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Rubrik

SYSTEMTEKNIK: KOMPRESSORSTATIONER FOR NATURGAS

Sammanfattning I denna PM redaovisas hur en forsta kompressorstation i Sverige for
den danska naturgasen kan utformas. Tidvis lagt gastryck fran
Danmark gor denna station nigot mer komphcerad in senare
stationer utefter pipeline fGrvintas bli.

Kolvkompressorer passar nigot bittre for denna station dn turbo-
kompressorer, som dock #r billigare, enklare att underhalla och har
mer flexibla driftegenskaper. Driftkostnaderna talar dock for kolv-
kompressorer, vilket hdr preliminidrt rekommenderas fér denna
station. Noggrannare kostnadsanalyser behdvs som underlag for val.

Som drivanordning foreslas att normalt anviinda naturgasdrivna
kolvmotorer till kolvkompressorer och gasturbiner for turbokom-
pressorer. £tt block med elmotor installeras framst for drift under
sommarhalvret.

Redovisad utformning med turbokompressorer kan med smérre
justeringar gilla &ven senare byggda kompressorstationer, varvid
mellankylare for gaskylningen utgar och rérschemat forenklas.
Kompressordata behdver troligen bara dndras marginelit.

Anldggningskostnaderna for en kornplett driftfdrdig station upp-
skattas till:

Kolvkompressarstation 166 MSEK
Turbokompressorstation 144 MSEK

Delgives: UG, UGG, BEP, BEL, BEZ3, BTV, BEG, BEG], BEG2, BEG4, BX3,
clJ, UP, cX, Bibl, UL 10 ex, Swedegas
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SYSTEM TECHNICE: COMPRESSOR STATIONS FOR NATURAL
GAS

This memorandum provides an indication of how a first compressar
station in Sweden for natural gas can be designed. Periodic low gas
pressure from Denmark makes this station somewhat more
complicated than later stations along the pipeline are expected to
be.

Piston compressars are somewhat more suitable for this station
than turbo compressors, although the latter are less expensive,
easier to maintain and offer greater operational flexibility.
However, piston compressors have been preliminarily recommended
for this station since the operating costs are more favourable.
Mare accurate costings are needed as a hasis for selection.

As regards drives, it is proposed that use should normally be made
of natural gas-driven piston engines for piston compressors and gas
turbines for turbo compressors. One unit driven by an electric
motor should be installed primarily for use during the summer.

The design presented in this report with turbo compressors can be
applied with minor modifications for later compressor stations; the
intermediate cooler for gas cooling would be deleted and the pipe
system simplified. The compressor data would probably only have
to be changed slightly.

The construction costs for a complete, fully-operational station are
estimated to be:

Piston compressor station SEK 166 million
Turbo compressor station SEK 144 million
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FUD - KOMPRESSORSTATIONER FOR NATURGAS
ANLAGGNINGSBESKRIVNING
1. Allmant

Naturgas importeras nu fran Danmark och distribueras i sidra
Sverige. Pipeline forlanges nu norrut mot Géteborg. Gasen distri-
bueras tillsvidare med tryck genererat i Danmark. Efterhand som
distributionssystemet utkas och gasflidet i pipeline dkar uppstar
behov av att upprédtthalla och dka flédet med hjalp av kompressor-
stationer i Sverige. Denna PM beskriver ndrmast den forsta stati-
onen som firvéntas forldggas i ndrheten av Malmd dir ledningen
fran Danmark landar p8 svensk mark. Nuvarande planer visar att
denna station behdver tas i deift &r 1990, 1 PM beskrives data och
utférande p& de mer visentliga anldggningsdelarna.

2. Fdrutsittningar

Enligt nuvarande avtal kan importeras 440 milj. Nm3/ar. Med
lastfaktor = 0.7 blir detta 72 000 Nm>/h eller 20 Nm?/s, Gas-
trycket & min 30 bar vid Dragir p& danska sidan av sundet c:a
20 km fran kompressorstationen. Rérdimension 600 mm. Nytt avtal
med ckade gasleveranser forberedes nu. Filjande data antas gilla
for den forsta kompressorstationen:

gasflode till Sverige max 90 Nm3/s
max 20 Nm?>/s
vid 27 bar

gasflode forbi kompressorstatinnen
" 35 NfT"Ij/S
vid 20 bar

n 50 Nm>/s
vid 70 bar
gasflode genom kompressarstationen max 90 Nm?/s

" min 20 Nm>/s

gastemperatur till stationen

gastemperatur fran stationen, normalt

" max

tryck fdre station

vid 27 bar, inlopp
min 35 Nm?/s
vid 50 bar, inlopp
0-250C

10-350C

459C

max 75 bar
nerimalt 50-60 bar

min 27 bar
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tryck efter station max B0 bar

" medel 60-75 bhar
" imin 35 bar

Vidare forusittes:

0 Inget gaslager i Sverige

0 Ingen linepacking utdver dygnsvariationer

0 Nuvarande gaskvalitet fran Danmark

0 Fler kompressorstationer tillkommer senare utefter ledningen

o Gasflodet dkar linjirt fran 20-90 Nm3/s mellan 1990 ach 1995
o Forsta kompressorstationen tas i drift ar 1991-92
o Kampletterande kompressorblock tas | drift 1995
Gasfliodet | pipeline forviantas variera under ett driftar ungefdr som
effekten i ett fjdrrvirmesystem. Varaktighetskurvor for gasfldden

och erforderliga kompressoreffekter framgér av bilaga 1.

Stationens utnyttjningstid blir c:a 2 000 h/ar (utan gaslager).

3. Kompressortyper - data

For kompressordriften kan ovanstiende floden och Lryck omskrivas
till:

o inloppstryck max 70 bar vid 50-99 Nm3/s
normal 50-60 bar vid 35-90 Nm?/s
min 27 bar vid 20-50 Nm>/s

o utloppstryck max 82 bar vid 20-90 Nm?/s
normal 70-80 bar vid 20-90 Nm3/s
min 40 bar vid 20-50 Nm-/s

Kolvkompressorer

Dessa kan dimensioneras for tryckuppsitiningen 27 till 70 bar med
fléde max 50 Nm3/s. Tryckuppsdttningen  blir d& 2.6 och total
dimensionerande axeleffekt cia 6 600 kW uppdelat 3 pa kompresso-
rer.

Vid normala driftfall t ex 55 till 80 bar 90 NmJ/s utgir dessa 3
kompressorer 3 x 50% kapacitet. Tryckuppséttningen blir 1,45 och
effektbehovet ca 2 x 2 140 kw.
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Kompressorerna kan viljas av combityp med gasmotor och kom-
pressor arbetande pA samma axel, se bilaga 2. E£tt annat alternativ
dr elinotor eller gasturbin drivande en separat kompressor via
vaxeliada.

Turbokompressorer

Antages hér parallelikopplade kompressorer 3 x 50% vid normal-
drift. Seriedrift sker di med tva (ldgre laster en) parallellkopplade
kompressorer matande en tredje i serie fir detta mer extrema
driftfall. Tryckuppsittningen kan da vara 27-44/43-70 bar med
tryckuppséitiningen 1,63 p& alla kompressorer. De tva forsta paral-
lellkopplade kompressorerna gar pa c:a 50% last. Totalt erforderlig
axeleffekt fér driftfallet med max 50 Nm3/s blir cia 5 200 kW (2 x
1850+ 3 450 kW),

Ett normalt driftfall r 55 till 80 bar, 90 Nm3/s med tryckupp-
sidttningen 1,45 och effektbehavet ca 4 800 kW. Dimensionerande
effektbehov fdr alla kompressorer blir ca 2 500 kW/st.

Turbokompressornerna drives normalt med direktkopplad gasturbin
respektive med elmotor via en vixellada.

I normala fall dimensioneras turbokompressorer sa att de vid
seriedrift en kompressor matar en andra kompressar 1 serie. Detta
kan tilldmpas dven hdr men ovan foreslaget arrangemang dér tva
kompressorer matar en tredje i serie ger troligen ldmpligare
kompressorer fir den normala parallelldriften. LAga inloppstryck =
stora volymfliden = hidga inloppshastigheter till kompressorer ar
mativet till forslaget att tvA kompressorer matar en tredje i serie.

Flodesschema fir de tva kompressoralternativen framgér av bila-
gorna 5 och 6. Turbokampressorerna kan behdva mellankylning
enligt schema vid seriedriften. Detta komplicerar och fordyrar
anlaggningen. Kolvkompressorer synes mera ldmpliga for har skiss-
erade driftfail.

4.  Drivenergi - motortyper

Nérmast tdnkbara drivenergiformer &r naturgas, el och brannolja.
Annan drivgas eller &nga torde inte finnas tillgidnglig savida inte
lokaliseringen kan kombineras med t ex nya kraftvdrmeblock eller
nya industrier. En Oversikt med fordelar rangordnade mellan olika
drivimedel framgar av bilaga 3. Nuvarande och forvéntade pris-
relationer medan energiformerna redovisas i bil. 18.

Verkningsgrader vid olika tryckuppsittningar, dellaster och motor-
typer framgéar av bilaga 18.

4.1  Brénnolja

For brinnolja dr Co5 LS ndrmaste alternativet. 5adan olja maste
dock lagras och varmhailas bade t tank och i ledningar. Maximalt
behov blir c:a 1,8 _ton/h, 42 ton/dygn med 1800% Eo5-drift. En
lagertank for 500 m> + pumpar, rir mwn kostar c:a 1 miljon kronor.
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Eo5 kan anvéndas till stora kolvmotorer men inte till gasturbiner
utan stora svarigheter. Svavel och NOy kan ge miljdproblem #ven
om lagsvavlig olja anvandes.

4.2 Naturgas

Naturgas dr den mest nérliggande drivmedlst och kan anvindas
bade fir kolvmetorer och gasturbiner. Naturgas &dr att betrakta
somn standard drivmedel for praktiskt taget altla kompressorsta-
tioner. [Den &r garanterad tillgdnglig till anldggningar da den
behodvs, Eget utnyttjande har ett reklamvirde for fortsatt natur-
gasintroduktion i Sverige.

NOy-problemet finns dven for naturgas. NOy-bildningen i gas-
turbiner kan vara storre &n i kolvmotorer p g a gasturbinernas stora
luftoverskott, NOy-bildningen kan dock reduceras med hjilp av t ex
anginsprutning eller andra temperatursénkande atgérder i brénn-
kammaren. Garanterade grinsvirden behbver diskuteras med leve-
rantdrerna och jdmforas med naturvardsverkets krav. Beprovade
reningsmetoder foreligger knappast idag men rening genom kataly-
tisk stnderdelning av NOy &r ett alternativ som idag finns i enstaka
anldggningar.

4.3 El-energi

Elkraft d4r det lokalt sett renaste men ocksd dyraste energislaget.
Tillgangligheten mitt vid kompressoraxeln torde vara nidstan lik-
vdrdig med naturgas., For varvtalsreglering mellan 50-100% an-
vandes frekvensreglerutrustning till vixelstrdmsmotorn. Se vidare
bilaga 4. Higspénd vidxelstrom transformeras ned till c:a 2 000 V,
50 Hz, frekvensomvandlas i tva steqg via likstrém eller 1 ett steg
direkt till nya frekvensen vixelstrém. Elstromen matas till i
princip vanliga vixelstrémsmotorer som driver kompressorerna.

Turbokompressordrift

Speciella hidgvarvsmotorer fér upp till c:a 8 000 r/inin kan viljas
Erforderligt varvtal &r hiar ca 10 000 r/min. D& detta &nda kraver
véxel bor ett lAmpligt l3gre varvtal viljas.

Fortsatt utredning om elmotorerna far utvisa bésta l8sningen.

Frekvensreglerutrustningen placeras i elbyggnaden liksom #ven
styrutrustningen. Vid kompressorn installeras elmotor med véxel
samt smérj- och tétoljesystem gemensamt med kompressorn. El-
motorn kyles med luftkyld virmevéxlare utanfir kompressorbygg-
naden via ett slutet Kkylvattensystemn med ca 30% glykol mot
frysrisk..

Kolvkompressordrift

DJessa bor hir dimensioneras for varvtal melian 200-480 r/min,
vilket ger behov av nedvixling fr&n elmotorns normala varvtals-
omréden eller speciella maéangpoliga, stora elmotorer f{Gr laga
varvtal. Varvtalsregleringen sker via frekvensreglering enligt ovan
pa ekt likartat sdtt. Kylning och installatinn se turboalternativet.
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5. Val av drivmedel - motor

Viagledande for val av drivanordning ar naturligtvis aktuelia och i
framtiden forvédntade energipriser. I bilaga 5 redovisas en bedom-
ning av detta. Preliminirt rekommenderas att installera bade el-
och naturgasdrivna kompressorer. Elmotordrift anvéndes dé huvud-
saldigen somwnartid med 18ga elpriser. Bada drivimedeln ger mojlig-
het till att sténdigt vilja 1dgsta driftkostnad.

5.1 Drivmotorer for kelvkompressarer

For ett kompressorblock viljes alltsa elmotorer med varvtalsregle-
ring mellan 50-100% helst utan véxelldda mellan motor och kom-
pressor.

De naturgasdrivna kolvkompressorerna drives har med kalvmotorer
i kombinerade moator kompressar-block med gemensam vevaxel
eller separata kompressorn drivna av gasturbiner via vixel. Kombi-
nerade block rekommenderas dA de krdver avsevirt mindre plats
och ger en enklare installation, se bilaga 2. Anldggningskostnaden
blir troligen hdgre men torde kompenseras med bhdttre verknings-
grad.

Skulle i framtiden tjockoljepriset vidsentligt understiga naturgas-
priset kan dessa kolvmeotorer troligen konverteras till tjockolje-
drift,

5.2  Drivmotorer for turbokompressarer

Minst ett block forses med elrmotordrift enligt ovan. Maximalt
kompressorvarvtal férvdntas bii c:a 10 000 varv/minut. Onskvirt
regleromrade 40-100%. Lamplig véxellada installeras mellan el-
motor och kompressor.

For naturgas som brénsle anvindes gasturbin for kompressor-
driften. Tillgangen p& gasturbiner med hoga verkningsgrader och

. lampliga effektomraden &r begrénsat, varfor detta kan komma att

styra kompressorblockens storlek.

Kolvmotordrift av turbokompressorer dr knappast ldmpligt med
hédnsyn till den stora vixelldda som skulle erfordras fir den stora
skillnaden i varvtal.

6. Systemutformning

6.1 Kolvkompressaorer

Ett forslag till flddesschema framgér av bilaga 5. Antalet kompres-
sorblock valjes med hansyn till tillgdngliga alternativ. En kom-
pressorer forses med elmeotordrift. Plats reserveras for ett extra
block monterat |1 efterhand da flddet ndrmar sig designflodet,
Gaskylare anvdndes fdr atl begrénsa utglende temperatur normalt
under 20-359C. Rirkopplingsschemat blir relativt enkelt da endast
parallelldrift firekommer.



Om mdjligheter féreligger att tillvarataga avgasvarme fréamst for
fjdirrvdrmeadndamal installeras en avgaspanna efter varje kolv-
mator, eventuellt en gemensam panna.

6.2 Turbokompressorer

Ett forslag tili flddesschema framgdr av bilaga 6. Vid normal drift
d v s inkommande tryck Over 50 bar arbetar koinpressorblocken
paraliellkopplade. En eller tva block drives med elmotorer. Vid [aga
inloppstryck och behov av higa utloppstryck behover kompressor-
blocken seriekopplas enligt punkt 3 ovan. En grupp mellankylare
tillkornmer da for gaskylningen.

Om avgasviirme kan tillvaratas forses gasturbinen med avgas-
varmevixlare for t ex ett fjdrrvarmesystem.

6.3 Scrubbers - drinagetank

Kompressoranldggningen skyddas for fasta och vatskeformade for-
oreningar med hjalp av 2 x 50% filter som i fdrsta hand avskiljer
sma tilifalliga méngder av vitskeformiga fdroreningar. Dessa av-
ledes kontinuerligt till en trycksatt drédnagetank om c:a 10 m>
férsedd med nivaindikering och larm fér hig nivA. Aven filtren
forses med larm for hog niva.

Fasta firareningar ansamlas i filtren och medfir okat tryckfall.
Ett filter skall kunna avstillas och rengéras under drift genomn det
andra filtret. Eventuellt kridver detta dubbla avstingningsventiler
med hansyn till persensikerheten.

Dranagetanken avstinges, ventileras och slamsuges till tankbil vid
behov.

6.4 Gaskylare

Antages hir flddesschemor enligt bilagorna 5 och 6. Gaskylarna
kyles med luft och dimensioneras fir féljande ungeférliga data:

Kylare Flide Gastryck Luft temp. Gastemp 9C Anm.
max Nm3/s bar oC till i kylare

Pin/Put anl.  infut
GK1, GK2 90 50/80 15 20 60/35 Normaldrift
GK1, GK2 90 50/80 25 20 60/45
GK1 GK2 50 27/70 25 20 100/45 Kolvkompr.
GIK1, GIK2 50 27/44 15 - 60/35 Turbokompr,
GK1, GK2 50 46/70 15 - 75145 i seriedrift
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En kylare 1 vardera gruppen utgtr 100% reserv vid angivna data.
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Kylarna utformas i princip enligt bilaga 7. Med hansyn till snd och
is kan Overvdgas att védlja annat utfdrande inbyggd i en kylar-
byggnad med luftfldde in- och ut genom motstéende vdgogar, i detta
fall kan redovisat utforande vara acceptabelt och billigare om
ljudnivan blir acceptabel.

Kylarna dimensioneras fdr fullt gasteyck 82 bar och temperatur
max 1209C. Kyltuberna utfires av forzinkad staltub med fenor av
aluminium. Med hinsyn till ljudnivan kan kylarna behova forses
med 1dmpliga ljudddmpande anordningar.

6.5 DBréansle-, mandver- och instrumentgas

Ett gemensamt system ordnas for dessa behov. Ett forslag till
schema framgar av bilaga B. Delar av detta system bor betraktas
som ett avbrottsfritt system varfOr gasen hdmtas i sdrskild rér-
ledning fdre gasrenarna, se bilaga 5 och é.

Gasen renas i vétskeavskiljare och filter, virmes i gaseldade
vdrmepannor fore tryckreduceringen som sker i ett steg till stora
gasturbinen, tva steqg till startgassystemet for d:o och tva steg for
alternativet kolvkompressorer.

£ttt sérskilt system matar servogas for maniver av alla systemdeiar
som skall paverkas vid nodstopp. 1 normalt driftlige #r dessa
mantverorgan trycksatta. Ett sadrskilt rorsystem till ett antal
mdjliga utlbsningspunkter i kompressorstationen kan vid nidstopp
tppnas vid utldsningsplatsen sa4 att nddsystemets servogas draneras
och samtliga organ intager nodstoppsldge. I regel innebar detta att
ventilen stdnges och gassystem dréneras p4 gas.

Ett annat rorsystem levererar gas till de mandverorgan som skall
paverkas under normal drifk.

£n tredje grupp reducerar gas till instrurnentgassystemet 1 form av
18gtrycksgas till ett sdrskilt rorsystem.

7.  Tryckbegrinsning

Kompressorstationen forses med tva drineringssystern fir naturgas
mynnande till varsin skorsten cia 20m hog. Ena rorsystemet
drédnerar gas fran systemdelar som tommes pa gas i samband med
stopp- och driftomldggningar. Detta system kan vid utloppet be-
hova sirskilda ljudddémpande anordningar.

Andra systemet drdnerar gas fran sdkerhetsventiler i alla gas-
systemdelar. Detta systern forvéntas avbhlasa gas mera sillan och
ljuddé@mpare dr kanske onddiga vid utloppet.

Rorsystemen forldgges vitskedrénerande huvudsakligen i mark fér
att minska ljudnivan.
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8. Layout, instaliation

Layouten dr naturligtvis bercende p& den tomt som viljes for
kompressorstationen. Principfdrslag framglr dock av bilagorna 9
och 11. Bilaga 9 visar alternativet kolvkompressorer 1 kombi~
utférande med gasmotorer. Utvisad tomtyta dr c:a 110x140 m.

Bilaga 11 utvisar ett forslag med turbokompressorer. En sadan
anléggning far nAgot mera komplicerad rorinstallation men anvind-
er ungefdr samma tomtyta 120 x 125 m.

Installationsskisserna bil. 10 och 12 ger en mer detaljerad bild av
respektive block. Turbokampressorn + diverse hjalputrustning bor
byggas in i en enkel platbyggnad. Gasturbinen behdver inget extra
skydd utiiver egen casing. Elmotorn bor forses med ett skyddstak
mot nederbOrd.

Sakerhetsavstandet till pipeline kan ev. behtva Okas med ca 25 m
h t svenska fGreskrifter.

9. Elkraft

En grov uppskattning av ungefirliga effektbehov fér elstriomsmata-
de komponenter framgfr av bilaga 15 Som synes dorninerar har el-
behovet till den eldrivna kompressorn.

1 studien har forutsitts att stationens elkraftaniiggning matas med
40 KV hogspianning fran det yttre elndtet. Som alternativ hogspann-
ingsmatning &r 20 kV eller 70 kV ocksa madijligt. Stationens geogra-
fiska ldge och vilket yttre elnat med erforderliga prestanda som
finns tillgdngligt blir avgdrande for vilken inkommande hégspénn-
ingsmatning sorn kan erhallas.

Inkommande 40 kV ledning matar via en stationstransformator
10 kV till stationens huvudstéllverk. Fran 10 kV fordelas elkraften
dels till en Eransformator for den eldrivna kompressorn och dels till
tva transformatorer 10/0,4 kV for stationens Gvriga elkomponenter.

Beskrivning av stationens elkraftsystem redovisas i hilaga 16.

Elmatningen till den varvtalsreglerade eldrivna kompressorn utgor
ett sirskilt system med speciella arrangemang vilka redovisas i
bilagorna 4:1 och 146,

10. Manbver, reglering och Gvervakning

Prelimindrt rdknas med att anldggningen normalt ir bemannad
dagtid vardagar. | dvrigt dr den obemannad och fjarrovervakad fran
lamplig central. Anldggningen forses med fullstdndig automatik for
in-och urkoppling av kompressorer och andra normala driftat-
gédrder. Komplett utrustning f6r den lokala och fjdrrkontrollerade
driften installeras inklusive erforderliga larmsignaler. Brand- och
gasvarningssignal inkopplas &ven till brandk8ren. I Ovrigt se
bilaga 17.
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Vitala fel medfdr partiell eller total automatisk avstillning av
stationen varvid reserv inkopplas alitefter tillgAng. Sdrskiid jour-
personal skall finnas kontinuerligt tillgénglig fGr atgédrder pa stati-
onen inom 4 timmar. Vid brand- eller gaslarm ingriper brandkaren
snarast.

11. Drift, underhall, bemanning

Som ovan ndmnts rdknas med att anldggningen &r bemannad dagtid
vardagar for tillsyn och underhatl.

Denna personal skall normalt inte deltaga i driften som skiits fran
en gemensam kontrollcentral for pipeline. Storre underhallsarbeten
utfdres av inhyrd personal fran leverantdrer.

12. Skydd och sdkerhet

Anldggningen forses med alla de skyddsdtgidrder som normait
kridves i fOreskrifter av myndigheterna. Darutbver firses anlégg-
ningen med de anordningar som krivs for att skydda utrustningen
och sdkerstiller tillgdngligheten. Olika fel utliser olika grader av
avstéllningar fran inkoppling av reserv, avstillning av en kom-
pressor eller i svaraste fallet avstdllning och nerblasning av hela
stationen. Utrustning for manuella niidstopp placeras pa strategiska
punkter i anlaggningen och vid utgangar.

Erforderliga atgirder skall detaljstuderas med utldndska anldgg-
ningar som fdrebild.

13. Brandfdrsvar

Anldggningen forses med ett antal brandposter placerade vid
naturliga angreppspunkter for eventuella brinder. Brandposterna
forses med kopplad brandstang med munstycke. Systemet matas
fran ordinarie sttvattentillfGrsel. Ddrutdver ordnas vid entré maj-
lighet for brandkar att ansluta sin utrustning.

Automatisk brandslickning med halongas ordnas vid gasturbiner |
elcentraler och kontrolirum och eventuella andra viktiga lampliga
platser.

(Gas- och brandiarm installeras pa alla viktiga punkter i anldgg-
ningen. 3 typer av larmanordningar anvindes.

0 Rdkdetektor
a UV-detektor
o] Varmedetektor

Vardera systemet ger separata larm. D& larm av tva skilda typer
inkommer samtidigt utlfses niddstopp for berdrd anliggningsdel.

Brandlarm indikeras 1 sidrskilt brandlarmssk8p tillgangligt for
brandkaren som alltid far larm da larm indikeras i skapst.
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11

14  Spillvirme fran gasturbiner/- motorer

Mbjligheterna att tillvarataga spillvirmen fran de heta (ca 5000C)
avgaserima frimst till ett fj#revirmenil bbr undersdkas ndrmare.
Merkostnaden for att komplettera 1 kormpressorstationen 4r ca

" 500 kr/kW tillvaratagen viirme maotsvarande 1,5-2 tre/kWh virme.

TillyAng och hehov stdmmer vil med Aarstiderna for fjdervirmenat-
et i allminhet ain man anviander spillviarmen. Virmeeffekten ir da
ungefir lika med nyttig kompressoreffekt.

Mbjligheterna att anviinda spillvdrmen beror fradmst pa iokalise-
ringen av kompressorstationen i fdrhallande till 1&mplig fjdrrvir-
menidk. Avstindet till en anslutningspunkt i ett befintlint fjérrvar-
mendt bor kanske inte dverstiga 3 km. For detta avstand blir fasta
ledningskostnader ca 10 ére/kWh vérme.

15. Anliggningskostnader

For att belysa kestnaderna att fardigstdlla en kompressorstation
enl, denna PM har upplysningsofferter infordrats och erhallits for
lampliga kompressorblock.

Fran tidigare arbeten har framkommit att i offerterna angivna
priser utgdr ca 40% av total anlaggningskostnad som didrmed
kunnat uppskattas. Resultatet redovisas i bilaga 20.

Medelpriserna fir kolv- respektive turbo-kompressorer hlir enligt
bilagan

Kolvkompressoranldggning 166 MSEK
Turbokompressoranlédggning lag "

Skillanden 22 MSEK eller 15% hilligare anliggning med turbokom-
pressorer talar for detta alternativ men kolvkompressorernas
bittre verkningsgrad ger higre besparing.

Beriknat enligt bilaga 1 dr utnyttjningstiden fir installerad motor-
effekt ca 2000 h/ar. Energifirbrukningen per 4r fir de tva alterna-
tiven blir o verkningsgraderna antaqges Lill 0,2% fOr turbo och 0,37
for kolvkompressorer.

Turbo 2 x 2400 kW/0,25 - 2000 = 38400 MWh/ar
Kolv 2 x 2140 kW/0,37 » 2000 = 23135 MWh/ar

Skillnad 15265 "-

Extra gaskostnaden blir med gaspriset 1,70 SEK/kWh:
15265 + 170 = 2595000 SEK/ar = 2,6 MSEK/Aar

Kapitaliserat efter 6% rinta och 25 ar (R = 12,8) blir nuviirdet:
Nuvarde = 2,6 * 12,8 = 33 MSEK fir insparat brinsle,

Vilket skall jimforas med 22 MSEK enl. ovan

Vissa skillnader kan fiireligga i underhalls- och andra driftkostna-

der. Detta har inte hunnit utvirderats. Prelimindr beddmning talar
dock for att vélja kolvkompressorer for denna station.
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Enclosure 2

A continuous and therefore economical adaption of Installations drawing for a gas engine compressor of Il Series

delivery volume of the compressor according to the - 1+
prevailing service conditions is thus ensured. In spe- .L $
cial cases the gas engine compressor can be equip- ! |
ped with a pressure type regulator which by acting on > =
the speed governor keeps a constant suction pres- - s B .,
sure or discharge pressure. Upon request our units — P
can be equipped for semiportable operation in the ) e S
gasfield with all necessary accessories like air cooled | _ T +—— 8 ﬁ:
gas, jacket water and oii cooling equipment, separa-. | i L Z '
tors, starting air compressors, fuel gas precompres- , 2% o - —-——I + ? 5 ] |
sors and can be built as skid mounted units, | . ! ' d ' ] ? —— L L} __ "
o LA~ i — %
@ 0 il 5 P 2 ol i
i I | ”
. - : R o i 2
1 airinlet and air intake filter (L i J ' ;] t
2 fuel gas supply I b o i
3 compressed air supply Z
4 starting air supply B ] T
5 engine cooling water discharge
6 eangine cooling water inlet
7 grating R
8 standard limit of supply for exhaust line /W //////////////////,// //'//‘ o j—
9 90° bent with explosion protection cover . 2 [ [ =
7 [~ [ s #
L 7 2 A A A e 4 A
A
§-cylinder gas engine compressor of |t Series, model VM 6-1500
SGo (ex) as fully automatic units in & large underground storage . Dimensions for model VM 8-2500 S Go
system - ) A = 10600 mm (418 in), B = 5400 mm (213 in), C = 3950 mem (156 in), D = 6000 mm (236 in), E = 2800 mm {110 in}
Technical data
A 1 Serlos
- Gas engine cormpressor model . - VZB G vZaG VYZ12 4G
corresponding to gas engine A 6-600 G - AB-BOO G A 121200 G
No, of possiblecompressorcylinders ........... i, P2 3 3
Strokecenginepart ... ... i i i e i i 340 mm
. COMPIESSOTPAM . ... . veirrararararasannnrrnsasaaas 250 mm
Piston speed at n=550 min~! (rpm.}
BNGINEPAMN ... i i e i e 6,23 m/sec
COMPIESSOrpPart . ....oouiiriiiare e nanrrraeasiseninns 4,59 m/sac
Qutputofenginepartat n=550miln""(rem.} _..........ccnn. KW 404 539 808
(HP) {550) (733) (1100}
If Serles '
Gias engine compressor mode) VM 6-1500 VM 7-1750 VM 8-2000 VM 8-2500
corresponding to gas engine M §-1500 G M71750 G M 8-2000 G M 9-2500 G
No. of possible compressorcylinders .......... 3 4 4 4
Stroke:enginepart ... ... v, 560 mm
COMPressorpart .......cooveniranann.- 420 mm
Piston speed at n=333 min™! {rpm.}
enginepart ....... ... ciiiiiiiialn, 6,22 m/sec
compressorpart ..........0 i 4,66 m/sec
Cutput of engine part at n=333 min™" {rpm.}
a) nonsuperchargedengine ............ kW 1236 1443 1649 1855
HPY  (1680) {1960) (2240) {2520)
b) superchargedengine ................ kW 1656 1856 2208 2484
HP  (2250) {2525) (3000) {3375)
Copy from Jenbacher Werke AG Gas Engine Report 37

36
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FUD-KOMPRESSORSTATIONER

Rangordnade firdelar med olika drivimedel

Oversikt

Som drivmedel for gaskompressorerna gors foljande beddmning av

tdnkbara drivmedel:

Rangordning 1, 2, 3

1 = bést, 3 = sGmst

Fordel Natur- El- Briann- Anm

gas kraft olja
Sdker energitillgéng 1 3 2 Vid kompr.-axel
Hog verkningsgrad 2 1 3 Inom anlaggningen
Rena avgaser 2 1 3 Inom anldggningen
1.4g bullerniva 2 1 3
Enklare anliggning 1 2 3 Inkl energitillforsel
Enklare drift 2 1 3
Enklare undgrhail 2 1 3
Enklare brandskydd 3 1 2 Elmotorer IP 54
Mindre brandrisk 3 1 2
Ligre anl.-kostnad 1 3 2 Osiikert
Bésta totala till-
génglighet 1 2 3




Bilaga & Sid 1

FUD- KOMPRESSORSTATIONER FOR NATURGAS

Varvtalsreglerade elmotorer for kompressordrift

ALLMANT

Fdr introduktionen av naturgas i Sverige erfordras efterhand ett
antal kompressorstationer for att leverera gasen i Okande takt till
allt fler kensumenter utefter ledningen. Vi har tidigare studerat
stora kompressorstationer fiir Overforing av gas fran Nordnorge till
kontinenten. Prelimindra studier visade d& att elmotorer var lamp-
liga som komplement till gasturbindrift av turbokompressorer.
Detta trots att utnyttjningstiden var 1ang, mer dn 7000 timmar per
ar. PGT-utredningen fdreslog tyristormatade frekvens/varvtalsreg-
lerade synkronmotorer 1 storlekar upp till ca 20 MW. Turbokom-
pressorerna var valda for liten tryckuppsittning, 1,5-1,8, och varv-
talen kunde anpassas utan véaxel mellan kompressor och elmotor,

For kompressorstationer i nu aktuell pipeline kan galla samma for-
utsdttingar utom betriffande effekterna som 4r avsevirt ldgre.

[ denna PM studerad kompressorstation kraver dock en ovanligt hig
tryckuppsittning och ger darmed speciella forutsattningar. Som al-
ternatlv firslas bade hogvarviga turbokompressorer och lagvarviga
kolvikompressarer. Alternativen ger helt skilda krav p& elmotorer-
na.

2. VAL AV VARVTAL

For att ernd god ekonomi, enkel drift och kontinuerligt variabelt
flode inom vida grédnser erfordras varvtalsreglerade motorer/komp-
ressorer. Strypreglering ar i regel oekonomiskt och kan heller inte
anvandas p g a att gastemperaturen da blir svar att kontrollera.

For hdr aktuella elmotorer bor enligt bilaga 4:1 véljas tyristor-
matade frekvensreglerade motorer av synkrontyp. Vid ligre effek-
ter <2 MW viiljes normalt asynkronmotorer.

2.1 Hoga varvtal

Dessa motorer ar aktuella for turbokompressorer. Standard elmoto-
rer dr normalt utforda for max 3600 r/min vid 60 Hz. 1 Sverige
anvéands dessa 2-poliga motorer for 3000 r/min vid 50 Hz. Peltalen
okar sedan med val av sjunkande varvtal.

For stdrre elmotorer begrdnsas maximala varvtalen efterhand.
Speciella motorer fOr sdrskilt hdga varvtal utfors dock med varvtal
upp till ca 8000 r/min, se bil. 4:2.

Onskas hdgre varvtal &n s maste vixellada anvindas varvid ocksa
en billigare flerpolig motor kan viljas.

BEG2-AS-1/UB
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Hidgvarviga motorer kirs normalt mellan firsta och andra kritiska
varvtalet varav det andra normalt ligger p& drygt det dubbla forsta
kritiska varvtalet. Skulle man behtva ett arbetsomrade som inte
far plats mellan dessa kritiska varvtalen maste man foreskriva ett
forbjudet arbetsomréade runt det forsta kritiska varvtalet,

2.2 t_4ga varvtal

Dessa motorer 4r aktuella for kolvkompressorer. Standardmotorer
finns i mangpoligt utférande for varvtal ner mot 300 r/min, 50 Hz.
Med frekvens/varvtalsreglering kan dven hir obegrénsat 18ga varv-
tal erhéllas om effektbehovet dr propertionellt mot varvtalet. Om
maximal effekt erfordras inom ett stdrre varvtalsomrade blir
omrédets ldgsta varvtal dimensionerande fdr bade motor och
elmatande utrustning.

D4 dnda varvtalsreglerutrustning erfaordras kan denna viljas sa att
onddigt mangpoliga motorer undvikes. Effektbehovet vid 18ga varv-
tal styr dock i hig grad valet av motorstorlek.

D& kolvkarnpressorer viljes dr ofta bade flode och tryckuppséttning
starkt varierande vilket fiirsvarar motorvalet.

3. VAL AV VAXELLADA

Dessa utfores for fasta varvtalsforindringar mellan motor och

kompressor. En viss motvilja foreligger hos konstruktorer att infora
vaxellador. Fdljande nackdelar kan anfiras:

0 krdver extra utrymme
0 effektfiriust, sémre verkningsqrad
0 extra utrustning, mer underhall (lager, kylare, oljecirkulation)

o] sdmre tillgdnglighet med dkad komplexitet

Fordelarna med att infira vixel kan vara:

0 friare val av bAde motor och kompressor
0 standardmotorer kan anvindas
a ldgre totalkostnad

Allmént sett kan sigas att véxellador &r sdkra komponenter med
15-20 ars livsléngd och hog tillgdnglighet (MTBF > 200 000 h) och
sma underhéllskostnader. Effektfdrlusterna uppgar till cirka 1-2%
av Overford effekt. Férlusterna dr proportionelia mot utvaxlingen
och aviedes med cirkulation och kylning av smirjoljan.

3.1 Hogre varvtal

Vixel for att oka varvtalet kan forekomma fér turbokompressorer
med stirre tryckuppsattningar. I denna PM skisserad kompressor-
station behiver turbokompressorer for cirka 10 0080 r/min. En vixel
med utvéxling 1:3,5 kan vara aktuell med motor i standardut-
farande,
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3.2 Ligre varvtal

Sadan vixel kan vara aktuellt for elmotordrift av kolvkompressor-
er. Varvtal ner mot 100 rfmin forekommer for dellaster. Alternati-
vet méngpolig frekvensreglerad motor utan vixel kan studeras och
jamfiras men torde normalt vara etf sdmre alternativ.

4. EFFEKTBEHOV

For kompressorer till en pipeline & nomait effektbehovet en
funktion ay flode + tryckfall dvs hastighet x (hastighet)? =
(hastighet)3. Varvtalet &r i sin tur direkt proportionellt mot flidet.
Effektbehovet for t ex 50% fléde (vid varvtalet 50%) blir dA bara
12,5% av effekten vid fullt fldde.

For t e x gaslager gdller andra férutsitiningar. Variationer i lager-
och pipeline- tryck ger olika tryckuppséttningar i kambination med
varierande fldden.

Elmotorerna kan i regel avge ungefdr kaonstant vridmoment i
varvtalsomradet 58-100%. Detta innebdr att maximalt tillgéngliga
effekter dr direkt propertionell mot varvtalet i detta omrade. Da
storre effektbehov @n s& foreligger blir dessa krav dimensionerade.
Kraven bér da niarmare studeras.

Bilaga 4:3 visar ungefirliga effektbehov till kompressorerna vid
dimensionerade fléden och varierande tryck fore kompressorn.

5. VAL AV SPANNING/STROMSTYRKA

Hogspanningsmatningen till stationen behandlas i bilaga 16. For
frekvensreglerutrustningen till dessa mototer anvdndes sedan en
separat transformator med eldata valda av motorleverantren.

4, INSTALLATION

Kompressorer med drivanordningar uppstélles i hallar eller enklare
separata byggnader. Gasinstallationerna kriver explosionssékert
utforande pa all elutrustning i dessa byggnader. Elmatande utrust-
ning placeras i sirskild elbyggnad tillsammans med mandver-och
dvervakningsutrustning.

Motorerna kyles med intern lufteirkulation dver inbyggda vatten-
kylare. Kylvattenkretsen kyles 1 sin tur med utomhus uppstillda
luftkylare.

7. KOSTNADER

Bilaga 4:Z visar ocksé priset som funktion av axelelfekten for en
normal motor med omriktare. For en vixellada tillkemmer ytter-
ligare ca 10%
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FUD - COMPRESSOR STATION FOR NATURAL GAS

VARIABLE SPEED ELECTRICAL MOTOR DRIVES FOR GAS
COMPRESSORS

Introduction

In gas pipe lines the compressors are normally gas turbine driven.
An interesting alternative or complement is an electrical drive
system comprising a frequency convertor fed synchronous motor
which has some advantages over the GT drives, e.g. high efficiency
over a wide stepless speed range, high reliability and low mainten-
ance costs. A compressor station furnished with one 100 % GT
drive and one 100 % electrical drive can always utilize the
cheepest form of energy at the moment.

The electrical variable speed motor drives are based on the use of
power thyristors. There has been a very fast development in this
field during the last decades which has enabled the design of large
static frequencey convertors up to 40 MW,

The motors used for this purpose are normally of synchronous type.
To reach the speed range needed for compressor drives there are
two possibilities, one of which is to use a "common" motor for four
or more poles together with a transmission gear.

A more efficient method is to use a two pole motor of turbo type
designed for the compressor speed, thus avoiding the efficiency
drop of 1 - 1.5 % in the gearbox.

Up till now about 10 - 20 high speed motors are in service in the
world and they can therefore be considered to have a proven
design.

Convertor Design

) The basic circuit diagram for a 6-pulse synchronous motor drive
i fed from a static frequency convertor is shown in Figure L.

¥

== =
% % % ¥ ﬁz_—&f—]

convertor Rectifier D.C. link Inverter Synchronous  Exciter
reactor - motor

M
el
lf'l
[ |
t

-4
S

Fig. 1. Variable speed synchronous motor drive
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The system is connected to the net via a transformer. Its
secondary voltage is adapted to the ratings of the rectifier. Today's
thyristors have so high ratings that no parallel branches are
normally needed,

On the other hand there must be a few thyristors in series to obtain
the adequate voltage capability.

In order not to exceed the short circuit strength of the thyristors
the transformer has to be designed for a suitable reactance. The
DC is smoothened in a DC link reactor before it enters the DC/AC
inverter that feeds the synchronous motor with an AC correspond-
ing to required power and speed.

Commutation

Within the normal regulation range both convertors are line com-
mutated; the supply convertor by the net and the motor convertor
by the motor. The reactive power necessary for the commuta-
tion is taken from the net to the rectifier and from the overexited
synchronous motor to the inverter. The motor convertor commuta-
tion is controlled by the stator voltage and frequency which means
a stable operation without oscillations.

At low speeds - 0 to about 10 % of rated speed - the motor cannot
provide sufficient voltage to commutate the motor convertor,
Therefore pulsed commutation is carried out through the supply
convertor by reducing the DC current to zero for a period of about
10 ms.

With pulsed commutation the motor is operated at a power factor
of 1, which enables high starting torque. Therefore the motor can
be started with a current not exceeding the maximum load
current. At these low speeds the motor convertor commutation is
controlled by a rotor position encoder.

Control System

The principles of the control system are shown in Figure 2.
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There are mainly two control units in the motor drive system. The
first one is a speed regulator with a suboerdinated current regulator.
That regulates the current output from the recfifier. Transferred
to the synchronous motor via DC link and inverter the current
creates the motor torque needed for achieving the desired motor
speed.

The second control unit regulates the motor exciter and is compos-
ed by a stator voltage regulator with a subordinated field current
regulator.

From low speed up to nominal speed this regulator provides a
stator voltage proportional to the frequency resulting in constant
flux and torque all over the operational range.

Synchronous Motor

A synchronous motor for a direct drive of a gas compressor must
have a speed rating suitable for the compressor. That means
8000 rpm or even higher. Today it seems to be a limit in the
8000 rpm range which probably means that a compressor for
electrical drive might have a slightly lower speed rating than that
for a GT drive if a gear is not used.

The speed limitation is also a question of critical speeds for the
shaft. The motor has to be designed in such a manner that no
critical speeds appear in its normal speed range. Thus the first
critical speed should preferably occur between 40 and 50 % speed
and the second one just above the runaway speed. The starting
equipment will bring the motor straight through the first critical
range. An automatic device can also be arranged to prevent
operation in the dangerous interval.

The non-sinusoidal current coming from the convertor causes som
undesired phenomena in the motor, such as increasing losses and
pulsation torques, but they can be handled.

The motor will be provided with class F insulation but be designed
such that class B temperatures will not be exceeded at design flow
(DCQ) operation and class F temperatures not at maximum design
flow (1.1 x DCQ).

The starting time - from zero speed to full load - is less than one
minute. The motor will be cooled by circulating air.

The protection form of the motor shall be at least IP54. The
closed air cooling system will be slightly pressurized from a
separate clean air system to prevent gas coming into the motor
causing explosion risks.



Excitation System

The synchronous starting of the machine demands field current
from standsfill. This can be realized with a brushless system which
offers some advantages in this application. Figure 3 shows how a
brushless excitation system can be designed for a synchronous motor
drive.

Rotating assembly

" & B

Lt

w ZSZEZ

Excitation  Asynchronous D}ode Field Stator
control exciter rectifier

Fig. 3. Brushless excitation

The excitation power is transmitted through an asynchronous
exciter. The magnetic flux in its stator rotates opposite to the
running direction of the rotor enabling transmission of power at all
speeds.

Influence on the HY Network

Static convertors generate harmonics to the network. The most
embarrassing are the 5th and 7th from a 6-pulse convertor. These
two harmonics can be avoided if the convertor is designed for
12-pulse operation. The principles for a 12-pulse convertor appear’
from Figure 4.

Ty

Ty

Fig. 4. Typical design for 12-pulse arrangement

BTV1:6(LIL)
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With this arrangement the synchronous motor will be provided with
two different stator windings 30 degrees apart which eliminates
the influence of the 5th and 7th harmonics in the rotor.

There are still harmonics left but of lower magnitude, e.g. the 11th
and 13th. If necessary they can be reduced by means of tuned
filters,

The reactive power consumed by the net convertor for commuta-
tion is almost constant within the normal speed range of the drive.
At rated speed the power factor will be 0.85 - 0.9 leading. If this
reactive power is not available from the network to a reasonable
price a more economical way could be to install a capacitor bank in
the station.

Efficiency

All components included in a drive of the kind described have
extremely low losses resulting in a very high overall efficiency for
the drive. At rated speed and load it will be about 95 %. Still at
20 % speed - which means a very low load - the efficiency will be
as high as 92 %.

Conclusions

A static frequency convertor fed synchronous motor drive offers an
exellent alternative or complement to a gas turbine drive. The
most distinguished property in comparison with a GT drive is the
high eificiency all over the operation speed range but it can also
compete in other aspects, such as reliability, installation and
maintenance costs,
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FUD Compressox Stations
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Appendix 4:3

POWER TO RECIPROCATING COMPRESSOR

10 LET v=45

o3 PRINT "POWER TD CORPRESSOR™
30 FaR P=RS TO 80

40 LET E=yeR94%((BO/PIA.219-1)

V= Gas Flow, Nm3/sec

50 PRINT E.P; = =
(i3 HEMT P P= Inlet Pressure, bar pout 80 bar
Read
Q1 i Normal running. Parallel drive E= Power, kW
POWER TO COMPRESSOR

LoR8.32 55 1 2171.64 HE § 2089,83 57 1 1980.34 88 118435.21 b

173,23 €0 | 1£38.37 &1 11534.54 £7 11435.67 £3 1 1308.7 £4

{243,.59 &5 | 1460.48  E6 | 106B.51 A2 1360 . 4591 %4 | 980,486 e

O R 4 JU 307,804 71| 623,247 72 1841.431 P L e S

380,483 79 [304.996 76 244684 27 ] 148.62 R23.°548 0 F30

Hod
Fendy . T 1

E P

10 LET v=25
7a PRINT “PONER TD COMPRESSOR®

G0OFGR B=32 T8 70

JOLET E=YRBIe((FOP V21910
g PHINT E,.P;

e HEAT P

Raady Max ratio, Parallel drive P =70 bar
RUN out
FOMER TO COMPRESSOR
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POWER TO TURBO COMPRESSOR
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' Natural gas after-coolers to be used at the compressor sta-

tions along the pipe-line. Working pressure 78 bar, gas tem-
perature 120°C.

This type of cooler has four ceil bodies made of electro-
galvanized steel tubes with aluminium fins. The tubes are
tubed into the end plates of the coils, In order to facilitate
internal cleaning the headers are provided with threaded
cleaning plugs placed in front of each tube. :

Louvre dampers placed above each coil enables control
of the air flow,

The two fans have blades of glass fibre reinforced plastic
and hubs made of steel. The blade pitch can easily be ad-
justed when the fans are standstill. The motors are of explo-
sion-proof type.

Stand and casing are made of gaivanized sheet steel, the
coil headers of sheet stee! with anti-corrosive paint finishing.

Main dimensions

l.ength 12 m
Width 8 m
Height 55m

Technical data )
Cooling of CHq gas 196,000 kg/h ~ 20 Nmfs
Gas inlet temp. 75°C
Gas outlettemp.  45°C
Air temp. -60°C to +30°C

The cooler is builtup of modular units which
provide flexability in achieving the required
temperature efficiencies. The data above
refer to a normal size of cooler.
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FUD-KOMPRESSORSTATIONER
Elmatade objekt

t_ista Over effektbehov

Fdliande ungefirliga effektbehov fran elndtet kan preliminict forutses:

Antal Eldrivet objekt Effektbehov Anm
totalt kW
1 Gaskompressor 3 500
4 Gaskylare &0
2x3 Smdrj- och tédtoljepumpar 30
1 Tryckluftkompressor 3 Arbetsiuft
10 Ventilationsfi@ktar 30
1 Konverteranlaggning 100 For kompressormotor,
kylare
Eimandverdon 50 Normalt anv. naturgas
Elvdrme, matare m m 20 Behov oklart
- Ovrig processutrustning 25
L_ikriktare 110 V = (2 x 50) 100
3 Kraftuttag 3 x 60 Amp 3 x 60 3-fas 380 V
3 Kraftuttag 3 x 25 Amp 3x 25 3-fas 380 V
10 Kraftuttag 10 Amp 10x 2 1l-fas 220V
Trafokylning 40/10 kV 20
Diverse dvrigt 30
Belysning
- Kompressorbyggnad 10
- El- och kontrollbyggnad 10
- (Garage, forr8d m m 5
- Utomhus 10

BEG2-AS5-1/UB
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Appendix 16

FUD - COMPRESSOR STATIONS FOR NATURAL GAS

ELECTRIC POWER SUPPLY AND EQUIPMENT

1. General

The different concepts for a compressor station require electric
motor drives up to ¥ MW at nominal gas flow (DCQ). However, the
drives shall also be able to sustain a flow of 110 % DCQ continu-
ously, which means motor ratings of 4.5 MW. If a station is
designed for 3 x 50 % units one of them will be electrically driven,

The maximum demand of power supply to the station will be
4.5 MW to the compressor plus about 1.5 MW to the station
auxiliaries or about 6.0 MW total power requirement.

The following description will primarily deal with this station
design.

2. Connection to the network

Due to the characteristics of a frequency converter fed synchron-
ous motor drive, no inrush currents are created when a motor is
started. Therefore it could be possible to feed a compressor
station from a strong 20 kV network. Normally they wiil be
connected to 40 or 70 kV networks. For the purpose of this overall
description 40 kV connection is assumed.

The choice between one or two feeding power lines is influenced by
various parameters such as:

- voltage accessibility of the network
- supplementary costs for the second line

- degree of redundancy in the station

- influence on the gas flow from a short break of power supply
to one compressor station - the neighbouring stations are not
affected due to diversity in feeding networks.

Preliminary considerations indicate that a single power line would
be an optimal solution. Therefore a 40 kV single switchyard is
proposed consisting of a circuit breaker of the truck type and a
bypass arrangement with isolator.

3. Power distribution within the station

The electric power circuit diagram for one compressor station with
3 x50 % compressors of which one is electric motor driven is
shown in Appendix 16:1.
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The incomning 40 kV line feeds a 45/11.5 kV, 10 MVA transformer
(SSPD standard size).

The transformer is connected to an indoor 10 kV metalclad switch-
gear with circuit breakers of the truck type.

The switchgear has a pressure- and arc-resistant front, protecting
operators from being injured in the event of a flash-over in any of
the cubicles. The 10 kV switchgear distributes power to the con-
verter transformer for the variable speed motor as well as to the
transformers for the auxiliary power systems.

Connections to the 40 kV switchyard are also foreseen for a
capacitor bank and a harmonic filter. The capacitor bank will
generate the reactive power consumed by the converter, while the
filter is assumed to take care of the harmonics produced by the
converter that are unacceptable for the network. Individual
analysis must be carried out for each network connection to
determine the real need for a capacitor bank and a harmonic filter.

. Motor drives

A variable speed motor drive is composed of one threewinding
transformer, Y/Y/D connected, two frequency converters and one
2 x 3 phase synchronous motor. A converter consists of a rectifier,
a DC link with a smoothing reactor and a DC/AC inverter.

Each converter transmits power from one of the transformers
secondary windings to one of the 3-phase moter windings. Owing
to different phase angles in the two branches, the motor drive from
the network side will act as a 12-pulse converter, which means
that it will generate a minimum of harmonics to the network. A
motor drive is physically separated into two parts. The motor is of
course mechanically coupled to the compressor while the converter
and its transformer are located in the same building that houses
most of the electrical equipment and facilities for the operation
staff.

Reference is made to Appendix 4:1 for a more detailed description
of variable speed electrical motor drives with frequency converter.

5. Auxiliary power systems

The auxiliary power systems can be built up as shown in Appendix
le:1.

Two transformers, 10/0.4 kV, 900 kVA each, supplies a 400 V main
switchgear. Emergency power will be produced by a diesel
generator set, In order to limit the diesel rating to an extent
corresponding to the real power requirement in emergency situa-
tions, the 400 V bus can be divided into two parts. One of them
will only supply items of less importance in respect of station
emergency condition and can for this reason be automatically
switched off in such situations.
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The 400 V main bus will feed subswitchgears in the compressor
buildings and air coolers as well as in the fuel-, storage- and
electrical buildings. Also connected to the main bus are rectifiers
for 116 V DC system and possibly also for 48 V DC system. Each
110 V rectifier is a 100 % unit with regard to total load and feeds
one half of the DC battery. In case of total AC break - both
network and diesel - the two battery halves together can provide
the DC required for the station for a period of eight hours.

The 110 V DC system is designed to permit capacity testing on half
the battery during full operation conditions. It also includes a
certain amount of redundancy and selectivity if failures should
should occur within the system.

Depending on the demand from the control and communication
systems, one or more battery-backed 220 V AC systems can be
arranged.

There will also be lighting systems; one for normal and another one
for emergency conditions. The emergency lighting system will be
supplied from the battery-backed 220 V AC system,

All electrical installations in the compressor building must be of a
explosion-proof design.

6. Cable and cable channels

The heavy current connections from the 40 kV switchyard to the
supply transformer and from transformer to the 10 kV switchgear
can be effected with single phase power cables. Single phase
cables can also be used from 10 kV switchgear to the converter
transformer with converter and to the compressor motor. The
cables will be carefully designed with regard to short-circuit
forces.

Other cables for power transfer and for instrumentation and
control will be designed according to applicable standard technical
requirements,

All cables will have a fire resistance with flammability class No 4
as defined in Swedish Regulation Standard.

The electrical building is planned with a space of 1 meter depth
below the floors for cable routing. The cables for power, instru-
mentation and control will be routed in separate cable trays.

Cable penetrations will be arranged in all walls between different
fire cells. The penetrations will fulfil the requirements for fire
class A 60 (60 minutes).

The rooms with electrical, instrumentation and control equipment
are also planned to have removable floors.

Cables from electrical building to other site buildings will be
routed in cable channels in the ground. There will be separate
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channels to each compressor building to avoid common cause
failure.

7. Earthing and Lightning protection systems

To prevent dangerous veltage differences in the station in the
event of earth fault on the high voltage supply system (40 kV) or
struck by lightning, an earthing system has to be arranged. It will
be executed as a network of copper lines laid in the ground to
which all buildings and metallic parts in the station must be
connected.

The systems will be designed in accordance with Swedish regulation
and requirements.

3. Electrical-control-personnel building, iayout
A suggested layout is shown in Enclosure 13,

The building will be made of concrete and is designed with a
certain degree of missile protection towards the compressor build-
ings and the yard piping.

The electrical power and control equipment are placed in different
rooms. Each room will be a fire cell. The rooms for 10 kV and
4060 V switchgear will be equipped with emergency exits according
to Swedish regulation requirement. These rooms will also be
equipped with openings in the outer wall or the roof in order to
transmit the overpressure to the atmosphere if a short-circuit
should occur in the switchgear.

The main- and converter transformers will be located closed to the
electrical building and within protective walls.

Cabel channels within the building and to other site buildings see
point 6.
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Enclosure 17

FUD - Compressor stations for Natural Gas

Control system

The compressor station control system design will be such that with
unattended stations the gas transmission system will operate with a
high degree of availability. Operation and control of the stations will
normally be carried out remotely from a central control centre. This
means that a reliable remote control system with a high degree of
automation is required.

The locally installed control equipment will allow for the operation to
be maintained correctly during disturbances and breakdowns in the
remote control system.

The compressor unit will be controlled in such a way that correct gas
pressure, normally 75 bar, will be maintained after the compressor
station. The setting point for the pressure regulation can be changed
from the central control centre. During abnormal operating conditions
in the gas pipeline, for example a very low suction pressure in a station,
the control system will gutomatically take the requisite action to pro-
tect the units against overloading. The setting points for compressor
speed will be adjusted in such a way that optimum load shearing is per-
mitted between compressors working in parallel.

The control system design is shown in Appendix 17:1

The system is operated by two separate computers that control the
station and execute necessary control functions at station level. The
computers communicate with the remote control system and transmit
the control data and additional information, and execute given commands
Communication with the process is via a duplicate data bus for locally-
located equipment. The compressor station can also be controlled from
its local control room. For this purpose there is a station computer,

two CRT displays showing the operating conditions, keyboards, rolling
ball equipment for data logging, trend analysis and condition monitoring.

IlZach compressor unit has its own set of separate control equipment to
control the unit with its auxiliaries and for data logging. These control
systems are designed to meet all the requirements for safe operation of
the unit. The contents of a typical system are:

Automatic start and stop sequence

Compressor speed control

Emergency shut-down and alarms

Remote control facility

Yard valve sequence

Lubrication and seal oil systems control

Surge control

Fuel control and scheduling (for gas turbine driven unit)

* K ¥ % ¥ ¥ H

Start and stop is activated by the supervisory control system. The setting
points for speed regulation of the compressors are given by the station
computer system.
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For other equipment in the station, such as gas cleaning devices, valves,
measuring equipment, etc., there are locally-located boxes con-~
taining distributing control modules and in-/output modules connected
to the bus system.

The principle governing the design of the above system is that the equip-
ment is distributed to the greatest extent possible. The local control
modules are microcomputer-based and contain enough "intelligence" to
be able to cope with all the duties that will be performed locally. Where
required there is built-in redundancy. Self-checking functions are in-
cluded. All safeguarding logic systems shall have facilities for on-line
testing of shutdown functions without interruption of plant operation.

Equipment located in compartments or rooms classified as dangerous
from the point of view of explosion risks must be of an explosion-proof
design. An alternative that should be taken into consideration as regards
the compressor building is to set up special "electrical equipment rooms"
with separate ventilation and special design that allows the installation
of standard electrical equipment. This would give rise to better accessi-
bility and better environmental conditions for possible maintenance
acitivities during operation.

Relay protection for electrical equipment is provided in a conventional
manner assembled in relay cabinets located in the rooms set aside for
electrical equipment.

The power supply for the control equipment is 220 V AC and 110V DC
respectively. Both systems are duplicated and secured with batteries.
For a more detailed description, see enclosure 16.
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Bilaga 18

FUD-KOMPRESSORSTATIONER
Behov och kostnader for energi

Jamfirelse mellan naturgas och elenergi

Utnyttjningstiden for kompressorstationens installerade motor-
effekt enligt bilaga 1 Ar c:a 2 000 h/ar, ekvivalent fullastdrift. Med
tryckuppsédttningen i medeltal mellan 55-80 bar genom stationen
blir erforderlig axeleffekt till kolvkompressorer ca 4 280 kW.
Effekt till drivanordningen blir das
Elmotor;  +280 _ 4 760w

0.90

Energibehov = 4,76 x 2000 = 9 500 MWh/ar elenergi fran nétet
4 280

Naturgas; = 11 570 kW
0,37

Energibehov = 11,57 x 2 000 = 23 135 MWh/ar naturgas

Antagna verkningsgrader dr:

o 0.90 for kolvkompressor
0 0.37 for gasmotor utan spillvirmeatervinning
a 0.90 for elenerqgi totalt mellan elnédt och motoraxel

Clpriset far da vara maximalt 23 135/9 500 = 2.4 x naturgaspriset
for att vara billigare eller likvdrdigt med naturgasen.

Naturgaspriset viintas fdlja och vara lika med priset for tiockelja
som idag kostar c:a 200 kr/MWh inkl. 20 ke/MWh skatt m m.
Flpriset far nu alltsd vara maximalt 2.4 x 200 = 480 ke/MWh =
48 dre/kWh el inkl. skatt for att kunna konkurrera med naturgas.

Elpriser hogre &n 2,4 ganger naturgaspriset ar inte troliga inom
anldggningens livslangd.

Om avsdttning for spillvdrme kan ordnas och avgaspannor instal-
leras efter kolvmotorer eller gasturbiner kan ungefdr samma
viarmeenergi/effekt nyttiggbras fir t ex fjdrrvdrme. Gas- ach olje-
kostnader enligt ovan kan d& krediteras for detta med tex
70 ke/MWh. Jdmforbart maximalt elpris sjunker da till:

(200 - 70) x 2.4 = 312 kr/MWh = 31 dre/kWh el motsvarande
ca 1,5 gaAnger nuvarande EQS5-pris inkl. skatk.

Elpriser higre dn 1,5 ganger naturgaspriset foreligger enligt kurvan
alltid.

BEG2-AS5-1/GN



Framtida elpriser 4r idag mycket osdkra pga, bla hur kdrn-
kraften avvecklas. Bista uppskatiningen for dagen framgéar av
figuren nedan.

Medelpriset for elkraft till kompressorstationen med dagens el-
priser blir enligt hdgspanningstaxan NE3 = 280 kr/MWh.

';}%"‘f"l!:- | ' Prisnivad medio 1986, exkl skatt m m /,,f'"
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Resultat

Med framtida elpriser enligt figuren &r elenergt billigare &dn natur-
gas om spillvirme inte kan tillvaratagas. Omvént galler att natur-
gas dr billigare dn el-energi om spillvdrme séld for ca 35% av
naturgaspriset kan tillgodogtras.

Jamforelsen dr gjord med kolvkompressorer med god verknings-
grad. Turbokompressorer med gasturbiner har sdmre verkningsgrad.
Eldrift blir da dnnu mer ekonomisk &n i kolvkompressoralterna-
tivet.

Om gaslager bygges och inkopplas till pipeline blir kompressor-
driften jdmnare foOrdelad under &ret. Billigare el-energi under
sornrmarhalvaret kan da utnyttjas bdttre, vilket talar for eldrivna
kampressorer.

Denna grova jdmfdrelse mellan energikostnader kan analyseras
noggrannare och kornpletteras med kapitalkostnader, underhalls-
och odvriga driftkostnader sa att jamforbara totalkostnader kan
beridknas.

BEG2-A5-1/GN



Abb. lo  Wirkungsgrade fir Yerdichter undg Aniriebsmaschinen

Copy from Cooper-Vulkan Compressor PM
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Bilaga

FUD KOMPRESSORSTATIONER

Anldggningskostnader

I samband med PGT-arbetena 1983 analyserades kost-

naderna f0r kompletta kompressorstationer. Vatten-

fall erholl fran NOVA en specifikation 6ver kostna-
derna f£8r Jenners kompressorstation i Canada besta-
ende av tva block fér vardera 21,6 MW kompressorer

drivna av gasturbin resp. varvtalsreglerad elmotor,
Fdljande kostnadsfdrdelning erhdlls:

Post Bendmning Material Instal- Totalt
lation
1 Bygg och markarbeten 2,5 11,3 13,8%
2 Kompressorer + drivanordningar 39,1 2.3 41,4
3 Gaskylare 2,6 2,1 4,7
4 ROrinstallationer 14,5 7,9 22,4
5 Elkraft 1,7 7,5 9,2
6 Styr- och kontrollutrustning 1,6 2,0 3,6
7 Ovrigt 1,1 3,8 4,9
S:a 63,1 + 36,9 = 100,0%
Tabell:l

Upplysningsofferter fo6r kompressorblock fritt
leverantdren till denna station har erhdllits frén
2 leverantdrer. Med deras prisuppgifter och
procentuella tilldgg enl, ovan till kompletta
anliggningar erhdlles kostnader enligt underbilaga
20:1 och 20:2,

20



Underbilaga 20:1

i_everantir: COOPER-VILKAN

Alt: Kolvkompressorer

Post Bendmning Material Instal- Totalt Anm.
lation
1 Bygg och markarbeten 23,7
2 Kompressor + gasmator, 46,8 2,8 49,6
2 block
Kompressor + elmotor 20,5 1,2 19,4
3 Gaskylare 13,0 Extra
stora
4 Ririnstallationer 38,5 Inkl.
ventiler
5 Elkraft 15,8
6 Styr och kontrollutrustning 6,2
7 Ovrigt 8,6
Totalt for driftfardig station 5:a 172 MSEK

Alt: Turbokompressorer

Post Bendmning Material Instal- Totait Anm
lation

1 Bygg och markarbeten 19,3

2 Kompressor + gasturbin, 36,0 2,3 38,3
2 block
" + elmaotor 18,7 8,9 19,6

3 Gaskylare 6,6
" tilldgg dkat antal 0,6

4 Rorinstallationer 31,3 Inkl.

ventiler

" tillagg 5,0 "
tkad méngd

5 Elkraft 12,9

6 Styr och kontrollutrustning 5,0

7 Ovrigt 6,4

Totalt for driftfdrdig station S5:a 151 MSEK

BIZG2-AS-1/UB
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i_everantir: PIGNONE

Alt: Kolvkompressorer

Underbilaga 20:2

Post Benamning

Material

Instal- Totalt Anm.
lation

Bygg och markarbeten

Kompressor + gasturbin +

vixel, 2 block
Kompressor + elmotor
Gaskylare
Rorinstallationer

Elkraft

Styr och kontrollutrustning

Ovrigt

41,0

20,5

21,7
2,4 43,4
1,2 21,7
10,0 Extra
stora
35,2 Inki.
ventiler
14,5
5,7
7,8

Totalt for driftfardig station

Alt: Turbokompressorer

S:a 1660 MSEK

Post Bendmning

Material Instal- Totalt Anm

lation
Byag och markarbeten 17,3
Kompressor + gasturbin, 30,2 2,0 32,2
Z block
" + elmotar 18,7 0,9 19,6
Gaskylare 5,9
" tilldgg Okat antal 5,9
Rﬁrinspallationer 25,0 Inkl.

ventiler

- tilldgg 5,0
tkad méngd )
Elkraft | 12,0
Styr ach kontrollutrustning 5,0
'Civrigt 6,1

Totalt for driftfardig station

S8 137 MSEK



