesplace.From an environmentapoint of view it is there,

where leakagdrom processubstancet thecoolantcanoccur.ln oncethrough cooling systems
the relevanceof a well designedoperatedand maintainedheatexchangeiis obvious. From a

preventive approachattention should be paid to the issuespresentedin this Annex before
consideringa move towardsan indirect (secondarysystem.This Annex givesa summaryof a

numberof importantissuesto take into accountin the designof the commonly usedshelland

tubeheatexchangeto avoid environmentaproblemgtm001, Bloemkolk,1997]

The shell and tube heat exchangerconsistsof a shell, a greathnumberof parallel tubes,tube
plates(tube sheetshafflesand one or two headsHeat exchangebetweenthe mediatakesplace
by pumpingthe one mediumthroughthe tubesand the other mediumaroundthe tubes.As this
happenghe heatis transportedhroughthe tube wall. Diagonally on the tubesare baffles. The
baffles ensurea better transferof heat (through increasedturbulenceof the flow aroundthe
tubes)andsupportthetubes.The shell& tubeheatexchangers reproducedn apicturebelow.

Split ring

1 Outlet

=
H Tube-pass
partition
Baffles
Floating support .
head Floati ' Fixed r
oating tube sheet
tubesheet Inlet Inlet

Supports

Figure lll.1: Major componentsof shell& tube heatexchanger
[tm001, Bloemkolk, 1997]

Thereare a great many different types of shell & tube heatexchangersBy making the right
choicefrom the designparameterdelow, the designcan be adaptedo the specific processand
maintenanceequirements:

thetypeof shellandhead

thetypeof tube(straightor U-shapedwith or withoutfin)

the sizeof thetube(diameterandlength)

the distancebetweerthe tubes(pitch) the configuration(lay-out)

the numberof bafflesthe type of baffle

the distanceof the baffle (baffle pitch)

the numberof passeshroughthetubes(tubepasses)

theflow pattern(counterflow, concurrentlow)

eithermechanicabr not, cleaningeitherwith (high pressurejvateror not

=4 =4 -8 -8 _8_8_98_9_-29
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The Tubular ExchangeManufacturersAssociation(TEMA) hasdrafteda homenclaturdor the
various types of shell& tube heatexchangersTEMA has also drafted mechanicabtlesign
guidelines.

Theadvantageanddisadvantagesf the shell & tubeheatexchangearelisted below.

Advantages

availablefor all applications

availablein almostall materials

wide rangeof flows andcapacitiegduties)
sturdy,safeconstruction
goodthermalandmechanicatlesignmethodsavailable

= =4 =8 =4 =9

Disadvantages

 relatively expensiveper m* heatexchangingsurfacearea

1 notoptimalfor heattransfer

1 cleaning(drawingthe tubebank)of theshellsideis laborious

Becauseof the sturdyand safeconstructionof the shell & tube heatexchangerrefineriesprefer
this type of heatexchangerThe choice of this type of shell & tube heatexchangerfor once
throughsystemss explainedfurtherbelow.

lII.1 Design of the shell & tube heat exchanger for one
through systems

As a rule, the shell & tubesof the TEMA-type AES are usedfor oncethrough systems.The
cooling water flows throughthe tubesand the procesamediumthroughthe shell. AES refersto
the codesusedto describethe differentoptionsfor shellandtubeheatexchangergFigurelll.2)

Allocationmedia

Becausehe tube side of the shell & tube heatexchangeican be cleanedeasierand betterthan
theshellside,heavy fouling mediaareallocatedo thetubeside.Becaus®f theuseof corrosion
resistantmaterialsfor corrosive cooling water, it is also more economicto havethe cooling
waterflow on thetubeside.

A-Typeoffront endhead

Openingthe shell & tube heatexchangeffor inspectionand maintenances easiestwith an A-
type 'front end head',becausehe connectingtubesdo not needto be dislodgedwhen opening
this type of head.For this reason this type of headis almostalwaysusedfor heatexchangers
with a"polluting” mediumon the tubeside.

E-Typeof shell
The choicefor the type of shell dependson the processrequirementdor the mediumon the
shellside.Usually, the E-typeis chosen("one-passshell").

S-Typeof rear endhead

Thechoiceof thetype "rearendhead"is determinedy factorsrelatingto:
1 theneedto clean(mechanicallyor with water)the shellside

1 theneedto clean(mechanicallyor with water)thetubeside

1 quality of the coolingwater(corrosive,scaling,etc.)

1 occurrencef thermalexpansiorbetweenshell andtubematerial

1 needfor counterflow
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FRONT END REAR END
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Figure Ill.2: Heat exchanger nomenclature (Standards of the tubular Exchanger Manufacturers
Association)

[tm003, Van der Schaaf,1995]

Usually the Stype (ffloating head' type) is chosen becausethis type can be cleaned
mechanically(or with water) on both the shell and the tube side. There are also no problems
with this typein the eventof thermalexpansiordifferencesbetweenthe shell and tube material.
However the Stypeis themostexpensivdype of 'rearendhead'.
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l11.2 Leakagein shell& tube heat exchangers

Leakageandwith it contaminationof cooling water by the processmedium,occursin shell &

tube heatexchangersn mostcasesasa resultof flaws in the tubetube plate connection flaws
in thetubeitself andflaws in the flanged connectionthat separatedoth flows (‘floating head").
Leakagecanoccurprimarily asa resultof:

1. poordesign(about30% of the cases)

2. poor manufacturing

3. operationthatis not within the limits of the design(50-60%)

4. poorinspectionand maintenance

1. Poordesign

Becausea wrong or poor designirrevocablyleadsto leakage,during the designphasecareful
thoughtmustbe givento the designparameterfelow:

choiceof material

choiceof tubetubeplateconnection(rolled or welded)

choiceof packingtype

type of detail on packingfaces

designof theflanges(thicknessno rotation)

designof thetubeplate(thicknessno bending)

designof tubesupport

E R

In this considerationattentionshouldbe givento the'operatingconditions.Theyare:
I occurrenceof vibration

1 thermalexpansiordifferences

M1 flow division

1 flow speeds

Poordesignalsoincludeswrong designof flow speedsinddesignbasedon incorrectdata.

2. Poormanufacturing

A gooddesign,however,is not sufficientto preventleakage.Poor manufacturingcan also lead
to leakageduring operationof the heatexchangersDuring manufacturingthe following aspects
play arole whenit comesto preventionof leakage:

9 tighteningprocedureof theflangebolts

1 smoothnessf thetreatmenbf the packingsurfaces

1 tubeholediameterandtolerancdn tubeplatesandbaffles

91 rolling or welding procedurdor tubetubeplateconnection

3. Operationthatis notin keepingwith thedesign
Operationsthat differ from the operatingconditionsfor which the heat exchangerhas been
designeccanleadto damageandultimatelyto leakagan the heatexchanger.

Different operationcould be:

1 thermalshocks

1 ‘'upsetconditionsuchasoverpressureand/ortoo high temperature

1 increasedr reducedhroughflow of flows

9 vibrations

1 musseldn tubes(which havebecomedetachedrom the cooling watertube) combinedwith
vibrations

In addition, incorrecttreatmentcan occur during maintenancefor instanceduring cleaningof
thetubeswith steamor warmwater(damageasa resultof thermalexpansion).
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4. Poorinspectionand maintenance

During periodic maintenancethe heat exchangeris openedup and the tube bank is pulled,
cleanedand inspected.Inspectionaimed at detectingand/or preventingleaks includes control
of:

corrosionand/orerosionon the insideandoutsideof tubesandtubetubeplateconnection
corrosionof packingfacesof the flanges

sizeof tubeholesin baffles(hasthediameterof the openingdncreasedn size?)
reducedwall thicknessof the tubes(specialattention must be given to tube ends,tubes
locatedat bafflesandtubecorners)

bent,twistedor torn off tubes

tubespressingagainsteachother,loosetubes

benttubeplates

smallcracks(or perforationsjn tubesandweldedtubetubeplateconnection
smoothnesandconditionof packingfaces

=a =8 -8 -9

= =4 -8 -8 9

Periodicmaintenancalwaysendswith awaterpressuraest,wherebypartsof the heat exchanger
are pressurisedo verify that the heatexchangeiis still suitableto operateunderthe desired
pressurdevels. In this way, too, the tubes,tubetube plate connectionsand flange connections
aretestedfor leaks.To detectleaks,moreaccurateestingmethodsarealso available. Air (‘air
and soapywater' test) or helium is used.If flaws or suspiciousareasare found, their cause
will needto be investigated.Once the causehas been found, corrective measuresvill need
to betaken.If this is not done,andthis appliesto dealingwith the causeas well astherepairof
the parts,thereis a largeprobability of (new)leaksin thefuture.

Correctivemeasuresnclude the plugging of tubesand replacinggasketsIf a companyhasits

own workshop,the repairwork on a shell & tubeheatexchangewill takeoneto two days.By

emphasisingpreventiveratherthan correctivemaintenancegakscanbe preventedFor instance,
tube banks can be replacedsooner.Properlogging of maintenancevorks done and of the

occurrenceof problemsenablesbetter planning of maintenancevork. It is recommendecdthat
the closingof the heatexchangeandtighteningof the boltsis doneundersupervisiorto prevent
futureleaks.For this, atool with a regulatednomentuncanbe used.

[11.3 Alternatives

The probability of leakagecan be reducedby alternativechoicesof material, TEMA-type, tube
plateconnectionfype of packingandthelevel of the procespressuref the cooling system.

Choiceof material

Insteadof carbonsteel, more high-grade materialssuch as aluminiumbrasscoppernickel and
titanium canbe usedfor the waterside of the heatexchangerThis will makethe heatexchanger
considerablymore expensivethan a heat exchangemwhosetubesand tube platesare made of
carbonsteel(SeealsoAnnex|V).

Differentheatexchanger
By choosinganothertype of heatexchangerthe probability of leakagecan be reducedby a
considerablanargin.

Alternativesare:

1 aU-tubeheatexchanger

1 aheatexchangewith a doubletubeplateconstruction
1 both U-tubeanddoubletubeplateconstruction

Thereis no floating headon the U-tube type heatexchange&andthereforeno flange sealon the
rear end head.The U-tube type is 10 to 15% cheaperthan the floating headtype. If leakage
occurs at the tubetube plate connectionin heat exchangerswith a double tube plate
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construction,therewill be emissioninto the atmospheransteadof to the other medium. The
doubletube plateconnections fairly expensive.

Tubetubeplateconnection

With a weldedtubetube plate connectiornthereis a much smallerchanceof leakagethanwith a
rolled construction.Making a rolled connectioninto a welded connectioncan make existing
heat exchangerdetter leak-proof. In this, there are two welds: a sealingweld (one layer of
weld) or strengthweld (usuallytwo layersof weld). A costindication showsthat the pricefor a
weldedconstructioris about9 to 11 Euro pertubehigherthanfor arolled construction.

Typeof packing

With the flange sealof a floating head,the packing type can be changed.The usualtypes of
packing,for instancean 'asbesto$ree metalwound' packingor a camprofile packing,can be
replacedoy a sealwith aweld (‘Schweissdichtung').
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ANNEX IV EXAMPLE OF SELECTION OF MATERIAL FOR
COOLING WATER SYSTEMS IN INDUSTRIAL

(NON-POWER PLANT) APPLICATIONS
[tm001, Bloemkolk, 1997]

I\VV.1 Introduction

The selectionof constructionmaterialsin cooling systems,and especially the selectionof
materialsfor the coolers(heatexchangers)in many casesis a complexmatter.It is the result
being a balancebetweenthe requirementglue to the chemistryof the waterandthe operational
requirements(restricted additive use, number of cycles of concentration).To meet these
requirements largerangeof materialsis offered. This Annex showsa few optionsfor materials
to be usedin caseof brackishwater for open oncethrough systems..lt gives a qualitative
selectionof applications.In the individual case,the final selectionwill needto involve cost
valuesto makea fair comparisontaking into accountalso the consequencesf a selectionfor
the operationatosts.

Choiceof materialsfor heatexchangers

Therearemanyfactorsthatcometogetherto determinethe ultimatechoiceof materialsfor heat
exchangerssuchas:

Compositionandcorrosivenessf the cooling water

Mannerof operatione.g.throughflow or re-circulatingcooling

Corrosivenesandnatureof the mediumto be cooled

Typeof cooler

Life-span

Costs

E I I EE ]

Theseare someof the mostimportantcriteria thataretakeninto consideratiorin the designof a
new cooler, on the basisof which ultimately a certain choice of materialsis made.In many
casesthis ultimate choiceis the best possiblecompromiseadheringto the principle that the
cooler must have an economicallyacceptablélife-span’. Within this life-span,however,many
coolerswill startleaking.An importantcauseof this is that,in practice,the cooleris not usedin
accordancawvith its designprinciples, whereasa changeof processconditionsfor a variety of
differentreasonss quite common.

Importantcauseshatcanleadto leakageare:

9 toohighortoolow speedsn thetubebankandpoor circulationin theshell (TablelV.1);

1 poorwatertreatmentj.e. appliedmethodandcontrol;

1 too high metaltemperaturesn the cooling waterside.

With regardto temperaturess metal temperatureof 6 0 (isCtaken as an upper borderlineas

abovethis temperatureghe majority of corrosioninhibitorsis lessor not effective. Also in once
throughsystemdormationof calciumsaltsoccur.

Table IV.1: Cooling water velocity and type of material

Material Velocity (m/s)
Aluminium brass 1.0-2.1
Coppemickel (90-10) 1.0-25
Coppemickel (70-30) 1.0-3.0
Carborsteel 1.0-1.8
Austeniticstainlessteel(316) 2.0-4.5
Titanium 2.071 5.0
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Choiceof materialfor pumps

The choice of material for a pump is less critical becauseén many casesthis equipmentis
doubled (has a back up). This meansthat if a pump breaksclown, the processis often not
disturbed. Another factor is that the available walls are often much thicker than is strictly
necessarycorrosionallowance).

Choiceof materialsfor coolingwatertubes

In mostcasescarbonsteelwith a sufficiently high corrosionallowanceis chosenfor the cooling
water tubes.If a corrosionallowanceof more than 3 mm is insufficient for an acceptabldife

span, alternative materials are chosen, such as plastics, carbon steel with an organic
coating/concreter, in exceptionalcasesalloys of higher quality, suchas stainlesssteel, monel
andothernickel alloys, etc. Tubeshavean advantagever machinesn thatthey are mucheasier
andcheapeto replacewhichis why in the choiceof materialds lesscritical.

I\VV.2 Direct oncethrough systemgwith brackish water)

The compositionand corrosivenessof "brackish water" is not fixed and can vary between
"fresh" surfacewaterandseawaterBrackishwateris usuallyfoundin the transition areabetween
rivers and/or other "freshwater" outflows and the sea (deltas). The composition and
characteristicgan vary widely by location and by seasonLocal water depth,the level of flow

through (replacementiand the tides can play a role in the corrosivenes®f this type of water.
Somekinds of brackishwater havea higherlevel of corrosivenesshan seawaterFor instance,
in shallowwaterwith an abundancef plantgrowth sulphurcompoundsan occurasa resultof

decompositionwhich can causeseriouspit corrosionin copperalloys. In a lot of casesthe
amountof suspendedgilt is considerableywhich can heavily pollute the heatexchangersn the
installation. In thesecasesthe use of stainlesssteelis dubiousbecausehe formation of pits
(pitting) will almostcertainly occur quickly. Becauseall of thesefactorsare not well known in

most casesijt is recommendedhat the corrosivenes®f brackishwater be consideredequalto

that of seawatemwith a relatively high level of suspendedgilt. Anotheradvantages thatthereis

considerablé&nowledgeandexperiencaegardingthe occurrencef corrosionby seawater.

Pumps
Dependingonthe situation thematerialdn thetablebelow areoftenusedfor pumpsin brackish
water (othermaterialsare possible but areusuallymuchmoreexpensive):

Table IV.2: Materials usedfor pumpsin brackish water

Housing Impeller Drive-shaft Comments

Nodularcastiron)* Tin bronze 316 )* Greycastiron is alsopossible.
Chanceof gratificationis
significantlygreater Caststeelis
alsosometimesised.

Aluminiumbronze Stainlessteel316)* Monel

Aluminiumbronze Aluminiumbronze Monel )* Austeniticstainlessteel
(Cr-Ni-Mo0 18-8-2)

Tin bronze Aluminiumbronze Monel

Tin bronze Stainlessteel316 Monel

Thetendencyis to choosea combinationfor the housingandthe fan, wherebythe housingis, in
principle,the anodicpartof the construction.
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Tubes

In mostcasescarbonsteelwith a corrosionallowanceis used.Another possibility is to provide
the carbonsteelwith an organiccoating,or to concreteit. In both caseshe welds are the weak
point of the construction.

Nowadays, glassreinforced epoxy tubes are used increasingly, especially in underground
systems.The great advantageof this material is that it is almost completely resistantto

groundwaterThe installationcostsare aboutthe sameasthosefor a carbonsteeltubing system
thatis coated,internally or externally,with an organiccoating.Over time, this solutionis often

the cheapenf thetwo.

Heatexchangers/coolers

As earlier mentioned,the choice of materialin a heatexchangelis somewhatmore complex
becausewherethe tube bankis concernedthe corrosivenessf the mediumto be cooled must
be takeninto accountAssumingthat the processmediumis not corrosivefor the materialof the
tube bank and that possiblecontamination(for instance,by copperions) of the processis not
significant,the choiceof materialis mainly determinedoy the quality of the water.

The possiblechoiceof materialsfor 'shell & tube'heatexchangersn brackishwateris givenin
thetablebelow (waterthroughthetubes).

Table IV.3: Materials usedfor shell&tube heatexchangerdn brackish water

Shell/body Water casing Tubes Tube-plate
Carbonsteel Carbonsteel Carbonsteel)* Carbonsteel
Carborsteel Carborsteel) Aluminium brass Carborsteel
Carborsteel Carborsteel} Aluminium brass Aluminiumbronze
Carborsteel Carborsteelf? Alum|n|L_Jm br*?ssor and Carbon_st_eelwnh alining

Cupronickel) of aluminiumbrass
Carborsteel Tin bronze stainlessteel316)> Carborsteel
Carborsteel Carborsteelf’ Titanium)® Carborsteel

CommentsTablelV.3:
Therearevariouspossibilitiesin the list above.The ultimate choiceis largely determinedoy the
level of corrosivenessf the brackishwaterandby the processconditions.

) Tubesof carbonsteelareonly possiblevhenoneis certain thatthewateris not corrosive
(e.g.throughpracticalexperience)This is almostneveran option.

)2 The water casingsare usually given an organiccoatingplus a few sacrificial anodes|f
thetubeplateis madeof a morepreciousmetal,an organiccoatingmustbe appliedto this metal
to preventgalvaniceffectsin the watercasing.

)3 The useof austeniticmaterialsuchas 316 is not without risks. In the eventof pollution
thereis a good probability of pitting. This processcan be extremelyfast. Another risk is the
possibleoccurrenceof stresscorrosionin this type of material. However, practical experience
showsthat this doesnot happenoften, which is possiblydueto the relatively low temperatures
in this type of system.This risk can be significantly reducedor even preventedif one usesa
higherversionof alloy, suchas904L, 254SMOor Incoloy 825. Thesetypesof materialare also
usedwhenthe processiderequiresthis.

) Cupronickel alloys and othersare chosenif the designmetaltemperaturés too high for
aluminiumbrass.
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)® In many casestitaniumis the bestchoice.lt is often assumedhat a heatexchangeiof
titanium is too expensive.The price of this material hasfallen dramaticallyin recentdecades
and it has been economicallyapplied. Expectationsare that decreasingcost differencesand
increasingproblemswith watertreatmenwill leadto anincreasediseof Ti comparedo that of
Cu-Ni alloysnowstill applied.

In additionto its high resistancéo corrosion,evenin extremelypolluted water, this materialhas
variousadvantages:

 Extremelythin walled tubescanbe used solessmaterialper m? heatingsurfacearea.

1 Theconductivityof heatis very good.

1 Thescrapvalueis high andthe materialwell suitedfor reuse.

1 It hasalonglife expectancy.

A disadvantagés that biological growth is strongerthanis the case,for instance with copper
containing alloys. It thereforerequiresextra use of biocides. Another thing is that titanium
cannotbe usedin areducingenvironmentpecauseao protectiveoxide layeris formed.

IVV.3 Indirect oncethrough system(brackish water/demin- water)

In the indirect (secondary)oncethrough system,the heatis absorbedin a closed secondary
cooling circuit, after which the absorbecdheatis transferredo an openoncethroughsystemvia
a heatexchangerCharacteristicallyin thesesystemshe water quality/corrosiveness different
for eachcooling circuit. The primary partis usually of poorerquality thanthe secondanypart. In
this case,the primary part once again containsbrackishwater and the secondarypart demin
water.

Material selectionfor primary circulation cooling system

The materialsfor the primary system filled with brackishwater, are describedn SectionlV.2.
The heat exchangerbetweenthe primary and secondarysystemis extremely important for
operation.Failure of this heatexchangehasseriousconsequenceso this shouldbe takeninto
accountwhen selectingthe materialsfor it. If the primary cooling agentis brackishwater, then
the bestchoicefor the tubesor plates(plate exchanger)s titanium. Other high-quality alloys
suchas 254 SMO or bettercanbe consideredn certaincasesput in mostcaseditanium is the
bestchoice.

Selectionof materialfor secondarngirculationsystem

Essentiafor a closedsecondansystemis that makingthe wateroxygenfree preventscorrosion.
In this case, deminwaterhasbeenchosenasthe cooling medium.However,in an aeratedstate,
this deminwateris extremelycorrosivefor carbonsteel. This can be suppressedy alkalising
the water (pH=9). Cleantap waterwith a relatively high chlorine contentis, in principle, just as
goodasdeminwater.

If theseprovisionsarepresentthenthewateris 'dead’'which meansts corrosivenesss minimal.
In principle, all materials,including the tubesin heatexchangerspumpsand tubesfines,can
be madefrom carbonsteel. The conditionsin the processnustnaturallybe takeninto account.

It is importantthat the concentratiorof oxygenin thesesystemss checkedregularly.In some
caseshitratesare usedas an inhibitor in thesesystems.By keepingthe water alkaline and/or
treatingit with nitrateseakingin of oxygenis lesscritical.
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I\VV.4 Openrecirculating cooling systems

IV.4.1 Fresh water application in open wet cooling tower

With respectto the application of material, one of the objectivesin the designof an open
recirculatingcooling system(openwet cooling tower) is to conditionthe waterin the systemin
sucha way (inhibitors, pH control, etc.), that useof carbonsteelfor mostpartsof the systemis
economicallyacceptable.

This caseis basedon tap water. Dependingon the compositionand the cyclesof concentration,
the concentrationof componentsin this water will increase(sometimescalled 'thickening’),
wherebythe numberof dissolvedsaltsrises proportionally, which increasesorrosivenesswith
inhibitors and the right pH levels, this effect is suppressedThe designof such a systemis
usuallybasedon thefact thatthe wateris not corrosivefor carbonsteel.

Most parts, such as tubesand pumps, are thereforemadeof carbonsteel. The tubesin a heat
exchangefare also often madeof carbonsteel.In critical systemsor to provide more security,
the tubesare also often madeof aluminium brass.Problemsusually arisewhenthe mediumto
be cooledis corrosive.ln very many casesausteniticsteelor a betteralloy mustthenbe used,
with the samerisks asindicatedabove,for instancepitting or stresscorrosion.

It is extremelyimportantthat pollution is keptto a minimum. This applies,in principle, to all
cooling water systems.In an open circulation cooling system, 'sidestream’filtration is often
used,or in critical coolers(condensersa self-cleaningsystem(for instancewith rubberballs)is
installed.

IV.4.2 Salt water application in open wet cooling towers
[tm110, BDAG, 1995]

The useof salt or brackishwaterin cooling towersrequiresapplicationsthat particularly pay
attentionto corrosionof metal materials. A numberof observationganbe summarisedFor salt
water resistantstructuresgood experiencenasbeengainedwith hardwoodspeciesand pressure
treated wood. However, the latter are done with CCA and cannot be regarded as an
environmentally sound method. Sulphate resisting cement for concrete constructionsand
reinforcementdor externaland interior elementsare well proven. Silicon, Aluminium Bronze
and/or StainlessSteelcan be applied,but coatedgalvanisedonly abovewater distribution level.
Plasticcoatingsarerecommendedn Aluminium/Silicon bronzeitems.

Fill materialsshouldbe openlow fouling with a high load capacity,wherecombinationsof film
(upper parts) and nonfilm (lower parts) have shownto be effective. Water velocity shouldbe
low enoughto preventcorrosion,but sufficiently high to preventsettlementof heavy solids.
Theseparticularmeasureamongstotherscan reducewater treatmentrequirementsn saltwater
applications.
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ANNEX V OVERVIEW OF CHEMICALS FOR THE
CONDITIONING OF COOLING WATER SYSTEMS

In all watercooled systemsadditives are applied to treat the cooling water with the aim to
protectthe cooling systemandto avoid a reductionof heatexchangelueto scaling,fouling and
corrosion. A wide range of additivesis applied againstthese cooling water problems. The
Annex gives an overview of the differenttypesof additivesthat are appliedin the different wet
cooling systemsin the final section,treatmentof cooling waterin a wet opencooling tower is
explainedto illustrate the complexity of cooling water conditioningand the elementghat arein

play.
V.1 Corrosion inhibitors

V.1.1 Corrosion

Corrosioncan be definedasthe destructionof a metal by chemicalor electrochemicateaction
with its environment.The resultis a metal oxide or other salt having little structural ability,

which causeddamageto the material.In cooling systemsgcorrosioncausedwo basic problems.
Thefirst and mostobviousis the failure of equipmentwith the resultantcostof replacemenand
plant downtime. The secondis decreaseglant efficiency dueto loss of heattransfer,which is

theresultof heatexchangefouling causedy theaccumulatiorof corrosionproducts.

Corrosionis causedor favoured by the presenceof oxygen, the salt content, formation of
depositspr anexcessivéow pH level.

Corrosioncan also resultfrom fouling by the growth of organism,so called micobiologically
influenced corrosion (MIC): acid producing bacteria causecorrosion andvibrating mussels
causeerosion.

V.1.2 Applied corrosion inhibitors

Corrosion inhibitors can be identified by their function. They remove corrosive material,
passivateprecipitateor adsorbit. Passivatinglanodic) inhibitors form a protective oxide film
onthemetalsurface Precipitating cathodic)inhibitorsaresimply chemicalswhich form insoluble
precipitatesthat can coat and protectthe surface.Adsorption inhibitors have polar properties,
which causehemto be adsorbedn the surfaceof the metal.

The use of corrosion inhibitors varies from systemto system.In oncethrough systems
polyphosphatesnd zinc are applied and thereis limited use of silicatesand molybdates.In
some countrieshardly any corrosioninhibitors are dosedin oncethrough systemsexceptfor
yellow metal inhibitors (e.g. ferrosulphate) dosed in copper alloy heat exchangersor
condensers.

In open recirculating systemsnormally a more comprehensiveorrosioncontrol programmeis
required.For many yearschromatebasedprogrammesvere used,but dueto its toxicity the use
hasbeenreducedsignificantly and shouldnot be usedanymoreas there are good alternatives..
Most currentusedcorrosionprogrammesare basedon phosphatesand zinc is addedif water
conditionsrequirethis. Often is chosento operatethe systemunderalkaline conditions(pH of
8-9), but biocide and dispersantreatmentsmight haveto be adjustedaccordinglyunderthese
circumstancesWateris theninherentlylesscorrosive.Disadvantagef alkaline operationis the
increasedpotentialto scaling. Alkaline conditionsin combinationwith organic phosphonates
areeffectiveagainstcorrosionandscaling.

Theoretically, closed water systems should not require corrosion inhibitors. Any oxygen
introducedwith the initial makeup water should soon be depletedby oxidation of system
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metals, after which corrosion should no longer occur. However, closed systemsusually lose
enoughwater and leak enoughair to require corrosion protection. Another theory is that the
high residenceime of the water, up to severalmonths,is responsiblefor the heavytreatment
with corrosioninhibitors. For closed systemsthe three most reliable corrosioninhibitors are
chromate,molybdate,and nitrite materials.Generally,the chromateor molybdatehave proven
to be superiortreatmentsThe toxicity of chromaterestrictsthe use, particularlywhen a system
must be drained.In many casesa non-chromatealternativeis available,but in somemember
statestheir useis still permitted. Molybdate treatmentsprovide effective corrosion protection
andareseenasmoreenvironmentabcceptablaschromatereatments.

Finally, it dependson the systemsconditions (materialsusedand pH) what kind of corrosion
inhibitors is bestapplicable.For instancethe most effective corrosioninhibitors for copperare
the aromaticazoles.Concentrationsn evaporativerecirculatingcooling systemstypically range
from 2 to 20 mg/l asactivecompoundFor someanodicinhibitors(suchaschromatesmolybdates
and nitrites) concentrationaisedin the past are reportedto be 500 to 1000 mg/l. in closed
systems.

V.2 Scaleinhibitors

V.2.1Scaling

If concentrationof saltin the water film within the heatexchangeexceedsits solubility,
precipitation occurs, which is referredto as scaling. The main forms of scale are calcium
carbonateand calciumphosphatebut also calciumsulphate silicates,Zn and Mg depositioncan
occurdependingon the mineralscontainedn the water. Scalingreduceshe performanceof the
heat exchangersince the thermal conductivity of calcium carbonateis about 25 times lower
than that of steel. Scaling dependson three major factors: mineralisation(alkalinity), higher
temperatureand pH of the circulating water and of secondaryfactors: presenceof complexing
organicmattersand chemicalcompositionof the heatexchangesurfacesAlso, certainshapeof
the heatexchangebody favour scaling. Corrugations oblique channelsand an insufficient ratio
of water flow per film surfacearea favour scaling. In recirculating systemshigh cycles of
concentratiorcanleadto scalingaswell.

Scalingmay causeproblemsin cooling towers,asthefilm fill canbe very susceptibldo various
typesof deposition.Becauseof evaporation(1.8% of the circulation per 10K of cooling)in the
tower, mineralsand organic substancesn the recirculating water may concentrateto such a
level thatscalingcanoccur.

For powerstationsn particular,it wasreportedthatscalingoccursdueto:

f heatingof thewaterupto 3 0 Uh@irectcoolingand4 5 [h@werassistedircuits,

9 evaporationof waterto affect cooling in passagehroughthe cooling towers,which gives
rise to concentratiorof the dissolvedsalt up to afactorof 1.6 or ashigh asthe concentration
factor determinesand

1 thelossesof free carbondioxide during passagef waterthroughthe towerscausinga rise
in the pH which varieswith the flow rate andthe type of packing.With older timber statted
packsthe pH was 7.5-7.8, but with plasticfilm flow pack,this increasego 8.2-8.4 in small
towers(250MW,) aswell asin largetowers(900 MW:e or larger).

V.2.2. Applied scale inhibition
Scale formation can play a role in oncethrough and open recirculating cooling systems.In

closedrecirculatingsystemst shouldnot be a majorissue.lt canoccurif spills requirefrequent
additionsof makeup wateranddependingon the factorsmentionedabove.
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The increaseof concentratiorof saltsin cooling waterin open recirculating cooling systems
and distribution systemds causedoy evaporationin the cooling tower and to be controlled by
the blowndown.The ratio of particulatesolutein the recirculatingwaterto thatin the makeup
water is called concentrationfactor. The concentrationfactor rangesfrom as low as 2-3 for
large power plants until 8-9 for some recirculating industrial cooling water systems.Typical
concentratiorfactorsin industry (not powerplants)rangebetweer3 and>5.

In practice,scalingis controlled by adjustmentof the pH value by dosingof acid and by the
applicationof scaleinhibitors. Experiencesn large systemsof power stationsequippedwith
cooling towersshow that treatmentwith acid (sulfuric acid or hydrochloricacid) doesnot lead
to a changein pH, which remainsalkaline. The acidsratherneutralizethe alkalinity to avoid the
precipitationof CaCQ.

However,in decarbonatedvaterspH control can be done by addition of acids. Decarbonation
by precipitationof calcium carbonateslependson three major factors,which are mineralisation
(alkalinity), temperatureand pH of the circulating water. Secondaryfactors are presenceof

complexingorganicmattersn waterandthechemicalcompositiorof the heatexchangersurfaces.

Threealternativeswere reportedfor the chemicaltreatmentof cooling waterto avoid scalingin
heatexchangersndwet coolingtowersin largewet cooling systems

1 decarbonatiomf makeup water(resultingin a sludgeto be disposedf)

 additionof acid

9 additionof organicscaleinhibitors

The most important scale control agentsare polyphosphatesphosphonategpolyacrylates,co-
polymersand ter-polymers. Typical concentration®f scalecontrol agentsrangefrom 2 to 20
mg/l, as active compound Hardnessstabilisergpreventthe formation of crystalsandare usedin
recirculatingsystemshput rarelyor neverin oncethroughsystems.

Closed recirculating systemsare not subjectto scaleformation in the primary systemexcept
when hard makeup water must be used.Many closed systemsuse zeolite softenedwater or
condensateas makeup waterto preventscaleproblems.Generally,somecorrosionoccursdue
to loss of wateror leakageof air. In the secondarycooling circuit water circulatesin an open
evaporativesystem.Here corrosioncan occur on the outsideof the coils wherewet heattransfer
takesplace.

V.3  Fouling inhibitors (dispersants)
V.3.1Fouling

Fouling occurswhen insoluble organic particulatessuspendedn water of both oncethrough
and open recirculating cooling systemsform depositson the s y s t sunfexeédParticulate
matter, particle sizesand low watervelocitiesare factorsthat enhanceouling. Foulantscan be
sandsilt, iron oxidesand other corrosionproductsandthey canreactwith somewatertreatment
chemicalsaswell. They caneitherbe airborne,canenterthe cooling systemwith the water (silt,
clay) or areintroducedby procesdeaksand canbe very finely dispersedvith sizesassmall as
1-100nm.

Dispersantsare polymersusedto preventfouling by removing particulate(organic) matter(e.g.

microfouling and slime layer) from the heatexchangeisurfaceby increasingthe electriccharge
resulting from absorptionThe particlesrepel eachother and as a result remain suspendedTo

facilitate penetratiorof biocidesinto microfouling and slime layerssurfactantoften referredto

as biodispersantgan be used.Dispersantshelp to keepthe surfaceof heatexchangerslean,
therebyreducingthe risk of corrosion.It is commonpracticeto dosebiocidesin combination
with dispersantat levelsof 1-10 mg/l asactiveingredient.
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V.3.2 Applied fouling inhibitors

The mosteffectiveandwidely useddispersantsirelow molecularweight anionicpolymers.The
most importantdispersantsare: organic and metal sulphonatesmetal phenolate,metal dialkyl

dithiophosphanatesodium dialkyl sulphosuccinategyolyethylenealkyl and alicyclic amines,
and monoethanolamingohosphatesalts, polyacrylates, polymetacrylatesand acrylate based
polymers.

V.4 Biocides

V.4.1 Biofouling

Entrainmentof organismsthroughwater or air may lead to biofouling. Biofouling is generally
of two maintypes:macrofouling(e.g.musselshndmicrofouling (e.g.bacteriafunghi, algae).

Macrofouling is generallyconfinedto oncethrough systemsandis more severein marineand
brackishwater than in fresh water. Macrofouling may causegross blockageof pipework and
culverts, and may causeso-called erosion corrosion. Macrofouling is very much location and
waterquality specific,bothin termsof quantityandspeciesariety.

Microfouling related problemsoccur both in oncethrough and open recirculating cooling
systems Microbial growth on wetted surfacedeadsto the formation of biofilms. The result of
uncontrolled microbial growth on surfacesis slime formation. The biological componentor
biofilm is producedby the living cells and their metabolicby-products.Microfouling is always
the primary coloniserof surfacesn the developmenbf biofouling.

The predominanteffect of biofouling is reduction of heat transfer capacity of the heat
exchangersand energy lossesdue to increasedfrictional resistanceFurthermore,where an
exposedmetal becomesfouled microbial induced corrosion can occur. In addition microbial
speciesnay threaterhumanhealthby spreadingria cooling towers.

A numberof antifouling techniguesandtreatmentsare available.Theseapplicationsthe type of
coolingwaterandthe associateavaterproblemsaresummarisedn TableV.1.
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Table V.1: Survey of fouling and cloggingorganisms,and degreeof fouling in marine, brackish and
fresh water. In the last column mitigation is presented

(The degreeof fouling isindicated as: + some;++ fair; +++ heavy)
(From: Applied Hydroecology10, 1-2, 1998)

Type of coolingwater, associated
fouling, cloggingand scaling

Main antifouling mitigation

Country .
techniques
Marine Brackish Freshwater
Belgium Hydrozoa+ Slime++ Freschwater:
Slime++ Zebramussels Water filtration, debrisfilters.
Asiaticclam+ Online condensecleaningby
Bryozoanst++ spongeballs.
Gastropods+ Discontinuoughlorination
In cooling towers:|with hypochlorite
scaling++
Denmark Musselst+ Seemarine Notused Marine water:
Slime+ Water filtration, debrisfilters.
Ontline condensecleaningby
spongeballs.
Non-toxic antifoulingpaints.
France Musselst++ Fouling:no Zebramusselst+ | Marine water:
Barnacles+ special Bryozoans++ Waterfiltration, debrisfilters.
Cloggingby: problemgdueto | Algae++ Ontline condensecleaningby
Seagooseberrid widevariations | Gastropods-+ abrasivespongeballs(some
(jellyfish) +++ |in salinityin Asiaticclam+ units).
seaweeds++ |largeestuaries. [In cooling towers:| Continuoushlorinationatlow
Cloggingby scaling++ dosag€0.5-1.0mg/L), with
driftings electrochlorination
macrophytes Freshwater:
Water filtration, debrisfilters.
Ontline condensecleaningby
spongeballs.
Shockchlorinationonceor
twiceayear
Germany Zebramussels Freshwater:
Slime++ Water filtration, debrisfilters.
In cooling towers:| On-line condensecleaningby
scaling++ spongeballs.
Discontinuoughlorination
with hypochlorite.
H20,, 0zone
Ireland Musselst+ Seemarine Zebramussels Marine water:
Slime+ Water filtration, debrisfilters.
Cloggingby: On-line condensecleaningby
Fish+++ balls.

Continuoughlorinationwith
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 degreeof fouling is indicated as: + some;++ fair; +++ heavy)

(From: Applied Hydroecology10, 1-2, 1998)

Type of coolingwater, associated
Country fouling, cloggingand scaling Main antifOLrjllir_]g mitigation
Marine Brackish Freshwater techniques
Italy Musselst++ (only one Zebramussels Marine water:
Hydroids++ station) Slime++ Waterfiltration, debrisfiltrs.
Tubewormst+ | Cloggingby: Cloggingby: On-line condensecleaningby
Barnacles+ seaweeds drifting plants, abrasivespongéballs.
Slime++ debris+ leavest Continuousor intermittent
Cloggingby: chlorinationby hypochloriteor
seaweeds electrochlorination.
Posidoniat Freshwater:
Waterfiltration, debrisfilters.
Online condensecleaningoy
spongeballs.Intermittent
chlorination(veryfew cases)
TheNetherlandg Mussels+++ Musselst+ Zebra Marine & Freshwater:
Slime++ Slime+ Musselst Waterfiltration, debrisfilters.
Cloggingby: Cloggingby: Slime++ Ontline condensecleaningoy
jellyfish +++ fish+ Cloggingbyfish |spongéballs.
fish ++ ++ Heattreatment.
Chlorinationcontinuousor
discontinouswith hypochlorite
Norway Hydro-power:
only problems
with migrating
fish.
Portugal Mussels++ Asiaticclam+ Marine water:
Slime+ Waterfiltration, debrisfilters.
Ontline condensecleaningoy
abrasivespongeballs(some
units).
Continuouschlorinationat low
dosag€0.51.0mg/L), with
electrochlorination
Freshwater:
Waterfiltration, debrissfilters.
Ontline condensecleaningby
spongeballs.
Spain Slime+ Slime++ Marine & Freshwater:
Tubewormst In coolingtowers: | Waterfiltration, debrisfilters.
Musselst+ scaling++ Ontline condensecleaningoy
Oysterst spongeballs.
Discontinuoughlorination,low
andshockdosageyith
hypochloriteand
electrochlorination.
United Barnacles Seemarine Slime++ Marine & Freshwater:
Kingdom Musselst+ In coolingtowers: | Waterfiltration, debrisfilters.
Slime++ scaling++ Ontline condensecleaningoy
Cloggingby: spongeballs.
fish+++ Continuoughlorination
Seaweeds+ (intermittentin winter) with
Jellyfish+ hypochloriteand
electrochlorination
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V.4.2 Applied biocidal treatment

To combatbiofouling in industrialopenwet cooling systemsbiocidesare addedto the cooling
water. On biocides, their use and their effects, a lot of researchhas beendone and a large
numberof publicationscanbe found.

Biocidesare substancethat slow down the microbiologicalgrowth in the cooling water, reduce
the total numberof cells in the feedwaterand weaken stability of the biofilm matrix, and
thereby minimising organic pollution in the cooling system.Microbiological growth includes
the developmentof micro-organismsbacteria,algaeand fungi, and also the developmentsof
macraorganismssuchasoystersbarnacleandmussels.

Generally biocidesaredefinedaseitheroxidising biocidesor nonoxidising biocides.

Oxidising biocideshave a nonspecific broadspectrumbiocidal mode of action, which limits
the degreeto which fouling organismscan developresistanceo thesebiocides.Non-oxidising
biocides are more selectiveand more complexin their working and thereforeneeda longer
reactiontime thanoxidising biocides.

The environmentaproblemof biocides,however,is their inherenttoxicity. Someantimicrobials
usedin cooling systemsare compoundghat rapidly break down in water, thereby alleviating
some potential environmentalhazards.This chemical breakdownis often accompaniedby a
reductionin the toxicity of the compound.The compoundcan be addedto the cooling water
system,accomplishits task of killing the microbesin the systemand then breakdown into less
toxic chemicals.

The consumptionof biocidesis determinedby the type of cooling system,the water resource
(fresh or salt), the seasonand leakageof organic materialsfrom the processand the systems
half-time. In oncethrough systemsalmostsolely biocidesareused.Usually, theseare oxidative
biocidessuchashypochloriteor derivativesashypobromite.

In open recirculating cooling systemsuse of biocidesis madeon the basisof an oxidative
biocidealoneor in combinationwith a non-oxidativebiocide. The consumptiorof non oxidative
biocides and other conditioning agents is almostcompletely determinedoy recirculating
cooling water systems.Furthermore,it has been observedthat in some closed recirculating
systemsno biocidesarebeingaddedat all.

Table V.2 gives an indication of the amountsof biocidesusedin some EuropeanMember
States.

V.4.3 Oxidising biocides

The oxidising biocidescommonlyusedin industrial cooling systemsare the halogenschlorine
and bromine,in liquid and gaseoudorm, organic halogendonors,chlorine dioxide and ozone,
monochloraminend peroxides.In caseof seawaterconditionsthereis a growing interestin the
applicationof chlorinedioxide,becausef its effectivenessndthereducedormationof bromated
hydrocarbons(in particular bromoforme, chlorodibromomethanebromodichloromethaneand
dibromoacetonitrile)and trihalomethanes(THM) comparedto
hypochlorite but on the otherhandit produce<CIOs ions.

Chlorinegas(Cly) is also usedin someplacesbeing compactand cheap,but hasa safetyrisk
whenstoredin bulk andgivessomedifficulties in handling.

Sodiumhypochloriteis the mostcommonlyoxidisingbiocideusedin largeoncethrough systems.
It can be produced on marine sites by electrolysis of seawater. This process, called
electrochlorinationavoidsthe transportandstorageof dangeroughlorinegasor solution.

The consumptionof sodiumhypochloriteas active chlorine demandis generallylower in and
aroundsaltwatersystemghan on freshwatersystemspecausef a higherlevel of dissolvedand
particulateorganic matterin fresh water. Due to its higher bromide content,the formation of
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halogenatedrganicsin seawatetis reportedto be lower thanin freshwater(rivers), but no
publicationscould confirm this.

Table V.2: Estimated consumption levels of some commonly used oxidising biocides in a few
EuropeanMember States
(kglyr) (KEMA, 1996)

RS Yo United Kingdom Netherlands France
Group Oxidising biocides (19937 (1995} (1998)
g:s";g”e Sodiumhypochlorite 731000 1800004 817006
Sodium 19300
dichloroisocyanurate
Chlorinedioxide 13000
Broming | g giumbromide 356000 22500
based
1-bromoa-3-chlore-5,5
dimethylhydanthoide 286000 1000
(BCDMH)
Other Hydrogerperoxide 910
Peracetiacid 975
Notes:
! estimatediseasactiveingredient,(asformulatedproductthe amountsaremuchhigher)
2in all coolingwatersystems
3 only in recirculatingsystems
4measured a8I2
> thisfigure is anunderestimatiomsin the U.K muchelectrochlorinatioris employedn mostcoastal
powerstations
8in ClI2 producedoy electrochlorinatiorat fossilfuel powerstations

This will alsohold for cooling systemsusingwaterfrom heavily polluted harbours.Continuous
0 | oohiarinationis often preferred,althoughdiscontinuousor semicontinuouschlorinationis
more and more practised.However, this requires more intensive monitoring of the cooling
systemandthe cooling water.

From both the chlorine gas and the sodium hypochlorite solution, the most active chemical
speciesis the nondissociatednypochlorousacid. This is a very reactive oxidising agentand
reactswith most organicsin the waterto form the trihalomethang THM) chloroform (3-5%)
and other chlorinated organics. Free chlorine can also react with ammonia to produce
chloramines or with diverse dissolved organic compoundsforming different types of
organohalogenateztbmpoundgsuchasTHM, chlorophenols)This occursin the cooling system
itself also and not beforethis first chlorine demandhasbeenmet, the residualchlorine will be
ableto doits biocidalwork.

The use of the oxidising biocide hypobromousacid (HOBr) could be an alternative to
hypochlorite.The hypobromousacid remainsundissociateét higherpH valuesthanis valid for
hypochlorousacid. This implies that at pH 8 and above the free oxidant HOBr is a more
efficient biocide than the dissociatedhypochlorousion OCI . As a consequencein alkaline
freshwater, the effective dosageof hypobromite can be much lower than the equivalent
hypochlorite. Although, brominated organics are 2-3 times more toxic than the chlorinated
equivalentsthey decomposenore rapid and given the lower demandcould provide a distinct
environmental advantage.However, in marine water, the oxidation of bromide ions by
hypochlorite leadsto a rapid formation of hypobromiteand the chlorination of seawater is
almost equivalentto the brominationand there may be little environmentalbenefit in the
hypobromou®ption comparedwith the hypochlorousoption.
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Bromide and sodium hypochlorite, chloramine and peroxyde are used in combination in
recirculatingsystemswhich is also expectedo give lessenvironmentallyhazardousubstances.
A disadvantageof this treatmentcould be that at high concentrationsof free oxidant (FO)
solutionsthe formation of carcinogenouvromatecould occur. Another possiblesourcecan be
the ozonationof naturalwatersby the oxidationof bromideions.

The bromatecontentdependson the bromide concentrationin the brine water usedto produce
sodium hypochlorite. The theoretical maximum bromate concentration (BrO 3) in sodium
hypochloritesolutionsproducedby electrolysisof seawateis around100 mg/l or 3 mg per g of
chlorine.A wide rangeof bromateconcentrations foundin commercialhypochloritesolutions.
If concentratedbrinesareusedfor chlorineproductionit variesfrom 0.15to0 4.0 mg BrOs perg
of chlorine.

V.4.4 Non-oxidising biocides

Non-oxidising biocidesare comparativelyslow reactingsubstanceshat reactwith specific cell

component®r reactionpathwaysin the cell. The following non-oxidising biocidesare reported
to be commonly used: 2,2-dibromao-3-nitrilopropionamide (DBNPA), glutaric aldehyde,
quaternary ammonium compounds (QAC), isothiazolones, halogenated bisphenols and
thiocarbamatesput many others are in the marketand within Europe the amountand the
frequencyof useof the individual biocide variesconsiderably Table V.3 givesan indication of

the consumptiorof somenonoxidizing biocides.

The applicationof nonoxidising biocidesinsteadof oxidising biocidesis recommendeanly in

casesvhereoxidising biocidesarenot ableto give sufficient protection,suchasin systemswith

high organicloads,or in recirculatingwet cooling systemswheredaily controlis not a practice.
In large recirculating wet cooling systems, where mostly sodium hypochlorite is used,
sometimesconstantmonitoring is appliedto ensurethat the correctlevel of free oxidantsis

availablein the circuit. For many smallerrecirculatingwet cooling systemshowever,and for

those operatedby water service companieswho do not have personnelpermanentlyon-site,

applicationof nonoxidising biocidesthat are lessinfluencedby the water quality are preferred
overthe oxidising biocides[tm005, Van Donk andJenner1996].

Non-oxidising biocidesare mainly applied in open evaporativerecirculating cooling systems.
Generally, they are applied to cooling water systemsto give water active ingredient
concentrationfrom about0.5 ppmup to 50 ppm (exceptionallyl00 ppm).

Non-oxidising biocides exert their effects on micro-organismsby reaction with specific cell

componentsor reaction pathwaysin the cell. The first reactioninvolves damageto the cell

membraneandin the otherreactiondamageis being doneto the biochemicalmachineryin the

energyproductionor energyutilisation of the cell.

Quaternaryammoniumcompoundsare cationic surfaceactive molecules.They damagethe cell

membranesf bacteriafungi andalgae thusincreasinghe permeabilityof the cell wall resulting
in denaturationof proteinesand finally death of the cell. Isothiazolonesare non specific
and they interfere with ATP-synthesedn the cell. Of the others methylene(bis)thio cyanate
(MBT) is widely usedagainstbacteriaand fungi andthis biocideis believedto bind irreversibly
to biomoleculegreventingnecessaryeductionand oxidation reactions. Glutaraldehydes used
againstboth aerobicand anaerobidbacteriaand its biocidal activity is basedon proteincross

linking.
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Table V.3: Estimated consumptionlevelsin someof European Member Statesof somecommonly
usednon-oxidising biocidesin kg/yr
(KEMA, 1996)

Group Non-oxidising biocides Unlte((igér;g);zdom Nezggggr)l)ds 'a%g?;
QAC | Dimethylcocobenzyl 23400
Ammoniumchloride
Bezylalkonium ammonium 21400
compounds
Total QAC estimate 71152
Isothia | 5-chloro-2-methyt4- 13200
zolines | isothiazolin3-one
Totalisothiazolines 18000 1500
Halogenatedisphenols 12150
(dichlorophen+fentichlor)
Thiocarbamates 56800
Others | Glutaraldehyde 56400 750
Tetraalkyl phosphonium 9500
chloride
2,2-dibromo-3-nitrilo- 17200 800
propionamide
Methylene(bis)thiecyanate 2270 1450
(MBT)
GbromoGnitrostyrene 231 1950
(BNS)
Fattyamines 20000
Others 4412
Estimatedotal 234963 6450
Notes:
1 estimatediseasactiveingredient(asformulatedproducttheamountsaremuchhigher)
2 in all coolingwatersystems
3 only in recirculatingsystems
4 activeproductusedat a marinefossil fuel powerstation

V.4.5 Factorsdetermining the useof biocides.
[tm005, Van Donk and Jenner, 1996]

The following factors focus on the use of biocides,but could be appliedto the use of other
additivesaswell.

i Effectiveness

Obviousas this may sound,a biocide hasto be effectivein the specific situationit is usedin.
However,it is importantto realisethat a biocide- or a cooling watertreatmentprogram- thatis
effectivein one system,may not be so in anothersystem,evenif thesesystemsare apparently
identical. One of thereasondor this canbethe developmenbdf a resistantor tolerantpopulation
of micro-organismsFor oxidising biocidesthis is lessof arisk thanfor non-oxidising biocides.

1 Systemtype

The systemtype determinesthe hydraulic half-time of the cooling water in the wet cooling
systemsand thus the contacttime betweenthe biocide and the cooling water. In oncethrough
wet cooling systemswhere residencetimes are short, fast reacting- oxidising - biocidesare
generallyused.At presentf biocidesare beingusedin oncethroughsystemsn the Netherlands
sodiumhypochloriteis applied.Slowerreactingnon-oxidising biocidesareat presentonly used
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in recirculatingwet cooling systems.The majority (> 90%) of the recirculatingcooling water
systemss beingtreatedwith NaOCI, Cl, ClIO, or NaOCI./NaBr.

Thetype of procesds animportantfactorin the choiceof a biocide,especiallywhen considering
the reactivity of some biocides with processfluids spilled into the cooling water. Some
processedijke the direct cooling of metalin the metalindustry createspecialconditions in the
cooling water. Processfluids leaking into the cooling water may function as a nutrient for

biological growth.

1 Waterquality

Chemical and biological water quality affects the choice of a cooling water treatment
programme,and thus the choice of a biocide. Occurrenceof macrofoulingorganismsis very

much water quality related. Generally speaking,an increasedquality of the surfacewater in

biologicaltermsmay resultin anincreasedccurrencef macrofoulingin wet cooling systems.

For micro-organismswater type doesnot play a major role in defining the typesof organisms
encounteredln theory a pH value of approximately7 is optimal for microbial growth. Acid
conditionswill favour growth of fungi and pH valueshigher than 8 will reducealgaegrowth.
However,in practicemicro-organismsprove to be highly adaptableand can colonisea variety
of systemsAn illustration of this is the commonlyheld belief that fungi preferacidicto neutral
media for growth, and will be supplantedby bacteriain an alkaline system. This is
fundamentallycorrect, but if such a systemis treatedwith a bactericidewith no antifungal
activity, often contaminatiorwith fungal sporesallows colonisationof the system,evenat a pH
valueof 9.

In oncethroughsystemsthe pH valueinsidethe cooling systemis equalto that of the entrained
water, althoughdosing of sodium hypochloritemay slightly increasethe pH value but this is
usuallyimpossibleto measureln openevaporativerecirculatingsystemsthe pH valueis often
controlled,ranginggenerallyfrom 7 to 9, by addition of acids(often sulphuricacid) or a base
(oftensodiumhydroxide)or cycling naturalalkalinity.

For the application of sodium hypochlorite and sodium hypobromiteas a biocide, it is well

known that the pH value strongly influencesthe equilibrium betweenhypohalousacid and the
hypohaliteion. Hypohalousacidsare approximatelyhundredtimes more toxic thantheir anionic
form. Therefore,in theory, the pH value will affect the toxicity of for examplehypochlorite
dose.

In practice,the pH value cannotbe influencedin oncethrough systems Freshwateronce
through systemstypically use cooling waterat pH 7 - 8; seawateicooled systemsoperateat a
pH value of approximatelypH 8. The abovementionedequilibrium is thereforemost relevant
for the effectivenessof the treatmentin oncethrough systems,since residencetime of the
cooling water - andthus contacttime of the biocide with the organisms- in the cooling system
is relatively short.

Wet recirculating systemsgenerallyare operatedat a pH valuerangingfrom 7 - 9. Experience
in the chemicalindustry hasshownthat a recirculatingsystemoperatingat pH value of 9 uses
lesshypochloritethan a systemoperatingat a lower pH value, without loss of effectivenesof

the treatment.The fate of hypochloritein recirculating systemshas been extensivelystudied.
The main conclusionfrom this is that 5-10% of the hypochloritedosedis lost in the towerwhen

operating apH valueof 8.5, while ata pH valueof lowerthan7 thisis 30 - 40%.

The explanationfor this is that the hypochlorite anion cannotbe stripped out of the cooling
tower. This is in contrastwith hypohalousacid. It is concludedthat hypochloritedosageat a pH
value of 9 is equallyeffective,in spite of the fact thatonly (1 - 5%) is presenin the acid form,
becausehe hypohalousacid consumedwill be instantly replenishedrom the surpluspresentin
the anionic form. The overall conclusionthereforeis that operatingrecirculatingsystemsat a
high pH valuewill reducethe amountof hypochloriteneededor effectivemicrofouling control.
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Thetemperaturef the surfaceinfluencesthe growth of the marinebiology and can thereforebe
usedas a factor for the choice of a treatmentprogrammein oncethrough cooling systems
Macrofoulingin oncethrough systemsin the Netherlandswill not grow rapidly during winter
months.Thereforeit is not necessaryo dosebiocideswhen watertemperaturesre lower than
1201C. Industries with oncethrough systemson the Mediterraneancoast, where severe
macrofoulinggrowth and spatfall take placeall year round, doseoxidising biocidesall year
round. In general,water temperaturewill greatly affect speciesvariability, growth rate and
biocidedemandIn oncethroughsystemshe watertemperatureaddedto the bulk water( ae1s)
8- 12 [1C, restrictedby a maximumdischargegemperatureRecirculatingsystemdacethe same
restriction at the point of discharge,although sometimeshigher dischargetemperaturesare
allowed. Temperaturesn the recirculatingbulk water can be 20 - 30 ['C and higher. Most
macrofoulingspeciesn the Netherlandsdo not toleratelong-term exposureto temperaturesf
30 [1C, but some species,such as the brackish water mussel,grow very rapidly at these
temperatures.

For recirculating systemswith high concentratiorfactors,the hardnes®f the intake waterand
the amountof organicmaterialsare of extremeimportance sincethis will affect the amountof
scaling and corrosioninhibitors needed.Both for oncethrough and recirculating systemsthe
amountsof organic material (dissolved solids, suspendedsolids) in the cooling water are
important, sincethey influencebiocide demand.The extentinto which this influencesbiocides
varies (e.g. hypochloritewill reactwith ammonia,chlorine dioxide will not). In generalit is
advisableto reduceto a minimumall substancethatleadto increasediocidedemand.

V.4.6 Interactions with other water treatment chemicals

Other additivessuch as corrosionand scaleinhibitors can also affect the choice of a suitable

biocide. Somebiocideslimit eacho t h effed@isenessput can also be of reciprocal benefit.

For example:

- QACs are known to be partially neutralised by oxidative biocides and anionic
dispersingagents;

- Isothiazolone®n the otherhandare stabilisedby sodiumhypochlorite;

- Ozoneis such a strong oxidant that it will oxidise almost any other cooling water
additive, which is specifically a problemfor corrosioninhibitors that often haveto be
appliedto someextentadjacento the ozoneapplicationto protectthe equipment.

V.5 Cyclesof concentration andwater balance

The applicationof additivesin openevaporativecooling towersis complexand largely related
to the water balanceand the cycles of concentrationwith which the systemis operated.The
blowdown is an important measureto correct the solids balanceand plays a role in the
optimisationof cooling systemsperformanceand cooling water treatment.A short explanation
of the principle of blowdownis givenbelow FigureV.1.

A quantityof coolingwater (Q.) is circulatingthroughthe systemin m® per minute. Passinghe
heat exchangerthe cooling water is cooled down in the cooling tower by evaporationand
convection.Evaporation(E), drift, windage and some leakagereducethe amountof cooling
water and consequentiithe concentrationof saltsin the water increaseswhich could lead to
scalingandcorrosion.
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Figure V.1: Tower and solidsbalancesfor an evaporative cooling systemusing a cooling tower
[tm135, Anonymous,1988]

This is balanced by bleeding the system, which processis called blowdown (B with
concentratiorCy) and compensatety addingwater called makeup (M with concentratiorCp).
As the systemhasto be balanceduseis madeof the concentratiorratio (CR): CR = M/B =
Cu/Cm (becauseM x Cn=B x Cy).

Upper limit - once-through flow

8
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Figure V.2: Reduction of the make-up flow by concentrationin an evaporative cooling system
[tm135, Nalco,1988]
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M = E+B, thusCR = (E+B)/B= E/B+1 andfrom this equationfollows that

B = E/(CR-1)

This is a very usefulequationin cooling watertreatmentAfter the cyclesof concentratiorhave
beendeterminedbasedupon the makeup and blowdown concentrationsthe actual blowdown
being lost from the system,or the blowdown requiredto maintain the systemat the desired
numberof cycles,canbe calculated.
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ANNEX VI EXAMPLE OF LEGISLATION IN EUROPEAN
MEMBER STATES

The following text hasbeenintegrally includedto give an exampleof legislationthat hasbeen
successfullyappliedin Europeto reducethe emissionsf cooling systems.

General Administrative Regulation of 31 January 1994
On the Amendmentto the
General Administrative Framework Regulation on
Minimum Requirementsfor the Dischargeof Waste Water into Waters
(currently,augus2000,beingevised)
Excerpt of

Appendix 31: Water Treatment, Cooling Systems SteamGeneration

1 Scope

1.1 Wastewaterin which the contaminantoad originatesprimarily from the treatmentof
waterfrom cooling systemsof industrialprocesses.

2 Requirements

The following requirementdor the dischargeof wastewater must be complied with.

Therequirement$or chemicaloxygendemandfor nitrogenasthe sumof ammonium,
nitrite and nitrate nitrogen, for inorganic phosphoruscompoundsand for filterable
substancesre basedon generally recognisedtechnical rules, the remaining require

mentson bestavailabletechnology.

Theserequirementsshall not apply to wastewater dischargeof lessthan 0.5 m®per
day.

2.1 Generalrequirements

The waste water must not contain - with the exceptionof phosphonatesind poly-
carboxylates any organic complexingagentswhich are not readily biodegradablen
accordancewith the basic level requirementsof the ChemicalsAct for determining
readybiodegradabilitpy meansof the OECD Guidelines301 A - 301 E of May 1981.

The wastewater must not contain chromium compoundsor mercury compounds,
nitrite, organometalliccompounds(metalcarbon bonds) or mercaptobenzothiazole
originatingfrom theuseof operatingandancillary resources.

The requirementsn the first and secondparagraphshall be deemedto be complied
with if the substancespecifiedarenot used,all operatingandancillary resourcesised
are listed in an operatingjournal and manufacturerdnformationis availableshowing
that such substanceare neitherpresentin the operatingand ancillary resourcesised
nor capableof forming underoperatingconditions.

Industrial Cooling Systems 205



Annex VI

2.3

231

2.3.2

Requirement$or wastewaterfrom cooling systems
Waterfrom singlepassor openrendedfreshwatercooling systems

The requirementsafter shocktreatmentwith microbicidal substanceshall be as fol-
lows:

Qualified randomsampleor
2-hour compositesample(mg/l)

Chlorine dioxide, chlorine and bromine 0.2
(expressedschlorine)

AdsorbableorganichalogengAOX) 0.15

Microbicidal substancestherthan hydrogenperoxideand ozonemust not be present
in the wastewater. Theserequirementsshall be deemedto be compliedwith if such
substanceare not used,all operatingand ancillary resourcesisedare listed in an op-
erating journal and manufacturersinformation is available showing that such sub
stancesarenot presenin the operatingandancillary resourcesised.

Waterfrom flushingof primary cooling circuitsin powerstations(flushingwaterfrom
recirculationcooling systems)

Randomsample(mg/l)
Chemicaloxygendemand COD) 30
Phosphorus compounds as phosphorus, 15

total

If onlyinorganicphosphorugompounds
are used, the value for the parameter
phosphoruss increasedo 3 mg/l.

The requirementsfter shocktreatmentwith microbicidal substanceshall be as fol-
lows:

Randomsample(mg/l)
AdsorbableorganichalogengAOX) 0.15
Chlorine dioxide, chlorine and bromine 0.3
(expressea@schlorine)
Toxicity to luminescenbacterials 12

The luminescentbacteriatoxicity requirementshall also be deemedto be complied
with if theflushingcircuit is keptcloseduntil a Tg valueof 12 or lessis reachedn ac
cordancewith manufacturersinformation aboutinput concentration@nd biodegrada
tion behavoulandthis is substantiatethy an operatingournal.

Zinc compoundsfrom cooling water conditioning agentsmust not be presentin the
wastewater. This requiremenshall be deemedo be metif all operatingand ancillary
resourcesrelisted in an operatingjournal and manufacturershformationis available
showing that the cooling water conditioning agentsused do not containedany zinc
compounds.
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2.3.3  Wastewaterfrom flushingof othercooling circuits

Randomsample(mg/l)
Chemicaloxygendemand COD) 40
The value for the parameter COD is in-
creased to 80 mg/l after cleaning with
dispersants.
Phosphorus compounds as phosphorus, 3
totaP
The value for the parameterphosphorusis
increasedto 4 mg/l if only zincfree cooling
water conditioning agentsare used.lt is in-
creasedto 5 mg/l if the zincfree condition
ing agents used contain only inorganic
phosphorusompounds.
Zinc 4
AdsorbableorganichalogengAOX) 0.15
The requirementsafter shocktreatmentwith microbicidal substanceshall be as fol-
lows:
Randomsample(g/l)
Chlorine dioxide, chlorine and bromine 0.3
(expresseaschlorine)
AdsorbableorganichalogengAOX) 0.5
Toxicity to luminescenbacterials 12

The luminescentbacteriatoxicity requirementshall also be deemedto be complied
with if theflushingcircuit is kept closeduntil a Tg valueof 12 or lessis reachedn ac
cordancewith manufacturersnformation aboutinput concentrationsand biodegrada
tion behaviourandthis is substantiatethy an operatingournal.

2.5 In the caseof holding ponds,all valuesshall be for the randomsample.Here the val-
uesrelateto the quality of thewaterbeforeemptying.

2.6 Compliancewith the requirementsn item 2.3 for the parameterCOD may also be
checkedby determiningtotal organiccarbon(TOC). In this casethe COD valueis to
bereplacedvy threetimesthe TOC valueasdeterminedn milligrams perlitre.

2) Determinationn theoriginal samplein accordancevith DIN 38406- E22 (March1988edition)or an
equivalentmeasuremergndanalysigprocedure.
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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 concepthasbeen elaborated in order to provide assistancewith regardto the
protectionof watersfrom the temporarydischargeyvia cooling water, of (process)substances
causing longterm detrimental changesto water bodies. The conceptspecifiesmeasure®f
monitoring and changeovem connectionwith oncethroughcooling systemsand alternativeso
oncethroughcooling systemsas a function of the persistencef water pollution by substances,
which canbedischargednto the coolingwater.

The capacityof a substanceo causelongterm detrimentalchangesor to posea hazardto a

water body can be determinedon the basis of the R - phrasesestablishedunder European
legislationon hazardousubstancesA certainscoreis allocated,as shownin the table below, to

eachof the R - phrasegelating to the protectedassetsaquaticenvironmentas well as human
healthandsoil. The scoresof all R - phrasesassignedo the substanceoncernedare addedup

to obtain the total score. This total scoreis then linked with the required safety measure
concerningthe contaminatedcooling water. Decisionsrelating to the implementationof such
measuresand the technology applied can, of course,only be taken within the individual

companiegoncernedndwith knowledgeof the particularcircumstances.

It will be recommendedo apply this conceptimmediatelyto new plantsandto refit existing
coolingsystemsf theydo not meettheserequirementsvithin:

- 5 yearsfor substancewith total score> 9
- 8 yearsfor substancewith total scorefrom O - 8

For substancesvith total score> 5 measureswith regardto the monitoring of oncethrough
cooling systemsshould be tackled immediately taking into account the requirementsof
individual cases.

The requirement®f this safetyconcepteferto all coolingwaterstreamswhich arenot connected
to industrial purification plants or to an appropriatewaterassociatedpurification plant. The
requirementsconcerningsubstancesvith total score< 4 do not refer to indirect discharges
which arefed to a sewagdreatmenplant.
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Table VII.1: Scorefor a number of R-phrasesto calculatethe total scorefor processsubstances

Score

1

2

3

4

5

6

7

8

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

Ecotoxicity
n.y.d.

Degradation/
bio-
accumulation|

53

Degradation

and/or bio-

accumulation|
n.y.d.

Acute
mammalia
toxicity
(acute orale
toxicity
preferred)

22

20/22
21/22
20/21/22
21

20/21

65

25

23/25
24/25
23/24/25
24

23/24

28

26/28
27/28
26/27/28
27

26/27

Acute
mammalia
toxicity
n.y.d.

*

Carcine
genicity
and/or
mutagenicity

40

45
and/or
46

Irreversible
effect

40/21

40/22
40/20/22
40/21/22
40/20/21/22

39

39/24

39/25
39/23/25
39/24/25
39/23/24/25

39/27

39/28
39/26/28
39/27/28
39/26/27/28

Recurrent
Exposure

33

48

48/21

48/22
48/20/22
48/21/22
48/20/21/22

48/24

48/25
48/23/25
48/24/25
48/23/24/25

Reproduction
toxicity

62
and/or
63

60
and/or
61

Dangerous
reaction with
water

29
15/29
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Legendto thetableonthepreviouspage:

n.y.d. = attributesnotyetdeterminedtestedor known)

* =  scorejf oneoremoreof theattributesi e c ot okxd egnt ydat i on/amd oac c umlt
fi a c toxiciy" werenottestedor notknown

Footnotel) - Ecotoxicity and degradationand/or bioaccumulationn.y.d. or ecotoxicity n.y.d. and easy

degradatiomot provedor
- ecotoxicityn.y.d. ancpotentialof bioaccumulatioravailableor classifiedinto R 50 anddegradation
and/orbioaccumulatiom.y.d.
Footnote?) - Ecotoxicity> 1 and< 10 mg/l anddegradation antbr bioaccumulatiom.y.d.
Footnote3) -  Ecotoxicity>10and< 100mg/land degradation.y.d.
Footnoted) - SeeAppendix2 for descriptionof R-phrases

VIl.2 Requirementsof the concept

The requirementgut on the cooling technologyis determinedby the respectivelyhighesttotal
of points of thoseprocesssubstanceshat can enterthe cooling water. Theserequirementsare
summarizedn thefollowing table.

Table VII.2: Requirementsof VCI safetyconceptfor coolingtechnology

score:0 points score: 1 - 4 points score:5 - 8 points score:[ 19 points
(D1 + Al) (D1+Al +U1) (D1 + A2 +U1) (D3+A2+U1)/
(D2 + Al +U1) (D2+A2 +U2)/
2) B)/(K)/

L) 7(S)

... alternativeoptions

D1, Al andU1 arealwaysreplaceabldy the highermeasure®2 (or D3), A2 andU2.

Thecodesn thetablearedescribedasfollows:

DI Oncethroughcooling system;

D2 oncethroughcooling systemwith a cooling water pressuravhich is keptclearly andin
a controlled way abovethe processpressure(cooling water pressureshould not fall
below processpressureat any point in the cooling system, also not by hydraulic

processes);

D3 Oncethroughcooling systemwith coolermadeof high-quality anticorrosivematerial and
regularmaintenance;

z Intermediatestoragewith analyticalcontrolprior to discharge;

E Coolingvia primary/secondargircuits (decoupling);

K Circulationcooling via recoolingsystems;

L Air cooling system;

S Specialcooling system(e.g. heat pumps, absorptioncold plants, vapour compression

systemsheattransformers);
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Al Analytical or otheradequatenonitoringof coolingwater;
A2 Automaticanalyticalmonitoringof cooling water (accordingto the appendix);

Ul Immediatechangeovenf the cooling waterdischargeto holding facilities or a purification
plant providedthat sucha plantis appropriatefor the disposalof the releasedsubstance
or immediatechangeoveito reservecooling systemor switch-off of the part of the
productionplantconcerned;

U2 Automaticchangeoveof the coolingwaterdischargeo holdingfacilities or a
purificationplantprovidedthatsucha plantis appropriatdor the disposalbf the
releasedsubstancer automaticchangeoveto reservecooling systemor switch-off of
the partof the productionplantconcerned.
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VII.3 Appendix 1 - Automatic analytical monitoring of once
through cooling systems

Automaticanalyticalsystemsare appropriatgor the monitoringof oncethroughcooling systems
if leakagecanbe determinedwith sufficient safetyand sufficiently rapid. In this connectionit is
sufficient that the analytical system provides trend data. The measurementof absolute
concentrationss not necessaryor such systemshbut merely the detectionof deviations from
normalstates.

Measurementan either occur directly by sensorsn the cooling water streamor via automatic
samplingsemicontinuouslyoutsidethe cooling water stream.

For the following parametersand analytical methods,equipmentis on the market which is

appropriatefor automaticmonitoring of oncethroughcooling systemsn the abovesense With

regardto the selectionof equipmentfor this function, the reliability of the systemis generally
moreimportantthanincreasedlemand®n its accuracy.

The selectionof the appropriatesystemis determinedoy the substance(s)eleasedn connection
with aleakageandit is, moreover stronglydependenbn the specialcircumstancesf individual

cases.n this connectionit shouldfirst be checkedwhetherthe automaticanalytical monitoring
can be carried out by meansof a parameteror of an analytical method of the following

List 1. If this provesnot to be possible the useof systemsn accordancevith List 2 shouldbe
checked.

List1: - phvalue - photometry
- conductivity - oil warningequipment
- redox potential - foamwarningequipment
- turbidity - mercurymonitors
- refractometry.

List 2: - TC (total carbon),
- TOC (total organiccarbon),
- DOC (dissolvedorganiccarbon),
- purgablesubstanceby meansof FID (flameionizationdetector),
- TOC/FID combination,
- purgablechloro-organiccompounds,
- bacterialtoximeters.
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VIl.4 Appendix 21 R-phrasesusedto calculateVVCI -score

Table VII.3: Description of R-phrasesusedto calculateVVCI -scorefor cooling systemsselection

R 20/21 Harmful by inhalationandin contactwith skin.

R 20/21/22 Harmful by inhalation,in contactwith skin andif swallowed.

R 20/22 Harmful by inhalationandif swallowed.

R 21 Harmful in contactwith skin.

R21/22 Harmfulin contactwith skin andif swallowed.

R 22 Harmful if swallowed.

R 23/24 Toxic by inhalationandin contactwith skin.

R 23/24/25 Toxic by inhalation,in contactwith skin andif swallowed.

R 23/25 Toxic by inhalationandif swallowed.

R 24 Toxic in contactwith skin.

R 24/25 Toxic in contactwith skin andif swallowed.

R 25 Toxic if swallowed.

R 26/27 Very toxic by inhalationandin contactwith skin.

R 26/27/28 Very toxic by inhalation,in contactwith skin andif swallowed.

R 26/28 Very toxic by inhalationandif swallowed.

R 27 Very toxic in contactwith skin.

R 27/28 Very toxic in contactwith skin andif swallowed.

R 28 Very toxic if swallowed.

R 29 Contactwith waterliberatestoxic gas.

R 33 Dangerof cumulativeeffects.

R 39 Dangerof very seriousirreversibleeffects.

R 39/24 Dangerof very seriousirreversibleeffectsin contactwith skin

R 39/25 Dangerof very seriousirreversibleeffectsif swallowed

R 39/23/25 Dangerof very seriousrreversibleeffectsthroughinhalationandif swallowed

R 39/24/25 Dangerof very seriousrreversibleeffectsin contactwith skin andif
swallowed.

R 39/23/24/95 De'mgero'f very serioudrreversibleeffectsthroughinhalation,in contactwith
skin andif swallowed

R 39/27 Dangerof very seriousirreversibleeffectsin contactwith skin

R 39/28 Dangerof very seriousrreversibleeffectsif swallowed

R 39/26/28 Dangerof very serioudrreversibleeffectsthroughinhalationandif swallowed

R 39/27/28 Dangerof very serioudrreversibleeffectsin contactwith skin andif
swallowed

R 39/26/27/28 Da_mgero_f very serioudrreversibleeffectsthroughinhalation,in contactwith
skinandif swallowed

R 40 Possiblerisks of irreversibleeffects.

R 40/21 Harmful: possiblerisk of irreversibleeffectsin contactwith skin.

R 40/22 Harmful: possiblerisk of irreversibleeffectsif swallowed.

R 40/20/22 Harmful: possiblerisk of irreversibleeffectsthroughinhalationandif
swallowed.
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Table VII.3 continued

Harmful possiblerisk of irreversibleeffectsin contactwith skin andif

R 40/21/22
swallowed.
R 40/20/21/22 Ha}rmful pOSS|bIer|sk of irreversibleeffectsthroughinhalation,in contactwith
skin andif swallowed.
R 44 Risk of explosionif heatedunderconfinement.
R 45 May causecancer.
R 48 Dangerof seriousdamagdo healthby prolongedexposure.
Harmful: dangerof seriousdamageo healthby prolongedexposurdn contact
R48/21 with skin
Harmful: dangerof seriousdamageo healthby prolongedexposuréf
R 48/22
swallowed.
Harmful: dangerof seriousdamageo healthby prolongedexposurahrough
R 48/20/22 . : .
inhalationandif swallowed
Harmful: dangerof seriousdamageo healthby prolongedexposuren contact
R 48/21/22 ) ; ;
with skinandif swallowed.
R 48/20/21/22 _Harqul: dgngerof serl_ousdz_amage_to healthby prolongedexposurghrough
inhalation,in contactwith skin andif swallowed.
Toxic: dangerof seriousdamageo healthby prolongedexposuran contact
R 48/24 with skin
R 48/25 Toxic: dangerof seriousdamageo healthby prolongedexposuréf swallowed.
Toxic: dangerof seriousdamageo healthby prolongedexposurehrough
R 48/23/25 . ) :
inhalationandif swallowed.
R 48/24/95 Tc_)xm: Qangepf seriousdamageo healthby prolongedexposureén contact
with skinandif swallowed.
R 48/23/24/25 TOXICZ c_JIangerof senoqsdamageto _healthby prolongedexposurghrough
inhalation,in contactwith skin andif swallowed.
R 50 Very toxic to aquaticorganisms.
R51 Toxic to aquaticorganisms.
R 52 Harmful to aquaticorganisms.
R 53 May causdong-termadverseeffectsin the aquatieenvironment.
R 60 May impair fertility.
R61 May causeharmto theunbornchild.
R 62 Possibleisk of impairedfertility.
R 63 Possiblerisk of harmto the unbornchild.
R 65 Harmful: may causdung damagef swallowed.
R 15/29 Contactwith waterliberatestoxic, highly flammablegas.
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ANNEX VIIIL  EXAMPLES FOR THE ASSESSMENT OF
COOLING WATER CHEMICALS

VIII.1 Benchmark assessment concept for cooling
water chemicals

VIIL1.1 Introduction
General

It is well establishedhatthe coolingBREFis i h o r i Znonaturegahddhatit is not possible
to identify a A B A dooling s y s t as suoh becauseso much is dependenton the specific
procesdeingcooled,andits location(especiallyclimate,watersupplyetc.).

Therefore the approacho be takenin the BREF mustbe oneof providingfi t o dol helpithe
Member State authoritiesrationalisewhat options are available,and selectan optimal cooling
solution (bothin termsof equipmentandi o p e rcaot ni dni giwhich wik KepresenBAT for
IPPC permittingpurposes.

Firstly, intermsof ip | equ i p muemselgctionswill mainly be madewhen new systems
arebuilt, butalsoin the contextof upgrade®r retrofitting of existingsystems.

Secondly,the i 0 p e rcact ni dni gtvhiclo aresagpliedin both existing and new systemshave
beensingledout for attentionin discussionsA key elementof thesefi ¢ 0 n d iralatesianttee 6
optimisationof the cooling systemin termsof efficiency and plant longevity throughthe useof
chemicals.BAT -basedoptimisationdecisionswill needto be madein termsof what chemicals
areused,andin whatquantitiesfor permittingpurposes.

An approacthasbeendevelopedvithin the TWG for a simple so-calledfi b e n ¢ h maethod n g o
to helpthe MemberStatescomparadifferentchemicalsonewith anotheron the basisof potential
environmentalimpact. Without such a tool, the complexity of making such decisions couldbe

a seriousobstaclein determiningwhatis BAT for cooling systemsn arationalway at thelocal

level.

As is described below, most of the main elementsfor establishingsuch a risk-based
benchmarkingiool can alreadybe found in Community legislation and its official supporting
documentationThe presentapproachseeksto draw togetherelementsrom: the IPPC Directive,
the Water FrameworkDirective, and Risk Assessmenlegislationandthe supportingi Tec hni c al
GuidanceD 0 ¢ u mie adoherenimanner to providea tool to help evaluatecooling chemicals.

VIIL1.1.1 Background

Fromits earliestmeetingsthe TWG agreedby consensushat any assessmerdf cooling water
chemicalsshouldinvolve both intrinsic propertiesand local situationcharacteristicgrisk based
approach)

The ensuingBenchmarkingAssessmen€Conceptarisesas a result of considerationof existing
assessmenschemesand methodologies,and seeksto provide a starting point for proper
considerationof both intrinsic propertiesand the local level situation in the assessmeraf
differentpossibletreatmentregimes.

The assessmertonceptdoesnot enterinto a discussionof the Intrinsic Hazard Approach, but
concentrateson the task of explaining and clarifying the Benchmarking(relative ranking)
Procedure.
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It essentiallyfocuseson individual substancegiving brief indicationsof how the methodcould
be extendedo multi-substanceompletechemicaltreatments.

Also, only the most complex case(and most frequent)of open recirculating systems(cooling
systemswith an evaporativecooling tower) is dealtwith, with the possibility of later extension
to oncethrough,closedsystemsetc.

VIII.1.1.2 Relevant legislativebackground

Thereis no need,here,to evokein any detail the legislativerequirementsvhich haveled to the
developmeniof BAT referencedocumentslt is enoughto mention Article 16.2 of the IPPC
Directive on exchangeof information,andthe initiative of the Commissionto develop,through
theinstitution of the InformationExchangd-orum,atool which shouldassistand guide Member
StatesAuthoritiesto setEmissionLimit Values(ELV) for IPPCListed Plants.

It is of importancethough,to underlineone of the key aspectf the Directive: the control of
emissionsand their impact on the environmentthrough a A ¢ 0 mb imethod of BAT set
emissionlimit valuesto be checkedagainstnvironmentabuality standards.

Also very relevantin this contextis the shortly to be adoptedWater Framework Directive

(WFD).

Althoughit might be the casethat a correctevaluationof the effectsof chemicaltreatmentsised
in cooling systemsshouldbe subjectto a multimediaassessmentt, is also correctto statethat
the major concernsassociatedo the useof thesechemicalsregardthe main potentialreceiverof
polluting substanceghe aquatieenvironment.

A few wordsarethereforenecessaryo briefly reviewtherelevantpartsof the WFD.

VII.1.1.3  Thewater framework directive (WFD)

While the WFD goesmuch further than providing elementsto preventand control emissions

from Industrial IPPCPIlants,it doesin fact supplyonekey link with the IPPC Directive. It fixes
methodsand proceduredor the Commissionto prioritize dangerousubstanceandto propose,

for these, emission controls and EQSs (Environmental Quality Standards;or i Qual i t vy
Standard3), to be adoptedby the Councilandthe EuropearParliament.

Furthermoreit givesto the Member Statesthe right and the duty to fix Quality Standarddor
any other substance¢hat arerelevant,in any River Basin, to the achievemenof the objectives
setby theDirectiveitself.

More importantthanthis, it introducesn anannex(AnnexV Sectionl.2.6)a simple procedure
to be usedby the Member StatesAuthorities to calculate EnvironmentalQuality Standards
(EQSs)for chemicalsubstancem water.

In otherwords,it providesone of the conditionsrequiredby the IPPC Directive to implementa
combinedapproachmethodsandprocedureso calculateQuality Standards.

According to the Water FrameworkDirective (WFD) text (Annex V Section1.2.6), Member
Statesareto determineEQSsin the following way:
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TestMethod SafetyFactor
At leastoneacutel (E)Cso from eachof threetrophiclevelsof
1000
thebaseset
OnechronicNOEC (eitherfish or daphniaor a representative 100

organisnfrom salinewaters)

Two chronic NOECs from speciesrepresentingtwo trophic
levels (fish and/ordaphniaor a representativeorganismfrom 50
salinewatersand/oralgae)

Chronic NOECs from at least three species(normally fish,
daphniaor arepresentativerganismfor salinewaters& algae) 10
representinghreetrophiclevels

Othercasesjncluding field dataor modelecosystemsyhich
allow moreprecisesafetyfactorsto be calculatecandapplied. Caseby caseassessment

While a more detailedanalysisof the significanceand implicationsof this table will be made
later,therearea few notesthatneedto be madeat this point:

a) The Quality Standardsset on this basisonly take into accountthe protectionof the
aquaticsystemwithout consideringhe indirecthumaneffects

b) The numbersresulting from the above table are PredictedNo Effect Concentrations
(PNEC)(SeeTechnicalGuidanceDocumentfor Regulation793/93/EEC)

c) The Commissionhasdevelopeda Prioritization Procedurewhich is basedon a system

in which an aquatic effect scoreis combinedwith a bioc-accumulationscore and a
human effect score. The procedurehas been used to provide the basis for the
Commi s proposedii p r i loir dftsgbstanceso be controlled at EU level by
meansof emissionscontrols and EQSsto be adoptedunder the Water Framework
Directive.

The following benchmarkingassessmentonceptis also based on the above method of
CalculatingQuality StandardsThis is for the following reasons:

- in the context of the BREF, the method must be clear, simple straight forward,
transparenandeasyto use

- it is most probable,evenif a lot of work is neededto prove this, that the aquatie
environmenis theweakestink of thechain

- the benchmarkingmethodswill be usedin combinationwith EU chemicalslegislation
(Intrinsic Hazards),which, implicitly includesevaluationof potentialindirect adverse
effects (both on the aquaticenvironmentand on humans)through the inclusion of bio-
accumulation,the CMT properties(carcinogenic,mutagenic,teratogenic)as well as
chroniceffectsin the classificationof hazardoushemicals.
The WFD also requiresthat Member Statesset EQS for watersintendedfor Drinking
Water Abstraction:this will be anothercheckpoint to takeinto accounthumanhealthin
oneof the mostimportantexposuragoutes.

VIII.1.2 Benchmarking : introduction of the concept

The BenchmarkingAssessmentConceptis founded on carrying out substanceby substance
comparisons using a standardisedtheoretical measure of the Predicted Environmental
Concentration(here in referredto as PEGiandardised ThiS PEGiandardisedS cOmparedwith the

corresponding’redictedNo Effect ConcentrationfPNEC) or EQS of the substancedetermined
in accordancevith the methodcontainedn AnnexV of the Water FrameworkDirective. In this
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way a ration can be calculatedfor each substancewhich permits a preliminary ranking of
substancebasedon potentialimpact.

While the termsPNEC and PEC havenow enteredin the legislativelanguagen the contextof
emissiondaw, and their significancewill becomecommonknowledge,it is worth at this point
clarifying the conceptsastheyapplyto the Benchmarking”rocedure.

VII.1.2.1  ThePNEC

The BenchmarkingProceduredoesnot attemptto rank the chemicalsmentionedin the BREF
itself.

The reatlife situationis complicatedby the fact that only rarely do chemicaltreatmentsfor

cooling systemsconsistof a single substanceThe attemptto rank treatmentsn a BREF would
imply the applicationof an i a d d i ptoceduesa@f somesort to an enormouslist of possible
substancescombinationsin the treatments. Assuming these combinations can be made
available,this would requirea large quantity of work andtime, and would almostcertainly fail

to beeitherexhaustiveor up to date.

Thereforethis Assessmentonceptimsto offer a standardnethodologyratherthana numerical
assessmertf substancesr treatments.

The MemberState(MS) Authoritiesmay thenusethis methodologyasthey seefit, at MS level,
or betterstill atlocallevel.

At any rate,aquatictoxicity datamustbe availableand be madeavailableby chemicalsuppliers
to permitevaluation®f PNECs.This is afundamentahspecbf any rankingprocedure.

It is worth noting, also, that the Annex V procedure,and the related table, have not been
inventedrecentlyby the Commissionin the contextof the WFD. In fact the approachand the
table have beenstrictly derived from the TechnicalGuidanceDocumenton the assessmerf
Risk for ExistingandNew Chemicals.

(An extractof this pertinentportionis attachedn VII.1.6 Appendixl).

Only afew wordsof clarification seemappropriatehere.

The fewer datathere are available the higher the assessmenfiactor to be applied to convert
toxicity datato PNECs.

The availability of chronic datareducesthe factor. Progressinghrough a set of intermediate
situations,havingchronicdataon threetrophic levels allows the useof a factor of 10, compared
to a factor of a 1000 when only acutetoxicity data are available. The costs associatedwith
performing chronic testsare much higher than the costsfor acutetesting. Thusit is likely that
moreacutethanchronictoxicity datawill be available.

When the BenchmarkingProcedures appliedlocally, the availabledatawill haveto be used
togethemwith the correspondingissessmeriactor.

It will be left, in this case,to the supplier of chemicalsto decidewhetheror not to invest
additional resourcesn obtaining chronic data, as and when this might prove necessaryFor
example,for a given plant it could be the casethat using only acute data (which implies
obtaining an EQS by dividing the LC50 by af s a ffeatcybfd@00to take accountof
uncertainty)there may be difficulty in complyingwith the stringentresultantEQS. In this case
the suppliermight opt to obtainthe morefi ¢ e r tu equally more time-consumingand more
costly, chronicdata.Chronicdataimplies dividing testresultconcentrationdy a safetyfactor of
only 10, which will leadto amorefi ¢ e r EQ@Sjwhiah mayalsobe moreachievable.
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VIIIL1.2.2 The PEC

Thefireab PEC,in the contextof chemicalsusedin a cooling systemmustbe seenanddefined
asthe final concentrationof the chemicalin the river water, after dischargeand after dilution
with theriver waterat appropriatedistancerom thedischarge.

Whena chemicalis usedin a cooling systemit is subjectto a setof physicochemicalconditions
which will determindts fate. As examplesanbementioned:

breakdownin the cooling systemdueto hydrolysisor photolysis,

adsorptionby the system,

partitioningbetweenwvaterandair,

endingupin thesludge,

biodegradatiorin the cooling systemitself, in the wastetreatmentplants (chemical/biological),
andin theriver.

The portion thatis not i | owillt eld up in the river and will be diluted by the river flow. A
preciseappraisabf thefinal River PEC,is only possibleatlocal level.

Models and algorithmsto achievethis task are available, but they must take into accountthe
very specific conditionsof eachsite. Obviously, also, the final PECwill dependon the amount
of chemicalthatis fed, andthis in turn dependson the size of the systemand on the operating
conditions (Number of cycles of concentrationsize of the plant and amountof heatto be
removed).

Mostof thefollowing analysiswill centeron describinga simplemethodto calculatea i st andar d ¢
PEC (PEGstandardiseh Which, while not bearingany resemblancevith real PECvalues, permitsa

rapid, preliminary evaluation of chemicalsrelative to one another. It is stressedthat PEC
standardised1@S0Nly a very restricted Jimited value,andcanonly be usedasa generalstarting point

for the evaluation of the potential effects of chemicals relative to one another.
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VIII.1.3 Basiccooling towers material balances

A very simplesketchof a Cooling Tower Systenis reportedin FigureVIil.1 below.

E+D

MU (Cy)

4
\\\\\

BD(Cs) N% —'Ky

PHYSICAL/CHEMICAL

=/: 2:

BIOLOGICAL

‘ BD(Cg)

RIVER Wk (CR)

Figure VIII.1: Cooling tower material balance

VIIL1.3.1 Cooling towers basicequations

MU  : MakeUp Rate mc/hr

BD : Blow-Down Rate mc/hr

w :A Wi n d(@gdueesdrift losses i D0 ) mc/hr
E : EvaporatiorRate mc/hr

Cwm : Concentratiorof Substancen MU mg/l - gr/mc

Cs : Concentratiorof Substancén BD mg/l - gr/mc

Nc : Cyclesof Concentratiorr Cg/Cwu

VIII.1.3.2 Water balance

MU=BD+E+W

VII1.1.3.3 Material balance

MU x Cv = (BD + W) x Cg
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VII.1.3.4 Concentration

N¢ = Cg/lCv = MU/BD+ W

VIII.1.3.5 Discussion

Water entersthe cooling systemthrough the makeup line. Water must be A ma-d p
compensatdor the lossesdue to evaporation,i wi n dand teréaugh the blow-down. The
i wi n drapgesentthe quantity of water, which in the form of dropletsescapeghe cooling
tower. It is assumedthat the droplets carry with them the entrainedchemicalsat the same
concentratiorasin the blow-down.

As waterrecirculateghroughthep | a equipn®entjt takesheatwith it, which in turn is taken
out in the cooling tower through evaporation.No chemicalsare carriedover with the water
vapour(evaporatedvater).

The Evaporation Rate i E 0 results from design requirements.To compensatefor the
evaporationwindage(and blow-down losses- seebelow) it is necessaryo continueto feedan
equivalentamountof makeup water.

Make-up water, be it well water, or surfacewater, carries with it dissolvedand suspended
solids, and the concentratiorand type of which will vary from caseto case.A portion of the
recirculatingwater must, hence,be i b | @ w nw fdidcharged)to avoid the concentrationof
input substance® increaseabovetolerablevaluesdueto evaporation.

The value of the blow-down rate mustbe fixed in orderto maintainan optimum concentration
of substancem therecirculatingwater,which will avoid, togethemwith the appropriate chemical
treatmentfouling (throughprecipitationand depositionof solids)andcorrosion.

The blow-down rate is fixed when designingthe chemicaltreatmentand operatingconditions.
Frequentlyin practice,andin older systemsthe blow-down cannotbe controlled. It results,at
leastpatrtially, from unplannedvaterlossesrom variouspartsof the equipmenbeingcooled.

The Numberof Cyclesof Concentrations the ratio betweenthe concentratiorof substancem
the blow-down andthatin the makeup water. For instanceif the concentratiorof the Calcium
ion in the makeup is 200 ppm, with a Numberof Cyclesof 2, the concentratiorof Calciumin
therecirculatingwaterwill be equalto 400ppm.

The materialbalanceabove,showsthat the Numberof Cyclesof Concentrationis equalto the
ratio MU/(BD +W), andwhenignoringthe windage to theratio MU/BD.

Chemicalsare fed to the cooling systemeither (rarely) in the makeup line, or into the cooling
tower basin. A certain concentrationof chemicalsmust be fimaintaire d id the recirculating
water,whichis equivalento saying,maintainedn theblow-downwater.The higher the Number
of Cyclesthe lower the blow-down, the more severethe conditionsof the systembut thelower
the quantityof chemicalscontinuallylost.

This latest statements true with the exceptionthat when makeup substancesre allowed to
concentratemore and more in the tower, more and different chemicalsmay be necessanto
maintainappropriatedepositioncorrosionbalancein the system.

In principle, though,in orderto savewater and chemicals(consumptioncosts,and impacton
the environment)a fine balancemust be soughtat the highestpossibleNumber of Cycles of
Concentration.

A certainconcentratiorof treatmentchemicalsmustbefi ma i n t imthereszictdatingwater,
and,hencejn the blow-downin orderfor thechemicaldo performtheir function.
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Normally, in complex multi-substancdreatmentsijt is prescribedthat the level of one easily
measurablesubstancejs controlled and maintainedat the values advised by the chemicals
suppliersThis correspondso theimplicit assumptiorthattheratioamongthe different chemicals
staysthe sameyegardles®f differentratesof i | o so$tkemndividual chemicalsn thesystem.

It alsocorrespond$o theimportantassumptiorthat, if theconcentratiorof chemicalss measured
(one chemicalmeasuredthe others calculated)in the blow-down, this value corresponddo
what is availablein the cooling system,and that any other lossesin the latter havealready
beentakeninto account.

In otherwords, to evaluatethe impact of the chemical(s)on the aquatiecenvironmentonly the
fate, or the variationsin the concentrationof the chemicaldownstreanof the blow-down line
point, needsto be predicted(i.e. previouslymentionedasii s y s tossesaind the reductionsin
concentrationdueto processesuchashydrolysis,adsorptioretc-arealreadytakeninto account).

This assumptiorwill beusedin the BenchmarkingAssessmentoncept.

Vill.1.4 Calculation of PEC and benchmarking

Table VIII.1 below summariseshe simple approachsuggestedfior Benchmarkingof single
substances.

The suggeste@pproactstartswith the conceptof calculatingthe i r e REG@, andto divide it
by the correspondenEQS,asderivedfrom theWFD.

TableVIIl.1 below, showshowthefi r e REIC ¢anbe calculated,and how, throughsuccessive
approximationsijt is possibleto normalise/standardisine PEC estimation,and so renderthe
calculationapplicablefor i b e n ¢ h m purpksesif ghie BD rate, the River flow, and the
lossesof chemicalsare known, the Concentratiorof the substancén the river resultsfrom the
very simpleequation(1) reportedn thetable.
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Table VIII.1: Calculation of PEC and Benchmarking

PECve/EQS (EQS from Water Framework)

Cs = Concentratiornn Blow-Down gr/mc

Cr= Concentrationn River gr/mc= PEGiver

BD = Blow-Down Ratein mc/hr

Whr = River Flow in mc/hr

t=(1- % lossesn Tower)

w = (1 - % lossesn WasteWaterTreatmen®Plant- WTP)
R =(1- % lossesn River)

D) Cr=BDxCgx (1) x (W) x (1) Local Assessment/Pred|
Wr

t=1 w=1 r=1 BD=1

If alsoWr = 1 wehaveCg = Cr = proportionalto PECriver

Equation(1), with all its elementsknown or calculatedcanbe usedassuchonly for local level
assessments.

To evaluatethe lossedn the cooling system,in the wastetreatmentplant, andin theriver itself,

a lot of specificdataneedso be availableregardingchemicaland physicochemicatiataof each
substanceThis rangesfrom volatility, to biodegradabilityand depositionrate and concernghe
specificconditionsof the system,suchasresidencdime of chemicalsin the tower (proportional
to the ratio Volume of System/BlowDown rate), type and performanceof waste treatment
plants(chemicalandbiological), residencdime in theriver afterinitial mixing, andothers.

In a i desk top fi benchmarkingapproachthesedata are not available. Hence the need for

simplification and approximation.

- First of all it is assumedsee Table VIIl.1) that the lossesin the cooling systemare
takenalreadyinto accountby referringto the concentratiorof the chemicalin the blow
down.

Secondlit is assumedhatno lossegdakeplacein the wastetreatmenplant.

- This secondassumptioris clearly not correctin the i r evapIr F it gutsall chemicals
on the samelevel, whetheror not they may be lost throughprecipitationin a chemical
treatmentplant, or throughpartial or completebio-degradatiorin a biological treatment
plant. Consideratiomrmay be given to introducinga correctionfactor for chemicalswith
different degreesof biodegradability; but it would also introduce a differentiation
betweerdifferenttreatmensituationswhich will vary from caseto caseandsiteto site.

- Thirdly, it is assumedhatno lossesoccurin theriver, andthis is normally donein risk
assessmergvaluations.

The key to the proposedBenchmarkingapproachlies in the next assumptionsthat is that the
Blow-Down Rateis equalto 1, and sas theriver flow.

This meansthe PEC value has beennormalised(i.e. PEGiandardisely t0 allow the comparison
amongchemicalsjndependentf Blow-Down rate (size of plant and operatingconditions),and
of River Flow.

It is obviousthat for the samechemicalthe PECwill be higherin a largerplantwith a higher
blow-downrate,andwhenthe plantdischargesnto a smallriver.

But this in unimportantwhen a set of chemicalsneedsto be compared(iie. i benc h mar k e d
Whatwill countfor Benchmarkingpurposess the feedrate of the chemical,or in otherwords,
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the concentrationwhich is recommendedo be i ma i n t ia therecifcalating system,and
hencein the blow down. Normally chemical suppliersrecommenda range of concentrations,
varyingfrom caseto casethe averagaecommendefeedrateshouldbe used.

VIIL.1.5 Computation methods
VIIL.1.5.1 Single Substances

Onesubstancechemicaltreatmentsvery rarely apply. In most casesvarious combinationsof
chemicalsjnorganicandorganicareusedin cooling systems.

Examplesof single substanceare mostly relatedto the useof single biocidesin the system,or
singlepolymersin Waste TreatmenPlants Still, thereis quitelikely to remain a desire, possibly
at Member State level rather than at local level, to Benchmarkthe most typical individual
substancethatareon the Market.

At locallevelit is easierto imaginethatthe necessitywill ariseto comparecompletetreatments,
one againstthe other, ratherthanindividual substancesA balancedvision of the overallimpact

of the varioussubstancesn the aquatieenvironmentcan only be acquiredat local level, when

differentproposedreatment$aveto be compared.

At any rate, the BenchmarkingProcedureproposedhere,doesimply very simple computations
for individual substancesThe averageprescribedconcentrationof the substancen the blow
downis one of the termsthat needto be known. It is generallyexpressedn partsper million
(ppm) or milligrams per litre (mg/l) in the blow-down, and abovewe refer to this numberas

P EQtandardised

The otherelementof the Equationis the PNECor EQS. This may eitherhavebeenalreadyfixed
by the Member State,or it will haveto be i a g r atéchbevel usingthe WFD Annex V
procedurebasedn datafurnishedoy thesupplierof chemicalsEQSsarealsonormally expressed
in ppm,andsometimesn ppbor microgramsperliter.

The PEC/PNECtratio can hencebe easily calculatedfor all the substanceswhich needto be
assessedlhe resultingvalueis a purely numericalratio (if both PNEC and EQS are expressed
in the sameunits, ppm, or ppb). The lower the ratio, the less the potential impact of the
substance.

It is stressedbnce more that this BenchmarkingAssessmen€onceptrepresentsa standardised
methodologyfor assessingotentialimpactsof cooling water chemicals,which strips out all
localspecific characteristicsand all physicachemical characteristicoof substancegxceptfor
toxicity. As such,it canperformausefulfunctionin helpingidentify areaghat require additional
investigation,andin designingchemicaltreatmentsnto the overall operatingdesign procedures
of the plant. However, it is not suitablenor intendedfor useasa decisiontool for local level
assessmentshe fact that one substancanay have a lower PEGiangardised EQS ratio doesnot
imply thatthis is necessariljthe bestchoicefor a particularsituationonceotherlocal, plantand
substancespecificfactorsaretakeninto account.

VIIl.1.5.2 Complex multi -substancedreatments

This will in practicemost often be the casefaced by local authoritiesand plant operatorsin
permitapplications.

Before carryingout, with the assistancef the supplier,a completesubstancéy substanceeal
life PEC evaluation,which may be necessanjin certain cases,the simplified benchmarking
approachmay be usedto help design chemical treatmentsinto the overall operatingdesign
procedure®f the plant.

Industrial Cooling Systems

226



Annex VIl |

Consideratiormay be given to using an additive procedurewherebythe PEC/PNECratios for
eachindividual substances calculatedwith the method explained above, and they are then
addedtogetherto yield arelativefi i n dnanxbér. This approachis similar to that usedfor the
classificationof chemicalpreparationdasedon the classificationof the individual substancesf
which they are composedThe lower the value of the resultingsum the lessis the foreseeable
environmentalmpactof the complextreatment.

Needlesdo say,a sumof all the valuesof individual ratios, leadingto a figure of lessthan1
would be preferableto a result above 1.This would have meaningonly when the real local
dilution factoris knownandinsertedn the evaluation.

However,when valuesabovel arefound, andit is felt that, from a technicalstand point the
specifictreatmentpresentther environmental/economiadvantageglesswater, lessenergy)it
will be necessaryto go into a more sophisticatedisk assessmermrocedure.This may imply
both a precisecalculationof all the lossesof the chemicalin the system(fate) and a refinement
of theevaluationof the PNEC (ChronicDatainsteadof Acute).

It would not seemthat actually carrying out centrally in the BREF, or even at Member State
level, a generalbenchmarkingexerciseincluding all possibletreatmentsand combinationsis a
realistic idea. Multi-substanceBenchmarking(i.e. of treatments)is more appropriatelyto be
considered local affair andreferencdas madeto SectionVIl.2 of this Annex.
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VIII.1.6 Appendix I: extract from technicalguidancedocument

Chapter 3 (Environmental Risk Assessment)section 3.3.1 of Part || of i T e ¢ h muidarkce
document in_support of Commission Directive 93/67/EEC on risk assessmenfor new notified
substances and Commission Regulation (EC) no 1488/94 on risk assessment for existing
Ssubstanceso

3.3 Effects assessmenfior the aquatic compartment
3.3.1 Calculation of PNEC

The function of risk assessmenis the overall protection of the environment. Certain
assumption@re madeconcerningthe aquatieenvironmentwhich allow, howeveruncertain,an
extrapolationto be madefrom singlespeciesshortterm toxicity datato ecosysteneffects.lt is
assumedhat:

1 ecosystensensitivitydependon the mostsensitivespeciesand
9 protectingof ecosystenstructureprotectscommunityfunction.

Thesetwo assumptiondiaveimportantconsequence®y establishingwhich speciess the most
sensitiveto the toxic effectsof a chemicalin the laboratory,extrapolationcan subsequenthpe
basedon the datafrom that species.Furthermore the functioning of any ecosystenin which
that speciesexistsis protectedprovidedthe structureis not sufficiently distortedasto causean
imbalance.lt is generallyacceptedhat protectionof the most sensitivespeciesshould protect
structure and hencefunction.

For all new substancethe pool of datafrom which to predictecosysteneffectsis very limited:
only shortterm dataare availableat the baseset. For most existing substanceshe situationis
the same:in manycasespnly shorttermtoxicity dataare available.In thesecircumstancest is
recognisedthat, while not having a strong scientific validity, empirically derived assessment
factors must be used. Assessmenfactors have also been proposedby the EPA and OECD
(OECD, 1992d). In applying such factors, the intention is to predict a concentrationbelow
which an unacceptableffect will mostlikely not occur. It is not intendedto be a level below
which the chemicalis consideredo be safe. However, again,it is likely that an unacceptable
effectwill occur.

In establishinghe size of theseassessmerfactors,a numberof uncertaintiesnustbe addressed
to be ableto extrapolatdrom single speciedaboratorydatato a multi-speciesecosystemThese
areashave beenadequatelydiscussedn other papers,and may bestbe summarisedunderthe
following headings:

1 Intra- andinterlaboratoryvariationof toxicity data

1 Intra andinter-speciesvariations(biological variance)

1 Shorttermto long-termtoxicity extrapolation

9 Laboratorydatato field impactextrapolation
(Extrapolationis requiredfrom monospeciegdeststo ecosystemAdditive,
synergisticandantagonistieffectsarisingfrom the presencef othersubstances
mayalsoplay arole).

The size of the assessmenfiactor dependson the confidencewith which a PNEGyaercan be

derivedfrom the availabledata. This confidenceincreasesif dataare availableon the toxicity

to organismsat a numberof trophic levels, taxonomicgroupsand with lifestyles representing
various feeding strategies.Thus, lower assessmenfactors can be usedwith larger and more

relevantdatasetsthanthe basesetdata. The proposedassessmerfactorsare presentedn Table

VIIL1.
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For new substanceand assessmerfactor of 1000will be appliedon the lowest L(E)Cso of the

baseset. Also for existing substancethe assessmerftictor is generallyappliedto the lowestof

the relevant available toxicity data, irrespectiveof whetherthe speciestestedis a standard
organism(seenotesto Table 14). For shortterm tests,the L(E)Cso is used,while the NOEC is

usedwith long-term tests.For somecompoundsa large numberof validatedshortterm L(E)Cso

valuesmay be available.Therefore,it is proposedo calculatethe arithmeticmeanif morethan
oneL(E)Csovalueis availablefor the samespeciesPrior to calculatingthe arithmeticmeanan

analysisof testconditionshasto be donein orderto find out why differencesin responsevere
found.

Thealgal growth inhibition testof the basesetis, in principle, a multi-generatiortest. However,
for the purposesof applying the appropriateassessmerfactors, the ECsois treatedas a short
term toxicity value. The NOEC from this testmay be usedas an additional NOEC when other
long-term data are available.In general,an algal NOEC should not be used unsupportedby
long-term NOECsof speciesof other trophic levels. However,if a chemicalshowsa specific
toxicity to algae,the algal NOEC determinedfrom the baseset test should be supportedby a
secondalgaespeciegest.

Microorganismsrepresentinga further trophic level may only be usedif nonadaptedpure
cultureswere tested.The investigationswith bacteria(e.g., growth tests)are regardedas short
term tests. Additionally, blue-greenalgae should be countedamongthe primary producersto
their autotrophicnutrition.

Table VIII.2: Assessmentactors to derive a PNEC

Description Assessmentactor
At Ieastoneshortterm L_(E)Cso from eachof threetrophic levels of 1000@
thebaseset(fish, Daphniaandalgae)
Onelong-termNOEC (eitherfish or Daphnia) 100®)
Two long-term NOECsfrom speciegepresentingwo trophic levels 50
(fish and/orDaphniaand/oralgae)
Longterm NOECs from at least three species (normally fish, 10

Daphniaandalgae)epresentinghreetrophiclevels

Reviewedon acaseby case

Field dataor modelecosystems basi<®

NOTES:

@) The useof a factor of 1000 on shorttermtoxicity datais a conservativeand protective
factor and is designedto ensurethat substancesvith the potential to causeadverse
effects are identified in the effects assessmentlt assumesthat eachof the above
identified uncertaintiesnakesa significantcontributionto the overalluncertainty.

For any given substanceéhere may be evidencethat this is not so, or that one particular
componenbf the uncertaintyis more importantthan any other. In thesecircumstances
it may be necessaryo vary this factor. This variation may lead to a raisedor lowered
assessmentactor depending on the evidenceavailable. Except for substanceswith
intermittent release(see Section 3.3.2) under no circumstanceshould a factor lower
than 100 be usedin deriving a PNEGyater from shortterm toxicity data. Evidencefor
varyingthe assessmeriaictor could includeoneor moreof the following aspects:

1 evidencefrom structurally similar compoundgEvidencefrom a closely related
compoundnay demonstrat¢hata higheror lower factor may be appropriate).
1 knowledgeof the modeof action.(Somesubstancedyy virtue of their structure,

may be knownto actin a nonspecificmanner.A lower factor may thereforebe
considered.Equally a known specific mode of action may lead to a raised
factor).
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i the availability of datafrom a wide selectionof speciescovering additional
taxonomicgroupsotherthanthoserepresentetby the basesetspecies.
1 the availability of datafrom a variety of speciescoveringthe taxonomicgroups

of basesetspeciesacrossat leastthreetrophiclevels.
In sucha casetheassessmetiaictorsmay only be loweredif thesemultiple data
pointsareavailablefor the mostsensitivetaxonomicgroup.

There are caseswhere the baseset is not complete: e.g., for substancesyhich are
producedat < 1 t/a (notificationsaccordingto Annex VIl B of Directive 92/32/EEC) At

the most the acutetoxicity for Daphniais determined.In theseexceptionalcases;the
PNEC should be calculatedwith a factor of 1000. Variation from a factor of 1000
should not be regardedas normal and should be fully supportedby accompanying
evidence.

(b) An assessmerfactor of 100 appliesto a single long-term NOEC (fish or Daphnia)if
this NOEC wasgeneratedor the trophic level showingthe lowestL(E)Csoin the short
term tests.If the only availablelong-term NOEC is from a species(standardor non
standardorganism)which doesnot havethe lowestL(E)Cso from the shortterm tests, it
cannotbe regardedas protective of other more sensitivespeciesusing the assessment
factors available.Thus, the effects assessment basedon the shortterm datawith an
assessmerfactor of 1000. However,the resultingPNEC basedon shortterm datamay
not be higherthanthe PNECbasedon thelong-termNOEC available.

An assessmerfidctorof 100appliesalsoto thelowestof two long-term NOECs covering
two trophic levels when such NOECshavenot been generatedfrom that showing
thelowestL(E)Cso of the shorttermtests.

© An assessmerfactor of 50 appliesto the lowest of two NOECs coveringtwo trophic
levels when such NOECs have beengeneratedcovering that level showingthe lowest
L(E)Cso in the shortterm tests. It also appliesto the lowest of three NOECs covering
threetrophiclevelswhensuchNOECshavenot beengeneratedrom thatlevel showing
thelowestL(E)Cso in the shorttermtests.

(d) An assessmentactor of 10 will normally only be applied when long-term toxicity
NOECsare availablefrom at leastthree speciesacrossthreetrophic levels (e.g., fish,
Daphnia,andalgaeor a non-standardrganisminsteadof a standarcbrganism).

When examining the resultsof long-term toxicity studies,the PNEGuaer Shouldbe
calculated from the lowest available no observed effect concentration (NOEC).
Extrapolationto the ecosysteneffects can be madewith much greaterconfidence,and
thus a reduction of the assessmentfiactor to 10 is possible.This is only sufficient,
however,if the speciegestedcan be consideredo represenbne of the more sensitive
groups.This would normally only be possibleto determineif datawere availableon at
leastthreespeciesacrosghreetrophiclevels. It may sometimesde possibleto determine
with high probability that the most sensitive specieshas been examined,i.e., that a
further long-term NOEC from a different taxonomicgroup would not be lower than
the dataalreadyavailable.In thosecircumstances factor of 10 appliedto the lowest
NOEC from only two specieswould also be appropriateThis is particularly important
if the substancedoes nothaveapotentialto bioaccumulatelf it is not possibleto make
this judgment,then an assessmerfactor of 50 shouldbe appliedto take into account
any interspeciesvariation in sensitivity. A factor of 10 cannotbe decreasedn the
basisof laboratorystudies.

(e) The assessmeritictor to be usedon mesocosnstudiesor (semi)field datawill needto
bereviewedon a caseby casebasis.
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For compoundsvith a high log Kow no shorttermtoxicity may be found. Also, evenin
long-term teststhis may be the caseor steadystatemay still not havebeenreachedFor
testswith fish for nonpolar narcoticsthe latter canbe substantiatedby the useof long-
term QSARs (see Section 3.2.1.2 and Chapter4 on the Use of QSARS).It can be
consideredo usea higherassessmerfactorin suchcaseswvheresteadystateseemanot
to havebeenreached.

For substancefor which no toxicity is observedn shorttermtestsa long-termtesthas
to becarriedoutif thelog Kow > 3 (or BCF > 100) andif the PEGocaliregionaliS > 1/100th
of the watersolubility (seeSection4.5). Thelongtermtoxicity testshouldnormally be
a Daphniatestto avoid unnecessaryertebratetesting. The NOEC from this test can
thenbe usedwith an assessmerfactor of 100. If in additionto the requiredlong-term
testa NOEC s determinedrom an algaetest of the basesetan assessmeriaictor of 50
is applied.

The effects assessmenperformed with assessmenfactors can be supportedby a
statistical extrapolationmethodif the data basisis sufficient for its application (see
AppendixV).

VII.2 Conceptof a local assessmenimethod for cooling water
treatment chemicals, with a particular emphasison
biocides

VIIL.2.1 Introduction

One of the major environmentalissuesidentified in the industrial cooling systemsBREF
concerningwet cooling systemss the chemicaltreatmentof cooling water (anti-corrosion;antk
scaling, antifouling, biofouling control), and the resulting emissionsto surface water.
Particularemphasidgs placedon biocides,dueto their inherenthigh toxicity, which is necessary
asaresultof the particularfunctionthey mustperform.

The cooling BREF identifies three levels at which techniquesmay be employedto reducethe
impactof coolingwateradditives/biocideson receivingwaterbodies:

1. Preventivemeasureg¢Table4.7)

2. Optimisationof operationjncluding monitoring(Table4.8)

3. Selection& applicationof additives(Table4.8)

Thethreelevelsof controlinteractwith eachother,anddiscussionsn the TWG have established
that the selectionof appropriateadditivesis a complex exercise,which musttake into account
a numberof local andsite-specificfactors.

The need to provide an outline of the conceptsunderlying assessmenbf cooling water
additives/biocideshas been identified as an important BAT measureto help reduce the
environmentalimpact of additives, and biocidesin particular.In this connection,the BREF
containsaan Annexwhich establishea screeningassessmembol basedn existing methodologies
and data ( A Be nc h A& rsleis s gaednChapter;3 also provides some background
informationon the assessmemegimesusedin the Netherlandsand Germany.

In a horizontal BREF it is only possibleand appropriateto concludein generaltermson the
conceptswhich will facilitate the applicationof BAT principlesregardingselectionof biocides
and other additives. Specific installation characteristics,climatic conditions and the local
environmentare key elementsin the determinationof a BAT compatibleapproachat the local
level for individual installations.
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The justification for the emphasison biocidesin any assessmemntegimeis that their intrinsic
propertiesresultin thembeing consideredo be of higherpotentialconcernin termsof impacts
on receivingwater bodies.At the point of exit, dischargegrom cooling systemsusing biocides
may exhibit acutetoxicity. Local circumstancesthe characteristicef the substancegmployed,
and in particularthe actual dilution in the receiving water, determinewhether Environmental
Quality Standards(EQSs)can be met. Properselectionand reduction of potentialimpacts
resulting from biocide use can only be adequatelyaddressedvhen potential impactscan be
assessedThe yardstick by which a BAT-compatibleapproachto the applicationof additives/
biocidescanbejudgedis the environmentaktatusof thereceivingwaterbody.

For the abovereasonsthe horizontal cooling BREF shouldprovide guidanceon how to address
site-specific issuesin the local level assessmendf biocidesusedin cooling systems.Such a
local assessmentan be seenas a subsequentand more detailed step following an (optional)
preliminaryscreeningexercisesuchasthe BenchmarkMethod presentedn the AnnexVI.1.

Therefore,the BREF aimsto provide guidanceon the conceptselevantto assessmertf local
circumstanceswithout prescribingthe methodologyitself. Numerousand constantly evolving
methodologiesand modelsare availablefor assessindocal level emissionsscenariogranging
from simple to highly sophisticated)It should be up to permit applicantsand Member State
authoritiesto selectand use methodologieswhich are appropriateto the local conditionsand
thelevel of concernaboutpotentialenvironmentakffects.

VIINL2.2 Key elements

In the context of how to addressminimisation of the impact specifically of biocide use in
cooling systemsaccordingto the principlesof BAT, therearetwo key building blocksthat it is
importantto be awareof:

1 The Biocidal ProductsDirective 98/8/EC (BPD), which since 14/5/2000has regulatedthe
placing on the Europearmarketof biocidal products.In this context,the EU will examine
exposurescenario$n orderto evaluateherisks associateavith all the23 product categories
which are covered.One of the producttypes consideredior authorisationcovers biocides
usedin cooling systems(producttype 11). New biocidesareto be assesseadnd approved
immediatelyaccordingto the Directive. An extensiorhasbeenmadefor existing substances,
whichwill bereviewedin duecourse.

1 The future Water FrameworkDirective (WFD), which providesa whole host of quality
related objectives. These specifically include a methodologyto be used to establish
EnvironmentalQuality Standardq4EQSs)for chemical substanceswhich is laid down in
Annex V of the WFD text. The methodologyfor setting EQSsis identical to that usedto
determineconservativePredictedNo Effect ConcentrationgPNECSs)accordingto the testing
methoddlaid downin EU chemicaldegislation. The methodincorporatesa i s a ff eatcyt or 0
of up to 1000in orderto take accountof the uncertaintiesnvolved in extrapolating from
toxicity testingon selectedbrganismgo the protectionof the aquaticecosystem.

Toxicity datafor biocidesusedin cooling systemss either alreadygenerallyavailable,or will
be madeavailabletogetherwith dataon otherrelevantintrinsic properties(e.g. biodegradability,
bioaccumulationaccordingto the registrationproceduredaid down underthe BPD. Basedon
this datathe methodologylaid downin AnnexV of the WFD canbe usedto determinethe EQS
(i.e.the PNECvalue)for a substancén water.

The EQS can then be comparedto the PredictedEnvironmentalConcentration(PEC) to help
determinewhat potentialthere may be for impactto occur. Sincethe EQS correspondgo the
PNEC, thisis frequentlyreferredto asafi P EE®NECc o mp a r As satedabove,numerous
methodsare availableto calculatethe concentrationof substanceexpectedto be found in

receivingwatersasa resultof a discharggi.e. PEC).
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ThePEC/PNEGraluecanbeusedasa yardstickfor the BAT determinatiorfor aBAT compatible
approachfor biocidesusedin cooling systemslt should howeverbe recognisedhat a certain
distinction in this approachhasto be madebetweennew and existing installations.A PEC:

PNEC value of <1 in the receiving water after realistic mixing & dilution could provide the
yardstick(asa limit value)for biocideusein new cooling systemsFor existing cooling systems
where many design parameters& other installation characteristicsare already establishedt

will not alwaysbe possibleo achievePEC : PNEC <1 atacostwhich is economicallyviable
as describedin the definition of BAT. In thesecasesthe PEC: PNEC<1 should remain the
target (as a benchmark),but may have to be considereda longer term goal which fits with

equipmenteplacementyclesetc.

Figure VIII.2 shows a graphical presentationgiving an exampleof how a BAT-compatible
approachmight be determinedfor the use of biocidesin existing cooling systems.Properly
optimisedoperationin a well designedcooling systemcan be consideredBAT whena PEC::
PNECvalue<1 is achieved.For installationsthat cannotachievePEC : PNEC <1 dueto sub
optimal designor otherlocal/ site-specific factors,it will be necessaryo optimisethe operation
of the systemasfar asis feasible.
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Figure VIIl.2: Combined approach for the assessmentof cooling water biocides for existing
installations
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Legendto FigureVIIl.2:

1) implementatiorof this directiveis underpreparation

2) optimisationof the usebiocidedueto monitoringof parameterselevantfor the control
of the cooling systemandoptimisationof dosaggpreferautomaticdosage);

2) measuresuch as pretreatmentgside-streamfiltration can be consideredAlso endof-
pipe measurescan be taken into account.A choice for a measureis often situatior
related.A wide variety of endof-pipe measuresan be consideredsuch as biologica
treatmentsandfiltration, adsorptiortechniguespxidationby ozoneetc. etc.

4) in this case(normal) BAT criteriatowardsmeasurefiaveto be applied;this meansan
evaluationof differentaspectsuchas:availability of measuresgconomicimpactof the
necessaryneasureselatedto environmentalmpactof a measure;

5) in this caseif we aredealingwith an optimisedsituationin termsof implementatiorof
measuregprocesscontrol, optimisationof the use of biocidesand implementationof
endof-pipe measureshll within the normal criteria of BAT for abatemenimeasure
(seed). The resultof the aboveevaluationrepresentshe solution which comescloses
to theaim PEC/PNEC= 1. Otherappropriateadditives(with lessenvironmentaimpact
are not available. For this reason this can be consideredas BAT for existing
installations.

VIIL.2.3 Example of proposedlocal assessmenmethod
[tm004, Baltus and Berbee,1996]and [tm149, Baltus et al, 1999]

In the following an examplehas beenworked out accordingto the method which has been
discussedat 29-31"May TWG Meeting in Seville and elaboratedsince that time into the
proposalfor the assessmerttf biocidesin Annex VIl of this BREF.

Accordingto the schemeof the proposathreemajor stepscanbedistinguished:

1) The SELECTIONOF BIOCIDES:

The selection of biocidesis a tailor made choice for eachand every cooling system,and
normally is the resultof expertdiscussiondetweenplant operatorsand chemicalsuppliers.The
benchmarkmethodologydescribedin appendixVIl of this BREF documentcan be a very use
full supporttool in the considerationgor the selectionof biocides.It should be notedthat the
resultof this stepis only a first prioritisation of possiblebiocides.The further elaborationin step
2 and3 mightresultin a differentorderof preferenceof possiblebiocides.

2) The OPTIMISATION STEP:

The optimisationstepincludesall kinds of process dosage and monitoringtechniquesas well
as purification of make up water, sidestreamfiltration and processcontrol measuressuch a
temporallyclosureof the bleedof arecirculationsystem.

3) The LOCAL ASSESSMENT:

Thelocal assessmers the final stepin the assessmertf biocidesand providesplantoperators,
chemicalsuppliersand regulatorsa yard stick which enableshemto determineto what extent
operationscontroltechniqguesindmeasurestaveto be appliedin orderto meetlocal EQSs.

As examplethe following situationhasbeenelaborateda recirculatingcooling systemhasto be
treated with chemicals to prevent microbiological fouling of the cooling system. The
dimensionof the cooling systemare presentedn FigureVIII.3.
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V-cooling system = 4500 [m°]
Recirculating flow = 18000 [m3/hr] \\ Concentration factor (n) =3
»

Optimisation measures
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Pretreatment measures -

> biotreater
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Predictedconcentratiorof biocidein
surfacewater

Figure VIIL.3: Schematic representation of a recirculating cooling systemwith the data for the
exampleof a local selectionmethod of cooling systemschemicals

For this examplethe assumptioris made,that the resultof step1 (Benchmarkmethod)resulted
in the selectionof the biocideshypochloritein combinationwith dibromonitrilopropionamide
(DBNPA).

The optimisationin termsadequatemonitoring and dosageof the hypochlorite showsthat the
averageconcentrationn the effluentshouldnot exceeda concentratiorof 0.2 [mg FO/].

For the nonoxidising biocide DBPNA the optimisation results in a shock dosageat a
concentratiorof 4 [mg/l] (frequency:oncea day).

DPBNA is an additive which readily hydrolysesin water (712.= 2 hr). This property of the
additive can be a benefitin reducingthe emissionsfrom the cooling systemand the realisation
of a more effective use of the biocide. By closing the dischargeduring and after dosagefor a
certain period the concentratiorof the biocide will be reducedin the system.In this particular
casewhereDPBNA is beenconsideredthetemporallyclosureof the bleedprovidesan additional
(optimisation)option to reducethe amountof biocidesdischargednto the environmentFrom
the operatorgpoint of view the questionis: to what extentwill it be possible to closethe bleed
of the recirculatingsystem,in orderto reducethe concentratiorof DBPNA throughhydrolysis
to a sufficient level, without hamperinga good operationalperformanceof thecooling system?
This sufficientlevel is a concentratiorof DPBNA in the effluentleadingto a concentrationin
the recipient (PEC: predictedenvironmentalconcentration)which will not exceedhe EQS.

In the next table the predictedconcentrationof DBNPA in severaltypes of surfacewater is
calculatedandin the last column the reductionpercentageequiredto meetthe EQS for these
surfacewatershasbeendetermined.
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Table VIII.3: Predicted concentrationsof DBNPA in different surfacewatersfor this example

ggléﬁtclﬁlr]éting:oolingsystem dischargevolume(bleed): 203[m3/hr]; biocideused: DBPNA ;
Dosage shock(daily) : concentration 4 [mg/l] ; EQS: 7 [0g/l].
Dimensions _ Necessary

Receivingwater Flow Width | Depth | Velocity D!l]ftté?n [Egﬁ]: reduction [%]

[m3/sec]| [m] [m] [m/sec] discharge to meetEQS
Averageriver 25 50 2,6 0,192 110 36,4 80,5
Largeriver 262 125 3,8 0,552 770 5,2 0
Smallriver/brook 1 10 15 0,067 10 400 98,5
Largecanal 40 200 6 0,033 92 43,5 83,9
Smallcanal 2 25 2 0,04 14 286 97,6
Ditch 0,15 5 1 0,03 3 1333 99,5
Lake - - 15 0,01 3 1333 99,5

TheTableVIIl.3 showsthat a direct dischargdeadsto an exceedingof the EQSfor mostof the
selectedsurfacewaters.Only a dischargeof the effluentin a large river leadsto an acceptable
concentratiorof DBPNA in surfacewater.

For this examplethe PEC is calculatedusing a model which is generally exceptedin the
Netherlandsand is usedby permitting authoritiesfor a local impactassessmerdfter BAT in a
moregeneralsensenasbeendeterminedcombinedapproach)The Dutch modelis basedon the
Fisher equations.The PEC is calculatedat a distanceof 10 times the width of the receiving
watersystemwith a maximumof 1000m (for lakesat adistanceof 1 of thediameter).

It is expectedthat most memberstateswill havetheir own methodologiesor will usedilution
factorsfor differenttype of recipientsto determineghe PEC.

The EnvironmentalQuality Standardfor DBPNA is calculatedaccordingthe methodologythat
hasbeenlaid downin AnnexV of the Water FrameworkDirective. The datalisted in the table
belowresultin a n EQSfor DBNPA of 7 [ug/l]. (one NOEC and 3 acutedataresultin a safety
factorof 100;lowestconcentratiordll00 7 [ug/l] [1]).

Table VIII.4: Ecologicaldata of DBNPA

Parameter Concentration
LC-50((fish) 96-hr 2 [mg/l]
MIC (algea) 2 [ma/]
LC-50(crustacean) 0.7[mg/l]
NOEC(fish) 4[mg/]

Temporarilyclosureof the bleedof the systemis a good option to optimisethe useof biocides
andto decreas¢heload of biocidesdischargedvhenreadily degradabledditivesareused.

In the following table the necessaryime neededto reducethe emissionof biocidesto sucha
level that EQS after dischargecan be metin the surfacewateris presentedln the last column
of thistablethe consequencesf this closurein termsof the increaseof the salt concentratiorin

therecirculatingwaterhasbeencalculated.
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Table VIIL.5: Consequencesf closingthe discharge

Situation:

biocideDBPNA: k = 0,3[sec!] ; t1p=2hr; Co=4[mg/l] ; C=Co * exp-(Qv/V+k)*t [1];
V =volumeof thesystemIm3] ; Qv =discharggm3/hr]; t =time[hr].

Necessary Necessarytime the
Receivingwater reduction dischargeis closed Remarks
[%] [hr]

Averageriver 80.5 3.7 increasingconcentratiorof salts: factorl.2
Largeriver 0 0

Smallriver/brook 98.5 10.7 increasingconcentratiorof salts: factor1,8
Largecanal 83.9 4.3 increasingconcentratiorof salts: factorl,2
smallcanal 97.6 9.7 increasingconcentratiorof salts: factorl,7
Ditch 99.5 14.2 increasingconcentratiorof salts: factor2,5
Lake 99.5 14.2 increasingconcentratiorof salts: factor2,5

Dependingon the specific situationit hasto be evaluatedwhetheror not the abovementioned
consequenceim termsof concentratiorof the inert fraction (salts)are acceptableOn the other
hand it is always possibleto anticipateon theseconsequenceby meansof extra discharge
beforedosageand closing,whichwill creatdower concentrationsf inertfraction in the cooling

system.

Further Measures:

If EQScannotbe metit hasto be evaluatedwhetheralternativebiocidesshouldbe considered
and/orothermeasuresanbetaken.

Examplesof measuresire:

1 pretreatmenbf the cooling waterused(side streanffiltration);
1 optimisationby improvemenif dosageand monitoring;
1 endof-pipetreatmentge.g.treatmeniof blow downin biologicaltreatment.
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ANNEX IX EXAMPLE OF A MODEL FOR ESTIMATING
EMISSIONS OF BIOCIDES IN THE BLOWDOWN

RIZA developeda simplified model to estimate the discharge of biocides of an open

recirculatingcoolingtower tm004, Baltusen Berbee, 1996]. This modelassumes:

T that the major way by which biocidesare lost is via the blowdown and via volatilisation,
adsorptionetc.

1 thatthis blowdownis very smallcomparedo the circulatingamountof water;

1 thatpH andtemperatur@areconstant;

T that with shockdosagethe initial concentrationis the samein the entire cooling system
immediatelyafter dosage;

1 thathydrolysisis a first order chemicalreactionand that the resulting dissociationrate is
known;

1 thevolumeof the purgeis muchsmallerthanthe volumeof therecirculatingwaterflow.

Resultingfrom theseassumptionswhich slightly simplify reality, the following equationcould
be derivedto calculatethe fraction of a biocidethat will finally be releasednto the receiving
environment:

Fraction(%) = Oy X 100%/ ( @+ KkV)

0y = purge(m/hr)
k = dissociatiorfactor(hr ™) (k=0 if substancedo notdissociate)
V = volumeof the system(m®)

The differencebetween100% of the substancendthe actualfraction releaseds assumedo be
hydrolysed.With no other chemicalreactionsassumedo take place,this model could be seen
asdescribingthe worst case.lt is realisticto expectthe percentagef biocide emittedin reality
to belower thanthe resultof this model.It is importantto acknowledgehatthis is just a model
to roughly estimatethe dischargeandthatit doesnot give any information on the toxicity of the
purge. Especially,in the caseof largely hydrolysedbiocidesthe resulting substancesan be
evenmoreharmfulthanthe original treatment.

The dissociationfactor (k) is an importantfactor asit is a measureof the speedwith which a
biocide disappearsrom the systemby dissociation.If this happensn a very short period of
time, it could be worthwhile to close the blowdown and to wait for the momentthat the
concentratiorof the biocide reachests lowestlevel. To preventthe systemfrom saltingup the
water in the systemshould be refreshedjust before dosage.The blowdown hasto be opened
after a few hoursto preventsalt concentration$o raise.lt is obviousthat this is moresuccessful
with fast hydrolysingthan with slow hydrolysingbiocides.Fasthydrolysingbiocidesaree.g.G
broomGnitrostyreenor DBNPA. A slow hydrolysingbiocidesis e.g.isothiazolines.

Someresultsfrom the useof this modelwerethatwith a pH of 8 andtemperature®etween25
4 0 Aocidescan still be quite persistentand can be emittedin the blowdown for more than
80%. The percentagef fast hydrolysingbiocidesin the blowdown appearedo be much lower
(25%). It shall not be concludedthat they are more favourableas their toxicity or that of their
dissociationproductscan be very high and thus createan evenlessfavourablesituationin the
receivingwater.
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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 annexsomedataare presentean costdatafor largeindustrialcooling systemsPricesin

practicewill vary widely asindicatedby the rangesgiven. For smallersystemgseries)costson

investmentandoperationwill bedifferentagain,butwill alsoshowa wide variation.

The generalpicture showsthat higherinvestmentcostsgo togetherwith lower operationalcosts.
It is suggestedhatthis simultaneouslycouldindicatea lower environmentaimpact.

For eachconfigurationa costindicationhasbeengiven, howevercalculationsmadeon the costs
of cooling systemsshow a wide variety and it can be concludedthat the differencesin costs
betweenthe different systemsdo not necessarilyindicate the least expensivevariant. Of the
different factorsthat in the end influence overall coststhe u s e reqiiéementsand the legal
requirementgo be met are very important. For this reasonan estimateof the feasibility of a
systemor the applicationof a techniqueshould be madefor eachindividual case.Also, the
energyprice hasto be takeninto accountand especiallyin thosecaseswhere heatrecoveryis
beingconsideredt playsanimportantrole. Costsarebasedon theyear1995.

An importantaspectin calculatingthe costsof a cooling systemand of possibleimprovements
is the comparisorbetweenthe initial investmentcostsof a system(or an applied measurejand
the resulting annual costs. In practice high investmentcosts can lead to lower maintenance
costs,but also to higher annualfixed costs,which can be an obstacleto investmentitself. For
the sakeof comparisoncostshouldbe expressedn the heatcapacitythe systemis designedor
(kWth or MWth).

Elementsand costs

For industrial (non-power plant) applicationsa numberof costdeterminingelementsTable X.1
werelisted for both watercooledand air-cooledsystemso calculatetotal costsandto compare
the different systems.The costsare beasedn the costlevels of the separatgartsof a cooling
system.In the samereferencecostsand cost variationsof separateelementsof cooling systems
weredescribed.

Fixed costs

Costsof heatexchangerglependon type, materialand size.. Plate heatexchangersre cheaper
thanshell & tube evenin more expensivematerialsuch astitanium, but are limited in allowed
pressurelevel. Condensersare approximately 25% more expensivethan shell and tube
exchangersMaterials suchas stainlesssteel or special CuNi are more expensivethan steel (up
to 2-5 times).Specialtubesmaybe 10-15% moreexpensive.

Costsfor air-coolersprimarily dependon the heatexchangingsurfaceareaand the type of fan.
The required end temperatures also reportedas a deciding factor. The material of the air-
cooled heat exchangemenerallyis lessimportantthanin water cooled systems,but this also
depend®n the corrosivenessf the substancéo be cooled.

Costsfor conduitsanddistributionvary stronglywith diametermaterialandlength.

Inlet and outlet provisionsare an an extremelylocationdependenissue.Especiallythe length,
diameterand constructionof the supply and drainagepipescan determinethe level of the costs.
A costlevel of aboutEuro 13000per MW wasindicatedfor a 300 MW installation.Thesecosts
will remainrelatively high for smallerinstallations.

Coolingwater systemsare fitted with pumpsto pump the water around.Indirect systemshave
two coolingwatercircuits andthereforeneedextrapumps.Pumpinvestments/ary accordingto
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lift, capacity and material. The cleanerthe cooling water the less critical is the choice of
requiredmaterials.

Cooling tower pricesstrongly dependon modelandsize. Plumesuppressiomnmay be requiredin
which casethe investmentdor the cooling tower will be about1.52 times higher. Collection
watertraysarealsopartof the coolingtower installation.

The cooling tower price is partially dependenbn the designspacedesired. A smallerapproach
over the cooling tower leadsto a larger and more expensivecooling tower, both as regardsthe

investmentfor the cooling tower itself, and as a resultof energyconsumption.The table below

showsthis with anexample:

Variable costs

The variable costs of cooling systemsare highly systemdependentThe most striking cost
factorsare(1995):

9 energy(0.05-0.06 europerkWh)

groundwateincluding levy, tax andpumping(0.09-22 europer m®)
groundwateexcludingpumping(0.09-0.11 europer m®)

includinglevy andtax drinking water(0.4-1.4 europerm®)

in some cases,semimanufacturedoroductsare also used, for instanceflocculatedriver
wateror raisedcondensationThe costsof thesearelower thanthoseof purchasedvater.

)l
)l
)l
)l

The determiningoperationalaspectsof coolingwater systemsare the pump energyand, in the
caseof a cooling tower, the extra ventilator and supplemenwater. Furthermorecooling water
treatmentwill addto the cost, but this varieson the appliedtreatmentwhich is associatedvith

the cooling system.Oncethrough generallyonly needbiofouling control, whereasrecirculating
systemaeedadditonaldispersingand anticorrosioragents.

The operationalcostsof dry air-cooled systemsconsistprimarily of energycosts. The energy
costsof air coolersresult from the useof fans. The maintenancecostsof air-coolersare one
third to half of thoseof systemawith shell& tubes.

Methodology

Different methodologieshave beendevelopedfor cost comparisonshetweendifferent cooling
systems.The following approachis usedas an example,but other costsmethodsare basedon
the sameprinciple. The methodis not accuratein absoluteterms and, in other words, is not
meantto be used for accurateinvestmentestimates.lt is however suitable for comparing
investmentcostsof differentcooling systems

For the various systemsuniversal cost factors have to be included and can be expressedis a
fixed percentageof the equipmentinstallation costs(Direct Field Costs,or DFC). Thesecost
factorsandthe associateghercentagem this exampleare:

-indirectcosts(5% of investmentcosts)

-engineering8% of investmentosts)

-unforeseer{15% of equipmeninstallationcosts)

Theinvestmentostsandthe costfactorsmakeup thetotal investmenicosts(TIC).

Annual costs are the total of fixed costs(interest+ depreciation)and variable (operational)
costs.It shouldbe keptin mind that a higherinvestmentnot only leadsto higher annualfixed
costs,but canalsobe an obstacleto investmentitself. Also includedin the annualcostsarethe
maintenanceosts.

Comparisons

Basedon the elementsabove the investmentfor the variouscooling systemswvas calculatedand
compared.A calculationwas also made of the accompanyingoperationalcosts. The total is
summarisedn Table X.2. In calculatingannual coststhe period of depreciationat a certain
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interesthasto be applied. The operationalcostsare also calculated Annual maintenanceosts
arebasedn thetotal investmentosts(TIC).

Table X.1: Costelementsfor water and air cooling systems
[tm001, Bloemkolk, 1997]

Water cooling
systems

X

Costtype Costelements Air coolingsystems

Heatexchanger(sjtype, sizeand
model)
Heatexchangefmaterial)
Pipelinedn processtubebridges
Pumps/reserveumps

Inlet facilities
Tubeintake/drainage
Outflowfacilities
Coolingtower(s)(possible)

Fans

Soundattenuation
Indirectsystem(extraheatexchanger,
pipes,pumps)

Fixed

X|IX|X|[ X

x

XXX XXX XX XX

Variable | Water(groundwatertapwater)
Waterdischargdee
Leakageamonitoring
Waterconditioning
Energyconsumptior{pumpsandfans)
Maintenance

XXX XXX
X

Calculationshave shown that the investmentlevel and the consumptionof energy determine
costsensitivityto a largeextent. The variationin the costsof heatexchangergshell & tube)due
to the chosenconfigurationandto the choiceof materialis very important. Cheapmaterialsand
modelsdeterminethe calculatedower limits and specialmaterialsdeterminethe upperlimit. At

the sametime it should not be forgotten that good materialscould considerablydecreasehe
costsof maintenancandoperatingandof the useof chemicals.

Calculatedas annualcosts, investmentsand operationalcostsdiffer significantly. Factorssuch
as (makeup) water requirementand price, and energyconsumptionare influential. The choice
of materialalso hasconsequencefr the annualoperatingcosts.In the casedry air-cooling is
applied, the achievable end temperatureis important and the lower the required end
temperature,the more expensive air-cooling will become. With watercooling, low end
temperature have less affect for cost estimations,unless small approachesre usedin the
calculation.
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Table X.2: Costindications for water and air cooling systemsfor industrial applicationswith the exceptionof power plants (19931995)

[tm001, Bloemkolk, 1997]

- Interest and
Installation x 1000 vetElinvestent Investmentdetermined | Operational costsx 1000 depreciation6x 1000 Clenel ot
System (EUR/MW 1) (TIC) x 1000 b (EUR/MW 1) (EURIMW ) per annual costs
o (EUR/MW ) y th yearm p (EUR/MW 1)

Oncethrough 681 182
(range0.2- 10 MW ) 34- 91
(range> 10 MW )
to elements
-heatexchangers 68 (36-136) - materialmodel - energy 45-6.8
T tubesetc. 9.1-14 - length,material - conditioning 0.5-1.8
-pumps 45- 9.1 - capacity DP - maintenance 2.7 7.7
-supply/drainage ( 9.1-14) - location

(supply/drainage)
Total 59-173 77-227 7.7-16 10-30 18- 46
Indirect oncethrough | 18- 50°3 (extra) extraheatexchangers
Total 100- 269 extraheatexchangers 10-19 13-37 23-56
wet coolingtower
(range0.2-1 MWy) 59-136 -supplement  6.3-22
(range>1MW,) 45- 68 - energy 6.5- 13
to elements -maintenance 2.3- 9.1
-cooltower 18- 45 -conditioning 1.8- 4.5
-heatexchangers 3671 136 - model
-tubes/pumps 14- 23 - material,model

- material heat
Total 68- 203 89- 266 exchangers 1941 11-35 30-76
Indirect recirculating 18 45*%(extra) - energy 9.3-16
with openwet cooling -maintenance 2.77 11
tower extraheatexchangers -conditioning  1.87 4.5

extrapumps -supplement  6.371 22
Total 86-255 112- 331 20-43 14-43 34-86
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Table X.2 continued

Total investment Interest and General total
System Installation x 1000 (TIC) X 1000 Investmentdetermined | Operational costsx 1000 | depreciation®x 1000 annuall costs
EUR/MW 1,) per
(EUR/MW ) e by (EUR/MW 1) ( year“‘) P (EUR/MW )
Dry air cooling
Direct endtemperatur® - energy 1.4-5.4
- maintenance 1.4- 3.4
Total 81-220 105288 2.8-8.8 | 1438 17- 47
Indirect extral4-45>* endtemperatur® - energy 3.6- 8.9
- maintenance 1.8- 5.4
Total 95-266 123351 5.414.3 | 1646 21-60
1. seetext
2. costsfor extraheatexchangedependingn type
Generakostsfactorsmaterials:
1 steel 1 special(bv Cu/Nialloy) 1.55.0
1 coatedsteel 1.31.7 copper 152
 rvs304/316 1.53 titanium 1.7-2.5
3. costdependnheatexchangeplusextrapumpsanddistribution;oftenplateheatexchangers.
4. systems factor2-2.5times moreexpensivewith steanplumesuppression
5. maintenanceosts3.5%;for air-cooling1-1.5%
6. assumeslepreciatiorat 5% interestwheretheannualfixed costscometo approx.13%of theinvestmentgannuities).
7. numberof operatinghoursperyear8000
8. upperpricelimit for deep coolindunctionsupto 3 0Q}lower pricelimit for 6 0QJ
9. nocostdataknown
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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 environmentaleffects of industrial cooling
systems.The generalapproachaims at preventionby properdesignand constructionwhich in
caseof new industrial cooling systemss generallyeasierto achievethan for existing systems.
The applicationof reductionmeasuresiependson the cooling configurationas well as onsite
related limits, such as space. Other factors such as energy consumption,operational
requirementsand economicswill play animportantrole aswell. Basedon the generalapproach
presentedn chapterl andappliedto reduceenvironmentalmpactasdescribedn chapter3 this
Annex describegechniquesand alternativesn more detail. The techniquesanbe consideredn
the optimisationof cooling systemsn line with the BAT-approach.

The list is an overview of the more detailedinformation on a numberof reductiontechniques
brought forward by the TWG in the exchangeof information on BAT for industrial cooling
systems.For eachtechniquethat has beenreportedby the TWG a short descriptionis given
followed by the reducing effect (quantitatively/qualitatively),crossmedia effects, plant size
limits, costs,and exampleplants.Similar to the assessmertf the appropriatecooling technique
the applicationof any of the techniquegpresentedhereafterwill haveto be assesseth the light
of the cooling configurationusedor planned.As far as selectingbetweentechniqueswith a
similar environmentabbjectiveis possible,their environmentaperformanceand their technical
applicability should be the initial selectingcriteria followed by investmentand maintenance
costsand the crossovereffectson other environmentalcompartmentsGenerally,for many of
the techniquesdescribedneither cost data, nor crossmedia effects were as yet available and
needfurtherresearch.

With respectto the application and feasibility of the techniquescare must be taken. The
environmentalresults obtained are achieved under certain processconditions and give no
guaranteefor similar quantitativeresultsin a different processenvironment. The results are
usefulto illustratethe directionof the improvementParticularlyin the caseof industrial cooling
systems,processrequirementsand coolings y s t siz@and operationvary widely and will

affecttheresultsof any abatemenineasureapplied.

X1.2 Cooling water savings throughwater reuse

The useof waterfor coolingis or might becomerestrictedeitherin generalor, temporarily, by

seasonathangesn availability thus creating periodic shortage.ln severalEuropeanMember
Statesan increasingpressureis put on industry to limit and optimise their water use. Thus,
emphasisiasbeenplacedon industryto changehetechnologyandchangeoncethrough systems
into recirculatingcooling systemsf possibleor to operatetheir recirculatingcooling towers at
higher cyclesof concentrationOther optionsin cooling towersthat are commonly appliedare
drift eliminators.

Also, a numberof watertreatmentptionscanbe to regainthe waterusedand prepareit for re-

usein the cooling cycle. Also, some policies aim at increasingthe shareof dry air cooling,

where this does not require water and thus none of the associatedproblems,whereasther
considerationsnight be alimit for this option(climate,investmentosts space).

An overview of treatmentmethodsrevealedthe following options [tm065, Meier and Fulks,
1990]:
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Cold lime-softening
Hot processsoftening
Brine concentrators
Biological treatment
Reverseosmosis
Electrodialysisreversal
Evaporationponds

= =4 =8 =4 =8 4=

Of these options reverse osmosisand electroedialysis reversal are very energy demanding
processesnd thusturn out to be relatively expensive Hot processsofteningis very efficient,

but hasthedisadvantagéhatadditionalcoolingor heatrecovenyis necessanBiological treatment
is usedto removeorganicmatterfrom waterandis especiallyinterestingas part of a treatment
programmefor wastewatetreatmenteffluent to be usedas makeup water. Evaporationponds
arean easymethodof planteffluentreduction.Their sizerequirementsnd limits to thedisposal
of the remainingsludgemay prohibit their use.

X1.2.1 Reuseof (waste)water for cooling towermake-up
[tm066, Phillips and Strittmatter, 1994]and [tm064, Meier, 1990]

Description

Waterfrom within or outsidethe plant can be usedas makeup water for cooling towers.Both
processeffluents from within the sameplantas well as effluents of municipalwastewater
treatmentplants can be applied. The chemistry of the water is important. A water audit can
providea completewaterbalanceor eachportion of the plant. This auditshouldgive information
includingthe towerwaterchemistry,on cycles of concentration,holding time index, velocity,
systemmetallurgy,temperatureandthe currenttreatmentchemistryand operatingperformance.
Sometimes the water needsto be filtered first and an wide rangeof filtration methodscanbe
applied,butin the scopeof this paperarenot addressed.

The chemistryof the waterdecidesuponthe chemicaltreatmentrequiredin the cooling towerto
maintainthe numberof cycles.Especially,an increasingcorrosivity level hasbeenreportedto
occur.In somecaseshe limiting concentratiorfactor canbe extendedoy using scaleinhibitors
to increasethe cycles of concentrationor by using techniquesas reverseosmosisto remove
dissolvedsolids.

Reduction:

The percentageof reductionis largely dependingon the demandof the recirculating cooling
systemand the availability of reusablewater at the requiredmoment.Percentagesf up to 15%
arebeingreported.

Crossmediaeffects:

Waste as filter-residuedue to filtering the water before use might have to be disposed.The
savingof freshwaterusewill haveto be assessedgainstthe environmentaknd financial costs
of the extrauseof additivesto conditionthe wastewater. The chemicaltreatmentof the stream
to bereusedcanbe very complexandmayrequireextramanpowelto operatethe system.

Application limits:

Waterreuseis an optionfor both new andexistingplantsandirrespectiveof plantsize,although
for larger demandshe supply of alternativewater resourcegnight not be sufficient. Organic
content(BOD) canbealimiting factorthatmustbe checked.

Costs
Costindicationsvary widely andarequite specificfor the plant. No indicativedataareknown.
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Exampleplants:

For refineriesit has beendemonstratedhat municipal waste water can be used as makeup
water[066, PhillipsandStrittmatter,1994]. An exampleof applyingzeroblowdownwas described
in [tm064, Meier, 1990].

Considerations

Typical problemsto be encounteredisingwastestreamsare:

1 thehighermicrobiologicalactivity dueto dissolvednutrients;

9 increasedisk of scalingdueto increasedevel of dissolvedsalts

1 fouling problemsasa resultof high levelsof iron and/orsuspendedolids;
1 corrosionproblemsdueto high levelsof total dissolvedsolids(TDS).

Possibilitiesto encounteithe aforementionegroblemssuccessfullydependon the composition
of the waste stream.Municipal waste waterswill differ greatly in water quality (it contains
typically relatively high levels of ammoniaand phosphatejn addition to significant levels of
dissolvedorganic matter. Furthermore municipal wastewatettypically containsrelatively high
concentratiorhardnesswhich may causescaling. High levels of iron and/or suspendedolids
canleadto fouling problems.Total effluent of a refinery may containhigh oil and greaseand
suspendedolidslevels,which mayincrease¢he demandor oxidisingbiocides.

XI.2.2 Zero dischargesystem
[comment, D]

Description:

A stagedcooling systemis usedto eliminate any liquid dischargefrom the cooling tower
blowdown.

Blowdown from the primary tower is performedto maintain the balanceof salts within the
limits of goodoperatingpractice Waterwhich hasa high level of highly insoluble salts (calcium
salts)is convertedto water which hasa high level of highly soluble salts(Sodium salts).This
procesccursin a softenemreactor/clarifier.

After this the blowdown flows to a direct osmosis(DO) membraneconcentratomwhich pulls
water from the blow down through membranesnto a sodium chloride brine. The brine is
reconcentratech a secondarycooling tower, the so called brine cooling tower, usingwasteheat
from the main condensers an energysource.The brine cooling tower will havea much lower
waterflow thanthe primary tower. A typical ratio of the brine flow to the primaryflow is 1 to
750.

The concentratdrom the DO membranesystemis further concentratedn a small crystallizer,
with the solidsbeingremovedand disposedf off-site. The liquid dischargeof the crystallizeris
recycledto the brinetower.

Reduction:

The reuseof primary blowdown wateris reportedto be about 75%, where the remaining part
evaporatesn the secondarycooling tower (about16%) or is containedas residualhumidity in
the solid disposal.

Using wasteheatin the brine-cooling tower reduceghe cooling load on the primary tower with
about3.5 MW ata blowdownof 45nt/h.

Crossmediaeffects:

Lower cooling load on the primary tower. Someenergyis requiredto operatethe stagedcooling
system. Emissionsin the blowdown are not dischargedin a receiving surface water but
transformednto waste Wastewill needa way for disposal.

Application limits:

The systemwill be efficient wherestrict environmentalimits exist with regardto wastewater
discharge.The systemis an option for new power and chemicalplants, but can be a retrofit
optionfor existinginstallations.
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Costs

The capitalinvestmentfor this systemis higherthan for standalonewet cooling towers. |t is
claimed that the capital investment costs of a wet cooling tower with this system are
significantly lower than for an air-cooled systemof the samecapacity. Operatingcosts with
respecto powerrequirementganbelower dueto the useof wasteheatof the maincondenser.
Theoperatingcostsof the stagedcooling systemandthe costsof the disposalof solidsareto be
assessedgainstthe environmentatostsfor conditioninganddischarginghe wastewater.

Exampleplant:
Within the EuropeanCommunityno installationis reportedto exist. Severalapplicationscan be
foundin the USA.

Considerations

In conventional technologiesfor water reuse (for instance brine concentrators)the high
temperaturebrinesthat are generatedare extremely corrosive,leadingto exotic materialsand
continuingmaintenanceassues.n the systemdescribedthe low pressurgca. 1.5 bar) and low
temperatureglessthan32'1C) operationof the DO allowsthe useof HDPE PVC andothernon
corrosivematerialsin areaswherecorrosionmay be of concern.Furtherexperiencesrethatthe
crystallizeris smallerthanin conventionakystemsBoth leadto lower maintenance.
Operationis simple anddoesnot requirespecialisedraining. No additionalbiological treatment
is required.

It needslocal considerationif the environmentalcosts of no dischargeto the surfacewater
outweighthe environmentatostsof wastedisposal.

X1.2.3 Spray ponds
[tm154, Besselinket al, 1999]

Description:

In the pastspraypondshavebeenusedto cool down the cooling water and somemay still be
operatedin Europe.Currently researchis carried out on the applicability of spray pondsfor

industrial useto reducethe thermal dischargeandto savewater. A feasibility study looks into

the useof a spraypond andinto the energysavingcomparedo a cooling tower with a capacity
of 1821 MWu. A model has beendevelopedthat calculatesthe cooling efficiency of a spray
pond dependingon weatherconditions, on the dimensionsof the spray nozzlesand on the
characteristic®f the spraypond (surfacearea,water quality). With the modelit shouldthenbe
possiblefor any specificlocal conditionsto designtherequiredspraypond.

All or part of the cooling water flow is led to a pond through sprayingnozzles.The spraying
enhanceshe cooling and theoreticallythe cooling efficiency of a spraypondis about36 times
higherthanthat of cooling pond. Spraypondscool by evaporation conductionand convection.
Evaporationis mostimportantat high air temperaturedyut conductionand convectionare more
importantunder cold weatherconditions. The capacitydependson surface,weatherconditions
(wind speed),spray nozzlesand spraying characteristicsThe heat dissipationof an effective
spraypondcanamountto 722 J/nfK.

Reduction:

Resultsfor the studiedcooling systemshow a potential energysaving comparedto the energy
useof a cooling tower that can amountto approximately6.5 kWeper MWy, of cooling. This is
equivalenwith a decreasef CO,-emission®f about38 tonsper MW+, peryear.

Crossmediaeffect:

By sprayingthe wateraerosoloccur. They play animportantrole in the spreadingof biological
contaminationTherefore,and particularlyin summer operatinga spraypond needsan adequate
watertreatmenfrogramme.
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Application:

Lack of sufficientspaceon-sitewill limit the optionsfor a sprayponddependingn the required
capacityof the cooling system.For large systemsdt may not be an option for the entire but for
part of the cooling water needand can reducethe water intake. In the US severalconventional
power plants(up to 500 MWe) usesprayponds,nuclearpower stationsusethemfor emergency
cooling.

Costs:

Spraypondinvestmentsareslightly advantageouto cooling tower investmentsf it includesthe
costsfor power supply and also consideringthe costsfor purchaseof land. The differenceis
largerin casepurchaseof land is not takeninto considerationbut this of courseis dependenbn
the priceof land.

Table XI.1: Investmentand energy costsper MW y, for spray pond and cooling tower
[tm154, Besselinket al, 1999]

Costs | Spray pond | Cooling tower

Investmen{ 6 CEQR/MW,) 39(25) 48
Sprayingandfan energy 4 11
(kWe/MWi,)
Designability reliable Reliable
Notes:

Capacityl8-21 MW

Coolingfrom32-Cto

Referenceplant:
Dow Europe,Terneuzer(NL).

Considerations:

Althoughbasedn anexistingtechniquethe currentmodificationsarestill in a stageof research.
Application could be particularly interestingin thosecircumstancesvhererestrictions of heat
dischargemay leadto restrictionsin productioncapacity,which occursduring summer months
with power plants. Also, a spray pond may be consideredwith the expectedincreasein
restrictionson the useof groundwater.

XI.2.4 Cold storage
[Comment-1, Belgium]

Description:

A specialapplicationfor smallerindustrial useis the undergroundstorageof waterto cool it
down. Here groundwaterwarmedup after use,is storedat an adjacentocation undergroundor
an extensiveperiod of time, where it cools off. It is also possibleto cool the water above
ground,usingair coolersin winter, for instanceafter which the wateris storedundergrouncand
used(in summer).This applicationis mainly usedwhenthereis needfor cooling at a level of
about6 -9 Q.

Reduction:
Reductionof energyandoperatingcostsreportedto be 40- to 80% lesscomparedo usingsmall
coolingtowers.

Crossmediaeffect:
unknown
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Application limits:
Application becomesnterestingabovea minimum of 150 kW and as addition to cooling with

cooling towersin caseof industrial application.Cooling of severalMW hasalready been
realised As yet, useis limited. Examplesareutility constructiorandgreenhouséorticulture.

Costs:
Not indicated

Referenceplant:
Not available

Considerations:
Techniquds still in stageof developmentFull industrialapplicationwasnot mentioned.
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XI.3 Reduction of emissionsthrough optimized cooling water
treatment

In the introductionto the paragraplon cooling water savingsa numberof treatmentsvere listed

thatcan be applied to prepare effluentto be re-usedas makeup for recirculating cooling

systems.The sametechniquescould be appliedto water from a naturalsourceto optimisethe

chemistryof the water at the sametime minimising the needfor an extensivewater treatment
programmeAs presentedeforethe applicationis strongly relatedto the chemistryof the water

andthedemandof the cooling system.

XI.3.1 Side-stream-biofiltration in an open recirculating cooling water
system
[tm 146,Savelkoul,1999]

Description:

For manyreasonst is economicallyinterestingto operatean openrecirculatingcooling system
on a minimum blowdown level. This howeverresultsin increasedbiological activity in the
coolingwater,which oftenis treatedoy applyingbiocides.

Amongstotherfactors,biological activity and growth is primarily dependenbn the availability
of nutrients.Irrespectiveof the cooling system,water circulation or climate, biological activity
will not surviveunderconditionsof nutrientshortage Every treatmenthereforeshouldaim at a
reductionof the biological growth by removal of dissolvednutrientsfrom the cooling water
circuit. For an effective treatmentthe so-called dead volume (or the circuit volume) of the
cooling water systemis important.It is in fact, this deadvolume that is treatedin a filter and
subsequentlghlorinatedat low levelsandfrequency.

This can be done by applying a continuoussandfilter on a sidestreambreaking down the
dissolvednutrientsandat the sametime filtering suspendedhicro-organismsandother dissolved
solids. Consequentlfess chlorine is neededand higher cyclesof concentrationare possible.

This techniguecan be improved by creatingan active biology in the sandfilter with a high
concentrationof micro-organisms,which is called sidestream biofiltration. To maintain an
active biology the sandfilters are by-passedduring periods of high concentrationlevels of
biocide (chlorine) in the cooling water circuit, becausethis high level would break down the
biology in the sandfilter aswell astheir effectin the cooling water. As soonasthe chlorine
level is reducedthe cooling wateris led throughthe sandfilteragain.In effectit meansthat the
cooling water only needsto passthe filter a limited numberof times down to onceor twice a
dayonly.

The applicationhasbeenapplied toan openrecirculatingsystemwith a capacityof 152 MW, a
water circulation of 11000m%h anda circuit volume of 3500 m®. The casesystemappliedtwo
filters of 5 m?of filtersurfaceand about10 kg VSS/n? of filter, 4 m filterbed height, filtering
sand(of 1.42.0mmand0.87 1.25mm). Thedesignmodelwasbasedon thefirst orderreaction
mechanisnof nutrientsremovalwith a reactionrate constantof 6.0 /houre (= sand0.87 1.25
mm, so 3.800m?/m° and 4.5 /houre(= for sandof 1.47 2.0 mm, s0 2.250m?/m°) in the sand
filter. This significantlydecreasethegrowthrateof organismsat thefilter effluentside compared
with thecirculatingwater.

Reduction:

The resultingreductionsdependedn the optimized combinationof blowdown, biocide useand

applicationof sidestreambiofiltration. For example,the functioning of the sandfilter depends
on the sidestreamflow,washwaterflow,sandcirculationfilter resistanceand watertemperature.
The efficiency of thefilter is reducedby higherthroughflow (higherhydraulic pressure)which

is similar to a lower contactperiod, and by using larger sandparticlesywhich meansa lower

specificsurface.

Industrial Cooling Systems 253



Annex Xl

Resultsshowan increasedconcentratiorfactor (5.0 to 5.5) with a simultaneouseductionof Cl-

dosagdrequencyof lessthanonceeverytwo days(0.42/day).This meansa reducedblowdown
of 12 %, reducedwater intake of 2.4% and reducedadditive use of 12% or seventimes less
chlorinefor the sameeffect.

Dueto thelower dosageof chlorine,the level of corrosiveelementgexpresse@dsthe summation
chlorine and sulphate)remainwithin the requiredrangefor that system(max. 86 ppmCl and
77 ppm HSQy respectively).This explainsthe achieved12 % reducedblowdown dueto the
biofilter, whichis basedon the samecorrosivenessf the water.

Crossmediaeffect:

If the starting pointfor application of sidestream biofiltration is to reduce the amountof
chlorination, all other resultsmentionedare regardedas positive crossmedia effects. Data on
extraenergyrequirementgor pumpswerenot mentioned.

Separatgopumping equipmentis avoidedand the performanceof the biofilter is maximisedby
sendingthe hot effluent cooling water directly to the sidestreamfilter and this filter effluentis
senddirectly to the cooling tower basin. A slip streamof hot filter effluent is then de facto
bypassinghe cooling towerfill andwill warm up the cooling tower basinwith averaged.15K,
which is equivalentwith anincreasedndirect energyusageof 0.5 kWi/MWih cooling A Separate
pumpto transportthe biofilter effluentback to thecooling tower headewherethestatic pressure
is 14 mwg, canavoid this drawback On average]l | m¥hr perMW4coolinghaveto bepumped,
whichis equivalentwith a directenergyconsumptiorof 0.1 kW¢MW i cooling OF 0.25 KWir/MW iy
cooling (With 40% efficiency of power plant). This is also quite limited in comparison with the
standardin) directenergyusefor coolingtowerprocesses.

The savedenergybasedon the decreasedodiumhypochloriteconsumptioris also very limited

(a1l litre 15 % solution per day per MW cooling IS €quivalentwith the oxidantfi p r o d uo€X i on o
kWih for onehour per day per MWin cooling OF 0.04 KWir/MW i cooiing). The savedenergy,basedon

the reducedmakeup due to the 12 % reducedblowdown of 0.04 m*hr per MWy, is also
negligibleevenif the transportatiorenergyof the reducedmakeup is included.

In general,the netenergybalanceof all theseenergydifferencesdueto thebiofilter are negligible
and in the magnitudeof 1% of the standarddirect energy consumptionfor cooling tower
processesf 20 KWi/MW i cooling (Se€Table3.2). Thesesmallnumbersareexpectedsince only 1
to 2 % of the cooling water circulation flow is in generalnecessanyor the biofilter to avoid
microfoulingin the heatexchangers.

Application limits:
With a correspondingupgradingof the filter capacitytheredoesnot seemto be an application
limit. It canbeappliedto existingcooling systems.

Costs:

Costs dependon the scale of application and the results obtained as expressedin reduced
operatingcosts. The operationalcostsof chlorinationwere reducedwith 85 %. For the given
examplethe expectednvestmenteturnperiodwasestimatedo bethreeto four years.

Referenceplant:
DSM, Geleen(Netherlandspnd Dow Benelux, Terneuzer(Netherlands)

Considerations:

The sidestreamfilter was designedon a purposelychosenlow efficiency removalof nutrients,
by choosinga high linear velocity of 25 m/hour, insteadof the standardof 10 - 14 m/hour,
which is normally appliedfor suspendednatterremovalonly. High removalratesof nutrients
will be achievedwith a countercurrentsandbedfilter, if the influent is at leastabove200 RLU

asATP (= colony countsunits expresseds decreas®f adenosindri phosphatend preferably
600 RLU as a criteria to startthe shock dosageof sodiumhypochlorite. This occurstogether
with the high linearvelocitiesto preventanaerobiconditions.
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The chlorination criteria of the cooling tower system,without a sidestreambiofilter, was on
halving the micro organismsexpresseds 500 to 250 RLU as ATP by meansof a first order
reaction(= 0.5 [1/hour]), which was achievedwith 1 litre sodiumhypochloritesolution of 15%
perMW4, for everyshockdosage.

The organicload on the filterbed becomesl 0 kg organicsper m® filter bed,andtogetherwith a
desiredcontacttime of 10 minutesit becomesecessaryo designa sandheightof 4 m, which
influencesthe capital cost lesserthan enlargingthe filter diameter.The filter surfacewas for
every1l5 MWy 1 m?, which resultsin 1.7 m*hourefiltration flow per MW, andthis is almost
equal to the evaporationrate of 1.3 m*houre per MWy, togetherwith a slightly decreased
blowdown of 0.3 m*¥hour dueto the installed filter. In fact every drop of circulating cooling
water passeshe sidestreamfilter 1.7 timesa day. By doing so, the hydraulic half time of the
whole cooling system decreasesfrom 40 to 7 hours. At the sametime the blowdownrate
decreasedvith 12% as well as the conditioning chemicalsand the frequencyof chlorination
decreasedirasticallyfrom 3 timesa day to only onceevery 2.4 days.The corrosivenessf the
circulating cooling water, expressedas the summationof chlorine and sulphate,remainsthe
same.

Basedon this model,the outcomefor mostexisting cooling towerssystemsn Europewill bein

the magnitudeof 1 - 2 timesper day that the known deadwatervolumeaswarmwaterwill pass
overthefilter. This will occurtogetherwith a limited one hourly shockdosageof an oxidative
biocide only twice a week. Expressedn units: 1 m? filter surfaceonly per 15 MWy, is expected
to be sufficientin mostcasesogetherwith a filter heightof 4 m to createa residencdime of

severalminutes.For a commonsituation, the reductionin waterand chemicalusagedeliversa

pay backtime of 3 - 4 yearsfor the capital costof the sidestreanffilter. It is expectedhat other
filtermediathensandlike basaltcanresultin evensmallerfilters per MW .
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XI.3.2 Physical methods

Cleaningdevicesfor water cooled systemscan be ortline (or continuous)cleaningsuchasthe

use of spongerubberballs or brushespr off-line cleaningby using for instancehigh-pressure
water jets and shootingof so-called 'pigs' throughthe condensetubes.The betterthe cleaning

the lessneedthereis for applicationof cooling water chemicalsnot only becausdouling of the

tube surfaceis removed mechanically,but also becausethe applied additiveswill be more

effective asthey can reachthe surfacemore easily. It hasbeenstatedthat mechanicakleaning

couldbe consideredasa prerequisitdor the useof a macrofoulingcontrol programme.

Cleaningof dry air cooling systemss restrictedto the fin sideof the heattransfersurface.For
maintenanceof the heattransfer(also avoiding indirect emissions)and longevity of the coils
cleaningshouldbeimplemented.

A numberof physical methodsto combatmacrofoulingand the experiencesn industry are
listed TableXI.2. [005, Van Donk andJenner1996]

1 Reducingentrainmenof (bio)fouling in the system.Intake structuresshouldbe designedn
such a way that entrainmentof fish, debris, organic and inorganic material, including
suspendednatteris keptto a minimum. Additionally, sidestreanfiltration canbe an option
in openrecirculatingsystems.

1 Maintainingvelocitiesat a level high enoughto avoidfixation of organicorganisms(velocity
higherthan2 m/s). Too high velocities,however,may introducea risk of corrosion.Critical
watervelocitiesdependvery muchon the type of materialused.

1 Suddentemperaturéncreaseby raisingthe temperatureof the cooling waterbeyond40 [1C
for somedozensof minutes;this techniqueseliminatesthe fixed organisms(mussels) but
nevertheleseequiresan appropriatalesignof thecoolingsysten(recirculationof the cooling
water). Also it limits the cooling capacityof the systemand can only be done during an
interruptionin the processn casethis cannotwithstandarisein temperature.

1 Norttoxic coating and paints, which reducethe fixation of the organism, reinforce the
velocity effectandfacilitate cleaning.

1 The useof sonictechnology.The principle underlyingthe applicationof soundis that the
vibration createdby the energy associatedwith the transmissionof sound will remove
depositon surfaceshy 'shakingthe depositiree.

1 Osmoticshock.This physicatchemicalbasedmethodappliesosmoticshockby eitherfresh
or seawatersystems,by subjectingthem to seawaterand freshwater,respectively.As a
result, cells of organismmay comeunderthe effectsof internal pressurewhich may result
in death.
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Table X1.2: Physicaltechniquesto minimize biocide use
(derived from [tm005,Van Donk and Jenner, 1996])

Technique

Equipment

Field experience

Possibities/Restrictions

Filtration/water
pretreatment

Macrofouling:drumscreenshandsieves trashracks,
mussekieves

Yes,powerstation

Bothfor oncethroughandrecirculatingcoolingwater
systems

Microfouling: rotatingdrumandsandfilters

Yes,chemicaindustry

Not for largeoncethroughsystems

Microfouling: continuous backwashedmicrofilters
(501 0 0 Om)

Yes,desalinatiorplant

For waterflows upto 4 m’/s

Sidestreanfiltration

Rapidsandfilters

Yes,chemicaindustry

Onlyrecirculatingsystems

Continuousdhackwashefilters Yes,glassindustry All biocides
Filter canbecomeaddedsourceof bacteria
Ontline cleaning Spongeubberballs Yes,powerstations Largeoncethrough

Not for openrecirculating

Brushandcagesystem

Limited, chemicaindustry
andpowerplant

Oncethroughandrecirculatingcoolingsystems

Off-line cleaning

Yes,powerstationsand

Needsdoublelay-outor regularoperationstops

industry
Heattreatment Macrofouling:38-4 0 U C Yes,seawateandfresh Optionrestrictedo newsystemspeedsspecial
watersystems design;
Microfouling: 70-8 0 U C ? Replacemertor biocides
Coatingsandpaints Toxic coatings Varying Basedon zinc andcopperusemightbe

restricted.againghicro-andmacrofouling

Nonttoxic coating

Powerstationsn U.S.

Fornewsystemsfouling releasing;
Siliconebasedandsusceptible

U.V. light

Smallscaletests

Preventativadditionaltechniqueio chemical
biofouling controlin recirculatingcoolingwater
systems

Sonictechnology

No, only testresults

High energycosts

Electricwatertreatment

High frequencytransformer

No, only testresults

Testresultsin smallindustrialsystem

Osmoticshock

Yes,oncethroughsystem
usingseawater

Materialsneedto becorrosionresistant
Freshwatersystenmight corrodeif treatedwith sea
water
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X1.3.3 Optimization of biocide use

X1.3.3.1 Monitoring
[tm005, Van Donk and Jenner, 1996]

For monitoringof microfoulingthe platecounttechniqueandthe ATP measuremerdreused.
For monitoringof macrofoulinguseis madeof exposurepanelsor glasswindows. Scalingand
corrosionindirectly influence biocide use and thereforemonitoring of the occurrenceof these
effectscan also be importantto measurahe occurrenceof biofouling. Examplesof monitoring
techniqueggiven in the referenceare the KEMA Biofouling Monitor and underwatervideo
equippedrobotic devicesare usedto detectmacrofouling,and effectsof biocide treatment.For
more accuratemeasurementgarticularly for microfouling and biocidetreatmentechniquesare
appliedusingfeaturesasvalve movementndaslight emissionof microorganismssa resultof
their metabolicprocessOf both techniqguesan exampleis given to illustrate the principle, but
manymoreareon the market.

X1.3.3.1.1 Monitoring of macrofouling
[tm157,Jennere.a.,1998]

To be ableto targetthe dosingof biocidesto combatmacrofoulingin oncethrough systemsa
so-called biofouling monitoring systemhas been developed.The KEMA Biofouling Monitor
consistsof a closedcylindrical container,madeof PVC, with a vertical waterflow from top to
bottom. It canbe usedto monitor all macrofoulingorganismsan freshwaterbrackishwaterand
seawatersystems. It allows direct observation,weekly and monthly countsof bivalve spat
settlement.Spat are the metamorphosedarvae of the last larval stagesof bivalves (so called
"pediveligers™).In order to obtain adequatanformation on macrofoulingdevelopmentin the
cooling systemit is recommendedo placea biofouling monitor at the intake, beforethe dosing
point, andanotheroneat a critical spotin the cooling system afterthe dosingpoint.

Wheninstalledparallelto a coolingwaterconduitasa bypassthe monitoris an effectivetool to
detectall possiblemacrofoulingin the cooling system.The water velocity in the monitor is
muchlower thanin the cooling system.This providesan optimal environmentfor settlementof
bivalve-spat, and allows easy inspection of the point of time of settlement,growth, and
effectivenessof control measures.Based on the information from the monitor biocide
applicationcan be limited to the periodswhereit is really necessaryFurtherresearchon the
behaviourf the organismsanfurthertargetthe dosageconcentratiorof the biocide.

Othertechniguesareapplied,suchasthoseusingimmersedplatesnearthe inlet channelsThey
give the operatorof the plantanindicationof the periodswhento avoid chlorination.

X1.3.3.1.2 Traced biocidesfor biocide and microbiological activity
[tm096, McCoy e.a,1995]

Thetracerdiagnosticsystenmconsistof ananalysera datacollectionsystem, analytical software
andaluminescenteagentTheanalysemeasurethelight outputof themicro- organismsWithin
minutes, the test can determinebiocide concentrationand biological activity in the cooling
water. The methodis basedon a bioluminescencdioassayof biocide active ingredient.It is
aimed at optimising the use of nonoxidising biocidesin recirculating cooling systemsby
measurings y s t aomssniption.
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X1.3.3.2 Biocide dosage

X1.3.3.2.1 Different conditioning regimesto obtain optimum annual total oxidant use
in oncethrough systemsagainstmacro- and microfouling

To avoid macre aswell as microfouling different conditioningregimescan be appliedin once
through cooling water systems.This can be low-level chlorination executedascontinuous,
semicontinuousaswell asdiscontinuousalso called shockchlorination,of twice an half hour a
day, targetedchlorinationin only a part of the heatexchangerr a part of the cooling system
itself,

pulsechlorination and alternating pulsechlorination. The different regimes objectivesare to
achieveand remain a high energyefficiency by operatingwith clean heatexchangershrough
theyearandat the sametime minimiseadversesnvironmentakffects.

The environmentalassessmentf chlorination can be split into two main categoriesoxidants
andnon-oxidants.Theydiffer in their ecotoxicologicalisk expresseéscomponentife time,
bioaccumulationand toxicity towards aquatic organisms.The nonoxidants like chlorinated
hydrocarbonsare persistentand some componentswill accumulatein the fats of aquatic
organismsaswell asshowa chroniclemutagenicand carcinogenidoxicity. The oxidantsreact
quite rapidly with reductantand will only be availablefor antifouling after overstoichiometric
dosage.Only under thosecircumstanceghe result of the dosageis acutetoxic at even low
concentrationghut without bioaccumulatiorof the free oxidants.

Acute toxicity is whatis neededn the cooling systemincluding the heatexchangergo prevent
settlementand to keepthe heatexchangerslean, but this toxicity is unwantedin the cooling
waterdischarge.

Sinceevena continuouslow-level chlorinationregime hasa significantlow PEC/PNECratio,
the main environmentalissueis to reducethe formation of halogenatechydrocarbonsalso
called chlorinatedby-products,which are dueto the inefficiently usedoxidant mass.However,
thesecomponentsare not measuredeasily on a regularor evencontinuousbasisandalsod o n 6 t
haveany potentialacutetoxicity. Therefore performanceof a conditioningregimeis monitored
in terms of free oxidants, which is also more applicableon a continuouscontrol basis. All
oxidative conditioningregimeshavein commonthat continuousmeasuremenotf free oxidants
is favouredregardingthe necessarnprocesscontrol. At the sametime natural watershave a
minimumdetectionlimit andthresholdaround0.1 mg/l (110,05 mg/l) dependingon the applied
analyticaltechniqueandin relationto componentgpresentin the naturalcooling waterthat have
no direct contributionto the effect of the conditioning regime itself. Since chlorine just like
other oxidants is nonselective and nonspecific and reacts practically with all reducible
componentpresentn (natural)watersandtogetherwith the analyticalthreshold this canbe an
explanationwhy reportedsuccessfulconditioning regimesuse at least 0.2 mg/l free oxidants
beforethe condensers.

Productionof the halogenatechydrocarbongs an almostlinear function of the dosedoxidant
massirrespectiveof the conditioningregime.

Comparingdiscontinuousand continuouslow level conditioning regimesit may look asif a
discontinuousconditioning regime (with higher oxidant mass)resultsin a higher measurable
concentratiorof halogenatedy-products.If the massbalanceis correctedfor thoseperiodsthat
the dosagewas stopped,then the yearly-emitted massof a discontinuousregime can be even
lower than that of a continuouslow-level regime. In fact, not the applied conditioningregime,
but the waterquality doesaffect the minimum amountof oxidantneededThe higherinitial free
oxidant concentration,neededin the case of discontinuouschlorination, is necessaryto
compensatéor the lower contacttime to achievethe sametreatmentesults.This doesnot mean
thatthe yearly neededbxidantamountis higherwith a higherassociatedjuantityof halogenated
by-productsin the outlet. Due to mixing in the receiving water rapid decay occurs of any
oxidantconditioning regime of acutetoxicity aswell asof formationof halogenatethy- products.
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The effectivenessof a conditioning regime is a combinationof the level of temporaryacute
toxicity and the availability and quantity of nutrientsin the water and the deprivationof the

filter rateof thefilter feedingorganismssuchasoystersandmusselgor bivalvia).

It is necessanthat the region from the pumppit until the exchangersas well as the stagnant
zonesbecomegemporarilyacutetoxic to preventsettlemenin the water distribution piping and

the conductsand to keepthe heatexchangerslean. The shorterthe periodschosenthe higher

the temporaryacutetoxicity mustbe for the sameeffect. Or the longerthe contacttime is, the

lower the acutetoxicity neededo achievethe sameresult.

All oxidative conditioning regimeshave in commonthat they take advantageof the reduced
food intake of filter feeding organismslike musselsand oystersunder stress.All oxidative
conditioning regimeshave also in commonthat spat settlementand growth is mitigated by
preventionof openingtheir shellsfor prolongedperiodsof time. If they areforcedto closetheir
shellsi which is the naturalfugitive capacityi the organismsswitch to anaerobicmetabolism
and live on their food reservesDependingon their condition and local watertemperaturghey
can survive such stressperiodsfor many months. Spat as well as youngsterhoweveravoids
thesecircumstanceshrougha secondfugitive behaviourby nonsettling or detachests byssus
wires, which explainsthe potentialfailuresof intermittentregimesin specificareas.

Favourableconditionsfor spatsettlementsand growth are presentin eutrophicatedvatersfound
at specific coastalareasand some harboursand it is further acceleratedby increasedwater
temperatureswithin limits. For that reasonall conditioning regimes have in common that
chlorinationis not necessaryvhen the nutrientsare scarceat low water temperature§12 A C) .
Howeverin specific areasits thresholdis 10 A Gdue to the rich nutrient availability even at
relativelow temperatures.

All thesecircumstancesleterminethe necessanfree oxidant concentratiormeasuredbefore or
direct behindthe heatexchangersvith the relatedchosentime intervalsbetweenthe intermittent
dosages.

Continuousand discontinuousconditioning regimes show different levels of chlorination. In

most waters,if the preventionof settlementis donewith a continuouslow-level chlorination
nearbythe pumppit,a FO-level beforethe heatexchanger®f 0.3 mg/l hasto be maintained.It

resultsin a level of 0.2 mg/l at the outlet, which can generallybe expectedin cooling water
circuits with a time spanof 15 minutes.However,in nutrientrich watersthe biofouling is so
severethat higherinlet and thus higheroutlet concentrationdbecomenecessarnand sporadically
canreachlevelsof 0.7 mg/l FO atthe outletto preservdts efficacy.

Discontinuouslow-level chlorinationin caseof an ideal plug flow cooling water systemwill
needhigher FO-levelsup to 0.5 mg/l beforethe exchangergo reachthe sameresult and will
automaticallyresultin higher temporaryoutlet FO-concentrationsindissoluble,the production
of halogenatedhydrocarbonswill be higheralso during thesetemporarily elevatedoxidant
dosages.Low frequency shock dosagesare rarely done, which is based on their low
conditioning efficiency towards bivalvia. These organismswill fully use the offered long
respirationperiodsto recover.In general,intermittentregimesappliedin nutrientrich watersare
only effective if applied as frequently repeatedchlorine dosagedo minimise the recuperation
ability of bivalvia. If thesenondosageperiodsare reducedto a quarterof an hourit is called
pulsechlorination. The organismswill interpretthis as a continuouschlorinationregime, since
the frequencygives period too shortfor musselsand oystersto recoverafter being exposedto
shortsuccessivgeriodsof oxidation. Time intervalsbetweenthe oxidantdosingperiodshavea
much largerinfluenceon the behaviourof theseorganismsthan the free oxidant concentration,
aslong asthis concentrations high enoughto produceaninitial stresseffecton bivalvia.

If the whole cooling systemis not anideal plug flow system thanevenhigherfrequencydosage
regimescalled alternating pulse chlorination (XI1.3.3.2.2) can be successfullyapplied. It will
makefull advantagef the presentreductantsavailability in a partof the cooling water that will
mix just beforethe outlet systemwith previously chlorinatedcooling water. Essentialis that a
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part of the oxidised cooling water will have a different residencetime in the systemand will
reachat different times either as previouslyor future non-chlorinatedcooling water, which still
containsreductants.By shorteningthe dosageperiodsto an extend of three quarter of the
residencdime of the mechanicaivater systeman understoichiometrioxidant/reductantnixture
is then createdin the outlet zone. At the sametime an overstoichiometricoxidant/reductant
conditionis createdbetweenthe dosagepoint and the areawherethe different cooling water
streamsameet.

In summary the (alternating)pulse conditioningregimereduceshe annualuse of additivesand
is particularly effective against macrafouling. However,it may produce peak free oxidant
concentrationat the outletof the cooling systemwhich do not meetpermissiblereleasdevels.

X1.3.3.2.2 Pulsealternating chlorination in oncethrough 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 oncethrough systemusing seawatemwith flows up to 11 m¥s, a number of
measuresvasdevelopedandappliedaspart of anintegratedsystem( it catesay st o ) .
systemcomprisesof 200 heatexchangergmostly copper/nickel90/10 and coatedcarbonsteel)
connectedby 4 km of main conduits.Failure of the systemas a result of damagedubeswas
predominantlydue to erosion corrosion failure (65%). The measureseducedthe number of
leakageincidentsand at the sametime the amountof biocide appliedcould be reduced.In the
underlying situation hypochloritehad beendosedas antifouling treatment.As a result of long
term experiencedt was consideredo be the most adequatebiocide for this systemand for the
availablecoolingwaterquality. Thus,no alternativebiocidewasbeingconsideredasa solution.

Optimisationwas achievedby applying differentlevels of biocide treatment.The environmental
impact of different regimes was evaluated by measuringand comparing the amount of

chlorination by-products (predominantlybromoform) and the potential toxicity formed. The

effectivenessvasevaluatedby looking at:

1 theincidenceof leakageof heatexchangetubescausedy mussels,
1 theamountof biological growth (macrofoulingattachment)
1 thebehaviourof the valve movemenbf oysters.

Accordingly, the conditioningregimeswereimproved.It is importantto realizethatin this case
use is made of knowledge about the local biotope. Thisis essentialto reach the required
accuracyof thetreatmentaindthe associatedesults.

Reduction:

The resultsof the optimisationshowthat an initial increaseof hypochlorite(dosageA) did not
reducethe leakageincidentsin the first place, but was able to removealmostcompletelythe
macrofouling from the systemas was observedfrom the musselmonitors. Once the cooling
systemwasclean,reducedevelsof hypochlorite(dosageB andC) wereappliedin the following

years removing the macrofouling completely aswell asreducing the numberof leakagesiown
to zero.The methodologyappliedis ableto maintainthe requiredlevel of FO at theright place.
It is basedon knowledgeof the life cycle of macrofoulingspeciesof microfoulingareasn the
systemandof varyingresidencdimesandwatervelocitiesin different partsof thecoolingsystem.

By maintaininglow oxidant concentrationgluring longer periodsthe settlementand growth of
bivalvesin the distribution conduitscan be prevented.Short term alternatingdosagenearthe
heat exchangerdeadsto temporarily high concentrationsand is able to control microfouling.
Overstoichiometricdosageis applied in the influent at areaswhere water velocity rapidly
decreaseforming stagnantzones.The resultsare summarisedn thefollowing table.
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Table XI.3: Effect of applying an optimized dosageregime on the number of leakage causedby
mussels
[tm153, Papingetal, 1999]

Number of leakagescausedby Hypochlorite
Period Regime mussels (metric

Unit 1 Unit 2 tonne/year)
Yearl A 28 4 1222
Year2 A 28 12 2095
Year3 A+B 32 10 2817
Year4d B 16 1 2480
Year5 C 0 2 1994
Year6 C 0 0 2013
Year7 C +freq. 1 0 1805
Year8 C +freq. 0 0 1330

C +freq.=regimeC with higherfrequency(i.e.5 minutesdsoageer20 minutesinterval)

An evenmoretargeteddosageregimeis the pulsealternatingchlorinationthat takesaccountof

the variationin residencdimesin different partsof the procesgFigure X.1.). At differenttimes
and at different pointsthe requiredlevels of chlorine are dosedfollowing the flow patternsof

the cooling water streamin the different processparts. At the end of the processand before
dischargeof the cooling water stream,dilution occursby the mixing of the different process
stream.Where only one of the streamis chlorinatedand the other is not, the FO is further

reducedandemissionlevelsof < 0.1 mg/l areachievable.

Crossmediaeffect:

Considerablelower frequencyof heat exchangerfailure reduced necessarymaintenanceand
consequentlynon-production periods. Cleanerheat exchangerincreasedcooling and reduced
emissiondrom productionprocess.

Application limits:

The conditioning regime cannotbe appliedto oncethrough systemswithout varying cooling
waterresidencdimes.

The optimisationof dosageintervals the systemneedscareful monitoring of the free oxidant
levelsin the cooling systemandof requiredstresperiodsof the bivalves.

Costs:

Researcltostsamountedo EUR 1 million duringfirst 5 years.The first dosagdnstallationwas
EUR 0.2 million, andfurther modificationsagainEUR were 0.2 million. The pay backperiod of

the dosagenstallationwasin the orderof oneyearandbasedon the following costs:

- reducedcostlevel for yearly maintenancanduseof sodiumhypochlorite,

- increasecacostsfor yearly preventiveandpredictivemaintenanceand

- costsfor analyses.

Costsdid not include researchcost since thesecostswere spendto obtain the fundamental
knowledgeof pulsealternatingchlorinationin oncethroughsystems.

Referenceplant:
Dow Europe,Terneuzer(NL)
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Figure XI.1: Optimised hypochlorite dosage(pulse-alternating chlorination) taking accountof fouling and cooling systemcharacteristics
Derived from [153, Paping etal, 1999]
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XI1.3.4 Alternative coolingwater treatments

In this documentthe alternative cooling water treatmenttechniquesconsist of norrchemical
methodsas well as alternative chemicalsor combinationsof chemicals.It has already been
illustrated how proper monitoring can lead to a more effective dosageregime reducing the
amountof additiverequiredandsimultaneouslynaintaininga low incidenceof s y s t failové. s

X1.3.4.1 Ozone
[tm032, Zimmermann and Hamers, 1996], [039, Strittmatter et.al., 1996], [tm084Rice and Wilkes,
1992],[tm096, Mc Coy etal. 1990],[131, Dziobek, 1998]and [tm156, Schmittecker, 1999]

Description:

Extensiveexperiencehas beenobtainedwith ozonetreatmentof drinking water. In Germany
and the United States varying experienceshave been obtained with ozone applied to
recirculatingcooling system.Ozoneis a strongoxidant, more so than chlorinedioxide, which in
turn is a strongeroxidant than sodium hypochlorite. Being very reactive ozone reacts with
practically all organicmaterialpresentn the cooling waterandthe residualeffectis low if not
absent.Also, ozone has considerablepotential to destroy other cooling water additives, e.g.
somecorrosioninhibitors.

The reactivity of ozonedependsn the pH of the water. Whenozoneis addedto cooling water
with a pH valuehigherthan8 - which canbe oftenencounteredn recirculatingcooling system-
it decomposeto form free hydroxyl radicals,which are strongeroxidising agentghan molecular
chlorine, but of microsecondhalf-life. In casethat bromideions are presentin natural surface
watersthey will react with ozoneto producehypobromousacid, which is what is actually
measuredas residualozonerather than ozoneitself. Anotherimportantfactor is the hardness
of the water and it has beenrecommendedo keep this between100 and 400 ppm CaCQ

andthe chloridesbelow200 ppm CI.

Reduction:

The reduction of microfouling, measuredn microbiological activity, is variable and can be
comparedwith a chlorine/brominetreatment.Reductionof up to 90% of the initial activity was
measuredresulting in concentrationof 20-50 coloniesper ml. [tm156, Schmittecker,1999].
Not only the amount,but alsothe characteiof the microbiology showeda changeas a result of
ozone treatment. A reduced number of colonies forming species could be detected in
comparisorwith no treatment.

The concentrationof ozone presentin a systemshowedno direct influence on corrosion or
scalingrate, althoughit was also concludedthat mild steel and yellow metals corrode easily
when ozone concentrationsare too high (1.0 ppm). With the appropriateozoneconcentration
thosematerialswill initially corrodeand form a corrosionlayer. This layer will protectagainst
increasedcorrosion, particularly pit corrosion.In the example,steel (C 1010) corrosion was
reducedwith 50% to 0.05 mm/yearand brass(CuzZn28Sn1)orrosionwasreducedto lessthan
1.4 mmliyr.

Reductionof about50% of AOX- and COD-levelsin the effluent hasbeenreportedon different
occasionsdue to ozonetreatment.The resulting levels were less than 0.01 mg/l (AOX) and
10 mg/l (COD) respectively.The COD level was reachedin the presenceof a dosedhardness
stabilizer.

Crossmediaeffect:

Although the formation energyof ozoneis high, the applicationof ozoneis often referredto as
more environmentally acceptablethan hypochlorite, since it leads to less formation of
trihalomethanegTHMs) and extractableorganic halogens(EOX). Ozonationmay lead to the
formation of by-productse.g. bromate and bromohydrins,but comparedto chlorination by-
product formation, relatively little attention has been paid to by-product formation resulting
from ozonation.
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As far aswas reported,0zoneemissioninto the air hasnot beenobservedrom any part of the
cooling systems.

Applicability:

Ozoneis predominantlyappliedin the chemicaland petrochemicaindustry and in refineries
andto a limited extentin powerindustry, but from recentexperiencesvider applicationcan be
expectedor smallerindustriesThe advantageare:

i Efficiency,

1 low concentratiorof by-products,

1 low stability of ozonewith low or no ozonein the dischargeasa result,

1 reductionof COD andAOX.

In the U.S, it was concludedthat ozoneis not a i t o paeKkagefor cooling water treatment
covering all purposes,but does representan alternative for a limited number of users.
Furthermoreijt is only usefulasa standalonetreatmentin cooling water systemswhich require
no supplementatorrosionor scalecontrol. Its reactivity limits the applicationof otherbiocides
that would be destroyedmmediatelyandif any biofouling occurrsbeyondthe radiusof ozone
activity, it maynot be dealtwith.

Ozoneis preferablyto be usedin very cleanrecirculatingcooling system,andit is commented
that its high reactivity makesozoneunsuitablefor applicationin oncethrough systemor long
line systems.The speedwith which ozone can disappearfrom a systemis illustrated by the
example,in which after the first application of ozonein a contaminatedsystemthe ozone
concentrationwas reportedto decreasebelow the detectionlimit within 50 metersfrom the
point of dosageFor conditioningof a cooling tower of power plantsa minimum concentration
of 50 [g/l in the cooling basinis currently suggestedbut positive resultshave beenreported
alsowith lowerlevels.It is consideredestpracticeto apply ozonecontinuouslyat low level.

Costs:

Ozoneproductionrequiresa considerableamountof energyand is relatively expensivedue to

the fact that the efficiency of the ozonegeneratorss very low (100 g to 150 g Os/1000 g O,

10 kWh/ kg Os). Observationon costsmay howeverdiffer as they dependon the alternative
treatmentsavailable. For instance,observationswere made that the ozone treatmentcan be
comparedto thatof treatmentwith chlorine gas and that other chlorine or brominebased
treatmentscould contain additional costs. Care must be taken when interpreting costs, where
investmentcostsof equipmentmay or may not have beenincluded and referenceis madeonly

to operatingcost.

Referenceplants:
Hoechst(Germany), power station Seraing (Belgium), power station EZH-RotterdamCapelle
(Holland) [seereferences]

Considerations:

A minimum concentratiofin the aquatieenvironmenbdf thecooling systemis requiredto obtain

the requiredbiocidal effect of 0zone.Recentwork showsthatto overcomethe contamination
alreadypresent,the initial dosemay haveto be between0.1 and 0.3 mg/l and dependingon

thes y s t enuwirsndnentit may take monthsbefore any residualozonecan be measuredin

the residual effluent [tm131, Dziobek, 1998]. It is claimed that in 60% of the applications
ozonetreatmentcan be reducedto 50% within 9 to 12 monthswith the surfacesbeing clean.
This type of treatmentresultedin a residual ozone concentrationin the cooling tower basin
of 0.05 mg/l. It was further reported that cleaner cooling tower fill led to an increased
numberof cyclesandto a corresponding 0% decreasén waterlosses.

The point of dosageis very importantin orderto maintainthe requiredozoneconcentrationin
the right areaof the cooling system.To avoid the breakdownof ozone,sensitiveinhibitors and
other cooling water treatmentchemicals,side streamtreatmentof the makeup was suggested.
Ozonecouldalsobe appliedin the coolingtoweritself [tm131, Dziobek,1998].
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Ozonecan be generatedn-site by subjectingdry air or oxygento an electric discharge After
this the productneedso be absorbedn the cooling water. Accordingto the AmericanCongress
of Industrial Hygienists,0.1 mg/l is the recommendednaximum concentrationfor continuous
exposurdgtm059, Swinnen,1995]. Ozoneis very volatile comparedvith otheroxidising biocides.
[tm096, Mc Coy et al. 1990] investigatecthe volatility of variousbiocidesin cooling towers.
Fromthis studythe following orderof volatility appearedozone>chlorinedioxide> chloramine
> hypochlorousacid > hypobromousacid, with ozonebeing about167000times morevolatile
thanhypobromouscid at 200/ C.

XI1.3.4.2 UV treatment

Description:
UV treatmenbf waterto be usedin recirculatingcooling systemseedsclearwaterfor a startto
give goodtransmissiorof UV irradiationandprefiltering of watermight be necessary.

Reduction:
Particularly in summertimethe treatment effected in reducing amoebeformation in the
blowdownbeforedischargen theriver.

Crossmediaeffect:
Energycostswerenot reported.

Application limits:

It is mentionedthat in sunny locations algae growth has beenobservedif no antialgaewas
applieddueto lack of residual effectivenessTo overcomethis an anti algaewill haveto be
addedor the tower basinwill haveto be kept clean and free from sludgeto preventmicro-
organismgo growin the sludge.UV-lampsalsoneedfrequentcleaning.

Costs:
Not reportedin full scaleapplication.

Referenceplant:
Hydro Power Station, Ontario, Canada,EDF Nuclear power Station, Poitiers, France (both
experimental 1999)

Considerations:
With the tendencyto increasehe re-useof waterit is uncertainwhetherthe requiredclearness
of thewatercanstill bereachedn thefuture without considerablendexpensivdreatment..

X1.3.4.3 Catalytic hydrogen peroxide treatment
[comment, D]

Description:

The catalytic hydrogenperoxide treatmentis a techniquefor decontaminatingcooling water
from the presenceof microorganisms.The technologyaims at meetinglow limit values for
levels of bacteriain the water. The systemactsto preventthe formation of biofilms and algae
and this in turn preventsthe spreadof bacteria,including legionellae colonies, through the
systemsHydrogenperoxideis usedas an oxidizing agent,which in the instanceof the metal
catalystgeneratesa significant amountof [JOH-radicals. Theseradicals have a very strong
oxydizingeffect, which is reportedto belargerthanthatof e.g.ozoneor chlorine.

Thetechnologyis reportedto havea broadspectrumwhich meansthatthe radicalsare effective
againsta large rangeof microorganismsncluding legionellae.Geneticresistancenasnot been
reportedand thereforeshockdosingis not required.A relatively small concentratiorof H>O; in

the wateris maintainedandkeepsthe waterpracticallybacteriafree.
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Reduction:

Catalytic hydrogenperoxidetreatmentwill reducethe levels of AOX and COD. It is reported
that it doesnot produceany residualhazardoushemicalsin the dischargeflow. It extendsthe
operatingperiodasit reduceghefrequencyof maintenancevherethe whole installation remains
freefrom biofilms, algaeandbacteriae.

Crossmediaeffect:

The catalysttreatmenidoesnot needany additionalenergyapplied.The typical concentratiorof
hydrogenperoxide (0.5 to 2 ppm) has shown no influence on the corrosionor scaling rate.
Hydrogenperoxideactsasa corrosioninhibitor aswell.

Application limits:

For eachapplicationthe bestoption for installing the catalyst(in the form of light knitted wire

mesh,normally on a stainlesssteelor PE mount) hasto be selectedindividually. The catalyst
may be placedon the bottomof the waterbasinor in the waterdistributionif anopensystemis

used.A concentratiorof 30% of hydrogenperoxidesolution was determinedas very effective
with respectto storageand application.It hasbeenappliedin cell type cooling towers. Limits

with respecto the sizeof the coolingtowerhavenot beenreported Thedatapointat applications
in small to medium capacitytowers, but applicationfor large capacityinstallations is under
development.

Costs:

This treatmentrequires the investmentfor a metal catalyst. It is reported that with usual
depreciatiortime for the catalystof 4 to 5 years,the operationcosts,including depreciatiorfor
the catalystand the dosing system,are substantiallylower than for either the applicationof a
biocide (including hypochlorite)or the ozonetreatmentwhenappliedto the samecooling tower
capacity.

Referenceplant:
AusimontDeutschlandsmbH, Bitterfeld (D).

Considerations:

From experiencetwo alternativescan be chosenas dosagepoint for the hydrogenperoxide:
H.O, canbe appliedin the commonpumpintake chamberof the cooling tower or directinto the
rising pipesof eachcell.

X1.3.4.4 Chlorine dioxide

Description:

Chlorinedioxide (ClO,) hashbeenconsideredsanalternativeto hypochlorite(HOCI) for seawater
conditionsand as a freshwatemiocidedueto its effectivenesasa disinfectantandto its strong
reduction in the formation of organohalogenatetby-productsin the effluent. It has been
reportedasan effectiveandeconomicabpplicationin coolingwatersystemsor controlof micro-

organismsat relatively low dosagesit may beusedover abroadpH rangeand is effective
over the entire spectrumof micro-organisms.lt has beenreportedto be effective particularly
in systemswith the following contaminantsammoniaand ammoniasalts,alkanes, alkenesand
alkynes, alcohols, primary amines, glycols, ethers, unsaturatedaromatics, most inorganic
acids,organicacids,diols, saturatedaliphatics.

The conditionsunderwhich the applicationof chlorinedioxideis consideredattractiveare:

1. processcontamination

2. alkalinepH systems

3. effluentchlorinedischargdimitations

4. eliminationof gaseoughlorinefrom the site.

The last advantagemay be at question,where chlorine dioxide hasbeenreportedas difficult to
transporiand mustbe thereforeproducedon-site [tm059, Swinnen,1995]
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Chlorinedioxide doesnot reactwith waterandis highly solublein water. It hasbeenfoundthat
blowing air through aqueoussolutionsof chlorine dioxide can causechlorine dioxide to be
expelledfrom the solution. Thereforesolutionstreatedwith chlorine dioxide should not be fed

into areasof strongaerationsuchas splashtanksprior to going over a cooling tower. Aqueous
solutions of chlorine dioxide are subject to photodecompositionupon long exposure to

ultravioletlight. As with chlorination treatmenivith chlorinedioxide could be scheduledduring
thehoursof darknesdo achievegreatesteffectiveness.

On the treatmentit was further observedthat after initial high feedsof CIO,, shortly after the
startup, total plate count should normally decreaseAfter this initial period, ClO; beginsto
clean up the biomassaccumulationsof slime and entrappeddebris. As the slime massesare
attacked micro-organismsbreaklooseinto the recirculatingwater. Consequentlythe total plate
counts, calcium and turbidity readingswill increasefor a period of time and then subsideto
normallevels.Moreover,foamingmay also occurduringthis period.

Reduction:

Experimentsn ltaly were confirmedby observationsn Spainfor a large coastalpower station
with a oncethrough system[068, Ambrogi, 1997]. It appearedo be possibleto lower the
dosageof CIlO, after aninitial concentratiorof 0.22 mg/l. (8 kg/hour) during the growth season
to about0.18 mg/l. (6.5 kg/hour) and to reducethis evenfurther in wintertime. Theselevels
correspondwell with other reported dosagelevels. Dosagewas continuousand effective in
restricting musselgrowth. The resulting concentrationsof trihalomethaneformations (THM)
were considerabliower thanin caseHOCI was beingusedirrespectiveof reactiontemperature
or reactiontime. They rangedfrom 0.31 0 g Wwith a doseof 0.50 mg/l CIO, at 10 minutesand
1 5 {b@60.480 g With adoseof 0.40mg/l at60 min.and6 0 U C .

Consideringthe maximuminitial dosageat 0.22 mg/l, neededo get an effective treatmentthe
expectedconcentrationn the seawaterat the end of the channelwould be considerablylower
thanthe LCso (96 h.) of 54.70 g At hasbeenproventhat efficient antifouling of CIO, occursat
concentrationé therange0.057 0.25mgl/l.

In openrecirculatingcooling water systemghe typical dosagds 1-5 ppm chlorine basedon the
estimatedvolume plus makeup during feedto the entire system.Typically at startup, chlorine
dioxideis fed to a cleansystemat aboutl ppmfor onehour, threetimes per day. Contaminated
or dirty systemsmay requireincreaseddoses(3-5 ppm) and feed times. Mechanicalcleanupof
systemsmay berequiredto further optimisethe programme.

It wasrecommendedor systemswhere processcontaminationis suspected to run a chlorine
dioxide demandon the system.From the determineddemandvalue the initial dosagecan be
derived,which from experienceshowsto be 30-50% of the demandvalue may be usedfor the
initial dosage.

Table Xl.4: Typical dosageof chlorine dioxide for oncethrough and recirculating systemsin
Europe
[CEFIC Sodiumhypochlorite group, comment]

Cooling system Mode of application Time of application Typ(lr%aél /Ic;ose
: 8 hoursa day/
Oncethroughsystem continuous during8 monthsayear 0.4
discontinuous 6 timesfor 1 hour/day 0.3
Recirculatingsystem 0 2inwint
continuous all yearround 0'5;2 ;Vl:?nfr:er
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Table XI.5: Effect of chlorine dioxide applied in oncethrough systemon larvae settlement
[U.S.data, Van Hoorn, comment]

Dose Frequency Settlementreduction
0.25mgl/l 4x 15min/d 95%
0.25mgl/l 2x 30min/d 35%

Crossmediaeffect:

Although it doesnot form any THM or chlorophenolst is expectedto find reactionproducts
like aldehydesketonesand quinonesor even epoxydesunder certain circumstancesThe latter
areknownto be carcinogou®r mutagenous

Application:

Treatmentvith chlorinedioxiderequiresaninstallationfor in situ productionDueto its sensitivity
for pressureandtemperaturghe gascannotbe compresse@ndtransportedn cylinders.Three
waysof in situ generatiorarementionedoy [tm059, Swinnen,1995]:

1. from sodiumchlorite/chlorougas

2. from sodiumchlorite/sodiumhypochlorite/(chlorireid)

3. from acidactivationor sodiumchloritedby meansof chlorineacid

Feedingpoint
To obtainthe bestresults,chlorine dioxide shouldbe fed directly into the recirculatingwater of

a cooling tower, at a point of goodmixing, suchasbelowthe waterline in the cold well or just
aheadof the equipmenthatis mostcritical. A sidestreamof chlorine dioxide can be fed to the
basinat the far end (oppositecold well) to createa "sweep"effect acrossthe basinor into the
returnriserfor additionalcontrol within the tower.

Monitoring
When chlorine dioxide is usedas a microbiocidein cooling waterit is importantto monitor the

amountusedand its effectivenessClosecontrol of chlorine dioxide residualswith attentionto
plate countsprovidesthe bestresultsat the mosteconomicatost.

At timesa free chlorine dioxide residualcanbe found in the return water of a recirculatingloop
or the effluent of a oncethroughsystem.The free residualis lessthan0.5 ppm in mostcasesas
testedby the ChlorophenolRed method.In systemswhereno free chlorine dioxide residualis
found, visual observationof the biomass,through biological organismcounts or differential
pressuraneasuremertanjudgeresults.

In the U.S., Redox control is most often usedas on-line monitoring technique.Typical ORP
valuesfor goodcontrolarereportedo be 3501 500mV.

Costs:

Costshavenot reported,but it was concludedthat further researchwas neededon application
strategyto reducethe amountneededin oncethrough cooling systemsand thus lower the
price. At the momentof investigationit wasconsideredoo high for full scaleoperation(1996).

Referenceplant:
Brindisi Nord powerstation,ltaly (experiment).

Considerations:

With respecto the applicationin oncethrough systems a comparisorwith chlorinationwould
needto normalizedosageregimesto be able to considerthe featuresof both chlorine dioxide
and chlorinationas a biocide and in the discharge Furtherresearchseemsnecessanbasedon
the abovementionedpromisingresults.
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X1.3.4.5 lonic water purification to treat cooling tower water
[tm036, Wilsey, 1997]

Description:

Basedon an alreadyexisting conceptof supplementalonic water purification is an alternative
methodto treat cooling tower water with copperions. It is claimedthat a chemicalonly water
treatmentsystemcan be replacedby this techniqueleading to less harmful substancedeing
moreeconomicato the environment.

Reduction:
Microbiologists are quoted that have determinedthat small amountsof copper acting as
supplemento chlorineat 0.4 ppmhavethe sameefficiencyas2.0 ppm freechlorine.

Crossmediaeffect:
Costshavenot beenreported put couldbe energyinput for copperion generator.

Application limits:

To apply this treatmenta copperion generatoiis neededogetherwith a deviceto control total
dissolvedsolids, a magneticwater conditioning system and a system to analysethe water
composition With thesesystemghe treatmenicanbe optimised.

A numberof factorshaveto be takeninto account.The compositionof the makeup waterhasto
be suchthat the tower sumpcontainsan alkalinity level between40 ppm and 130 ppm andthe
pH between7 and 8. The effectsof copperarethatit functionsasa coagulantto reducescale,
forming larger complexesto be separatecand filtered more easily. It also acts as a bacterial
disinfectantforming coppercompoundsthat are lethal to bacteriaand algae.Finally it hasa
functionasalgaeciddo blue-greenalgaein particular.

Attention should be given howeverto the amountof cycled copperthat will also dictate the
concentrationin the purge or blowdown. Also the residual concentrationof the lethal copper
compoundsieedfurtherexaminatiorasthedischargeo thereceivingwater could causeharmful
effects.

Costs:
Not reported

Referenceplant:
Not reported.

Considerations:
Resultswill haveto be provenyetin full scaleapplication.

X1.3.4.6 Stabilizing halogenatedbiocidesin cooling towerwater
[tm62, Dallmier et.al, 1997]

Description:

Particularly chlorine and bromine basedproductsare often applied. As the biocidal effect of a
halogenatediocide dependson the total halogenresidualand it is importantto preventany
reactionsthat can decreasehe amountof residualin the cooling water. Reactionswith other
corrosionand scaleinhibitors canoccur(e.g Br with tolyltriazole). Halogenscan be stabilisedto
reducehalogenvolatility andto increasecompatabilitywith inhibitors andto maintainsufficient
effective halogen.Stabilisingof brominewas achievedwith the applicationof hydantoinesOn
the stabilisingprocesso furtherinformationis reported.

Reduction:
Application of stabilisedorominein coolingtowersrevealedhe following effects:
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1. the lossof Br dueto volatizationis lesswhenBr is stabilisedthusleavingmorefree Br
presenin the coolingwater;

2. stabilised Br appearedto be one third fasterin killing slimeforming bacteriathan
unstabilisedBr;

3. stabilised Br appearedto bevery effectivein removing mixed culture biofilm, the
removalof 45% of the biofilm wasmeasuredo createa 47% reductionof the pressure
acrosshetube;

4. application in an office chiller system showed effective against Legionella
pneumophila;

5. more than 95% of the yellow metal corrosioninhibitor totyltriazole was maintainedin

the coolingwaterwhenstabilisedBr wasadded.

Crossmediaeffect:
No information was available on the effects of the application of an additional chemicalto
stabilisethe halogen.

Application limits:

It hasbeenappliedin recirculatingsystemgwet cooling towers).Commentson the applicability
of this technigueconcernedthe application of hydantoines.It was reportedthat handling of
hydantoinegin pelletform) is difficult requiringdissolvingdevices.This limited the application
to small size cooling systems.Currently a liquid stabilisedbromine productis on the market,
which canbe appliedin largesizesystemsaswell.

Costs:
Costsof the stabilizinghavenot beenreported.

Referenceplant:
Onthestabilizedliquid product2 refineries(in GermanyandAustria)and1 chemicalplantin
Germanywerereported.

Considerations:

Above-mentionedeffectswere confirmedby the resultsof field experimentsTwo remarkshave
to be made.On the additionof stabiliserandits behaviourin the cooling systemor the purgeno
observationswere reported. The hazardousnessr environmentalacceptability could notbe
established.

Its working on Legionella was testedin a chiller system,but a translationto conditionsin
coolingtowersystemshasnot beenmade.

X1.3.4.7 Filming agent against fouling,corrosion and scaling

Description:

Filming agentsare applied that cover the surfaceof conduitson the watersideto preventor

reducefouling and corrosionor scalinganddo not treatthe cooling waterflow. A commercially
available compound, called MexeF432/0, is applied primarily constituting of long chain

aliphatic aminesIn aqueougmulsionsthis productformsafilm onthecell membranesausing
destructionof tissuesin a varying proportiondependingon the dosage.The efficiency of this

technologicalalternativeis not linked to the modification of the water chemistry propertiesnor

the waterbiology of the coolingcircuit, but ratherto the adsorptioror integration of MexeF onto

all the surfacegresenin the circuit. The anti-fouling effectcanbe explainedby the integration
of the Mexel constituentsnto the biological membranesand into the biofilm. This integration
disturbs the cohesionof the biological structure and at high concentrationsresultsin the

destructionof the membranesAt sublethalconcentrationsthe constituentf the Mexel insert

themselvesnto the membranesand disrupt the ionic or gaseoudransfer of the membranes.
In this case,the treatmentproducesa stateof stressfor the animal (musselsetc) sufficientto

avoidtheir definitive installationin the circuit treated.
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It has a broad spectrumof action on microfouling and macrofoulingin both seawaterand
freshwater.The product has also anti corrosion and antiscaling propertiesand the treatment
procedureis generallyintermittent,intendedto renewthe film on the surfacesto be protected.
Suggestionsvere madethat periodic treatmentscan be more effective on macrofouling. The
film lastsfor 10-20 days.

Dosage is done automatically and starts with an initial dosageto establish the film.
Concentratiorin the dischargds measurec&aind dosagdevelsare reducedas soonas Mexel 432
can be detectedn the dischargeThe initial periodfor a large seawateoncethrough systemis
aboutl0 days.

In oncethroughsystemsthe analysisof the productis performedeitherby a spectrophotometric
laboratorymethodor by a colourimetricfield analysismethod. This secondanalysismethod
allowsarapid controlof productconcentratiorat variouspointsin the circuit.

Results:

The treatmentconditions,defined by the concentratiorto be injectedas well asthe durationof

the injections, are dependantupon the results researchedbio-fouling, corrosion, fouling or

scale),the physicochemicalpropertiesof the water mediumand the circuit characteristicgtype,

temperaturessurfacecondition, materialsflow rates etc).

It canbe effective againstbivalveson a periodictreatmentbasisand at a residualconcentration
of 3.5 mg/l. The efficacy of long-term intermittenttreatmentson zebramusselshas also been
shownin experimentsa dosageof 3 hoursperdayat 6 mg/l kills 100%of zebramussels.

At the exampleplant, for corrosionprotectionof aluminiumbrassa dosageof 5 ppmfor 30 min.
per day wassufficient. For macrofoulinga dosewasappliedof 0.5 ppmat 5 hrs/day.By way of
bio-monitoring reactionsof musselson the dosagewere researchedo identify an optimised
treatmentegime.

Crossmediaeffect:

On the visited site therewas clearly an advantageas no electrolysisof seawatemvas anymore
needed.This also endedthe maintenancef the elctrolyser,which is costly, both in terms of
environmenihumanhealth)andfinance.

Three processesre involved in the disappearancef Mexel in solution: immediatedemand,
turbulence of the water, and bacterial degradationin aerobic conditions. Bacteria showed
degradation ofip to 98% of the productin 10 days.

Regarding the toxic effects of the product on freshwater organisms, it showed rapid
disappearancén natural waters of the productin its toxic form, and absenceof detectable
toxicity duringits degradation.

Application limits:

Application is independenbdf the metal tested,(bronze,coppernickel alloys, iron and stainless
steel304L & 316L) or the watermedium (freshor seawater), Mexel can be an effective
chemicalor biological corrosioninhibitor.

It allows the treatmentof openor semiclosedrecirculatinghydraulic systemswhich have flow
ratesrangingfrom a few cubic metersper hour (air conditioning systems)o 100.000mhr™ in
fresh water, brackish or seawater. On a world-wide basis, the productis usedto treat the
hydraulicsystemgcooling,fire fighting, etc) of electricalpower plants, geothermalinstallations,
shipping,the chemicalindustry, steelmills, refineries,off-shoreplatforms,and air conditioning
unitsusingwaterasthe thermalfluid.

Costs:

Cost data have only been given in comparisonwith the application of chlorination and
particularly in comparisonwith electrolysis. Confirmation could not be obtainedon the cost
balanceof Mexel comparedo chlorination.Costsdependon the surfaceto betreatedandnot on
the coolingwatervolume.
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Referenceplant:
EDF PowerStation,Le Havre(F).

Considerations:

Environmentallyits low toxicity andthe absencef any detectabldoxic degradatiorproducts
makeit acceptabl@asan alternativeto coolingwatertreatment.

As the productis easilybiodegradablehis advantagenay be a disadvantag&/henit comesto
theamountneededor initial treatmenbf the surfacelts reactivenesmay raisethe amount
neededandthe costsinvolved. Wherefreshwatergenerallyhashigherdissolvedsolid contents
thanseawatethis couldindicatea preferredapplicationin seawateconditions.
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X1.3.4.8 Stable organiccorrosion inhibitors in openwet cooling towers
[tm091, CTI, Little et.al]

Description:

Organicallybasedtreatmentusedin an openwet cooling tower can be counteractedecausef

their susceptibilityto strongoxidising agents.their sensitivityto high heatflux conditions,their

tendencyto precipitateas calciumsaltsat high hardnessevels, andthe needfor constantwater

flows. To overcometheseproblemsEthanolamineBisphosphoneanethyl, N-oxide (EBO) was

developedEBO is an organic phosphonatehat can be usedin cooling water treatmentas an

anodiccorrosioninhibitor. EBO s reportedo exhibitgoodstability againsthalogens.Its stability

at calcium levels of 500 mg/l calcium asCaCQ, bufferedata pH of 8.3and a temperature
of 6 0 Unascomparedvith HEDP.

Reduction:

It wasfound that over 100 mg/l of EBO could be addedwithout precipitation,whereaghis was
only 7 mg/l of HEDP underthe sameconditions.No adverseeffectson yellow metal corrosion
could be indicated. Corrosion was considerablyreducedcomparedwith an organic treatment
without EBO.

Crossmediaeffect:
Lower water requirementccurdueto potentialoption for higher cyclesof concentrationas
EBOis lesssensitiveto high calciumhardnesdevels.

Application limits:
Only appliedin openrecirculatingsystem.

Costs:
Not reported.

Referenceplant:
Pilot coolingtower, no full -scaleapplicationreported.

Considerations:

Application of EBO andsimilar cooling watertreatmentchemicalswith improvedworking need
further researchof the levels of toxicity in the dischargerespectivelyblowdown of the systems
theyhavebeenappliedto.
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XI1.3.5 Treatment of dischargedcoolingwater

Minimisation of emissionsfrom an integratedapproachstarts with minimisation of resources
used.As suchChapterl presentsheinitial approactthatshouldbetaken.Within the limitations
of cooling systemand site-specificationsa certainamountof chemicalsmight still haveto be
appliedwith a certaindischargeasa consequenceévionitoring and optimised treatmentare able
to reducethe dischargdurther.

In some casesbefore dischargingcooling water streamsare treatedin wastewatertreatment
facilities. For information on wastewatetreatmentreferences madeto the concerningBREF.
Particularexamplesof cooling watertreatmenthavenot beenreported With respecto treatment
afew remarkscanbe made:

1 blowdown treatmentontainingpeak concentrationafterdosageanbecollectedin a buffer
basinto preventthe aquatieenvironmentor the watertreatmentfacilities to be affected.In
the basin further hydrolysis of the biocidescan take place down to lesstoxic substances
beforethe wateris dischargear reused.

1 Becausef concentratiorof processubstanceshe blowdownof closedrecirculating systems
of refineriesmay haveto be treatedbeforeit is sentto a wastewatetreatmengplant to avoid
affecting the equilibrium of the treatmentplant. It is maintainedthat the oil level of this
blowdown generallyis much lower than the residualoil level in pretreatedprocesswater
of otherinstallationsand thereforecan be led to the wastewater treatmentplant without
pretreatment.
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Xl.4 Variable frequencydrives for reduction of energyuse
[tm097, Immell, 1996]

In operatinga cooling systemthe requireddirect energyinput can be reducedby reducingthe
needfor pumpingcapacityand by optimisingthe useof fans.In a greenfieldsituationmany can
be doneon the design(e.g. cooling tower construction type of fill, pump configuration),but in
an existinginstallationoptionsaremorelimited and compriseof change®f equipment.

Description:

The applicationof variablefan speeddrivesis an option to adaptthe fan speedsspecifically to
the requiredcooling duty. Onetechniques the useof variablefrequencydrives (VFD). A VFD
is acombinationof a converterof thevoltageandaninverterof the current(DC to AC).

Cooling towersare typically designedo provide a specifiedcold waterleaving the tower for a
specifiedheatload ata certainwet bulb temperaturethatis only exceedet minimum percentage
of the year (1-2.5%). Mostof the time they will perform at a lower wetbulb temperature
than the design,but on a variablelevel basedon seasonalariation of wet bulb temperatures.
With the VFD systemthis variationis translatednto differentfan speedgo obtainthe required
watertemperatureVFD arecommerciallyavailablefrom differentsuppliers.

Reduction:

Reductionin energyuseaswell asin reducednoiselevelsandreducedvibration dueto slower
operatingspeedsis achieved.Also, higher longevity of rotating equipmentdue to smoother
speedchangeof the motor (so calledsoft start)wasobserved.

Crossmediaeffect:
Seesectionon reduction.

Application limits:

To apply a VFD a numberof specifiablefeaturesto be checkedwere mentioned,suchas: an
automatictemperaturecontrol, the properlayout of the VFD to the demandsof cooling tower
fan motor,andan analysisof resonancef theequipment.

Costs:
A costindicationwasnot given

Exampleplant:
Not mentionedwith respecto experiencesvith application.
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ANNEX X1l SPECAL APPLICATION: POWER INDUSTRY
[tm132, Eurelectric, 1998]

Synthesis

In orderto synthesiseghe specific knowledgeand enableotherindustriesto benefitfrom it, this
Annex has beendrawn up within EURELECTRIC. It is the outcomeof collaborationmainly
betweerE L E CT R | DEIFRANCE,ELECTRABEL, LABORELEC and VDEW resp.VGB
representingGerman Power Plant Operators.The results of the permanentvarious working
groupsof UNIPEDE" and CORECH? havealsobeenincluded.

The Annex is meantto give some backgroundinformation for a better understandingof the
information presentedn the main document.lt explainsin a simplified way the operationof
thermalpower plants.It setsout the main functionsof the cooling systemsof the condenseand
auxiliaries. The possibleenvironmentaimpactsof cooling systemsare then examinedin more
detail. This part of the Annex patrticularly concernsheat dischargesthe suction of living
organismsinto water intakes, any dischargesof treatment reagentsand other potential
detrimentaleffects,suchasnoise.

Also, an analysisof the variouscooling techniquesonceivablas made.lt is referredmainly to
the designof a new systemand to be usedas additionalinformation for the determinationof
BAT. It dealswith not only the technicaland economicaspectsbut also and especiallywith the
ecological and energy impact of the various solutions. Its conclusions,although specifically
aimedat the powerindustry, fall within the generalBAT conclusionsof Chapter4 of the main
document.

Themain conclusionghathaveemergedrom theanalysisare:

1 Theimpactof a cooling systemon the receivingenvironmentmustbe studiedbeforethe
powerplantis designedio do so, numericalmodellingandon-sitetestsin pilot loopsare
recommended;

1 Thedesignof the cooling systemsnustbe studiedwhile takinginto accounthe ecological
andenergyimpactto a maximum;

1 Theimplementatiorof physicalprocessettendedto limit fouling mustbe sought
systematicallycontinuousmechanicatleaning,temperaturéncreasefiltration, etc.);

1 Chemicalsolutionsmustbe studiedon a caseby-casebasisso asto limit their utilisationto
the utmost;

1 Onebestsolutioncannotbe selectedastoo manylocal factorsinfluencethe choiceof the
cooling systemof a powerplant. Theyincludenot only the flow-ratesavailable but also
visual aspects.

XIl.1 Introduction

The thermodynamiccycle of conventionalthermal power plants obeys CARNOT's principle.

Efficiency levelsreachabout40%for conventionahew designbut canachieve47%in advanced
designandundervery favourableclimatic conditionsin particularwhencoolingwater conditions
are suitable(oncethroughcooling system),evenwith hardcoal firing. Theresultis that nearly

45% of the amountof energyprovided by combustionmust be dissipatedat the condenser
level.

The condensers the key point of the facility. Regardlessf the modeof cooling adoptedijt is in
fact oneof the main interfacesbetweenthe power plant and the surroundingenvironment.The

¥ Thelnternational Uniorof ProducersandDistributorsof ElectricalEnergy.

2 Committee orResearch.
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efficiency and availability of a powerplant depend to a great extent on the integrity and
cleannes®f the condenserTheseare reasonswhy specific solutionshave beenadoptedfor a
long time now: continuousmechanicalcleaningby foam balls, corrosionresistantalloys, such
as titanium and stainlesssteel, etc. Also cooling water treatmentsystemshave beendeveloped
andarein operationjn particularfor circulatingcooling systems.

Likewise, as cooling flowrates may reachseveraldozenm?s, the modesof treatmentadopted
andsolutionsselectednay bedifficult to extrapolateo otherindustries.

XII.2 Power plant cooling systems- principles and reminders

The operationof power plantsis governedoy CARNOT 'sprinciple. The heatsource the boiler,
providesthe energyrequiredfor water vaporisation.The cold source,the condensercondenses
the steamcomingout of the low-pressureurbine.

One of the main characteristic®f a power plant, from the technicaland economicstandpoints,

is its specific consumption, in otherwords, the amountof heatneededo produceone kWh of
electricalenergy.This specificconsumptiorresultsfrom thethermalcycle balance(table ).

Table XII.1: Example of simplified balanceof athermal cyclefor conventionalnewdesign

. Energy Efficiency
Energytransformation (k) %) (%)
Energyfrom combustion 9000 100 100
Steangeneratofoss 1050 -11.7 88.3
Condensefi| 0ss 0 4200 -46.5 41.8
Feedwateheating (2000) (22.2) (Looping)
Turbogeneratdpsses 65 -0.75 41.05
Powersupplyof auxiliaries 65 -0.75 40.3
Lossin maintransformer 25 -0.2 40.1
Overallefficiencyof thefacility 40.1

The presencef the cold sourceis the main considerationNot alwayscan cooling systemsuse
waterdrawndirectly from a river, seaor lake. It may be necessaryo usea recirculatingsystem
with a cooling tower. A look at the thermalcycle balanceshowsthat 4200 kJ mustbe yielded
for eachkWh generatedin addition,this energycannotbe recovereecauséts exergyis low.

New generationsystems,especiallycombinedcycles (or gassteamturbines),makeit possible
to obtainhigherefficienciesof evenmorethan55%.

The cooling system,which servesto evacuatethis energy,is generallycalled the circulating
system.The condensetube bundle containscold water drawn from a river, the seaor a lake.
Theheatingandflowrate of this waterdependon theinstalledcapacity(table2).

Table XII.2: Relationship betweenthe installed capacity and cooling parameters
(Values as an example, depending on type of the circulating system,the ambient air temperature,
coolingwater resourcetemperature)

Rated capacity of the unit Circulating water flowrate Heating of water in the
(MW) (m3/s) condenser(K)
125 315 77112
250 61 10 77112
600 147 24 7112
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Eachunit alsohasan auxiliary cooling watersystem:
1 generatosealoil coolers,

1 compressocoolers;

1 etc.

Closedloop cooling systemssuppliedwith demineralisedvater,are systemdor:
1 generatosstatorcoolingwatercoolers;

1 generatohydrogencoolers;

{ etc.

Dependingon the units, the cooling water flowrate of this cooling systemof the auxiliaries
representnormally about 4 to 8% of the circulating water flowrate. Heating is limited and
amountsup to 10 K, accordingto the auxiliariesin operation However,evenwith a low thermal
load, it can remainin service severaldays after the shut down of the unit to evacuatethe
residualheat.

XI1.3 Possibleenvironmental impactsof cooling systems

The heatreleasesat the cold sourcemainly concerntwo receivingenvironmentsair and water.
But, in fact, evenif the dischargeoccursinto an aquatieenvironment,the ultimate heat sink
remainsthe atmospherelndeed, the water gradually transfersthe heat received by various
natural processesevaporation,conduction,radiation. For economicreasonswater is the first
areawhereonelooks.

Beforewonderingwhat techniquesnay be acknowledgedhs BAT for cooling systemsjt seems
desirableto make an analysisof any detrimentaleffects on the natural environment,estimate
their natureand amplitudeandjudgethem,in otherwords decidewhetherthey remaintolerable
or not.

XIl.3.1 Heat dischargedo the atmosphere

Regardlessf thetype of cooling systemall of the heatconveyedo thecold sourceis transferred
to the atmosphereThis is carried out on a specific basisin the caseof cooling towers, air-

cooled condensersand dry cooling towers. In the caseof oncethrough cooling systemson

ariver, lake or the sea the heatis transferredvia the surfaceof the receivingwater body,overa

largeareaandwith a certaintime lag, dependingon thelocal situation.

In power plants cooled by a oncethrough system (Figure Xll.1, Section XIl.11), pumped
water is generallyheatedfrom 7 to 12 K whenthe units operateat their rated capacity. The
dischargedcooling water is progressivelycooledby mixing with the receivingwater. The heat
is thentransferredo the atmospherdy threeconventionalprocessesevaporation35 to 45% of
the energyreleased)by radiationof the water surface(25 to 35%) and by conductionwith air
(20 to 30%). Dependingon the local situation the outlet temperaturecould be limited by the
local authority.

Energy transfer by evaporationrepresentsa vapour flowrate of 20 kg/s per 100 MWin..
Consideringthe rapid decreasef water heatingprocessdownstreanof the dischargethe only
atmospherigpghenomendikely to be modified are occurrencdrequenciesandthe persistencef
evaporationfog in the area close to the release,where temperaturedifferences are still
considerablebut the extentof which is limited.

It is worthwhile noting that, all things consideredequal, the temperatureof the formation or
disappearancef evaporationfog is higher above salt water than above soft water. This
circumstancés thereforefavourableto powerplantssitedin estuarie®r alongseacoasts.
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For power plantsequippedwith wet cooling towers (Figure XII.2, SectionXIll.11), everything
occursasif the heatwas releasedirectly to the atmosphereTwo kinds of operationmethods
arein practice:

1 oncethroughcoolingwith coolingtower (FigureXIl.3, SectorXIl.11) and

1 recirculatingcooling (FigureXIl.4, SectorXIl.11).

The dischargetakesplacein a concentratedvay over a small area.Wet cooling towerstransfer
to the atmospherabout70% of residualheatin the form of latentheat(wet vapour)and about
30% by sensitiveheat. Thus, the vapour flowrate releasedo the atmospheras roughly twice
that resultingfrom oncethrough cooling without cooling tower. Air saturatedwith humidity is
releasedo the atmospherat a temperatureof about10-20 K aboveambienttemperatureand at
a velocity up to 3-5 m/sin the caseof naturaldraughtcooling towers. This velocity is doubled
in the caseof mechanicaldraughtcooling towers.This air saturatedwith humidity, by cooling
throughturbulentmixing with ambientair, may give rise to the formation of artificial cloudsor
plumes.

Therisks of fog formationon the groundresultingfrom the lowering of the condensatiomplume
may be relatively frequentespeciallywith mechanicaldraughtcooling towers (Figure XII.5
XIl.6 andXIl.7, SectionXIl.11) dueto their low heightandin conditionsof cold humid weather
withoutwind. Therelevantareais about500 m from the emissionsource.

The frequencyis considerablyreducedwhenthe cooling towersget higher.In plains, one may
estimatethat the lowering of plumesreachingthe groundis exceptionalas of a height of 50 to
75 m dependingon thelocal situation.

The formation of frost may resultfrom the contactwith the groundfrozen eitherby the fog due
to the loweringof the plume,or by precipitationlinked to priming, or by spraysfrom the baseof
the cooling towers. However,the impact of such spraysremainsconfinedto an areanearthe
cooling tower and concernsat the very most the severaldozenmetrescloseto the baseof the
coolingtower.

The main climatic modification due to the operationof wet cooling towers concernsa local
increaseof nebulosity by the developmentof the condensationplume which resultsin the
reductionof sunshineandlight in thevicinity of the powerplant.

For power plants equippedwith dry cooling towers (Figure XII.11, SectionXIl.11) or air-
cooledcondensergFigure X11.9 and10, SectionXIll.11), the absolutehumidity of the air is not
changedput its temperatures higher by about15 to 20 K abovethe ambienttemperatureAll
of the heat is releasedn sensitiveform and the non-saturatechot air, which rises in the
atmosphereseldomleadsto cloud formation.

Hybrid cooling towers (wet/dry) (Figure XI1.8, SectionXIl.11) makeit possiblemostof the
time to avoidthe formationof plumes.Waterconsumption(i.e. makeup water)is 20% lessthan
that of a wet cooling tower. However, at the presenttime, the only hybrid cooling towers
availableareof themechanicatiraughtype. Theannuabalanceof a powerplantwith mechanical
draughttype hybrid coolingtowercanbein the samerangeto thatwith a comparablenechanical
draughtwet cooling tower. This takesinto accountthe operationmode.

Sincea few yearsat fossil fired power stationsthe dischargeof desulphurisedlue gasesvia
cooling tower is stateof the art at leastin Germany.lt is an alternativeto traditional discharge
by stackandhasecologicalandeconomicakhdvantages.
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XII.3.2 Heating of receiving aguatic-environments

Althoughthe final heatsink is the atmospherein mostcasesa fairly largepartof the discharge
of a thermalpower plant takesplacein the aquatieenvironment.VVarious physicalphenomena
comeinto play here:

9 turbulentdiffusion,

I convectionin water,

1 flow of fluids of variabledensity,

9 evaporationradiation,convectionin theair.

Dependingon the extentof the dischargeand accordingto the receiving environment,such a
phenomenonis preponderantand affects the way the heat is distributed in the receiving
environment.

Thenearfield of the coolingwaterdischargeshouldbe distinguishedrom thefar field.

The near field is definedin a river asthe areain which the mixing of the warm water plume
with river wateris incomplete.

Thewatertemperaturén the nearfield dependaiponthe mixing of waterreleasedy the power
plant with the water of the receiving environment.Heating can be reducedin this areaby
rapidly mixing the effluent with the water of the receiving environmentby meansof specific
devices.

The far field is the warm water geometrythat is fully mixed with depth within the water
columnandis thusa backgroundheatfield. The excessemperaturen the far field is gradually
reduceddueto thedilution with ambientwatersandheatexchangeavith the atmosphere.

As concernsdischargedn a tidal seaor seawith strong currents, the warm water plume
formed by the dischargeof the power plant is mainly governedby the existenceof major
velocitiesin the receivingenvironmentTheybring abouta rapid mixture of the water preventing
any stratification causedby the differencein density betweenthe warm water and cold water.
Thetemperaturarop in the warm waterplumeprincipally comesfrom the mixing andnot from
heatlossesat the surfaceof the waterarea.The extentof the warmwaterplumein

2
atidal seadefinedasthe areawithin the 1 K heatingisotherm,coversan areafrom 2 to 10 km
for a dischargecorrespondingo thatof a5 000 MW e nucleampowerplant.

The behaviourof the warm waterplumein atidelessseais first of all that of a stratified flow.
Thetemperaturelropsvery quickly throughdilution dueto friction andturbulenceln atideless
sea(or lake) the spreadingor transportof cooling watersis stronglyinfluencedby wind-induced
currentsandthermoclineconditionsandis estimatedasroughly 1 ha/MW.

Normally for coastalpower plantsthe cooling wateris dischargedo the seasurfacethroughan
opendischargechannel.

The behaviourof the warmwaterplumein anestuary is similar to thatin a tidal seawith strong
currents.The alternativemovementof water plays an essentiakole. The river flow will tendto
transportthe heattowardsthe sea.The incomingtide will slow down or changethe direction of
flow, andwill thusaffectthe spreadingf the warm wateplumein the estuary.

The assessmemnf the heatingof a river subsequento a warm water dischargeis relatively
complex. Indeed,the cooling mechanismof the river downstreammainly resultsfrom the
exchangeof energybetweenthe river and the atmosphereT he energyflow betweenthe stretch
of waterandthe atmospherdluctuatesconsiderablydependingon the meteorologicakconditions
andthetime of day.
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In ariver, diffusersdistributedall alongthe width of a waterwayserveto carry out the mixture
over a distanceof severaldozento severalhundredmetres.If the discharges performedalong
the bank,completemixing by naturalflow is carriedout overa few kilometresinstead.

In all casesrecirculation in the river must be avoided or the recirculationratesfor discharges
into the seaand especiallyin the estuaryreducedto a minimum to ensureefficiency and safe

operationof power plants. The position and design of water intake and outlet structuresare

determinedo eliminatetherisk of recirculation.

Preliminary studiesmakeit possibleto designwater intake and outlet structuresand devices
best adaptedto avoid recirculationand favour the initial mixing of heatedwater discharges.
They rely on physical models (hydraulic models) and numericalmodels Where possiblethe

numericalmodellingetc. shouldbe basedon site-specifichydrographicsurveydata.

The useof thesetools as part of the impactstudy of projectedfacilities servesto give assurance
that regulatorythermallimitations will be respectedwhetherthey concernmaximumheatingin
the mixing areaor thetemperaturdevel afterthe mixing.

XI1l1.3.3 Suction of organismsinto water intakes

When pumping the water neededfor cooling, thermal power plants draw in microscopic
organisms(algae and plankton), as well as organismswhich swim in the open water (some
crustaceaand fish). The plankton passesthrough the rotating filters the meshof which is
generallybetweenl mm and5 mm. This doesnot hold true for crustaceaand fish, which are
flattenedagainstthe filtering panels,drawn up and dischargedwith the washingwater of the
filters.

Somestudieshaveshownthat most of the organismsdrawninto the water intakesare small in
size: Shrimps,larvaeand alevin in the seaand estuaryor alevin in rivers. The caseof young
salmonmigrating downstreamwhich are particularly drawn into the water intakes,is specific
for the behaviour.

To limit the entrainmenbf thesespeciesthreetypesof measuresnay be taken:

1. Placetheintakesoutsidecritical areassuchasspawninggroundsand“fish nurseries'bn the
seasidepr migrationroutesfor eellarvaein estuaries;

Designintake structuresvhich minimisethe drawingin of organisms;

Equip intakes with repulsive devices or equipment, which restore organismsto the
environmentwithout damage.

2.
3.

A lot of deterrenssystemgrepulsivedevices)havebeendevelopedandinstalledat waterintakes

of hydropowerandthermalpowerstationsoverthelastdecades:

1 In freshwaterbodies,electricfish screenscan frighten awayfish of specific stagesput do
not affectfingerlingsor evenattractthem intotheintakes;

9 Air bubblecurtainsgenerallyhadvery badresults;

9 Light is partly efficient on certain species,but fish can be acclimatedand the deterrent
effectis not constant;

1 Someresultswith sounddeterrensystemsare promising,but therearecontradictoryresults.

The investmentcostsdependson the size of the intake and the flowrate and can be roughly
estimatedo bein therangeof Euro40000to 200000.

4. Equip intakeswith recoverysystemswhich restoreorganismsto the aquaticenvironment
without damage.

In large water intakeswith travelling screensthe organismscan be removedwith a fish pump
or washedout of the screenby low-pressurewater jets (1 bar). At a power station on the
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GirondeEstuary(France) suchsystemsshowedrelatively goodefficiencies with survival results
of 80% to 100%for shrimps,plaicesand eels.Other attemptshavebeenlesseffectiveor very
costly.

Thefirst two actions,of a preventivenature,are preferableto curativeactionsthe efficiency of
which presentlyremainsproblematical A universal widely applicable solutionis not available.

XII.3.4 Alteration of the receiving environment by chemicaldischarges

The water withdrawn for cooling purposesmay sometimeshe the causeof chemicalreleases
into thereceivingenvironmentThe following may be concernedn particular:

1 reagentaisedto avoidthe scalingof cooling systemsequippedwith coolingtowers;

1 reagentasedto fight againstbiological developmentsieactionproductsof someof them;

1 iron sulphateanti-corrosiontreatmentgo protect,in somecasesgopperalloy condensers;

1 corrosionproductsof heatexchangersind piping.

As concernghe marine environment, the purposeof the biocide treatmentis to maintainthe
systemssufficiently clean so asto ensuretheir properoperation.For the seaintakes,the main
problemis to avoid the developmentof molluscs (mussels,oysters,etc.) inside the cooling
system.The currentpracticeis the injection of chlorine. It is generallyproducedon-site by sea
water electrolysesThis processavoidsthe risk involving the transportof NaOCI by truck. The
chlorination can be madeon continuousor discontinuous(seasonalpasisdependingon many
factorssuchas meteoclimaticcharacteristic®f the site, water quality, cooling circuit designand
biofouling typology (settlemenperiodsand growthrates).

Mainly the injection takesplacein low dosesso that the concentrationn free chlorinein the
dischargds generallybetween0.1 and 0.5 mg/I normally (sporadically0.7 mg/l). The value of
this limit concentrations setby local regulations.

However,whenit reactswith someorganicmatter,chlorinemay leadto the formation of organo
halogenatedsubstancegmainly bromoformin seawater) Some studiesneverthelesshow that
bromoform concentrationsn the plumesof warm water dischargesrom coastalsited power
plantsremainextremelylow (aboutl50g / | ) .

It would be advisable here to compare this figure with the natural production of
organohalogenatedubstancesn the oceans.According to Grimvall and delLeer (1995), the
annualproductionof a numberof organohalogenis:

9 chloromethane : 5.000.00Q;

9 bromomethane : 300.000;
 iodomethane : 300.000t to 1.200.00Q;
9 chloroform : 90.000tto 360.000Cx;
1 bromoform : 500.000 to 1.000.00Q;
 iodoform : notdetectabléen seawater.

The natural concentrationsn AOX rangingfrom 6 to 17 O gClig of sedimentin the Gulf of

Bothniaand from 50 to 180 O gCl/g of sedimentin the Gulf of Finland were measuredThe

presence of these organohalogenatednolecules has been attributed to biohalogenation
reactions.

Chlorinationis the antifouling chemicaltreatmentmethodthat is the most commonlyusedto
protect the systemsof coastalsited power plants. Another oxidant, chlorine dioxide, has
neverthelesbeentried with succes®n thermalpowerplants.

For a greatmany years,the choiceof the alloy for the tubesof heatexchangersn coastalsited
power plants has gone towardstitanium. Under theseconditions,the contribution of corrosion
productsis insignificant,or eveninexistent.However,therearestill condenserin copperalloy
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which are protectedby a film of ferric hydroxide producedby adding ferrous sulphateto the
coolingwater.

For river -sited power plantsthe contributionof chemicalreagentswill dependto a greatextent
on thetype of cooling systemandany biological problems.

Generally,operationwith recirculationincreaseghe risks of scaling This often requiressetting

up a specifictreatmentof makeup wateror cooling water. The modesof treatmentthat may be

usedareasfollows:

1 notreatmenwhenthe wateris notvery mineralised,

1 lime softeningof makeup water,

9 acidvaccinationof circulatingwater,

1 treatmentwith precipitationretarder,

1 combinedtreatment®f the type: acid vaccinationand scaleinhibitors or lime softeningand
acid vaccination.

The choice of the mode of treatmentdependson many criteria the following of which are
mentionedor example:

1 concentratiorfactor,

1 chemicalcompositionof the river water,

1 designof the cooling system.

Thetreatmentdepend®n the concentratiorfactor of the cooling system:

1 with alow concentratiorfactor (1.05to 1.2), it is not generallynecessaryo treatthe water
of thesystem,

1 with anaverageconcentratiorfactor (1.2 to 2), an acid vaccinationof the circulatingwater
is necessaryvhenthe hardnessf the wateris high,

1 with ahigh concentratiorfactor (3 to 7); the lime softeningof makeup wateroften becomes
the only choicepossibleandmaybe supplementethy a light acid vaccination.

Theacid vaccination of circulatingwatercanbe carriedoutin threedifferentways:

either by maintainingthe pH within a range generallyincluded between7.5 and 8.5, or by
limiting the total alkalinity to 100 mg CaCQ/I (for makeup waterwith low sulfatecontent),or
by respectingregulationinstructionswhich take into accountthe alkalinity, calcic hardnessand
temperatureSulphuricacidis usedin mostcases.

The purposeof the lime softening of makeup wateris to raisethe pH of the waterup to 10 so
asto precipitatethe calciumand part of the magnesiumn the form of carbonateand hydroxide.
At the outlet of the decarbonatorthe concentratiorof residualcalciumvariesbetween0.5 and 1
mequivalentHowever,it is combinedwith carbonatewhich makesthe treatedwater extremely
scaling.To restorethe balanceof decarbonateavater, a postvaccinationwith sulphuricacid is
often carriedout. The lime softeningresultsin the productionof a large amountof sludge.In
addition, by increasingthe pH, lime softeningmay resultin the precipitationof some heavy
metalspresenin thewithdrawnwater.

The sludgeproducedby precipitationin the softeningprocessis collectedin the bottom of a
clarifier. It is normally pumpedto a sludgethickener,wherethe solids concentrationncreases
by further sedimentatiorusually assistedy injection of polyelectrolyte. The clearwater returns
to the clarifier while the concentratedludgeis further dehydratedn vacuumdrum filters or belt
filters.

The cake producedby dehydrationwith remaining water contentof approximately50% is
removedfor disposalin landfills. No environmentaleffects have beenreportedfrom softening
sludgelandfilling sites.
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The continuous chlorination of the circulating systemsso as to eliminate the formation of
biofilm on the condensetubeswas given up a long time ago since mechanicalmethodshave
beenapplied (Taprogge,Technossystems,etc.). But chlorination as suchis still an effective
treatmentln practice five chlorinationtreatmentsanbe applied:

1 endof-seasonfor examplecontinuouschlorinationat low level (0.5 mg/l) for 2 to 4 weeks
atthe endof the settlemenperiodof the freshwateiZebramusseDreissengplymorpha

1 periodictreatment:severalperiodsof continuousaddition of biocide during the settlement
season;

1 intermittent treatment:frequentdosing (every day or three days for example)for short
periodsof time (someminutesto hours);

1 continuousreatmentat low level during the settlemenperiod; for examplein the North Sea
and the English Channel,chlorinationat 0.5 to 1.0 mg/l., 7 monthsa year, to eliminate
marinemusselsResidualoxydantat the outlet0.1-0.2 mg/l;

1 semicontinuoustreatmentconsistingof short term periods of treatment(15-60 minutes)
then stoppedfor equally brief periods.A semicontinuouschlorinationor pulsechlorination
at low level is usedin Canadaagainstthe Zebramusselandin Franceand the Netherlands
to controlthe marinemusselsn powerstations.

The massivechlorination or shock dosing is a specific procedurethat hasbeendevelopedto
eliminate filamentousalgae which developin the basinsand the fills of cooling towers. The
concentrationsat the injection point vary between5 and 25 mg Cl./I. In order to avoid the
releaseof chlorineinto the receiving environmentthe blowdownsare closedfor a few hours.
They are openwhenthe concentratiorof free chlorinein the circulatingwateris lower thanthe
dischargelimit. Dependingon the authorisationsthis limit varies between0.1 and 0.5 mg
TRO/I. Somedischargeauthorisationsare expressedn flows. Thesetreatmentsare not carried
outonall thesites.

The frequencyof massivetreatmentsdependdo a greatextenton the quality of the water, the
concentrationfactor and the generalstate of cleannesof the circulating system.It may be
weekly, monthly or quarterly.

Thereactionof chlorinewith humicandfulvic matterleadsto the formationof organochlorinated
compoundsin fact, bromideion concentrationgn river wateraregenerally insignificant. Under
theseconditions,only organochlorinatedcompoundscan be formed. Volatile compoundssuch
as chloroform, dichloromethane(POX) and adsorbableeompounds{AOX) canbedistinguished.

However,asis the casefor seawater, the presenceof organohalogenatedompoundsn inland
surfacewatersis not solely due to the chlorination of the cooling systems.Among the other
possiblesources particular mention should be made of agricultureand natural production.In
unpollutedlakes- for examplein Sweden AOX concentrationsangingfrom 10 to 190 O gCl/I.
Thehighestconcentrationtiavebeenmeasuredn highly eutrophicatedakes.

Among the parameters which affect the reactions resulting in the formation of
organochlorinatedompoundsduring the disinfectionof cooling water, the following should be
mentioned:

humicor fulvic concentration,
free chlorineconcentration,
reactiontime,

pH of theenvironment,
reactiontemperature,
presenc®f ammoniumions.

E N
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Thesecomplex reactionscan be modelled and validated by measurementsarried out on the
sites.

The chlorination of the oncethrough systemsdoes not result in significant increasesof
organochlorinatecompounds.indeed,the contacttimes are short, about 10 minutesat most,
and the concentration®f free chlorine are low. Accordingto the chlorination proceduresised,
the POX and AOX concentrationsmeasuredat the peak vary between0 and 10 O gCl/l and
between 20 and 150 O g Cl/l, respectively. These values correspondto free chlorine
concentrationgat theinjectionincludedbetweer0.5and10 mg/l.

The chlorinationin a closedloop of circulating systemsmay lead to higher concentrationsf
organochlorinatedompoundsThe following factorsplay aninfavourablerole here:

1 thecontacttimeis longer,

1 therecirculationincreaseshe concentratiorof precursors.

It should nevertheles®e mentionedthat the increaseof pH linked to the degassingpf COzis
favourableto the formation of POX. The latter are easily transferredto the atmospherevia the
coolingtower.

Undertheseconditions,the concentration®f POX are included between0 and 10 O gCl/l and
the concentration®f AOX between200 and 2 500 O oCl/l. For concentration®f free chlorine
attheinjectionincludedbetweerb and25 mg/l andstaytimesvaryingbetweer2 and70 hours.

Oneshouldnote, however,that the presencenf low concentration®f ammoniumion in natural
water may considerablyreducePOX and AOX concentrationsActually, the kinetics of the

chlorineNH," reaction is more rapid than those of the reactionstaking place betweenthe
chlorineandaromaticcompounds.

XI1.3.50ther possible harmful effects resulting from the choice of some cooling
systems

The useof naturaldraught,forced draughtand hybrid cooling towers,or also of dry condensers
and cooling towers, makesit possibleto considerablyreducethe water flow requirementof a
power plant and, consequently,to limit the possible impact on the aquatieenvironment.
However,the presenceof cooling systemson a site may poseother problems.They concernin
particular problemsof aestheticaand noiseof wet cooling towers. For dry cooling towersand
condensersin addition to the two previously mentionedaspects,there is also the possible
disseminationnto theair of corrosionproductsfrom the heatexchangesurfacearea,n particular,
whenthe heatexchangersonsistof finned tubesmadeof galvanisedsteel.

Natural draught wet cooling towers, the soberform of which is generallynot unpleasantare
neverthelesstructuresthat can be seenfrom afar and that cannotbe concealedn a fairly flat
landscape.

On the other hand, mechanical draught wet cooling towers or hybrid cooling towers, the
aestheticsof which is itself much more debatable presentthe advantageof generally being
lower thanthe main partof the powerplant.

Neverthelessbeyond that it is required to quote comparative factors between different
technologiessincea lot may dependon the assumptionsnadeby manufacturersn giving cost
data.

Similar remarksmay be madefor dry cooling towers and air-cooled condensers The size
effectis neverthelessnuch more considerableThis is becausdhe low exchangepropertiesof
air requiremuch larger structures.In addition, in the caseof mechanicaldraughtsystemsithe
power necessanfor air supplyis about2% of the unit's net electrical output. For the same
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thermalpowerto be dissipatedthe size effectis thereforethreetimes higherthan that required
for wet cooling towersand combinedsystems.

A certaindetrimentaleffect that can be causedby a cooling systemresidesin the emissionof
noiseat the air inlet and outlet. Evenfor a natural draught wet cooling tower, the soundlevel
may reach 60 dBA at 100 m. For a mechanical draught wet cooling tower and hybrid
cooling tower, the noiselevel comesto about70 dBA underthe sameconditions.lt is closeto
80 dBA for air-cooledcondensers.

XII.4 Prior study of the sites: indispensabletool for the
evaluation of their receiving capacity, impact control
and prevention of harmful effects

XI1.4.1 Analysis of the situation

The cold sourceis oneof the determiningelementsn the choiceof a site. That'swhy greatcare

is takenat a very early stagewith regardto the environmentaproblemsposedby the cooling of

a powerplant. As mentionedearlieron, theseproblemsmaybe of severakinds:

1 waterheatingby oncethroughsystems,

1 effectonthequality of waterandon aquaticorganismsin the caseof wet coolingtowers,

1 effecton thequality of air, in the caseof dry coolingtowers,

1 meteorologicakffects,discharge®f chemicalsubstanceand problemsof noiseregardless
of themodeof coolingadopted.

The designeris not powerlessin the face of the problemsposed. The knowledge acquired

throughgreatmanyobservationgnadein the vicinity of existingpower plantsconstitutesa solid

experimentalbasis serving to effectively orient the studiesto be undertakenprior to the

installationof a new powerplant.

XIl.4.2 Mathematical modellings, simulations on modelsand testson pilot loops,
first indispensabletools

The interestof numerical models has beenmentionedfor forecastingthermal changesn the
nearfield asin thefar field.

In the nearfield, fairly sophisticatedools serveto describethe dilution conditionsof thermal
dischargesThey are usedat the local dischargelevel. Thesemodelsserveto dimensionthe
outfall structurego the bestpossibleextentso asto ensurethe optimumdispersionof the warm
water plumein the receivingenvironmentas quickly as possibleand thuslimit its impactto a
minimum (meteorologicahnd hydrobiologicaldata).

In the far field, the parametershat haveto be takeninto accountare muchmore complex. They
concernnot only the characteristicspecific to the receiving environment,but also discharges
originating from other companiesMuch more complex models have been developedto this
effect. They take into accountbiological parameter®f water quality and take into accountthe
presenceof chemical pollutants. They integrate various pollution sourcesand provide an
assessmendf responseof waterwaysor lakes to thermal and chemical disturbancesor the
excessivecontributionof nutriments(eutrophicatiorphenomenon).

There are also other modelsusedto simulatethe accumulativeimpact of severalwet cooling
towersinstalledon the samesite.

The forecast making use of numerical models must rely on field data and experimental
knowledge.Thesein situ and laboratory studiesarerequiredto define and optimisethe antk
fouling treatmentor systemscleaningperiods.Biological studiesmakeit possibleto know the
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periodsof reproductiorand fixation of larvae, aswell astherateof growthof themain biological
species.Thesefield and laboratory studiesare long. Indeed,in the ecologicalfield, forecast
analyticaltools havenotyet beenwholly validated.

To determinethe modeof treatmentof the recirculatingsystemssystematidestson pilot loops
are carriedout. The purposeof thesetestsis to graspthe scaling risks on the onehandandon
the other handto define the optimum mode of treatment,as well asthe operatinginstructions.

Among the laboratorystudiesareto be found modelsimulations,suchasfor the visualisationof
watervapourandwarmwaterplumesphenomena.

XI.5 Designof componentsand choiceof materials

XI1.5.1 Wet cooling

As mentionedpreviously the problemsencounteredn wet cooling systemsmay be of three

types:
9 corrosion,
9 scaling,

9 Dbiological developments.

For many yearsnow, and almostnaturally, the choice of materialsusedin the cooling systems
of power plants hasbeenorientedtowardscorrosionresistantmaterials.lt must be mentioned
that the pressurewithin the condensenf a power plant is about35 mbar but can be lower in
units optimisedto achievehigher efficiency - in particularwhen climatic conditionsare suitable
or may be evenhigherwhen climatic conditionsare unfavourable Under theseconditions,the
slightestleak in the tubesleadsto the ingressof impurities into the watersteamcycle. The
damageancurredby theseintrusionsmay be substantialand reducethe efficiency of the unit, or
evenleadto its shutdown.

In order to avoid the ingressof raw water into the watersteamcycle, the choice of materials
wentto highly resistantalloys. Titanium is thus almostalwaysusedin seawaterand brackish
water. For river water, condensersare equippedwith 316L (or even higher Mo-content if

concentratiorof chlorideionsis higherthan 100 mg/l)) stainlesssteeltubesmostoften or brass
or sometimesmade of titanium. In order to limit the formation of deposits(sedimentsand
biological developments)n the tubes,the minimum averagevelocity is fixed at 1.8 m/s for

brass.For other material as stainlesssteelor titanium, the maximumaveragevelocity is much
higher.The choiceof the averagevelocity is in fact the resultof the optimisationof the cold end
taking into accountthe powerrequiredfor the pumpingthatis the function of the velocity in the
tubes.Generally,the optimisationfor stainlesssteelor titanium leadsto a velocity in the range
of 1.8-2.5m/s.

The tubeplates are often made of carbon steelor titanium cladding. Appropriatepainting
(epoxy or ebonite coating) protectsthe side in contactwith the recirculatingwater. In some
particular cases,cathodic protection devices have beeninstalled to solve galvanic corrosion
problemsamongothers.

Even if rich, alloys such as stainlesssteelsmay be the subjectof particular corrosion, like

corrosionbeneathdeposits.To avoid thesephenomenathe tubesmust remain clean underall

circumstancesThis objectivemaybe metin two ways:

1 either by a continuousinjection of rapid-action biocides,generally an oxidising biocide,
suchaschlorine;

9 or by a continuousmechanicalcleaningprocess.There are various processe$n existence.
They consistin the injection of brushesor foam balls, which are recoveredand reusedon a
continuousbasis.

Industrial Cooling Systems 288



Annex Xll|

Thedesireto reducethe useof chemicalreagentsmposedthe secondsolution.

To avoid corrosion of stainless steel, a particular procedureis recommendedfor the
conservationof the tubesthat is carried out during long shut down of the installation. This
conservatiorconsistf draining,washinganddrying theinsideof thetube.

The main heat exchangersof auxiliary cooling systemsgenerally consistof coolers made of

steel or stainlesssteel. The distancebetweenthe platesis relatively short, which sometimes
leadsto silting up. However,thesesystemsoperateaccordingto the one of two or two of three
principle. In other words, the operationof one or two systemsis sufficient to carry out the

cooling of the auxiliaries,with the additionaltrain playing the securityrole. This designchoice
servesto scheduleperiodic cleaning operations.These operationsconsistin dismountingthe

unusedcheatexchangeandin cleaningthe plateswith pressurisedvater.

The make up and outfall structures,main circulating water conduits and cooling towers are
madeof reinforcedconcrete The choiceof cementuseddependon the modeof treatmento be
adoptedfor the circulatingwater.Thus,in the caseof sulphuricacid vaccination,it is sometimes
indispensabldo use specialcements.The addition of fly ashis recommendedin the caseof
highersulfur acid concentratiorthe useof specialcoatingsis required.

Thefill of cooling towersis usually madeof thermoplasticmaterials.Specific loads are often
added during fabrication so as to make them fire resistant. The risk of fire in the fills is
particularlyhigh duringthe maintenanceperationsThis choiceavoidsthe problemsof asbestos
encounteredvith the packingsof the previousgenerationsin addition, recent developments
have madeit possibleto substantiallyincreasethe thermodynamicpropertiesof thefill. The
choice of lighter syntheticmaterialsand enhancedperformancesas served,for an identical
thermalload,to appreciablyreducethe size of cooling towers.However,somepresent profiles
showa largersensitivityto (bio)fouling andscaling.

As can be seen,the choice of a fill dependson severalfactors. More than the performances
sought,it is ratherthe quality of water (presencef suspendednatter,scalingtendency)which
imposesthe choiceof the profile. The manufacturerstill havea greatdeal of progresgo make
with regardto this particularpoint. The ideal profile is, of course the onewhich guaranteesigh
performancesvhile beingnot very sensitiveto (bio)fouling andscaling.

The standarddrift eliminatorscurrently used make it possibleto limit the amountof water
drawnin by priming to 0.01%or evenlessof the total flowrate. For facilities built near major
trunk roads thesevaluescanbefurtherreducedA compensatiomf lossof capacityis necessary
in this case Separatorarealsomadeof plastics.

Part of the pumping energy can be recoveredby installing cooling towers equippedwith
recuperatordocated underthe fill. However, thesecooling towers are extremely sensitiveto
frost. Beforeopting for this solution,a studyof local climatic conditionsis absolutelynecessary.

XII.5.2 Hybrid cooling

Hybrid cooling towersare recommendedor specialsite conditions.The essentiakcharacteristic
of hybrid cooling towersis to combinean evaporativeprocesswith a non-evaporativeprocess.
This resultsin a decreasef relative humidity and thereforethe almostcompletedisappearance
of the plume at the outlet of the cooling tower. In connectionwith mechanicaldraughtit is
possibleto reducethe tower heightconsiderablyThe investmentcostsare higherthanfor a wet
coolingtower.

In generalthe energyconsumptiorrelatedto the operationof fansandthe highertemperaturef
the cold sourceresultin lower cycle efficienciesandhigherfuel consumption.
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XI11.5.3 Dry cooling
Dry coolingis mainly usedin regionswith insufficientwatersupply.

XII.5.3.1 Forced draught air-cooledcondenser
(Figure XII.9, SectionXIl.11)

In an air-cooled condenseiarrangementhe exhauststeamfrom the steamturbineis ductedto
the air-cooledcondensefACC) wherethe steamis distributedthrougha large numberof finned
tubes.Cooling air is forced over thesetube bundlesby fans. The steamrejectsheatdirectly to
the atmospherevia the finned tubes, condensesnd flows by gravity into a condensatdank.
Fromthe condensat¢ank it is returnedto the boiler. A typical designfor the heatexchangetis
the i A fiame condensefother framework designsare also possibleto accommodatéhe tube
elementsfans,andsteelstructure).

Large dry condenserdend to have long and complex steamtube systems,which may cause
siting, and pressuredrop problems.To minimise pressurelossesin the steamductwork the
cooling bundlesare generallylocatedimmediatelyadjacentto the turbine hall. Dependingon-

site conditions,the ACC conceptis technically feasibleto cover a wide rangeof power plant
unit sizes.

Comparedto wet cooling systemsthe A C C [efficiency of heattransferto the atmospherés
relatively low with the recooled water temperaturebeing determinedby the dry bulb air
temperatureThe systemneedsto be designedto exclude formation of dead zonesby non
condensablggasesand thus eliminate the dangerof undercooledcondensater freezing. The
designof tubebundlesalsoneedgo be robustto allow for periodichigh-pressurevatercleaning
of the externalsurfacesto maintain efficiency and plant output. However, this methodof dry
coolingwith an ACC avoidsthe needfor large cooling towers,eliminatesthe vapourplume and
greatly reduceghe consumptionof cooling water. In particularusinglow noisefans and drives
canmeetstringentnoiserestrictions.

In comparisonto indirect dry cooling systemsthen the ACC providesa greatertemperature
differencebetweenthe condensingsteamandthe cooling air, and consequentlfhe ACC system
will havea relatively smallerheattransfersurface.The indirect dry cooling system,which has
two heattransferprocessesi.e. steamcondenseand Air-cooledheatexchangerould needto
compensatdy eitheradoptinga larger cooling surfaceand/orby increasingits cooling airflow.
The investmentcostsfor an ACC will be smallerthan an indirect dry cooling systemas the
latter will haveto include the costsof the cooling water recirculationpumpsand surface
condenserOn the other hand,the auxiliary power consumptionand maintenanceequirements
for the mechanicallyforced draughtACC will be significantly greaterthan the naturaldraught
dry tower.

XI1.5.3.2 Natural draught air-cooledcondenser
(Figure XI1.10, SectionXIl.11)

Although the characteristicof placing a direct air-cooled condenselinside a natural draught
tower makeit asfeasibleas a forced draughtair-cooled condenserthe disadvantagesre that
the height of the naturaldraughttower structurewill be largerandso will its investmentcosts.
For example,the cost of the tower itself, the routing of the large steamexhaustductsto the
cooling tower, and the larger heattransfersurfacerequiredas the natural air draughtmay be
only half thatof a forcedair draughttower.
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Theadvantagesf this naturaldraughtACC systemwould include:

reduced/nsoundemissions

reduced/nair recirculationdueto high tower structure

no maintenancéor fans,drivesor circulationwaterpumps
no auxiliary powerconsumptiorfor steamcondensation.

= =4 —a -

XI1.5.3.3 Closed recirculatingdry cooling towers
(Figure XI1.11, SectionXII.11)

In dry cooling towerswaterflows throughthe cooling elementsin a closedsystem.Wasteheat
is exclusivelytransmittedby convection.The lack of heatdissipationthrooughevaporationoss
leadsto a significantincreaseof the temperatureof the cooling waterand thusa low efficiency
comparedo wet-cooling.

In caseof dry coolingtwo flow arrangementarepossible:

9 closedcircuit cooling with dry-type cooling towersas direct cooling in connectionwith a
surfacecondenseand

9 closedcircuit cooling with dry-type cooling tower as direct cooling in connectionwith
injection condenser.

Advantage®f dry coolingareasfollows:

1 novisible plumeformation,

1 simplesetin andexaminationof chemicalparametersf the circulatingcooling water,

1 noneedto makeup waterduringoperationonly replacemendf possibldeakagdosses.

Comparedo wet cooling, dry cooling hasthe following disadvantages:
considerabhhigherinvestmentand operationcosts,

largerdimensionf the building,

strongerlinfluenceof the ambientair temperaturegsummer/winterpn cooling performance,
operationin winter requiresspecialice preventionmeasuresluring standstills,

the tendancyto fouling of the cooling elementsrequiresan efficient stationarycleaning
device.

E R E

XII.5.4 Cooling towerswith dischargeof cleanedflue gas
(Figure XI11.12, SectionXIl.11)

During the lastyearsthe emissionof desulphurisedlue gasvia cooling towers(asan alternative
to the emission via chimneys)in fossitfired plantshasproved to be favourableregarding
environmentaland economical aspects.The effect of the transportof flue gas to higher
atmospherareasis achievedin this caseby differencesin densitybetweenthe flue gas/cooling
tower plume mixture insidethe cooling tower andthe relatively cold ambientair, and not by the
high temperatureof the flue gasitself. Using this methodan increaseof the efficiency of the
powerplantis obtained.

Flue gasdesulphurisatioplantsof coatfired powerplantsoften work accordingto the principle

of wet desulphurisationWet cleaningcoolsdownwarm flue gasego betweens0 & and70 .

For environmentallycompatible and troublefree emissionof these cleanedflue gasesvia a

chimneya heatingunderadditionalutilisation of energyis necessaryAn alternativefor reheating
is the cleangasemissionvia a naturaldraughtcooling tower: up to now this principle hasbeen
exclusivelyusedfor wet cooling. The cleangasesreled into the coolingtowerabove thepacking
andthusemittedinto the atmospher#éogethewith the coolingtowerplumes.

Industrial Cooling Systems 291



Annex Xll|

The inner side of the cooling tower shell including the upperring beammust be completely
coatedagainstcorrosion. During theinlet of cleanflue gasesnto the coolingtower, condensate
can flow down the cooling tower shell, which is, comparedto concrete,heavily aggressive
dueto its low pH value.

Concretepartsof the internal structure,e.g. the top framing of the fill supportingstructureof
channelsegmentsand riser headsrespectively must also be coatedsimilar to the inner side of
the shell.

Steel parts, e.g. slides or handrailsthat might get into contactwith acid condensatdrom the
plumesmustbe madeout of specialstainlesssteel.

The clean gas channel conductsthe cleangasesrom the FGD? building to the middle of the

cooling tower. It can be insertedinto the cooling tower at the height of the FGD outlet (high

elevation)or right abovethe internaltowerfill (low elevation).The maximumchanneldiameter
is about8 m.

The cleangaschannelshouldbe madeout of glassfibre reinforcedvinylesteror equivalent.To
this end, especiallychemicalresistanimoulding materialson the basisof penacrylresinsand,as
textile processingespeciallyacidresistanfibres out of ECRglassareto be used.

Due to the condensatdormation inside the channel,it should have a slight inclination against
the cooling tower. For the outlet of the condensatean outlet facility at the clean gaschannel
insidethe coolingtoweris to be provided,leadinginto the cooling towerbasin.

XIl.6 Cost comparison betweenthe various types of cooling
towers

The costelement®f cooling systemsaremainly of threekinds:
I investmentcosts,

1 costsrelatedto energyconsumptior(i.e. efficiency),

M andmaintenance&osts.

For power plants,operatingcostsrelatedto energyhaveto take into accountthe financial gain
that is linked to the differencein efficiency betweendifferent options. Generally for power
plants,the comparisorof different optionsis executedthrougha socioeconomicmethodbased
onan6 a ct u halamcavghdad 6 a ¢ t u a faiioghat variesfrof countryto country (e.g.
8% for France,5% for Germanyand Italy, 10% for Portugal). This methodis describedin
referencel. Caudron,"Lesr ®f r i g ®ma 8 p Bi@ustrigst, @o#ection de la Direction
desEt udtRec h d [Ef le s ddFranceli9oql®

Thed a c t u balancas eainposedf:

1 investmentaddedwith indirectchargego technicalsolutionsconsidered,;

9 algebraicé a c t u aipénses(rdaintenanceof equipment)and receiptsin operation
(productionduringthe estimatedife ¢tr e ) ;

1 ¢ Piéisthebalanceof expenseandreceiptsof theyearc i € supposedn the middle of the
year.

Thebalanceis representethy the following enumeratiorwith ¢ Ué atlse actualisatiorratio:
|+ B~ Piq@+0Y)

With the expensegountedpositively, the criterion of choicebetweendifferent solutionsis the
lowestactualisedbalance.

21 Flue gagdesulphurisation.
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In the caseof mechanicaldraughtcooling towers,one may supposehat the maintenanceosts
are very similar becausehey are mainly linked to the maintenancef the fans. By taking into
accounthefirst two criteriaandby selectingthe leastexpensivesolutionasthe referenceTable
XII.3 showsthat the wet systemis much more economicalthan the dry system,naturaldraught
more than mechanicaldraught. From an economicpoint of view dry systemswould be less
recommendablasthey are more expensiveand havea higherinfluenceon the costof kWh. So
dry systemsmayberecommendednly in thecaseof lack of water.

Table XI1.3: Comparison of different types of recirculating cooling systemswith a lifetime of 25
yearsand an actualisationratio of 8% (study on EDF units of 1300MWe)
[L. Caudron,"Lest ®f r i qa® rmeorstpsh Mdustripls” eeslitions Eyrolles]

Wet/dry
Type of refrigeration Wet cooling tower f:vegr;g Dry coolingtower
system
Natural Induced Induced Natural Induced
draught draught draught draught draught
ApproachK (dry air
11 ACAIw:¢ 12.5 12.5 13.5 16 17
9AC)
Nominal condensation 63 63 66 82 80
pressure (mbar)
Thermalpower(MWth) 2458
Electricalpower
Delivered (MWe) 1285 1275 1275 1260 1240
FanpowerMW 0 10 12 0 26
PumppowerMW 13 13 8 14 13
Costof refrigerant 1 1.25 2.3 5.7 4.8
Costof coldend 1 1.1 1.6 3.6 3.1
Differenceof costof
KWh/costof kWh (%) 0 1.0 2.4 8.4 8.9

Table XI1.4: Comparison of wet coolingtowersand aircooled condensewith a life-time of 20 years

and an actualisation ratio of 8% for a combinedcycleunit 290MWth

Type of refrigeration LiEiconylohel Air -cooled
P systegm Oncethrough Natural Induced condenser
draught draught
ApproachK (dry air o o 2
11 A C Aind éAiC ) / a8 a8 229
Nominal condensation 34 44 a4 74
pressure (mbar)
Thermalpower(MWth) 290 290 290 290
Difference of electrical
power delivered (MW ¢) +0.6 0 0 -18
Fanandpumppower
(MW) 1.9 1.95 3 5.8
Globaldifferenceon
electricalpowerin -4.7 -2.9 0 12.6
(MEuro)
Differencein coston
waterconsumption -8.9 -8.9 0 0
(MEuro)
Differencein costof
coolingsystenin -3.0 1.9 0 8.9
(MEuro)
Costof coolingsystem 0.82 1.11 1 1.54
Global balanceof costs
(MEuro) -16.5 -1.0 0 12.6
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The same comparisoncan be done for combined cycle plants. Table XIl.4 showsthat dry
systemsare more expensiveagainthanwet systemsput the differenceis smallerthanin caseof
conventionalpower plants. The differencebetweenmechanicabnd naturaldraughtis small and
is more or less comparable Wet systemsare preferredto dry systems.Maintenancecosts,
eventuataxesfor makeup or blowdownflows of waterandcostsof chemicalproducts necessary
to the treatmentof waterare not takeninto accountin this table, which may underestimatehe
cost of wetsystemsor overestimatethe cost for dry cooling. Thus, dry systemsmay be
recommendediependingon the price of water and water treatmentfor wet systemsor taking
into accountthe lifetime of the plant, wherea shorterlifetime reducesthe differencesetween
dry andwet systems.

An importantfactorin costcomparisonss the efficiency or ratherthe loss of efficiency dueto
cooling with lessefficient cooling systems.This lossis measuredn the dimensionlesenergy
temperaturdactor kWi/MW4, per degreetemperaturalifferenceof the cooling water (in K). In
thefollowing theoreticalexamplethis factoris derived[Paping,pers.comm.].

Fromthe definition that 100 bar steamof 530 AC is equalto 3451 kJ/kgit follows (usingMollier
diagram)that:

50 [mbar] 32.7[K] 2110[kJ/kg]
60 [mbar] 35.6[AC] 2130[kJ/kg]
70 [mbar] 38.8[AC] 2150[kJ/kg]

Above mentionedvacuumpressuregandtheir relatedcondensatiotemperaturesre also related
to an averagecooling watertemperaturén Europeof 15 A Gogetherwith a increaseof 10 A @f
the coolingwaterin the condenseitself.

Including the heattransfercoefficientof the condenserthe condensatavill leaveit with a total
temperatureof 30 A Gand an inseparablevacuumpressureof about43 mbar (see Table XI1.3

andTableXIl.4). Thus,to calculatethe energytemperaturdactor for increasingcooling influent
temperaturethe calculationfor is startedwith 50 mbar.

The efficiency is calculatedfollowing the Carnotcycle resultingin an efficiency, which is in
line with the commonlyused40% for conventionapowerplants:

at50 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 expressedper degree temperaturedifference under ideal
(thermodynamic)circumstances:

efficiency differencebetweens0 mbarand 60 mbar= 4.572% per2.9K difference
efficiency differencebetween60 mbarand 70 mbar= 4.454% per3.2K difference
efficiency differencebetweerb0 mbarand70 mbar= 9.026% per6.1K difference

This efficiencylosscanbefurtherexpresseavith respecto thetotal efficiencyandperK:

4572%/ (2.9K * 0.4) = 3.9kWw/ MW, perK difference
4.45% / (3.2K * 0.4)= 3.5 kW/ MW, perK difference
9.026%0/ (6.1K * 0.4)= 3.7 kWw/MW4, perK difference

From this simplified calculationit appearghat for an efficiency of about40% the loss or gain
per degreeof temperaturalifferenceof the cooling water can be estimatedusing the factor of
3.5 kWu/ MW, perK.
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XIl.7  Choice of the treatment of circulating water
alternative methods- monitoring

As mentionedpreviously, problemsof corrosionseldomarisein the cooling systemsof power
plants. The use of corrosioninhibitor productsis thereforeunnecessarjor cooling systems
cooledby raw water.

XI1.7.1 Anti -scaletreatment

With a wet cooling system, the only way of reducing heat dischargesinto the aquatie

environmentconsistan the recirculationof the cooling water. This practiceresultsin increasing
the concentrationfactor (Table XII.5). It is often applied for power plantslocatedon inland

waterwaysand in estuaries.

This concentratiortendsto resultin the precipitationof calcium saltsthat are not very soluble:
carbonatesulphate phosphateThe scalemost commonly encountereds calcium carbonatelt
settleson the tubesof condenserandin thefill of coolingtowers,which leadsto a reductionin
efficiency. Two preventiontechniquesare generallyusedto avoid the precipitationof calcium
carbonatdn the cooling systemsof power plants.One s the lime softeningof makeup water
andtheotheris the vaccinationof circulatingwaterwith sulphuricor hydrochloricacid.

Table XII.5: Relationship betweenthe concentration factor, the withdrawn water flowrate and the
energydischargedinto the receivingwaterway (individual example)

o N —— Withdrawn water flowrates | Energy dischargedinto the receiving
(m3/h) waterway (%)

1 36000 100
1.2 3600 8.3
1.3 2600 55
1.4 2100 4.2
15 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 organicscaleinhibitors for which thereare ecotoxicologicaldataare usedwithin the limits
laid down by regulations.Their useis extremelylimited. Indeed,currentecotoxicologicaldata
are often insufficient. Furthermore thesesubstanceseleasednto the receiving waterway may
disturbthe watertreatmenbperationsof industriessituateddownstreanof the dischargepoint.

Coastalsited power plants are generally cooled by a oncethrough system. Cooling towers
operatingon an after cooling basiscan be installedin orderto reducethe thermalload. This
choicewill mainly dependon local conditions(tides, mixture, etc.).

On the other hand, operation with sea water recirculation is exceptional. Indeed, high

concentrationfactors may causethe precipitation of a great many salts (calcium carbonate,
calcium sulphate barium sulphate etc.). Although the formation of calcium carbonatemay be

avoided by adding acid, the samedoes not hold true for the other salts which can only be

stabilisedby organicinhibitors (phosphonategolyacrylatescopolymersegtc.).

Industrial Cooling Systems 295



Annex Xll|

XII.7.2 Anti -fouling treatments (biocides)

A recentreview of the experienceacquiredin EUROPEIn methodsto reducebiological fouling
enablego drawthefollowing conclusions:

Mechanical cleaning of the systemsandwater filtration arethe mostcommonlyusedprocesses.
They involve the continuouscleaningof the tubesof condenserdy foam balls or brushes,
manualcleaning,useof trashrakes filters with mesheof differentwidths.

Three other physical methodsarealsoregularlyusedfor the anti-fouling treatmentf industrial

systemsThey concernthe following:

1 maintainingof velocities high enoughto avoid the fixation of organic organisms(v > 2
m/s), this recommendatiois appliedto a large extenttoday;

9 temperaturéncreasewhich consistsin raisingthe temperatureof the cooling water beyond

40 & for somedozensof minutes;this techniqueeliminatesthe fixed organismgmussels),
but neverthelessequiresan appropriatedesignof the cooling systems;

1 nontoxic coatingsand paints, which reducethe fixation of the organisms,reinforce the
velocity effectandfacilitate cleaning;thesecoatingsare neverthelesgxpensiveand mustbe
renewedevery4 to 5 years.

Othertechniquesresometimesised the following in particular:
1 dryout;
1 installationof specificfilters (mussefilters).

The physicalmethodscanbe appliedbothin seawaterandsoftwater.
A nonchemicaltreatmentappliedin afew casess UV.

Chemical treatment can be appliedin caseswhere physical methodsare not appropriateor
show insufficient results. There are oxidising products, chlorine, monochloramine,CIO, and
ozone, which can be used as antifouling treatments.Some degradableorganic compounds
applicableintermittently and non toxic in the receivingenvironment,might be an alternativeto
chlorination. Among these,someaminefilminducing polymersappearto be promisingas antr
corrosionchemicalsput sofarintermittenttreatmentf ferro-sulphatds moreefficient.

XI11.7.3 Monitoring

Given the flowrates of power plant cooling systems,one cannotconceivably operatethem
without an advancedmonitoring and control system.This reasoning is applicableboth for
problemsconcerningscaleandbiological development.

To avoid scaling the regulationof acid injection into the circulating wateris generallysubject
to the continuous monitoring of physicechemical parameterssuch as: alkalinity, calcic
hardness,conductivity, temperatureat the condenseroutlet. A computer usesthese various
parameter@sa basisto calculatea specificscalingindex and comparest with the operatingin-

structions.If necessarythe regulatoradaptsthe injection pump flowrate. Finer control methods
are also implementedin high-risk sites. They concernin particular the measurementf the
critical pH 4 andotherscalemonitors.

As concernsthe follow-up of biological developments,many types of sensorsexist and are
implementedAmong theseshouldbe mentionedbiomonitors,andelectrochemicasensors.

A control of the quality of drainagewater is desirablein order to monitor parameterdike
temperaturepxygenconcentrationpH, conductivityetc.

Industrial Cooling Systems 296



Annex Xll|

XI1.8 Design ofthe cooling system

As a norrneglectingrequirementit should be recognisedthat the adoption of cooling water
systemsat a particularsite canbe the collaborationof many different factors. The mostobvious
oneis the site-specificcharacteristics

XI1.8.1 Design and energy recovery

In conventionalthermal power plants, the thermodynamiacycle imposesthe overall efficiency
of the facility. The economisersuperheateand reheateroptimisethe operationof the boiler.
Thelow andhigh-pressuresuperheatergmisethe temperaturef feedwatetby recoveringpart of
the energy withdrawn by means of steam extractions. In order to reduce the electrical
consumptionof the auxiliaries, turbinedriven feedwaterpumpsare also used,thesebeing also
suppliedby steamextractions.Combustionair is also heatedby air heatergprior to enteringthe
boiler. All of thesedeviceshaveoneobjective:reducethe energylossesof the cycle.

Thermodynamidaws governthe energylossin thecondenser

If energygainscanbe obtainedin the cooling systemsit is mainly at the level of designandthe

resultingchoicesthatit is possibleto do so. Somegoldenrulesmaybe applied:

T limit the numberof pumps,

9 avoid mechanicatlraughtcooling towers,

1 if coolingtoweris neededpreferwet coolingtowerto recoverysystemgrecuperators),

9 if deconcentratiorflowrates are sufficient, install a hydraulic recovery turbine on the
deconcentratiolowdown;

1 whereflowratesmustnot be constantusefrequencyvariatorson the pumpsor fans.

Thefollowing conclusionghereforeemergefrom theseobservations:

1 two setsof pumpsare sufficient, one for the supply of the auxiliary cooling system,the
otherfor the main coolingsystem;

9 if oncethrough cooling is not possible, natural draught wet cooling towers should be
preferredto othercooling systems;

1 two schemesrethereforeconceivablgFigure XI.13 andFigure Xll.14 in SectionXIl.11)
andmakeit possibleto eliminatethe heatfrom theauxiliary system vighe cooling tower.

XII.8.2 Designand noisereduction measures

Thereductionof noiseof the cooling systemscanbe carriedout in differentways:
9 installationof antinoisewalls aroundcooling towers,

1 modificationof therelief of the site (woodedslopes),

1 choiceof "low noise"fans,

1 utilisation of antinoisepanels.

Thesevarioussolutionsgenerallymakeit possibleto meetstringentnoiserestrictions.

XI11.8.3 Implementation of physical methods

Right from the design stage, it is absolutely necessaryto reflect on the possibilities of

implementingphysicalmethods particularly so asto avoid biological developmentsit concerns

thefollowing in particular:

1 guaranteenadequaterelocityin all the portionsof the system;

1 install continuouscleaning systemson all heat exchangersvheneverthis is technically
possible;

1 providefor mussefilters on sitesat risk;
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1 designthe systemsso asto be ableto carry out manualcleaningoperationsundernormal
operatingconditions(alternateneatexchangepoperation);

1 designthe systemsso thattemperaturencreasds possible(recirculationwith cooling tower
in by-pass);

1 in naturaldraughtwet cooling towerspreferfill with a suitablesurfaceand/or structureto
reducefouling; periodic cleaningshouldbe optional, e.g. in caseof high contentsof solids
in the usedcoolingwater.

XI11.8.4 Modelling and pilot tests

The purposeof modelling is to study any physicechemicalimpactsand adaptto the facilities
soasto reducetheseimpactsto the greatesextentpossiblelt is particularlyimportantto study:

1 waterwithdrawalsanddischarges,

1 thevisualaspecbf thesite,

1 theevolutionof plumes,

1 thethermalandchemicalimpactson thereceivingenvironment.

The objective of the pilot loop testsis to define the optimum treatmentof cooling water both
with regard to scaling and to any biological developments.To do so, pilot facilities

representativeof real commercialoperatingconditionsare installed on the site for up to one
year.In generalthosepilot testshouldlast for a period with a minimum length which makesit

possibleto integratethe variationsof the quality of the coolingwaterdueto seasonadifferences.
This alsoservesto assesshe opportunityof somechoiceson a representativescale (examples:
choiceof coolingtowerfill, choiceof alloys, etc.).

XI11.8.5 Choiceof the cooling system

As can be seenin the examinationof the previousanalysis,the choiceof the type of cooling
systemessentiallydependson local site-specific conditions. It is thereforeextremely difficult

and may not be appropriateto offer a unique recommendationThe decisionmaking logic

diagramshownin (Figure XI1.15, SectionXIl.11) gives an idea of all the conceivablecases
involved.

From the energystandpoint,wet cooling (oncethrough cooling if necessaryith wet cooling

tower) is by far the mosteconomicalsolution combinedwith the ecologicaladvantagef saving
energyandavoiding flue gasemissionsWhetheiit is carriedoutusingtheoncethrough technique
or via a circulating system withwet cooling tower, the energybalancesare favourable to this

solution.

Of coursesuchwet coolingcanonly beenvisagedf thereceivingwaterwayis ableto accomodate
it. Within the scopeof the sustainablenanagemendf waterresourcesit is absolutely essential
that this point has to be examined carefully, particularly by taking into accountfuture
developmentsA longterm modelling, integrating statistical data, is a necessary tool for
estimation and assessmendf the environmentalimpacts. It is in the basis of this essential
approachthat the choiceof the cooling mode, concentratiorfactor and any treatments mustbe
made.

XI1.9 Conclusions

A BAT approachfor the cooling systemsof new thermal power plants requiresa seriesof
reflectionpoints:
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=

the needto carry out prior studiesconcerningsite-conditions;

2. the choiceof corrosionresistantmaterialsfor the heatexchangesurfaceof condenserand
cooling towers;

3. theimplementatiorof local protection(paints,cathodicprotection,etc.):

4. thereductionof energyconsumergfans,pumps);

5. theinstallationof antinoisesystems(walls, panels,modification of the siterelief, etc.) or
the choiceof solutionsresultingin lower emissionglow noisefans);

6. the optimisationof the use of treatmentreagentsand the settingup of (bio)monitorsand
chemicalmonitoringand control devices;

7. thestudyof systemsoasto beableto carryouttemperaturéncreaseoperations;

8. thedesignof waterintakesto limit the drawingin of living organisms;

9. acontrolof thequality of waterdischargedy the drain (temperaturepxygen,etc.).

Points3, 4, 5, 6 and 9 are alsorelevantfor existing power stationsas they concernthe way a

plantis operatedand maintained.The otherissuesrelateto the site assessmentyhich in for an

existing installationis a given fact. With respectto thosepoints, the result of an evaluationfor

an existing installation may lead to a considerablechangein the designof an existing cooling

system,which generallyis expensiveand likely to be not cost effective. In thosesituationsthe
depreciationtime of the installation (heatexchangerjntake structure),will affect any possible
changeresultingfrom a site assessment.

Fromthe experienceno single solution seemsto haveemerged Eachcaseis a specificoneand
dependsfor example,on the cycle of the power plant. In the caseof units with recirculating
systems,the choice of the water treatmentwill dependon the concentrationfactor selected,
maximum temperaturesnd the quality of the water withdrawn. The sameholds true for the
fight againstbiological developmentsAlthough macroorganism&an generally be eliminated
by thermalshocksthis solutioncannotbe appliedto eliminatebiofilm.
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Figure XIl.1: Oncethrough system

Figure XI1.2: Wet coolingtower
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