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KE®AAAIO 1° - EIXAT'QI'H

Soumoapaymyn ival 1 GUVOLAGUEVT] TAPAYOYT NAEKTPIKNG (1] WNYOVIKNG) Kot Bppikng
evépYELOG 0o TNV 1010 apyIKY| TNy EVEPYELOG.

H ovpnapayoyn npotospeaviomke otnv Evpann kot otig H.ILA. yopw ota 1890. Katd t1g
TpmTEG dekoeTieg Tov 2000 adva, o1 TEPLEGOTEPES Propnyavies elyav dikég Tovg LovAdeg
NAEKTPOTAPAYOYNG LE ATUOAEPNTA-OTPOPIAO, TTOL AgtTovpyovGay pe avOpaxa. TToAléc amd
TIG LOVAOEG BVTEC TV CLUTOPAYMYIKEG. AVOPEPETAL YOPOKTNPLOTIKA OTL TEPiTOL TO 58%
TOV NAEKTPIGHOY, TTOL TTapayotav og Propnyavies tov HILA. o1ig apyég tov aumva,
TPOEPYOTAV OO LOVADEG CLUTAPAYOYNS.

Xvveyifovrag pe to mapddetypo tov HILA. n founyovikn) coprnapaymyn peimdnke oto 15%
ToV GAOL duVapKOD NAEKTpOTTAPAY@YNG MEYXPL TO 1950 Kot émece ato 5% péypito 1974. H
mopeia avt €xel TAéov avtioTpael Oyt povov otic HILA. aAld kKot og ydpeg g Evpdnng,
oV lomavia k.a., Yeyovog 1o onoio opeileTon Kupimg otnv andtoun avénon 1oV TV ToV
Kavoipov amd to 1973 ko petd. H avodikn mopeio o1 8140061 TG CUUTAPAYOYNS
oLvodevTNKE Kot omd agloonueimwtn TPpoodo TG oXeTIKNG Te)VoAoYiag. Ot feATidoels Kot
e&elielc ovveyilovtar Kot VEEC TEYVIKEG avamTOoGoVTAL Kol doKiualovtal, aAAd 101 1
coumapoy®yn £xel POAoel og enimedo OPUOTNTOG UE OTOSEIELYUEVT] ATTOSOTIKOTITO KO
a&lomiotio. Mo peydAn mowkihio (awd TAEVPAg idove, LeyE00VE Kol AEITOVPYIKMY
YOPOUKTNPLIOTIKOV) CLGTNUATOV glvar dabéoun. H peimon g katavaAmong Kovcipov, Tov
EMTLYYAVETAL LIE TI) GUUTOPOYWYT, GUVTEAEL, EV YEVEL, OE HEIMOT KOl TOV EKTEUTOUEVOV
POTTOV. X& OPICUEVEC TEPITTAOCELS, Elval EVOEYOUEVN I ADENGN T®V POTOV GE TOTIKT KAILOKA,
yeYovog 10 onoio emPArAel 131aiTEPT TPOGOYT GTNV EMAOYT TOV €IG0VE TNG LOVAIAG KOl TOL
npochetov e£omMaopod ™G,

O1 gpoppoyég g cvpmapaymyng dlakpivoviol 6e TEGGEPIS KOPLOVS TOUEILG: GUOTNH
NAEKTPIGUOV TNG YDPUG, PIOUMYUVIKOS EUTOPTIKOC-KTIPLOKOG Kal oy poTikOG Topéag. H
GUUTAPOYDYT) OTOV TOUEN TOV HETOPOPMV £ival TAEOV KATL VTOVONTO: T.X., O KVNTHPOG EVOG
OVTOKIVITOV 1 TAOI0L KOADTTEL TIG AVAYKEG GE UNYOVIKO £pYo, NAEKTPIoUO Kot BeppotnTa, 1
omoia oVaKTATOL 07TO TOL YUYIKA KUKADUOTO 1] KOL TO KOVGAEPLOL.

Y& TOMEG EQUPUOYEG TOV PLOUNYOVIKOD TOUEN VITAPYEL TOVTOYPOVT] CVAYKT Y10 NAEKTPIKY KOl
Oepukn evépyela. H Bepuokpacio oty omoia amatteiton 1 tedevtaio mokidiel avaioya pe
N (VUOo™ TOV JEPYACIOV.

O ocvpPatikog TpOTOg KAALYNG OLTAOV TV OVAYKMV Elvat 1) ayopd NAEKTPIGUOD OO TO
€0viKod diKTLO KoL 1 Koo KAmolov kavoipov ( o AEnta, KAIBavo KAT) yio TNV mopoywyn
Oepuomrac. Qotdc0 ot cuuPotikoi Oepponiextpikoi otadpol petorpémovy udvo TePinov To
1/3 g evépyelog tov kavoipov o niektpiond. To vediowma 2/3 eivar ammAgleg vod T
popoen Oepudtrac. 'Etol n péon amodotikdtnto evog 1€to1ov otaduov givatl 37%. Xtnv
EAAGOa M amodotikdtnTo sivatl apKeTd yapumAdtepn, e€ottiag Kupime g VYNANg
TEPIEKTIKOTNTOG OE VYPOCIO Ko TNG YOUNANG Beppoydvov dbvaung tov Avyvitn. Av Anedovv
VIOYT OATOAELEG KOTA TN LETAPOPE TOV NAEKTPIGLOD GTOVG KUTOVOAMTES, 1] AOS0TIKOTITO
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pewwveton 610 33%. To vorouro 67% mepimov ydvetor VO popP1| BeproTNTUC GTO
nepPariov.

Onwg yivetor avTiAnmto 1 Topoy®yN NAEKTPICUOV Ue GLUPATIKO TPOTO deVv glvar Kat 1) TAEOV
arodotikn dwdikacio. Emmiéov n avdykn yio tpoctacio Tov mepBarloviog Kot
€£0KOVOUNGNC EVEPYELOK®DY TOP®V 001 yEl otV avalTnon 6o Kol Tlo amodoTIKOV
OLOOIKOCUDY TAPOUYWOYNG EVEPYELNS.

Mia pébodog yio Tnv opBoroyikdTePT YP1ON KOVGILOL EIVaL 1) GLUTOPAY®YN NAEKTPIOUOV
Kot Beppdtrag 1 YHéng 6mov Tdvem and Ta 4/5 ™G eVEPYELNG TOL KOVGIIOV UETATPETOVTOL GE
EKUETOAAEVGIUN EVEPYELD, LE AVAAOYO OTKOVOUIKA Kot TEPIPAAAOVTUCH OPEAN.

Eitvat mpogavég dti o1 andreleg evog cuotripatoc XHO eivar onuavtikd pikpdtepeg and 1o
GUVOLO TOV ATMAELDV TAPOYDYNG BEpUOTNTOC Kot NAEKTPIGUOD pe EexmploTd cvuotipata. Ot
OTMAELEG LETOPOPAS 0md oTtafud XHO eival pikpotepes TG GUUPATIKAG NAEKTPOTAPAYWOYS,
S10TL 0 NAEKTPIGUOG KaTOvVOA®VETUL TOTIKE. EmmAéov avti tng amdppiyng g " dypnoms’’
BepuoOTNTOG, OLTY] YPNOYOTOLEITOL GE AVTIKOTAGTAGCT] TNG AYOPAS KAVGIL®Y Y10 OVAYKEG
Bépuavong. Atevkpivifeton 1L 1 Bepukn| evépyeta umopel va ypnoipomombei, 1660 yia
0épuoveon, 660 Kot yio yoén N kKMpotiopo. H yoén 1 o KMUOTIGHOG EXITUYYAVOVTOL LE
UNYOVEG AToppOPNONG, TOL AEITOVPYOLV LE atUd 1 Oepud vepo.

Ye eminedo ypno To 0PEAN eivar Kaboapd OtKoVopKd, d10TL TO KOGTOG EVEPYELNG LELDVETOL
o€ oyéon He TG cVUPaTIKES povades. Xe xdpes 6mov 1 XHO £yetl epappootel, | peimon tov
TV frav 20-30% kot 1 anomAnpoun g ETEVOVoTg £Yve o€ 2-3 ypovia. Xe mepintwon o
emPoing edpov CO», Ba vrapEetl TPOGHETO OUCOVOUIKO OPELOG OO T1 GLUTAPAYMYN.
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KEDAAAIO 2° XYYXTHMATA YXYMITAPATQI'HY

Ta meP1OCOTEPO GULGTILATO CLUTAPAYWYNG LTOPOVV VO, XOPOKINPLoO0VV ElTE (G
ocvotipata "kopveng" (topping systems) gite g cvomprota "Baong” (bottoming
systems).

210 GLOTHLATA KOPLPG, PEVGTO VYNNG BepLoKpasiog ypNOLOTOIEITOL Y10 TV
TOPOYOYN NAEKTPIOUOD, EVO N amoPaAilopevn Beppdtra youning Oeppokpaciog
ypnopomotleitan o€ Bepprikég dlepyacies, OEpLOVON YOP®V 1 AKOWUT KO Y10 TOPOYMYT|
TPOCHETNC NAEKTPIKNG EVEPYELAG.

210 cvotiuata facong, mopdystal TpmdTo Beppikn evépyela YNANG Beprokpaciog
(6nwg, m.y., o€ POVPVOLS YoAvBovpyeiwv, ValovpyeEi®Y, EPYOCSTAGI®OV TEIUEVTOV,
KATL.) Ko Katomy to Oeppd aépia droyetevovial cuvnbwe e AEPnTa avakTnong
OepuroTrTag, OTOL TOPAYETOL ATUOG TTOL KIvEl aTpooTpofthoyevvitpia. Elvar emiong
duvatd ta Bepud aépra va droyetevbolv oe aeplooTpdPiro, mov Kvel Tnv
nAekTpoyEVVITPLA, YOPIC TV Tapepfoin AéPnta, To mapakdto oynua divet
EVOEIKTIKEG TIUES BEpLLOKPAGLOV Yol TIG OVO KOTNYOPIieS GLOTNUAT®V.

T(C) T (cC)
500-1200 T 1000-1200 T
NASKTRO- 6 .
. EOMIKN
TTAPOY LT AlEpyoaia
500-800 » -
5 NAEKTPO-
180-600 SeppIKi TTOROY LT
Algpyaoic
% 100150 ATTUIASIEG

ZUTTAMATA KOpUPHC

EIKONA 1. Zvotinote Kopueng

2115 akOAOLOEG EVOTNTEG EMYEIPEITOL GUVTOUT TEPTYPOPT] TOV PLOUNYOAVIKDOV
GUGTNUATOV GUUTAPOYMOYNG :

Yvotipote ATnoostpofilov

Yvotpoato Agprootpofiiov

Yvotipoato pe [Molvopopkiy Mnyaviy Ecotepuic Kavong
Yvotipotoe Xovovacpuévov Kokiov

Kvkhor Baong Rankine pe Opyovika Pevota

Tomomompéveg Movadeg Zvpnapayoyis ("oxkéra')


http://www.allaboutenergy.gr/Paragogi3321.html
http://www.allaboutenergy.gr/Paragogi3322.html
http://www.allaboutenergy.gr/Paragogi3323.html
http://www.allaboutenergy.gr/Paragogi3324.html
http://www.allaboutenergy.gr/Paragogi3325.html
http://www.allaboutenergy.gr/Paragogi3326.html
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Kvoyéieg Kavoipov
Mnyavég Stirling

2.112YXTHMATA ATMOXTPOBIAOY

Eivot o o dtadedopéva GuGTHUOTO GUUTAPAY®YNG, KATAAAN L Yo 1oyelg 500 kW -
100 MW 1} ko peyaddtepec. MTopovv va pnoILOTO|GOVY OTOI00NTOTE KOAVGLULO.
Axoun kot oteped amoOPANTO KalyovTol 6€ E101KOVE AEPNTES EPOSIOCUEVOLG LLE
CLGTHLOTO KOTOKPATNONG N Kot EE0VOETEPMONG PUT®V Kol TOEIKMV OLGUDY, TOV
dnpovpyovvral katd v Kavot. O Babudg amddoons eBaver to 60-85%. ['a
ovykpion, vrevhopiletat 61t 0 Pabpdc amddoong evog GLUPATIKOD OTHONAEKTPIKOD
otafuov Bpickeror oty meployn tov 35%.

Ta cvompata atpootpofirov £xovv vynin adlomictio®, Tov POAveL To 95%, LYNAN
dwbeopodTTo** (90-95%) Ko peyddn dibpketa {ong (25-35 €tn). Opwc, o ypdvog
€YKATAGTOONG £ival oXeTIKA peydiog: 12 - 18 unveg yio pikpég povadeg ko uéypt tpia
€N Y10 LEYOADTEPO GUGTY|LLOTOL.

* Q¢ a&omiotio £6m Oewpeitar N TOAVOTNTA VO AEITOVPYEL IKAVOTOMTIKE £VOL GUGTILOL Y10 SESOUEVO YPOVIKO SIAGTNOL KO [LE
mpoKaHoplopEveg GUVONKES.

** AwBeootnro givor n mbavotnto vo Aertovpyel ikavomomTikd éva cvoTna o€ Tuyaio ypovikn otypn. H péon emota
SwbsopnotnTa eivar ion e T0 T0G0GTO TOL XPOVOL (T.)., TV 8760 P®OV TOL £TOVE) KT TO 0Moi0 £val GO LTOPEL VL
Aertovpyel IKAVOTOMTIKA (TaipvovTot LITOYN 1 TPOANTTIKY GUVTIPNON Kat Ot EKTAKTEG PAAPES)


http://www.allaboutenergy.gr/Paragogi3327.html
http://www.allaboutenergy.gr/Paragogi3328.html
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212 XYXTHMATA XYMINAPATQI'HY ME ATMOXTPOBIAO
ANTIOATYHX

Atuog vyning mieong (20-100 bar) kou Oeppokpaciog (480-540 °C) mapdyeton o€
AEPNTa e KaTavAA®GoT KOVGiov Kot ¥pnoHoToteital ylo TV Kivnon
atpootpofilov, otov dZova Tov omoiov eivar cuvoedepévn nhektpoyevvitpio. O
atpog Pyaivel amd to 6TPOPLAo o€ migon kat Oeppokpacio KatdAAnAn yuo Tig Oeppikég
depyaocies. O 6pog "avtiOlym" opeileTon 6To OTL N wEon avT €ivan peyaAdTEPT TNG
atpoo@atpikng (3-20 bar). Amopdotevon (dnA. eEaymyn) HEpovg Tov atpuov amod
evolapeoeg Pabuideg Tov otpofilov otig embBuunTég mMEsELg eivan emiong dSvvary.

Kadouo
— Agpnrag

i

L,/,] r:wmpm )
NNyl A—

.l"'.l]l_ll_.n'_ T [I_l -".;. |T|:_,|_| MR

ATpoaTpopihog

Yy

ZULTTUR LI GTTO BlEpy adiss

EIKONA 2. Movada XHO ne Atpootpofro avridi

Y& 60YKpPLoN LLE TO GUOTNO OMOUAGTEVLGNG, TOL TEPLYPAPETAL AKOAOVO®S, TO
cvotnpa ovTiOlyng €xet Ta €ENG TAEOVEKTNLOTOL:

o A7 popei

e Mikpdtepo KOGTOG

e Mewwpévn 1 kot kaBOAov avdykn YUKTIKOD vEPOD

e YynAdtepo Babuod andooonc (nepimov 85%), Kupimg d10Tt dev amofdiiet
Bepuomra 610 TEPIPAALOV HECH YYETOV.

ZNUOVTIKO HEOVEKTNIA TOV, OULMG, vt OTL 1) TAPOYOLEVT] NAEKTPIKY| EVEPYELX Elval
oTEVA GLVOEdEUEVT LE TNV amontovpevn Bepuotnta. ‘Etot, (o) etvor addvarn 1
ave&aptn Asrtovpyio TOL ATHONAEKTPIKOV 6Tafod amd To dikTvo BEpovong, Kot
(B) etva avaykaio 1 apeidpopun cOVOES Le TO OTKTVO NAEKTPIGLOV Y10 TV KAALYT)
TPOCHETOV AVOYKAOV 1] Y10 T S10YETEVOT| TNG TOAVG TEPIGGELOG NAEKTPIKNG
EVEPYELOC.
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213 XYXTHMATA XYMINAPATQI'HY ME ATMOXTPOBIAO
AITIOMAXTEYYXHY

Mé£pog Tov atpoV anmopacteveTal omd pio 1 TeplocoTEPES evoldpesss Paduideg Tov
oTpofilov oTig EMBLUNTEG TEGELS, EVAD O VTTOAOUTOG EKTOVMOVETOL LEXPL TN TTECT TOV
ocvumvkvet) (Aéyetan Kow yoyeio atuov) mov eivon 0,05-0,10 bar.

Kolmpo AERnTOC

e

ATHOGTPORIAOC ATUOC TTPOG BlEpy aaleg "

ZUMTTUKVWTTC ) Yuknko vapﬁ;

_ 2 ULTTUK Yo
arTd dlEpy Agiss

AvTAia AsEQUEVT] CULTTUKVLILATOC

EIKONA 3. Movado XHO ne Atnootpdfiio amrondastevong

Ta cvomparta aropdotevong eivar akpotepa Kot £xovv pkpdtepo Pabud amddoong
(mepimov 80%) amd ta cvoiuata avtiBinyng. Opwc, £xovv ™ dvvatdTTa
avegapm g (Léoa oe oplopéva Opta) pLOUIOTG TS NAEKTPIKNG Kot Bgp UK 1Y 00G.
Av16 emrvyydvetal pe puOUION TNG OAKTG TOPOYNG OTLOV KO ETOUEVMG TNG TOPOYNS
OTLOV TTPOG TOV GUUTVKVEOTY.



Svunapayoyr Hiektpiopod ko
Bepuodtroc o€ vELoTAUEVO EEVodoyeio TEI Avtikiig Makedoviag

2.14 YXYXTHMATA SYMIAPATQI'HY ME ATMOXTPOBIAO XE KYKAO
BAYXHX

Apxketég Propmyavieg (m.y. xaAvBovpyeio, valovpyeia, Kepapovpyeia, EPYOSTAGIO
TGIUEVTOV, EPYOCTAGLO AAOVUVIOV, SWAIGTIPLO TETPEAAIOD, K.A.TT.) £XOVV aéPLa
amdPfAnta vymAng Bepuoxpacioc. Metd tn Oeppukn diepyacia, to aéplo avTd
UTOPOLV VO TEPAGOLV PEoa amd AEPnTa avaktnong Oepuotntog, 6mov Tapdyston
aTHOC oL KIvel pia atpootpoPrioyevvitpia. ‘Etot, ) povada mapaymyng Bepuotnrog
LETATPENETAL GE GVUGTNILO GUUTOPAYMYNG Le KOKAO Bdong atpoo.

A

aTTaR AT /\

FevvniTpia

MERMTAL
VIKOpIOmN g
Bepuotniag

ATUoTTpORIADE
. Khip@voC
KaOoWo | gepukae .
F—— . Yuknka vepd
Qlepyaoiag T UMTTUKVIATE > ] Vel veg
i}

AVThic

EIKONA 4. Movaoo XHO ne Atnootpofirro s Kokho faong
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Svunapayoyr Hiektpiopod ko
Bepuodtroc o€ vELoTAUEVO EEVodoyeio TEI Avtikiig Makedoviag

2.2 X2YXTHMATA AEPIOXTPOBIAOY

Ynrdpyovv 300 Pacikég SIUTAEELG: AVOIKTOD KUKAOL Kol KAEIGTOL KOKAOV.

2.2.1 XYXTHMATA AEPIOXTPOBIAOY ANOIKTOY KYKAOY

O tep1oc0TEPEG 0EPLOGTPOPIMKES LOVADES EIval avOolKTOD TOTTOV, OTTOL AEPAG
avapPOPATaL OTTO TNV OTUOGPOLPA, GLUTIECETAL Ko 0dnyeiton oto BdAapo kavong. Ta
KOVGAEPLO EKTOVAOVOVTOL GTOV 0EPLOGTPOPIAO (TOV Kivel Tn yevviTpLa), Ao TOV OTolo
Byaivovv og Beppokpacia 300-600 oC. H onpavtikn 1oyvg Tov arotteitot yio v
kivnon Tov cvumesTt| Kot 1 vyYNAN Beppokpacio e£06d0v TV Kavcaepimv etvat o
KOplEg artieg Tov Hikpol Pabpov amddoonc evOg TETOI0V GLUGTILOTOG
niektpomapoy®yngs (25-35% kot oe cOyypoveg mponyuéveg povadeg 40%).

Kouooépin
ZUPTTORY L0
aTT AIEpYy adicg
MERNTOC
) KOUTOE Pty a
Kadapo ATHOC

r TTpog Alepyadicg

S OU0; KOOong

—(E)Ew

el Tal

ZUMTTIETTHC

Afpoc

EIKONA 5. Movado XHO ne Agprootpofftio avolkTov KOKAOV
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Svunapayoyr Hiektpiopod ko
Bepuodtroc o€ vELoTAUEVO EEVodoyeio TEI Avtikiig Makedoviag

H vymAn Beppokpacio Tov kavcoepiov KAVEL TIG LOVASES OVTEG 1O0VIKES Y10l
CLUTAPAYWYN, YEYOVOS oV avédvet to Babud anddoong oto 60-80%. Ymapyovv 600
Baoikoi Tpomot ekpetdAdievong g OeppdTTag TOV KOLGUEPI®V:

e Apeon ypnon oe Bepukég diepyaoieg (Béppavon, Enpavon, K.A.1.).

o Awoyétevon tov kowoaepiov oe AEPnta avaktnong Bepuotntag (AEyeton Kot
AéPnrtog kavoaepinv). Exel mapdyetol atpodg vymAdv YopaKTNPIoTIKOV, TOV
elvatl KatdAANAog 0L Lovo Yo Beppikéc dlepyaciec aAld Kot yio TV Kivnon
atpootpofilov (cuvdedepuévon pe yeEvwhTpLa 1 GAAO pnydvnpa). Ztn devtepn
TEPIMTOOTN TPOKELTAL Y10l GOGTN O CLVOVAGLEVOL KUKAOV, TOV TEPTYPAPETOL
EKTEVEGTEPQ GE EMOUEVT] EVOTNTAL.

Kot 6toug 600 1pomovg, etvar duvatn 1 avénon tov Oeppkod mepieyopévov (OnA. g
Bepprokpaciog) Tov Kavcoepimv, Kot ETOUEVOS TNG amodldouevng Beppdtrag, 6tav
amouteitat. Avto emttvyydvetal xapn otV LYNAN TEPLEKTIKOTNTO 0EVYOVOL TOV
kavcaepiov. Kavompeg tomofenuévot petd tov aeplostpoBirlo xpncomolovy o
Kavoaépla yo v Kavon tpdcsheton Kowsipov.

Ta cvotpaTo CLUTAPAYOYNS LLE AEPLOGTPOPIAD OVOIKTOV KUKAOL £xovv 1oyl 100
KW - 100 MW. Agttovpyodv cuvifmg pe puoikd aéplo 1 ELappa amocTaypota
netpelaiov (.. kawowo Diesel), evd gvoiwves mapovstdaloviot o1 TPOOTTIKES Y10
xpNom mpoidvtwv eEoepimwong youravOpakwv. Mmopovv emniong va ypnotiporotmfovv
KOG 0EPLOL TOV TOPAYOVTAL, T.X., KATO TNV KATAAVTIKN GYAoT VOpOoyovavOpaKwmv
oe Swhlotplo tetperaiov. evikd, mavimg, xpetdleTon TPOGOYN: EMEON TO TTEPVYLN
1OV agplocTpofirov eivon extebeléva 6t TPOIOVTO TNG KOVONG Kot T TPOTOVTA QVTH
TPETEL VAL UMV £YOLV GLGTATIKA TOV TPOKAAOVY dtafpwaon (VaTplo, kdAo, acPéaTio,
Bavadio, Oeio, K.A.1.), KOODOG Kot TO GTEPER COUOTION TPETEL VOL ELVOL OPKETA UIKPOD
peyéfovg dote vo unv TpokaAovv eBopd Katd TV TpOGKPOLGT TOVS GTA TTEPVYLO.
Edv to kavcaépro mepiéyetl TETo10 GLOTOTIKG, TPEMEL VO KAOOPIOTEL e E101KES
dwatdets, mprv 0onynel otov aeprostpdfiro. Eivar emiong evoeydpevo to KGO Vo
ypecel KabBapiopd Tpv amd TV €160 y®YN TOL 6TO BAAALO KOVONG.

O xpdvoC £YKATAGTACTG TOV GUOTNUATOV GUUTAPAYMYNS aePLocTPoPilmv eivon 9-14
pnves yu woyeig péxpt 7 MW kon Bdvet ta dvo £ yia peyalvtepeg povaodeg. H
a&omotio Ko 1 péon €TNo1o SEGIUATNTO CLOTNUATOV 0EPLOGTPOPIAOL TOV
YPNOLLOTOLOVV PLGIKO CEPLO EIVOL GUYKPIGIUES LE EKEIVEG TOV GLOTNUATOV
aTpooTpofilov. Ot Hovadeg Tov AEITOLPYOVV HE VYPO KOVGILO OITOLTOVV TLO GUYVEG
CLVTNPNOELS, LE GLUVERELN TN YapnAdTePN dabecipdtta. H yprioun dudpreta {ong
elvar 15-20 € kou pwopet va petwBel onpovtikd amd Koavco Kokng TodtnTog
OVETOPKT] GLVTNPNON.
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Svunapayoyr Hiektpiopod ko
Bepuodtroc o€ vELoTAUEVO EEVodoyeio TEI Avtikiig Makedoviag

2.2.2 YXYYXTHMATA AEPIOXTPOBIAOY KAEIXTOY KYKAOY

210 CLOTHHOTA KAEIGTOD KUKAOV TO epyalouevo pevotd (cuvnbmg nito 1 aépag)
KUKAOQOpEL g KAEIoTO KOKAUA. OgppaiveTar puéypt v KatdAinin Beppokpacio og
evaALdrTn OeppdtnToc Tpv amd TV £16000 GTOV 0EPLOGTPOPILO Kot YOYETOL LETA
v ££0006 T0V amd avtdv. Kabmg to pevotd de cuppetéyet oty Koo, dtatnpeitot
KkaBopd Kol £T61 AmOPEVYETAL 1] UNYOVIKT KO YNUIKT O1dBpmon Tov aeploatpofiiov
a6 to Tpoidvta ¢ kavons. H eEmtepikn kawon emtpénet T (p1|oN 0TO10VINTOTE
KOWGIOV 0TO GVOTHROTO aVT: dvOpaxa, amdPAnto Propnyovidy 1 toremv, fopdlo,
VYPA N aépla Kavoa mapayopeva ard Popdla, k.A.m. [Tupnvikn 1 nAokn evépyeta
UTOPOVV EMIONG VO, ATOTEAEGOVY TNV TNy OepprdtnToC.

Mnyf BepuaTnTog ‘

¥

EvOhhiKTng

ZUNTTIETTH G AEPIOTTRORIADE rewwArpid
EvahadrTng
N Seplo pEudTd TTpoC Slzpyadisg
» AERNTOC -

PEUdT0 OTT0 AIEQYOTiE;

EIKONA 6. Movaoo XHO ne Agprootpofio KAEl6ToO KOKAOL

2mv Evponn kot lornmvia Aettovpyodv custipata avtov tov tonov pe woyelg 2-50
MW, o ap1Buog toug dpmg eivar meploptopévos. Metd v amdKTNo™ apKETNG
eumepiog, N a&lomaotio TOV GLCTNUATOV KAEIGTOL KUKAOL TpoPAémetal 6Tt Ba eivar
TOVAQYLOTOV 10T E EKEIVI TV GLOGTNUATOV 0VOIKTOU KOKAOL, EV(d 1| dtafecipudtnta
Ba etvar vYNMAGTEPT YAPT| OTIG LIKPOTEPES OMOLTIGELS GLVTNPTONG, TOV OPEIAOVTOL
otV kaBapoTnTa ToL £pYaLOUEVOV PEVGTOV.
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Svunapayoyr Hiektpiopod ko
Bepuodtroc o€ vELoTAUEVO EEVodoyeio TEI Avtikiig Makedoviag

23 2YYXTHMATA ME ITAAINAPOMIKH MHXANH EXQTEPIKHY
KAYYXHY

Awoxpivovtol 6€ TpELg Katnyoplec:

e pHovadeg pkpng kKAipakog pe agpropnyovn (15-1000 kW) v kivnmpa Diesel
(75-1000 kw).

e ovotiuata péong toyxvog (1000-6000 kW) pe agpropnyovh 1 kivntipa Diesel

e oLOTAUOTA HEYAANG 10YVOG (dve Tev 6000 kW) pe kivnmipa Diesel.

Agpropnyavég (gas engines) ovordlovtol ot TOAVOPOUKES UNYOVEG ECOTEPIKNG
KOHONG TOV AEITOVPYOLV UE 0EPLO KADGIHO, T.Y., PLOIKO aéplo, Proaéptlo, k.A.mt. Eivor
eUTOPIKE 0100€G11101 01 AKOAOVOOL TOTTOL ALEPLOUNYOVDV:

1. BeviivoKivnTipeg GUTOKIVIITOV OV £0VV PHETUTPATEL G AEPLOPNYOVEC.
Etvar cuvnBmg pikpéc pnyavég (15-30 kW), ehappés, pe peydin cuykévipwon
woyvoc. H petatpomnn modv Alyo emnpedlet 1o Babud amddoongs, evd LEIDVEL
v 1oy0 katd 18% mepinmov. Xdpn otn palikn topaywyn ot THES TOVg ivat
YOUNAES, aALA 1) O1dpKeta Cmng Toug givar oyetikd pikpn (10000-30000 dpec)

2. Kwnmipeg Diesel avtokivijT@v 100 €100V HETATPUTEL GE AEPLOPNYAVES.
"Eyovv 1ox0 péypt 200 kW. H petatpont| emtuyydveTol P TPOTOTOU|GELS TMV
EUPOL®V, TOV KEQOADMY KOL TOL UNYXOVIGLOL TV BaAPidwv, mov emBdAloviot
a6 To OTL 1) évanoT) O Yivetol TAEOV e OMTAT) GUUTEST ALY LE GTTLVONPLOTY.
H petatponn cuvifwg dev mpokaiel peimon g 1oydog, Kabmg vapyet
nePO®PLo pelmoNg g TePIGGELOS 0EPOL.

3. Zta0gpic unyaviS™ Tov £X0VV NETOTPUTEL GE GEPLOPNYAVES 1] TOV £YOVV
amo TV apyn oyedlacOel mg agpropnyavég. Ot unyavég avtés gival fopiég
kot otopés. Kataokevalovrat yio epappoyég ot Propmyavio kot oto TAoio.
H 1oy0¢ tovg pBdver ta 3000 kW. H avBektikn KOTOGKELT] TOVG LEUDVEL TIG
OTTOLTIOELS GUVINPNGE®V ALY avEAvVEL TO KOGTOG TNG ayopds Tovs. Eivan
UNYOvEG KaTAAANAES Yoo cuveyn Aettovpyia € LYNAO PopTio.

4. Xrafgpéc pnyoavéc ourrhov kavoipov. Eivar kivntipeg Diesel woyvog péypt
6000 kW. To xavowo amotereitar kKatd 90% amd puoikd aépto, 1 Evovot Tov
omoiov yivetan Oyl pe omvOnplot) oAl pe £yyvom vypol kavacipov Diesel
(mov amotelel 1o vdAouTo 10% g TpocPepOUEVNS vEpYELag). Exovv to
TAEOVEKTN LA OTL UTTOPOVV VO AELTOVPYOVV ElTE LE PUOTKS 0€pLo glte pe
kavoo Diesel, to omoio BéPata av&dvel 10 KOGTOS ayopdG Kot GUVTNPNONG.

* Aéyovton otaBepég unyavég (stationary engines) 6€ avTIOIOTOAY OO TIG LUNYOVES
OQLTOKIVITOV, TPAIVOV, TAOI®V, K.A.T. TOL £lval KIVNTEC, ONA. LETAPEPOUEVEG,.

O xivnm)peg Diesel diaxpivovior 6€ ToyhGTPOPOLS, LEGOGTPOPOVG Kot

Bpadvotpopovg. O mapakdtm mivakog 6ivel Ta dplo TodTNTOG TEPIGTPOPNS KOl
1GYVOG Yo TOV KABE TUTO, YWPIS Ta OpLa avTd Vo lvan amdAvTa CVGTNPA.
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Svunapayoyr Hiektpiopod ko

Bepuodtroc o€ vELoTAUEVO EEVodoyeio TEI Avtikiig Makedoviag
Tomog Tayvmnra (RPM) Loyvg (kW) Eqappoyéc
Tayvotpopog 1200-3600 75-1.500 Avtoxivnto-ITAoio
Mec66Tpopog 500-1200 500-15.000 Mioia-Z1dnpodpopog
Bpadivotpopog 100-80 2000-40.000 Mioia-Bopnyavia

ITNINAKAY 1 Xopoktnprotika Kivntipov Diesel

KoatdAinia kavoa eivar OAa o amootdypata tetperaiov (ta fapdtepa yior ToVG
HeYOADTEPOLG KvNTHPES). Ot peydiot, BpadvoTpo@ot KIvnTHPEG HTOPOVY VO KADGOVV
aKOUN Kot KotdAoimo amd v andotaln tov netpelaiov (residuals).

Onwg Kot 6V epintwon TV aegplosTpoPilny, To KOLGAEPLN TOV KIVITHP®V TOV
eEetalovrtal otnv evotnta avtr| Bpiokovv gite dueon gite Eppeon ypnon. H
Bepurokpacio tov kavoaepiov givar 300-400 °C, oniadn acOntd youniotepn and
exetvn 10V aeplooTPoPilov, Yo avTd Kol KAVEL TLO GLYVI TNV OVAYKT Yo
CLUUTANPOUATIKY OepudTnTa. AVTH ATOKTATOL £1TE e TOTOOETNON KAVGTHPOL Kot
TPOGAUYMYY AEPO KOOGS CUUTANPOUOTIKOD KOLGIHoV 610 AEPNTa Kavcaepiov (1
otov KMPBavo tng Beppukng depyaciog) eite pe eykatdotacn Bondntucod AéPnta. Ot
HEYAAOL KV THPEG TPOGPEPOLV TN SVVATOTITO GLVOIVOGUEVOD KUKAOL.

To akdrlovbo oynua ametcovilel Eva Yevikd S1aypapLpLo pong vOg TETOL0V
GLGTNLLATOG, YWPIS v amotedel TN povN duvar dtdtaln. O Kivntpog Kivel )
yvevvntpla. Téooepig evaArlakTteg avaktohv Oeprotnta amd peuoTd Tov £X0VV GYEon
pe ) Asrtovpyio TG unxovig: wouyeio Aadlov, yoyeio vepov (Tov KAEIGTOV
KUKADUOTOG TOL KIVIITHPO), YOUYEID 0EPA VITEPTANPOONG KO EVOAALKTNG OVAKTNGNG
Bepudmrag amd ta kawsaépla Tov Kivnnpa (N AEPntog kavcsaepiov). Me
Bepuomta avtn Bepuaiveron To vepd mov TpoopileTar Yoo SIAPOPES YPNOELS. €
CLGTNLOTO LECT|C Kot LEYAANG 1o(00G | BEpLOTNTA ETOPKEL KO V1L TV TOPAYDYN
atpov. Ot pukpol kivntpeg 0ev Exovv yoyeio Aadov. EEaAAov, 6tav o Kivntipag dgv
etvat epodacévog e oTpoPlomAnpTr (6€ LOVASES TPOG TO KATM OPLO TNG
TEPLOYNG 1OYVOG), OEV LILAPYEL YVYELD 0EPA VITEPTANPOCTC.

H cvykévipwon 1oy00g Tov Kivntipo avEAVeEL e VIEPTANP®GT TOV BAAALLOV KOVOT|S.
O otpoPfrrominpwtrg (Aéyetor Kou {gVYOg vITEPTANP®ONG) amoTeEAEiTAL AT
aePLOGTPOPIAO, TOV KIVEITOL LLE TAL KAVGOEPLOL TOL KIVNTHPO KOt KIVEL UYOKEVTIPIKO
aepoovumieotr). EEatiog g vynng Oepprokpaciog e£6d0v and to otpofrhominpm
(120-140 °C), o aépog éxet yaunin rokvotnta. I'a va cvénbei o Babpog minpdmrog
TOV KLAIVOP®V, 0 aépag YOyeToL G€ €101KO Yuyeio, Tpocpépovtag Bepprdtnto 6To
VvEPO YpNONG.
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Svunapayoyr Hiektpiopod ko
Bepuodtroc o€ vELoTAUEVO EEVodoyeio TEI Avtikiig Makedoviag
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EIKONA 7. Movado XHO ne wovopouikn nyovi) E6MTEPIKNG KOOoNg

Awxpivovtal 000 meputtdcelg amd TAevpds Beppokpaciog £660v Tov aépa and To
yoyeio: yaunAn Oeppokpacio cuviedel o€ YNAOTEPO Padd TANPHTTOG KO
EMOPEVMG LYNADTEPT] GLYKEVTPWOT 10006 Oumc,  avaktdpevn Beppdmra Ppicket
TEPLOPIGUEVT] XPNOT, O10TL TO VEPD GTNV ££000 TOL Yuyeiov £xetl yaunAn Beppokpacio
(30-35 °C). H Abom vt pmopei vo emdeyel Otav vrapyetl avaykn tpodépuavong
vepPOL, Tov £pyetan oto cvotnua pe Oeppokpacio 20-25 °C). Edv 1o vepo épyeton 6To
cvotnpa pe Beppokpacio 60-70 °C, 0nmg copfaivet, T.y. oTo dIKTLA KEVIPIKNG
0épuavong, tote n Adon g vynAng Bepuoxpaciog etvor TpoTidTEPN 0Id TAEVPAG
EKUETOAAEVGEMS TNG EVEPYELOG TOV KAVGILOV, KAODS av&davel Tov oAk Babpod
amddoong Tov cuoThuatog katd 3-5 %. H Bepuoxpaciokr| otdbun ennpedlet
OYETIKN ®G TPOG TN PO} TOV VEPOV TOTOBETNON TV TPLOV Yuyeimv (Aadlov, vepol Kot
aépa). Avtog elvar kot £vog amd Tovg AOYoug, Yol TOVG 0moiovg 1 dtdTtaén tov
TOPATAVE® GYNUOTOS deV etvar 1 pdvn duvartr).

Me avaktnon Oepuotnrog and ta tpio yoyeia, To vepod Bepuaivetar péypt tovg 75-80
°C. Katomv €pyetat 6Tov eVOALAKTN avakTnong Oepprotnta TmV Kowsoepiny, OTov
Oepuaiveron péypt toug 85-90 °C 1) ko atpomoteital. Movadeg pecaiov peyédoug
napdyovv kopeopévo atpd 180-200 °C, evd peydre Lovadeg Ltopovv Vo, SOGOvV
vrépBeppo atuod pe mwieon 15-20 bar kou Oeppokpacio 250-350 °C.
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Svunapayoyr Hiektpiopod ko
Bepuodtroc o€ vELoTAUEVO EEVodoyeio TEI Avtikiig Makedoviag

H ehéyyiom) emrpenty| Oeprokpacio Tov kawsoepiov oty €£000 TOV EVOAAAKTY
eCaptdror omd TV TEPLEKTIKATNTA TOV Kowaoipov pe Oeio. ' kavoo Diesel, to 6p1lo
elvar 160-170 °C, eva v 10 puowo agpto 90-100 °C.

O Babpdc amddoong pikp®v Kot pecainv Kivntipov givatl 35-45%, evo oe
oLYYPOVOLG peyarovg kvnmpes eBavel to 50%. O Babudg anddoong evog
GULGTNLOTOG CLUUTAPAYWOYNG LE ELPOAOPAPO KIVNTHPO ECMTEPIKNG Kaong Ppioketan
otV mepoyn tov 80%.

H dudprera {ong eivar 15-20 £t ko e€aptdran and to péyebog g povadog, v
TO1OTNTO TOV KOWGIHOL Kol TNV To1dtnta TG cvvtipnons. Ot maAtvdopopikot
KWWITNPEG OmOLTOVV TOKTIKOTEPT GLVTNPNGN O’ OTL TO TPOTYOVUEVO GLGTIULOTOL LLE
AmOTEAEG O, LUKPOTEPT péoT eThota dtobecipotnto (80-90%).
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Svunapayoyr Hiektpiopod ko
Bepuodtroc o€ vELoTAUEVO EEVodoyeio TEI Avtikiig Makedoviag

24 XYXTHMATA XYNAYAXMENOY KYKAQOY

O 6pog "oVVOLOGHEVOG KUKAOG" avaQEPETOL GE GLOTHHATO LE 6V0 BEPLOSVVOUIKOVG
KOKAOVG, 01 0010t GVVOELOVTUL LETAED TOVG LE KATO10 £PYALOUEVO PELGTO KO
Aertovpyolv og drapopetikég Beppokpacies. O kKhkAog vyming Beproxpaciog
(KopveNG) amoPdrrel OepprdTnTa, TOL AVOKTATOL KO YPTCILOTOIEITAL OO TOV KOKAO
YopunAng Beppokpaciog (Baonc) yio v mapaywyn Tpodcetng NAEKTPIKNIG 1
UNYoVIKNG evépyelag, avéavovtag €161 to fabpd amddoong.

Ta o dadedopéva GLGTHUATO GLVIVAGIEVOL KOKAOL glval EKEiva LE GUVOVOGHO
aeprooTpoPilov - atpootpofirov (kvkAot Joule - Rankine). ta axoiovbo oynuata
napovctaloviot Ta Pacikd ototyeia VOGS TETO10V GUGTHOTOC Kot ometkovifeTat
AEMTOUEPETTEPQ £VOL GVYYPOVO GVGTNO OVO TIECEMV ATLOV LE TO KUPLOL AEITOVPYIKE
YOPOKTNPIETIKA TOV. H Tapaywyn atpuov g d00 1 Kot TPELS SI0POPETIKEG TLEGELS
KAveL TNV €YKOTAGTAON 0 TEPIMAOKT), AAAG avEdver To Babud amddoong.
XpNGOTOIEITOL OTIC LEYAAEG LOVADEC.

KouoaEpio
TUPTOKYLG oo SEpyaoics
MERRTOC
KOUTOERIy
Kouao
ATLoopafiiog W,

mpoc DiEpyogisg
lh““ET

SEhop0g Koo -

‘ ZUPMETTAS e o

AeplooTpORIADE
Afpacg

EIKONA 8. Movaoo XHO cuvévacuévov KOKA0D

H vymAn meplexticomta 0Euyovou 6to Kovsaépia Tov aeplootpofirov (tepinov
17%) emtpémetl TV KOO CLUTANPOUATIKOD KAVGIHOV 610 AEPNTO Kavsaepiwv, E6v
kpBet avaykaia yio v odvénon oxbog Tov cuoTiuatos. H cupmiAnpopatikny Koavon
av&avet to Padud amddooN TOL GLGTHUATOG KATA TN AEtTOVPYia G HEPIKO POPTIO,
aAAG Kavel TNV eykataotaon (Kot waitepa Tig dtoTaéelg pOOoNg kot eAEyyov) mo
TEPIMAOKEG.
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Svunapayoyr Hiektpiopod ko
Bepuodtroc o€ vELoTAUEVO EEVodoyeio TEI Avtikiig Makedoviag
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H 1oy0¢ tov suompdtov cuvdvacpévonv KikAov Kupaivetal cuvinlwmg otnyv meploym
20-400 MW, evd Kataokevalovtat ETiong Kot pKpoTePEG Lovades pe 1oy 4-11 MW.
H cvykévipoon 1oydog (1o)dg avé povada dyKov) Tmv GLGTNUATOV VTV fvart
VYNAATEPN AT TN GLYKEVIPWOGT 1GYVOG TMV GLGTNUATOV ATA0D KOKAOL
aeplootpofirov (Joule) 1§ atpootpofirov (Rankine). Qg mpog ta kavoa 1oydeL 6Tt
avaeEpOnke ylo ta cuoTHUATA 0EPLOGTPOPIAOV.

O ypdvog eykatdotaong etvon 2-3 £tn. Etvan duvarth n olokinpwon g
gykatdotaong og 000 otdola: Eykabiotatal mpota n povada agplioctpofirov, mov
pmopet va giva étoyun yia ) Agttovpyia o 12-18 punveg. Eved avt Asttovpyet,
GUUTANPOVETOL TO GUGTNLLO [LE TN HOVASA TOV ATHOGTPOBIAov.

H o&lomotio tov cvompdtov cuvovacspuévoo kokiov givan ta 80-85%, 1 péon
etnota defesipotnta 77-85% kot 0 otkovopkds xpovog Long 15-25 .

Eivan emiong dvuvatdg o cuvdvaopog kokAov Diesel pe khkdo Rankine. H didtaén
potalet pe eketvn Tov TPONYoHUEVOL GYLLOTOG, OTTOL 1 LOVEASO CLUTIEGTN-OOAGLOV
Kavong-aeplootpofirlov aviikabictator amd Tov Kivntipa Diesel kot Tovg
eVaALAKTEG BEpUOTNTOG TTOV TOV GLVOOEVOVV.
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TEI Avtikiig Makedoviag

2.5 KYKAOI BAYHY RANKINE ME OPTANIKA PEYXTA

210V KOKAO BACNC TOV TOPAKAT® GYNUATOS, EPYALOUEVO HEGO Elval TO VEPO, TOV
eCatpileron pe avdaxktnon Beppdtnrog amd acpia vyNANg Bepuoxpaciog (600 °C 1 kot
vynAOTEPNC). H mapaymyn NAEKTPIKNAG 1 UNYOVIKNG EVEPYELOG LE OVAKTNON
Oepuomtog yauning fepurokpaciog (80-300 °C) eivar duvartn, dv avti Tov vepol
YPNOLOTOB0HV 0PYaVIKA PEVOTA, .. TOAOVEVIO, TTOL £xovV Beppokpacia fpacpod
aPKETA younAdTEPN eKeivng Tov vepoV. ‘Etot, mnyég Beppdtntog pmopovv va eitvor n
NAMoK” evépyeta, Bropumyovikd omdPANTa, YemBEPUIKT EVEPYELL, KAVGOEPLO 1|
OepuodTNTO YNENG UNYOVAV, K.A.T.

Halmpo
—_—

AEQIT

aTTaR AT A

MERNTOC
oIk ORI BF|

Eappﬁlmmg_

Khipovog
BEpUIKAC
fuepyooing
]

ATHOTTRORIADEC

ZUPTTUKNLITR

AyThio

evvTpIa

= 7 PUKIKO vepd

EIKONA 9. Movada ZHO pe opyovikd pevotd

H 1oy0¢ tov svotudtov avtdv kopaivetor otny meproyn 2 kW- 10 MW. O BaBuog
amodoong stvar pikpog, 10-30%, addd onuocio £l To yeyovog 0Tt éva TETOl0
oVOTNUA TAPAYEL TPOGHETT 15Y1 Y®Pig va E0devEL KOVGHO. ATIO KOTAGKEVACTIKNG
TAeLPAS, xpeldleTon 11aiTEPN TPOCOYN GTNV EMAOYT TOV VAIKAOV, OCTE VO UMV
nafaivouv d1dPpwon amd To opyavikd pecutod (m.y. ypnon avoieidwtov ydAvPa), Ko
OTN 6TEYAVOTNTO TOV GTOYEIWV TOV GUGTHUOTOS, MGTE VO, 11| SLUPEDYEL TO OPYOVIKO
PEVOTO GTNV ATUOCPULPOL.

O ypovog eykatdotaong pkpodv cuotnudtev (Léxpt S0 kW), kot Wdwitepa ekeivov
7oV €lvall KATAAANAQ Y10 Xprion GTOV EUTOPIKO - KTIPLoKO Topéa, elval 4-8 unveg, evad
v peyolvtepeg povadeg etvar 1-2 étn. Extypndton 6t n péomn emota dStobesotnta
Tovg eivan 80-90%. H avapevdpevn ddpketa {ong Tovg eival tepimov 20 .
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2.6 TYHHONOIHMENEYX MONAAEYX YXYMIIAPAT'QI'HY CTTIAKETA”)

Meydin ®Onon ot 616600m TS svumapaymYNg divel n palikn mopoymyn
TUTOTOUNUEVOV LOVAS®MY GE LOPON TAKETOV pe NAeKTpIKn 1oyv 10-1000 kW, mov
Exouv ta akOAOVOO TAEOVEKTILOTOL:

e Xounio K66T0g

e Muwpd 6yko

e Evxoln eykatdotaon (1o povo mov ypetdleton eivat 1 GOVOEST] TOVG LE TO
VOPAVAKE KoL NAEKTPIKA dikTLOL)

e Avtopoatomompévn Asttovpyio xwpic tn cvveyn TapokoAovON o and
eEEOIKEVEVO TTPOCWOTIKO.

O1 povadeg avtég cuvnbmg Exovv kivnmipa Diesel. Xe 1oyelg pikpotepeg tov 100 kW
elvai duvatn n ypnon kwvnmpa Otto, eved o 1oyeig peyarvtepeg Tov 600 kW eivan
duvatn N xpNon aeplootpoPilov. Mmopobv va Aettovpyolv pe vVYPo N 0€PLo KAOGIUO.
To pvod aépio eivar W10iTEPO KATAAANAO KOVGIUO Y1a TIG LOVADES QVTES YbpT OTNV
kaBopdtnTa, TNV EMEWYN avdykng amodnkevong Kot T YounAn Ty tov. To
TOPATAV® GYNLO OELVEL Lol LOVAdOL KPS 16YV0G, EVM UEYOAVTEPES LOVADES EYOVV
™ Hop@1| Tov amekoviletatl 6to akdiovbo oynua. I'a 1o didypappo pong, 1oyvEL
avtd Tov Zuotudtov pe oAvopoputkny Mnyavr Ecotepikng Kavong, kabmg kot ot
TOPATNPNGELS TOV TO GLVOIEVOVV.

Ta maxéta copmapaymyng pe kivntipa Diesel eivat wdwaitepa katdAAnia yio t1g
EQUPLOYES TOL EUTOPIKOV-KTIPLaKOL Topén (BAERE akdAovBo mivaka). Efvoal yvootd
gmiong pe 1o 6vopa "oLoTHHATH GLUTAPAY®YNG HKPG KAipakag" (small-scale
cogeneration systems). To 27-35% g evépPyELOg TOV KOVGILOV HETATPENETAL GE
niektpiopd kot to 50-55% oe Beppomra.

H dwBeorpodt o povadmv pe empeAnévn Kataokevt| Kot cuvinpnon eddvet to
90%. Inpoavtikn cupPoAr] 6To oNEEl0 AVTO £XEL O AVTOLATOG EAEYYOG TNG AEITOVPYING
TOV LovAad®mV. MikpoeneepyaoTés, EyKATEGTNIEVOL GTOV YDPOo Omov Ppioketon n
povada, mopakoAovfodv Tic TIHEG KPIGIH®V TapapuéTpmy Kot peTafipdlovy Tig
OYETIKES TANPOPOPIES, LECH OMOKAEIGTIKNG TNAEQPMOVIKNG YPALUNG, GE KEVIPIKO
NAekTpovikd voAoylotn. Otav 1 eEEMEN TOV TILAOV OPIGUEVOV TOPOUETP®V Ol VEL
emepyopevn PAAPN, ewdomoteitan 1 opdda cuvtpnong mov exepfoaivel TP akdUn M
BAGPN exkonAmOet.

Egappoyn Ieproym Ioyvog (KW)
Eoctiatépra 50-80
[MoAvkartowcieg 50-100
Kotaotuota Tpogipwmv 90-120
Eevodoyeia 100-2000
Noocoxkopeio 300-1000
Epnopwd Kévipa 500-1500
Exnaidevtikd [dpopata 500-1500
Kripwo I'pageiov 500-2000

IHNINAKAY 2 E@appoy£c Tomomomuiévoy novadémv GuUmTopoyyng
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2.7 KYYEAEY KAYXIMOY

H xoyéln kovoipov (fuel cell)* elvar pio nAEKTPOYNUIKY GLGKELT TOL LETOTPETEL TN
ANUIKT EVEPYELX TOL KAVGIOV GE NAEKTPIGUO Y®PIG TN LECOAAPN O™ TS KOO G. XN
Baotkn g popoen, Aettovpyet og eENG: VEIPOYOVO Kt 0EVYOVO AVTIOPOVV e TNV
TOPOVGIO NAEKTPOADTI KO TAPAYOLV VEPO, EVMD TOVTOYPOVO OVOTTOCGETOL £VOL
NAEKTPOYNUIKO SLUVOUIKO TTOV TPOKAAEl po1} NAEKTPIKOD PEVUATOG GTO eEMTEPIKO
Kokhopa (poptio). Kabog 1 avtidpaon sivar eEmBepun, mapdyeton Oeppotnro mov
umopel va ypnoiponombet oeéatpa.

* O ayyhxog opog "fuel cell" £xel amodobel ota EAANVIKA pe Tovg 0povg "oToryeio
Kavoipov" kot (omavidtepa) "keAAo Kavoipov" yopic kaveic amd Toug dVo va
Bewpeiton Waitepa kovomomtikoc. [Ipoteivetan €6 n ovopoacio "KoyéAn Kavcipov'
7OV €1VOLl L0 TOPOGTATIKY Y10, T1) GLGKELT] OVTY].

+ -
PopTio
=d

A
¢

KdBodog \

Hihcktpoalrng  Avo0og

SepuomnTa

EIKONA 10. Movdoo XHO pe KowEleg KOVGiNov

To amatrtovpevo VOPOYOVO TAPAYETOL A0 OPLKTA KAVGLLA Kot GuVHBwmg pebdvio
(CH4) mov amotelel T0 KUPLO GLGTATIKO TOV PLGIKOV aepiov. Opiouévor THITOL
KOWEADV HUTopoVV va. AELTOVPYHGOLV €MioNg Kot pe Lovo&eidto tov dvBpaka 1
VOPOYOVAVOPOKEG.

Emdewctikég povadeg 1oyvog £xovv Katackevacshei o d1dpopeg Evpomaikég ydpeg,
otig H.ILA. xou otnv lanwvia. H cuvnOng Beppoxpacio Aettovpyiog tovg (mepimov
200 °C) mepropilet T Beppokpacio g avaktdpevng Beppommrag. Ymdpyovv onpepo
TUTOTOMN UEVEG LOVASES GLUTTAPAY®YTG e Beppdtnta Tov ivon dlabéoun oe
Bepuokpacio 80-90 °C, aAld Kot TEPAUATIKES SOTAEEIS VYNAOTEP®V BEPLOKPAGIDOV.
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Ot Kuyéheg KOGV gival KATAAANAEG Y10 GUUTOPAY®OYT GTO PLOUNYAVIKO Kot
EUTOPIKO-KTIPLOKO TopEN (1010iTEPO GE GLVOLAGHO UE TO PLOTKS 0pP1o). Khpla
TAEOVEKTNLLATA TOVG givat To akOAova:

e ApBpwt (modular) doun, Tov SLELVKOAVVEL TNV KATAGKELT LOVAS®V LE TNV
emBopuntn 10y0,

e Atatipnon vyniod NAekTpKod Babov amdO0oNS KON Kol GE HLEPIKO
@opTio (ONA. POpPTiO UIKPATEPO TOL OVOUACTIKOD),

e EvkoMo ovTOHOTIGHOV,

o XounAéc ekmoumés pOHmV,

e Xounin ota0un 6opvpov.

Xapn otov vynAo Badpd amddoong Kot Ta Kabopd KOG TOV PN GILOTOI00VTAL, Ol
exmopunég CO2 kot SO2 givar katd 10-100 popég yaunAdtepeg amd ekeiveg GAA®Y
ocvotnuatev. Ewdwotepa, eneidn ol Bepuoxpacieg mov avantvccovtol eival
ONUOVTIKA PKPOTEPES OO EKEIVEG TNG KOWOMG, 01 ekmopunég NOX glval pikpOTeEpEg
Katd pio Tdén peyeBoug amod Tig EKTOUTEG TOV GLGTNUATOV oL oTNnpiloviotl 6TV
Kavor. Ot yopunAég EKTOUTEG pOTOV KoL 1 YoUNAY otddun Bopvfov kdvovy Tig
KOWELEG KOVGILOV 10 KOTAAANAES OO GALQ GLGTNLLATA Y10 EYKOTAGTACT Kot
Aertovpyio 6€ KATOIKNUEVES TTEPLOYES KO GE KTipLa OTMG EEVOOOYELD, VOGOKOLELD,
KA. Metovektpota, mov eunodilovv mpog 1o mapdv v TAATIA S1Ad00T| TOVG, elvat:

e To vyniod KOGTOG KATAGKELNG, KoL
e H oyetwcd pikpn dudpketa {ong.

Ot mpoomdfeieg yio OVTILETOTION TOV TPOPANUATOV aVT®V cuveyilovtal pe
TPOYPAUUOTO EPEVVOS KOl AVATTUENG KOOMG KoL LE TNV KATOOCKEVT] EMOEIKTIKMV
LLOVAO®V.

H npo xoyéln xavcipov etidytnke to 1839 and tov Sir William Grove, évav
OvaAréCo dkaotn Kot TEPapaTikd emotipova. Opmg coPapd evolapEpov yia
KOWEAN KOVGIHOV O TPOUKTIKT YEVVITPLL OV pyLoe Tapd Lovo 1 dekaetia tov '60,
otav enéhele 10 drnotnuikd Tpdypappo Tov HITA T1¢ Koyéreg Kavoipmy Kt Oyl TV
EMKIVOLVN TLPMVIKTY EVEPYELD KO TNV aKPLBOTEPT NALakT evépyeta. Ot KuyELES
KOLGIH®OV €QOdiacay e EVEPYELD TO SLOCTNIIKO okdpog Gemini kKot Apollo, kot
napelyov aKOLo NAEKTPIKT evEpyeLd Kot vepod Yo To Alaotniikd Asweopeio.

2.7.1 APXH AEITOYPI'TIAYX

O Ky éheg Kanoipmy Aettovpyovv mopdpota Pe pa protopio. Mropodv va
ta&wvounfovv Bacet Tov TOTOL TOV NAEKTPOAVTH TOV OTO{0 PN GLonoovV. To To
YVOGOTO €160¢ £ivorl 1 KLYEAN Kawoipov pe pepppavn aviorliayng tpotoviov (PEM).
H dopn| kot 1 apym Aettovpyiog TOL OVIITPOSOTEVLTIKOD QLTOV TOTTOL KLWEANG
KOLGIHov &xel og eENG:

Avo nhextpodia draywpilovror amd pia pepPpdvn n omoia £xel to pOAO TOL
NAEKTPOADTY. MeTalh avtig TG TOAVUEPIGUEVNC LEUPBPEvNG Kot TV NAEKTPOdI®V
VILAPYEL £VAL GTPMOUO KATOADTN. ApyoTepa Bol LEAETCOVLE T LEPT OGS KOWEANG
AVOADTIKOTEPO. ZVVOTTIKA, 1) SL0OIKOGI0 TAPUYMYNG NAEKTPIGHOD TEPLYPAPETOL OO
TO TOPOKATO ETMUEPOVS GTAILA.
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To vOpoydVo TpoPodoTEL TNV VoS0 TNG KLYWEANG, TO APVNTIKO NAEKTPOS10, TO OO0
EPYOUEVO GE EMOAPT LE TOV KATAAVTN dtoympileTon o€ BeTikd popTicuéva 1dvTa
VOPOYOVOL Ko NAeKTPOVIA. H dvodog kat 0 KataAnTng eival TETOL0G KATOOKEVG DOTE
N S1dyvon TOV ATOU®Y TOL VOPOYOVOL Va YiveTal pie opoyevn Tpomo. Ta nAextpdvia
T0L 07010 TEAEVOEPOON KAV HETAPEPOVTOAL LEGH EEMTEPIKOV NAEKTPIKOD KUKAMUOTOG
TPOG TNV Gvod0 OMNUIOVPYDVTAG NAEKTPIGUO apoD 1 LEUPPAVN amoTpEmEL TN d1EAELON
T0VG PEG® anTNG. ['a awtd 10 AOY0 Gvodog Kot KOTAADTNG OLUAEYOVTOL Oy YL
VAKEL.

Ta Oetikd popTIGUEVA 1OVTA TOV VOPOYOVOD (GTNV OLGIN AVOPEPOUAUCTE GE
LELOVOUEVA TPOTOVIA) dtamepvodv TN HepPpdvn kot evadvovot pe To 0EuyOvoV To
omoio Tpo@odotel TNV k6B, TO BETIKA POPTIGUEVO NAEKTPOS10, KOl TOPAYETOL VEPO.
Onwg kot Tptv, TNV opoyevn didvon Tov 0Euyovoy 6tov KaToADTn e€ac@aiilel n
KOTOGKELT TOV NAEKTPOOT0V. O KATAADTNG AvAAQUPAVEL TNV ETLTAYLVOT) TNG
dnpovpyioag Tov vepol amd To GULGTUTIKA TOV.

270 GYNUOTIGHO TOL VEPOD GUUUETEXOLV EKTOG TV LOPI®V TOV 0ELYOVOL KOl TV
OVI®V TOV VOPOYOVOV, TO NAEKTPOVIA TO. OTTOT0. SLOYETEVTNKAV HEGH TOL EEWMTEPIKOV
NAEKTPIKOV KUKAMUOATOG GTNV KAB0J0, TNV apy1| TG O1ad1KaGiog.

Ta 600 otpdpata (6TPlopevov) KAtaAdTn ¥PNGILEHOLY TNV OENGT TS TOYVTNTOG
TOV AVTIOPAGE®V S1A6TACTG TOL HOPIOL TOL VIPOYOVOL Kal TG EVAOGCTG LOPOYOHVOL
o&uy6vou yua ) dnpovpyia vepol, otnv dvodo Kot oty KaBodo avtictorya. Zuvnomg
amoteleiton omd £vo TOAD Aemtd oTpdpa AevkOYpLGoL (Pt) mhve o empdveln
bvBpaxa. To otpdpa aVTO givor Kot TO LEPOG TOL KaTtaAvTn To omoio Ppicketol o
eman pe ) pepPpdvn. O kotaAdTS elval TpoyDS Kol TOPDOONG DOTE VO LEYIGTOTOLEL
N extedeévn emPAvELD TOV.

O ymuikég avtdpacelg ol omoieg yopaxtnpilovv ta mapondve Pruata, covoyilovion
TOPOKATO.

2ty avodo:
2H, — 4H"
2ty kdBodo:
O; +4H* + 4e— 2H;0
Ol avtidopaon:
2H; + O; — 2H;0

Ot mopamdve avidpdoelg o pio amin KuyEAN Kovcipov mapdyetl tepimov ota 0,7
Volts . [Ipoxeyévoo va mapayfovv peyadvtepeg (Kot TPOKTIKA OEIOTOGUES)
1a0E1C, YpNoyLonotovvIot TeplocoTepes KVWELEG o€ oelpd (fuel cell stack). Ta
KLPLOTEPQ LEPT TNG KLYEANC Kawaipov Kabdg kot pia 10€a Tov Tpdmov Asttovpyiog
TOVG TOPOVCLALOVTOL GTO TOPAKATM GYLOTOL.
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LOAD
=H, H= = HO
H*—=
| &0, 0r air
|
3. Polymer
1. Anode Electrolyte 2. Cathode

Kuptotepo pépn g Koyéng Kavcipov

EIKONA 11. Eidon xuywéhev Koveipov

2.7.2 KYYEAH KAYXIMOY NOAYMEPIXMENHYX MEMBPANHY (PEM)

AvTég o1 Kuyédes (Kuyédleg Kavoipov avtailayng tpmtoviov (proton exchange
membrane fuel cells, PEM) Aettovpyovv oe oyetikd yauniés Oepuokpoaoieg kot
TAPAYoLV 16Y0 PKETT Y10 TNV EQOPLOYT TOVS Y10 TV IKOVOTOiNoT kadnueptvov
EVEPYELOKADV AVAYKMV, OTIMG 0VTN Yo TNV Kiviion evog oyfHatoc. Xe avtd fondan
KOvOTNTA TOVS VO TPOGAPUOLOVTaL GE YPNYOPES AVEOUEIDGELS GTNV amaiTnon 16YVOC.
H 1oy0¢ mov mapdyet pia té€tota koyéAn kopaivetot petasd tov 50 kot 250 kW. O
OGLYKEKPLUEVOS TOTTOG KLWEANG elval apKeTd gvaicntog oe un kobopd kadoLo.

H épevva mave otig KoywéreS KOVGIHOV OGOV 0POPE EPAPLOYES TOVS GTNV

TPOPOSOTNCY| OYNUATOV QVTY| TN GTIYUN Elval ETIKEVIPOUEVT KVUPIMG GE QVTOV TOV
TOmo.
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2.7.3 KYYEAH KAYYXIMOY THIT'MENOY ANOPAKA (MCFC)

Avtég o1 kuyédeg (molten carbonate fuel cells, MCFC) ypnoyorotodv yi
NAEKTPOADTN EVAOGELG TOL AvOpaka e AiB10, VATPLo Kot KAALO GE VYPT LOPPY
EUTOTIOUEVEG € KOTAAANAO VAKO. Evd yapaktnpilovior omd modd vynid eninedo
amod00Ng AOY® TV BepROKPAGIOV OOV Asttovpyolv (Tepimov 650 C) dev
TPOGPEPOVTOL Yoo KaBnueEPIVN xpron. Qotdc0o, avti 1 VYNAN Beprokpacio, 1 omoia
ATOLTEITOL TPOKEYEVOD 0 NAEKTPOADTNG VAL YIVEL LOVTIKG 0Ly DYILOC, EMLTPETEL TN
YPNOT PTNVAOV KATOAVTOV 0POV 01 YNIUKOT 0ECUOT KOTAGTPEPOVTOL KOl
ONUIOVPYOLVTOL TTOAD TT0 VKON G TETOlEG Beppokpacies. H id1a Opmg vynAn
Oepuoxpacio evBiveTon Yo TV avENUEVT SIAPPMOT Kol KATAGTPOPT TOV LEADY TNG
KOWEAMC. Q¢ koo pmopel va ypnoiponombei vopoydvo, povo&eidto tov dvpaka,
QLOIKO aEP1o, TPpomdvio kot dAAa. H 1oy0¢ n omoia yapaktnpilel avtdv Tov TOTTO
KOYEANG Kupaivetol avaroyo ) xpnon amd 10 kW péypt ko 2 MW,

Ziny dvobo 2Hy + 2005 = 2H, 0+ 200, + 4e”
1y kdBodo Oy + 200, +487 — 26"::’:}'32'
DMK ouTibpoon 2H, + O, + 200, = 2H,0+ 200,

ITIINAKAY 4 HAekTpoynUIKEC OVTIOPAGELS TOTOV KUWEANC

[Mopamdve eoivovtol ot NAEKTPOYNUIKES OVTIOPAGELS TOV YopakTNpilovy avToOV TOV
TOomo kKuyéANG (to CO2 mapdyetal oTnV dvodo Kot KOATAVOADVETOL TNV KAO050).

2.7.4 KYYEAH KAYXIMOY MEGANOAHYX (DMFC)

& OAEG TIC TOPATAVE® KVWEAES OC KOOGLO YPNOUOTOIEITOL TO VIPOYOVO. Q6THGO, O
oLYKeKPIIEVOS TOTOG kKuyweAmV (direct methanol fuel cells, DMFC) ypnowonotel g
KOO0 HEBOVOAN Y®PIg VO amOTEL TN LETATPOTN TNG OE LOPOYOVO. XE QTN TNV
nepintwon 1 nebavoin eivar avtr wov o&ewdmvetat oty avodo. H katnyopia avty
elvai mo mpoceatn TV KuyeAidwv PEM e apketd axdpa mpofAnquata tpog enilvon
Onme N peydAn mtocoTTa KaTaAdT oL omoteiTal. Q6TOGO, E6V 1| GLYKEKPLUEVN
texvoroyia enpokelto va ypnoonombet otn Béon twv PEM xvyerdv de Ba vmpye
N avdykn avaltnong EVOALOKTIKOV TPOTOV AmoONKEVONG TOL KAVGILOL OT®S
yivetal otn SEVTEPT TEPITTOON LLE TO VOPOYOVO VM d€ B NTav ovorykaio Ko M
AVATTUEN OVOLOPPOTOV.
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2.7.5 KYYEAH KAYXIMOY YXTEPEOQY OEEIAIOY (SOFC)

O ovykekprévog tomog koyedmv (solid oxide fuel cells, SOFC), énwg kot o
TPOTYOVLEVOG, EVOEIKVLTAL Y10l LENUEVES EVEPYELOKES OVAYKES, LE amOO0GT GTO
60% won mapoyopevn woyd péxpt ko 100kW. Avtd to GLGTAHUATA PN CLULOTOLOVV
ocLVNBME WG NAEKTPOADTT £va GKANPO KEPOAUIKO VAIKO aTepe0D o&ediov (iproviov
KOl [0 JUKPT TocOTNTA VATpion, avTi yio NAEKTPOADTN VYPNG LOPPNS, EMTPETOVTOG
éto1 Beppokpaoieg péypt kot 1000 OC.

Ot nAexTpoyn ke avTdpdoels mov yopaktnpifovv avtdv Tov THTo KuYEANS givat

Zmy évodo 2H,+20% = 2H,0+4e”
Imvwréfobo G'g +de” — 204
Dhuer] cvTibpoua) dH, + O, = 2H0

ININAKAY 5 HAEKTpoyNUIKES OVTIOPAGELS QVTOD TOV TUTOV

2.7.6 OLKYYEAEY TOY TYIIOY PAFC

O1 xuyédeg Tov OOV POcPoPKoL 0&eog -PAFC, givan and T1g mo mponyuéveg
TEYVOAOYIKA KOl EUTOPIKAL.

Mmnopovv va Aettovpyohv og vynAn Beppokpacio kat Taptdlovy €T L TIG GLVONKES
1oV emkpatoHv cuviBwc. To POoEopkd o0& elvar 6 LYNAN GLYKEVTIPMOGT) TO OTOT0
evavetal pe éva (eh mov mailel to poOAo TOL

KATOAOTY.

To PAFC ¢\ et atpooc@atpikd oEuyovo kot vOpoyovo
cav aéplo avaywyns. Ymapyet Opmg Eva
petovékmnua. To poceopikd 0&L yaAdel dtav 1

Catalyst
Beppoxpacia Ppicketon Katw and Tovg 42°. Tote dev
umopel va ypnoporomBei  evepyelakt] KOWEA. I I +‘=+h'!
H evepyesroxn koyédn oty mopaxdto pLopen Catalyst
amoteAeitan amd dVO EEYMPLOTA TUN LT --TOVG OVO
KOTOADTEG-- AVAUESA 6T OOl VILAPYEL EVag
NAeKTPOADTNG (S1dAv L VOPOEELdioL TOV KaAiov). Ot
KATOADTEG TEPIEXOVV TAOTIVA, Y10 TV SIELKOAVVGOT TOV YNUIKOV AVTIOPAGEMY TOV
axolovBovv. To tunua Tov gl6dyeToL TO VIPOYOVO Bal ATOTEAEGEL TV GVOdO KO GTO

TUNHO IOV E16AYETOL TO 0EVYOVO Ba amoterel TNV K6B0J0. ToVg 6VO TOAOVG
GULVOEETAL 1] GLGKEVT] TOL BEALOLLE VAL AEITOVPYNCEL.
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Cathode

In edon: Apyilet ko péet aépro o&vuydvo (02) --
TOPTOKOM YpOLO-- Kot aéplo vdpoydvo (H2) --umie
YPOUA-- 0TO dVO Egymprotd Tunpata. Etot éxovpe 2
dtopo 0&uyovoL v Kal 4 ATORN VOPOYOVOL KATM.

Y

21 edon: Otav épBovv og emapn ta 6vo uopwa H2 pe
TOV KaTtaAOT 10vilovTal Tpog TE6GEP TPMTOVIO Kot
téocepa Nhektpovia. Tnv ida otryun ta 4 eAedbepa
NAEKTPOVIO PEVYOVV TTPOS TO EEMTEPIKO KOKAMLLL,
LEG® TOL OO0V £pYOvTaL TPOG TNV KAB0dO.

3n edon: Ta 4 niekTpovia Kivovvion amd TV Gvodo
TPOG TNV KAO0S0 Kot SNUovpyovV £Tot £va NAEKTPIKO
KoK opa. To kKdtw pépog Exet EAdepa nAekTpoviov
(BeTUcOC TOAOG) EVD TO TTAVM PEPOG EYEL TEPIGTELN
niektpoviov (apvntikdg TOAoc). Avtd 10 NAeKTPIKO
KOKAOLO UTOPEL VO TPOPOSOTNCEL L0 NAEKTPIKN
GUGKEDT).

4n pdon: Ev ovveyeia ta téocepa niektpdvia, mov
Bpiokovtar oty k46060, evdyvovtar pe o 000 dropa
o&vyovov kat T popTilovV apvNTIKA.
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Cathode

51 edon: Ta dvo popo Tov vepov, mov Ppickovat
Nno1M otV KaB0do (6T0 0l PHEPOG) EVAOVOVTOL LLE TOL
dV0o 16vta 0&VYdvoL (Toptokai cpaipa)
oynpoatifovtag 4 1dvta vopoLuiiov OH-.

6m epaon: Avta ta 4 1Wvta tov OH- kivodvtol pEcm
TOV NAEKTPOADTY (Stdhvpa VIPo&ediov Tov KaAiov)
TPOG TNV (vodo.

Cathode

M edon: Ta vdpo&viovta
Gvodo pe ta Tpobmhpyovia
dnpovpyia vepod. Avtd to
odnyeiton oV e€dTuion Kot
nicw oty KaBodo yia vo
oV avtidpaot mov

OVTIOPOVY GTNV
TPOTOVIOL TPOG
VEPO LEPIKMG
LEPIKMOG 00MYeiTan
ocvppetdoyet Eava
aKoAoVOEL.

2.7.7 TAEONEKTHMATA-MEIONEKTHMATA

IMieovekTipato

o  Eldyoteg exmounég pomwv. [lpootacio g atpnoc@opos, PIAMKOg Tpog To
nePPAALOV NAEKTPIOUOG

o Orxvyéheg dev Exovv kivntd pépa. Hovym Aettovpyia Kot pukpn cuveinpnon.

e Meyddn amdo0om 6TV LETUTPOTN NAEKTPIGHOV TG TAENS Tov 40-65% .
E&owovounon evépyetag.

e TIpocappolopevog oyedtacios yio epopproyEég amd watt péypt megawatt.
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Zav 0épto N vYpO, T0 VOPOYOHVO popel evKoAN va, petagepbet, va puiaydet
Kol TEMKA umopel va ypnoonombel oe kdbe epappoyn 6Tov
YPNOLLOTOLOVVTOL CTUEPO TO KODGLLAL.

Kootiler Mydtepo yia va petaxivn et to vdpoydvo e dAheg Nreipovg ¢
CLUTIEGHEVO aéplo pe T Ponbeta colvev, and Eva 160 T0cd NAEKTPIKNG
evépyeac. To vypd vIPoydVO elvar | AGPAAESTEPT] KOL TTLO OTKOVOLUKT
EMAOYTN Y10 TNV KIVNON TNG EVEPYELS OO TOVG OKENVOVC.

To vdpoydvo etvar To Mo acParég amd OAa Ta kavoipa. To aépto vVOPoyOVO
etvar 14 opég ehappOTEPO Ad TOV 0EPO KOL Y10, AVTO SLOXEETOL TOYEWS OTNV
ATUOGPALPO GTNV TEPITTMOT EVOC atuyNUaTos. Evd Tta dAla Kavoipa £xovv
HEYAAO XpOVO EMKIVOLVOTNTAG £ OTOL VT EEPYoVV amd TV BEoM TOLG,.

Mewovektiporta,

"IIpdovoc" kivovvog H yprion tov vopoydvov mg mnyr| evEPYELNG TIG ETOUEVES
dekaetieg iomg PAAYEL CNUAVTIKA TO GTPOUO TOL 0LOVTOG, COUPOVA LE
£pevva Tov OMpocteveTol 6To mePLodkd Science. H epguvntikn opddo tov
Teyvoloyucob Ivotitovtov g Kaiipopviog (CalTech) vrootnpiletl 61t to
VOPOYOVO TTOL dlappéet oto mePPdAiov Ba avePaivel ToAd ypryopa o
OTPATOCPALPA - TO VIPOYOVO Elvar TO TO EAAPPD GTOLYELD - OTTOV BaL AVTIOPA
pe 10 0&uyovo Yo 1o GYNUATIGUO VEPOU.

AYVOOTEG TOPAUETPOL. ZOUPMOVO, LLE VTOAOYIGHOVS, 1 dLoPPOT| Od TIG LOVADES
TopaymyNGS, amobnKevong kat dtovouns tov kavsipov Ba avtictoryel 6to 20%
NG OMKNG TOGOTNTOS VOPOYOVOU.

Téhog €val PLeyIAO PELOVEKTILO TOV KOYEADV KOVGIIOV givatl To peydro
OKOVOUIKO KOGTOG TOV GLUVETAYETOL 1) YPTION TOVC.
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2.8 MHXANEX STIRLING

H cvpmapayoyn niextpiopod kot Oepuodtnrog eivar exiong Suvot pe unyoveég
Stirling. H teyvuicn ot dev €xetl axoun avamtuydel kot dtadobel apketd, aALL TO
EVOLAPEPOV Y10l TNV AVATTTLEN NG €xEl aENOEL YpN OTO TAEOVEKTNILATO TTOV
mapovotdlel og cvyKplon pe cvotnuata Kivnmpwv Diesel, agprootpofilmv 1
atpootpofilmv: duvatdtnta VYNAOTEPOL PabLov amddoonc, peyaAdTepn eveMEio
KOVGILOV, KOAY GCUUTEPLPOPA G HEPTKO POPTIO, YOUNAES EKTOUTEG POV, YOUNAN
o1a0un BopvPov KoL KPASAGUOV.

Wuyeio, nepinon 20°C Avayevwntic r,,A\jcmmtvl’npﬂlc. nepinov 700°C
\

EpBodo cvumiconc

OdAlapog cupmicong

EIKONA 12. Movado XHO pe avég Stirlin

To mapandve oynpo amotelel o amAomompuévn anewovion kwvnmpa Stirling. Aéplo
(.., VOPOYOVO, NMO, K.A.T.) COUTECETOL KO EKTOVOVETOL GE O1ATAEN KLATVOPOD -
dV0 eUPOL®V e ATOTELEGLLO TNV TEPIGTPOPT] TOL GTPOPOAOPOPOL GEova. To aéplo
Oepuaiveror og evoOALAKTY OEpLOTNTOC YOPIG VAL GUUUETEXEL GTNV KOWOOT] (KVNTHpOg
e€mTEPKNG Kavong). Yapyovv mokidles S1atdEelg KvnTnpmv, Tov TEPLYPAPOVTOL
avaAuTikd ot Pipioypapio.

Apykd, 1 €pgvva Kot avamtuén giye oG avTikeipevo Kivntpeg woyvog 3-100 kW,
KaTaAANAovg Yo avtokivnta. H mpoomddeio otpdonke KaTOTLY Ko TPOG KIVNTHPES
woyvog nuéxpt 1-1,5 MW pe avapevopevn dibpketa {ong g tééemg tov 20 eT1dv.
Xapn oty eEmTEPIKN KOG Kot TOV KAEIGTO KOKAO AEITOVPYING, TOL KIVOOUEVO LEPT
TOV KvnTipa dev extifevtol oto TPoidvTa TG KOOONG LE ATOTEAEGHA OL POOPES Vo
elvan meplopropévec Opmc, amaToHVTOL GTEYUVOTIKES OATAEELS Y10 TV OTOPUYN
PPOdY TOGO TOL 0EPIOL VYNANG Ttieon G TPOG TO EMTEPIKO TOV KLAIVOpPOL OGO Ko
TOV MITOVTIKOV A0d10V TPOG TO ECMTEPIKO TOL KLAIVOpov. H katackeun
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OTTOTEAECUATIKAOV SOTAEE®V e IKOVOTOMTIKN dtdpketa {ong givat éva amd to
TPOPANLOTA TTOV TPETEL VO, AVTILETOTIGOOVV.

H e€wtepikn kavon otig unyavég Stirling emtpénetl ™ xpron d1popmv KOVGIHLmV:
VYPA N a€PLa Kavoa, AvOpaKas, aépto 1 VYPA TPOEPYOUEVE OO AVOPUKO, KOVGLLLOL
npogpyoueva amd Propdlo, aKOUn Kot amoppitote Lropovy va xpnoioromovy.
EmuAéov, givar duvath 1 aAlayn Kowcipov ympic dtakonn g Asttovpyiog 1)
peToTpom TV puouicewv tov Kivnipa. Xapn oty eveA&io Tovg, ot Unyoveg
Stirling pumopovv eniong va amoTeEAEGOVV GTOLYEID NAOKAOV 1) TUPNVIKOV CTAOUOV
NAEKTPOTTAPAYMYNG 1] CLUTOPAYWOYNC.

2.9 ENEPI'EIAKA XAPAKTHPIXTIKA YYXTHMATON XYMINAPAT'QI'HY

To akdérlovbo oynua deiyvel TIC TEPLOYES TIUMV TOV AGYOL NAEKTPIGLOVD TTPOG
Beppotra, PHR, kot tov Adyov e&oucovounong kavacipov, FESR, v toug mévte
Bao1kovg TOTOVG CLGTNUATOV CLUUTAPOYWYNG. Ta OpLa TOV TEPLOYDY AVTAOV deV Eival
AmOAVTO AVGTNPE AALG pTtopoLV péXPL Eva fabio va petafiAnbodv pe mpdcsbeto
eEomoMapd. ' To Adyo avtdv, To oyNua Lropel va ypnoiporombei pdvov yio o
TPMOTN £VOEEN TOL £100VC GLOTNUATOG TTOL B NTAV KATAAANAO Yot KATOWO EPOAPLOYN.
H tehkn emloyn mpénet vo otnpiybel 6Tig Tpodiaypapic TV UnyovnUdT®y Ton
dtvouv 01 KOTOCKEVAGTEG.

Ta Kvprotepa

0.6 Méyiom egoikovounon Kavoipov YOPOKTNPIOTIKE Y10!
T0 0 dradedopéva

05 GLOTNLOTA
GLUTAPOYWYNG

oo 23 2 7 napovctalovol
aial YLOTHUATO CUVSLAOUEVOL KUKAOL ov .
YKEVIPOUEVO GTOV
8/2;\)0TT‘)}10T(1 QE‘)IOOTMI'XOU TC(XP(XK(’MTOJ TivoKoL.
avVOIKTOU KUKAOL

Enumdéov tov

® EVEPYELOKOV

Yvotiuata pe xivntipa Diesel OTOLXELOV, O TVOKaG

0.2} P 5 OVOPEPEL KOL T
Xvotuata atpostpofilov yaPEps N

() péon oo

® dwbeooTnTo, ONA.
0.l

=it — T0 TOGOGTO YPOVOL
Yvotipata aeplooTPoPiAon KAEIGTONH KUKAOL Xpovou
(.. twv 8760 wpdv

0 1 | TOV £TOVG) KOTA TO
. . sy >0 omoio éva cvoTpO
Ao AEKTPIOROL Tipog Beppudmra (PHR , ,
e P o ( ) pmopet va Aettovpyet

KOVOTTOMTIKA (TaipvovToL LITOWYT 1) TPOANTTIKY CLVTHPNOT Kot Ot EKTaTeG PAAPEC).

Adyog eEokovounong evepyeiag xavsipov (FESR)
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His, Meom et | Hhecrpucog Pabucg Chucog Mayog
layig deBeauuiTnie amddoong e PobBudg | mhecopuowol

TUGTTE Qmod0aT g mpog
[Thfpeg | Fopriov feppdrrTe
MW %% poption 50% %%
ArpsorpoBiion 0,5-100*% a0-95 14-30 12-25 60-85 0,1-0.3
jﬁiﬂ?ﬂ%ﬁ 0,1-100 90-95 20-35 15-29 60-80 0,5-0,8
gﬂamp:fﬁ‘; 0,5-100 90-95 30-35 30-35 60-80 0,5-0,8
i’;ﬂfiﬂﬁ&?ﬁ" 4-100* 7785 3545 | 2535 | 70-88 0,6-1,1
Kumyzipo. Diesel 0,07-40 &0-90 3545 32-40 60-80 1,2-2.4
mlwﬁrp[;fti:;fmmpu 0,015-2 80-85 2735 | 2532 | 60-80 0,5-0,7
Kopihec xavatuo | 00450 90-92 1745 | 3745 | 8590 0,3-1,0
3590

35-50 34-49 60-80 1,2-17

Mryowés Strling 0,003-1,5 (raievipem

(*) H o teow 100 BOW elven to mo ovvmbiopéve dva dplo o Propmyasnkss spoployss,
Zvoripere tov sldovg cwton koreokeudlovoo Ko (e peveditepeg woyels

ITNINAKAY 6. Kvplo TEYVIKA YOPOKTNPIGTIKA GUGTNUITOV COUTAPUYOYNG
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2.10 NEPIBAAAONTIKH YXYMITEPI®OPA

Xapn otV amodoTIKOTEPT EKUETAAAEVGT] TOV KOVGILOV, 1| GUUTOPOYMYT GUVTIEAEL G
GUEDOT) LEIMOT TOV EKTEUTOUEVOV PUTOV, OT®G TOAD TAPAGTATIKA dEIYVEL TO
TOPOKATO GYNLA, LE TNV TPOHTOOEST] OTL TO KAVGLLO TOV ¥PNOLUOTTOLEL eV givat
KOTMOTEPTG TOLOTNTOG OO EKEIVO TNG YOPIGTNG TAPAYMOYNG NAEKTPIGLOV KO
Oepuomrag. H peiwon g katavdAmong Kavsilov cuvodeveTal EXioNg Kol amd o
éupeon peimon pOToV amd ToV VTOAOUTO KVKAO KOwoipov: e£0puén, enetepyacia,
petapopd, amobnkevon. H mocotikonoinor tov k66Toug anutob givatl SOGKOAN Kot
eCaptdror amd S16Popovg TaPAYOVTIES: TEXVOLOYIN, KOVGILO, TOTIKEG CUVONKES, K.A.T.

Otav ToAAEG LuKpég Kot

§ § 5 OLECTOPLLEVES LLOVADES
é Cé' 3 [Meproyri copBatikey cveTpdToY GUUTAPAYOYAC

218 = Tskrporaparm e avTiKahoTovV peydAovg
gl strp}ml’)g nguoﬁg pe
% %\c 1)\,|m7»8g K()Envof)oxoug,
e 3 T0TE OeV elvan

B2 =~ 1 : eCacpariopévn

O1% v Ieproy} mponyuévov , .

gl g § sl CUOTIUGTOV CUPTEPaYWYTC BeAtimon ¢ modttog
Ble 8 tov mepPdArovtoc. Ot
/8 8 Kevrpikoi otadpoi

g gé 1 [?prKO\’/TOLl KOL‘C’('I Krowc')va
é E % ¢€m amod AoTIKG, KévTpa
KA X o 1 | J Kat oL LVYNAEG

Ge K048 @8 OB 10 KATvodO) 0ol GUVTEAOVV
Evepyeiaxdc Babuds anédoong GE 1IKOVOTOUTIKO
o KOPTIGHO TV POTTOV. AvTifeTa, 01 LKPEG LOVAOES GLUTTAPAYMYTG, TTOV EXOLV KOl
OYETIKA YOUNAOTEPES KATVOOOYOLGS, EIVOL EYKATEGTNUEVES KOVTA 1] KOl LEGO OTIG
KOTOIKNILEVEG TTEPLOYES EMPapOvVoVTag TO TEPPAALOV TOVC.

Ao T1¢ d1B€oeg TexvoAoYieg cupmapaywyng ot Kivntnpeg Diesel ko Otto €xovv T1g
VYNAOTEPES ekmoumég pimav. Kabdg ot kivnmpeg avtol givat ot o katdAAnAot,
AOY® peyEBoug, Yo EPOPLOYES CUUTOPAYWOYNG GTOV EUTOPIKO-KTIPLOKO TOUEN, O
Kivouvog amd Tig eKToUTEG TOVS £ival AVENUEVOG dLOTL OTIG KOTOIKNUEVES TTEPLOYEG OL
Kdtokot givon dpeca ektefEPEVOL GTOVS POTOVG TOL AEPA KOIL 1) SLOCTOPHL TOV POTOV
eumodileton amd T peydia ktipta. Ot kuyéleg Kavoipov etvat KataAnAdtepeg amod
toug kivntipeg Diesel 1 Otto yia t€totov €idovg epapproyEs, 010TL EXOVV ONUAVTIKA
HIKPOTEPEG EKTOUTES POTLOV.
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H drokivnon Tov Kowsipov Kot 1 0TopdKpLUVeN TOV GTEPEDMV KATAAOIT®VY TNG KAVOo™g
UTOPEL VO TPOKAAEGEL POTTAVOT) TOL £0APOVE KO TOV VOATMV TNG TEPLOYNS. TELOC, 0
00pvPoc av&avel T MKy pdTaven, T0co amd T Asttovpyio TOL 1iov TOV
GUGTNUOTOG CUUTTAPAYWYNG OGO KOt 0O TNV KIVNoT TOL OVOTTUGGETOL Y10 TNV
e&ummpémon tov. Qote, N €YKOTAGTACT GUGTNUATOG CLUTAPUYDYNG GE KOUTOIKNULEVES
TEPLOYEG TPOVTOOETEL TNV

o Emoyn teyvoloyiag pe younA&g eEKTouTES pOTTOV

o TIpocekTikn €TAOYY| TOV TOTOL EYKATAGTAONG

o TomoBétnon e£0mAGOD EAEYYOL KOl TEPLOPIGLOV TMV EKTEUTOUEVOV POTMOV

e Elootikn £€0paon Kot NyNTIK HOVOGT TOL GLGTHUATOG

o Kotaokeun kamvoddyov vynAdTEPNS TV YEITOVIKOV KTIpiwV

e Eykatdotoon pécmv GUAAOYNG Kol OTOKOLONG TV GTEPEDY KOL VYPAOV
KataAoimmy.

[Tpokeévou va diepevvnOel 1 eidPOoT EVOC GLGTNUATOG CLUTAPOUYWYNG OTIV
TOWOTNTA TOV AEPA TOV TEPPAALOVTOC, TPEMEL VAL VTTOAOYIGHOVV 01 EKTOUTES POTDV
TOV GUGTNHOTOC GUUTOPUYMYNG KOl Ol EKTOUTEG TMV GUUPATIKMOY GUOTNUATOV
YOPIOTNG TOPOYWYNS NAEKTPIGHOV Ko BepoTnTog maipvovtag vedyn o 160G Tov
KOWGIHOV oV YpNGomiel To kabéva amd Ta GLGTAUATO AVTA.

O exkmoumég 610&€1di0v TOL AvOpaKa eEapTdVTOL 0o TO £100¢ Kot TV TOGHTNTA TOV
Kavoipov. Yroloyilovrot yia omotodnmote cvotnua (6xt pévov chotnua

cupmapaywyng) pe m oxéon

mCO2 = uCO2 mf 1)
uCO2 =44/12 c 2
mf = E/(n Hu) 3)

MCO2 pala Tov ekmepmopévon 610E€13iov Tov dvOpaxa,

pnCO2 pala ekmepmopévon 810&€1diov ToL AvBpaxa avd povéda Lalog Kavotov (Y.
kg CO2/kg kavacipov)

C meptekTkOTNTO KOTA LAl TOL KAwGiov 6g avipoka

mf katavdAiwon kavocipov

E evépyera-npoidv tov Guotipatog

N PaBuog amdd06Mg TOL GLGTHUATOS

Hu xatdtepn Oeppoyodvog dvvoun Tov Kowoipov

H E&. (2) ompiletor omv mapadoyn 6Tt OA0G 0 dvOpaKag, TOV TEPLEYETAL GTO
KoOGHO, PETOTPETETOL 0 010EE1d10 TOV dvBpaka, KdTL TOL PpickeTe TOAD KOVTIH GTNV
TPAYLOTIKOTNTO OTOV 1] Kavon yiveTon pe TepicoElo aépol Kol TO, GLGTHHOTO KOOGS

etvar o€ koA Katdotaon kot cootd puducuéva. Tipég tov ¢, pCO2, kot Hu yuo
oplopéva kavotpa dlvovror otov wivoka 7. Ot Tipég avtég £xovv ypnoipomoinel yio

35



Svunapaymyn Hiektpiopon kot
OeppoTnTOG 08 VEIOTANEVO EEVOdOYEID

TEI Avtikiig Makedoviag

TOV TPOGOI0PIoUO TV ekTopndv CO2 TV GLGTNUAT®OV TOL TaPOVCIALOVTOL GTOVG

mivaxeg 9-11.

MEPIEKTIKOTHTO OF Eknopnég CO, Katerepn
Kaloipo ‘AvBpaka (c 100) Heo2 Beppoyodvog
ikavorTnTa (Hy)
%o kg CO; / kg k3 7 kg
KAuoipou

QUOIKO CEPIO 75 2,75 49000
Diesel a3 3,05 42500
MalouT 0,7% S 86,5 3,17 41500
MalouT 2% S 85 3,12 41000
Tuppn™ ) 2,13 7800
Ayvitnc* 64 2,35 24000

80 2,93 30000

* 01 TINEG aopoUy KaUoipo sAsuBepo uypaciag Kol TEQPOG

Hivaxog 7. XapoKTNPLOTIKG 0PLOREVOV KOVGIN®Y Y10 VTOA0YIGHO TV ekTtopntav CO2

Edv dev vapyovv mAnpopopieg amd Toug KATAGKEVOGTEG TMV GUYKEKPIUEVOV
CUCTNUATOV 1] OO CYETIKEG LETPNOELS, TPADTEG EKTIUNCELS TOV EKTEUTOUEVOV POTOV
uropovv va yivouv pe ta ototyeia mov divovv ot mivakeg 3-5. Ot Tipég avtég elvan
EVOEIKTIKEG. ALPOPEG GTOL UIYOVILLOLTOL, TO KOVGLIO, TNV AVTIPPVTOVTIKY TEXVOAOYin
K..0. LITOpovV Vo, S10PpOPOTOIOVV CILOVTIKA TIG EKTOUTES PUT®V O TN Lo
€YKATAGTOON OTNV GAAN.

HAESKTPIKOG Katavaimwon Eknopnéc¢ NOy
LdoTnua BaBudg @uoikol agpiou
anodoong
9% m= ton

NaAivdpopikn
HNXavA 35 1 720 000 44
EOWTEPIKAG KaUang
Kuwéhn kauoipou 62 972 000 2,7

HASKTPIKA 10¥UC TOu KGBs ouoTrparog: 1 MW,
Algpkeia Aeitoupyiag: 6000 wpeg

ITivakog 8. SVYKp1o1 6VGTNUATOV GUUTAPOYOYNE KVWELDY KEVGILOV KOl TUOAVOPOUIKNG

UNYovHS E6MTEPIKN G Kovong [Donitz, 1987]

Babyudc anddoonc % Exnopnic
ZuoTnuo Kougipo HAsK. | Bspy, OMkog CO2 NOy co HC S0x Zwporidio
Digsel Diesal 0,2% 35 35 70 73815 155602 408 40 91 35
S 59335 113063 381 3965 4
Agproctpofitou | Atpo Deesel 80816 214 13 10 =0 7
0,2% S 25 45 70 103341 435 S 10 91 18
Agproctpopitou | Adpeo 3
yopnAol NOx 3as 45 80 57726 50 30 S =0
Avpootpofilou AvBpakag 140640 453 26 7 775 65
VED MadouT Adpio 25 5S 80 110000 194 =0 7 518 65
80816 129 =0 26 46 7
1) 90% ¢ evEpyeiag and PuoIKo a2pio Kal 10% and Koudiyo Diessd
2) NewTspon KivnTAPES exndpnouy 1100-1200 gr NOx/ 100 kWh
3) NeWwTepol KivATrpes exnépnouy 700-800 gr NOx / 100 kWh

Hivokog 9. Exkmopméc pumov 6uoTUdTOV COUTAPOY®OYHS
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[ Edornpa Kadoipo BaBpdg I Exknopngg gr / 100 kWh wehipng Bspudtnrog ]
Anadoang (%) €Oz MO cO HC S0 Iwpation
ATHOOTpORIAOU AvBpoxog 3%
nohAgio 5 34 103412 313 18 5 1587 141
ATpooTpofilou |
vEo AvBporoc 31" 113420 250 18 5 600 14
Arpoorpofidou
noAcIO Molour 1% S 31 | BB706 318 18 5 476 23
ATpooTpofidou MalouT
vio yapnkoo Beiou 31 BEB706 136 18 5 363 14
ATpoorpofitou |
NoAQI0 DUOIKO QEpID 31 | 65174 304 9 18 =0 5
Aspootpofiiou Diese! Aépio 34 75986 240 58 i8 14 18
N— 34 | 59424 195 55 =0 =0 S |
ASpoOTpORIAO U
¥opnAow NOy ASpI0 38 | 53168 50 30 =0 =0 4

*0 pikpoTepog PuBuds anbdoang Twy vEwy UATAUSTWY GTHOOTROBiAOU ageiheTal OTig suokeudc eEoudeTpwang exnopnwy NOx Kal SO

ivokog 10. EKmouméc pOTOV KEVIPIKOV 6TUOUOV NAEKTPOTAPUYWOYNS

Eknopnég {(gr / 100 kWh)
IvoTnua Kaloipo CO2 NOy | CO | HC | SOy | ZwpaTidio

AgPnToc vepoU | Agpio 25255 19 3 2 =0 2
Diesel 0.2% S 32294 25 6 2 37 3
ATHoOAERNTOG | AvBpokog 43950 | 136 8 2 232 20
MalouT 34373 57 6 2 155 20
A¢pIo 25259 | 39 3 | =0 | = 2
Blopnxavikog avBpakag 2% S 43950 112 16 3 565 a8
ATpoAERNTOC MalouT 1% S 34373 78 6 2 203 30
Agpio 25255 33 3 =0 = 3

QO PBoBpoc anodoonc Bewpsital 80%

ivaxkocll. Exmouréc pOn@v Aef1T@V VEPOL KOl 0.TIOV

H enidpaom g cvpmapoaywyns ond mievpdg pummv ekppdletor pe T dtopopd
EKTOUTOV, TOV opiletal pe N oyxéon

AMX = MXZX - MXH - MX0O (4)

0oV

AMX 1 dapopd ekmoun®dv tov pvmov X

MXZX n ekmouny] putov X TOV GUGTIULATOS GUUTOPOUYDYNG

MXH 1 gkmounn pdmov X ToV GUGTHOTOS TAPUYWYNS NAEKPIGLOD, TO 0TTOi0
avtikofiototol amd T0 GUGTNHO CLUTUPAYWYNG

MX0 1 ekmounn pdmov X ToV GLGTHHATOS TaPAYWYNS BepudTnTag, TO OMOi0
avTikadiototon amd T0 GUGTNUO CLUTAPAYWYNC.

Edv o mpocdioptopdc tov ekmoundv mpdxeitan va otnprydel ota dedopéva tmv

[Twékwv 3-5, tote 16YHOVY 01 GYEGELC:

0oV
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MXZXY = mXXX EH / (100 kwWh) (5)

MXH = mXH EH / (100 kWh) (6)

MX0O =mX0® E® /(100 kWh) = mX® / PHR EH / (100

KWHh) (7)

mXXE, mXH kot mXO (cg gr) o1 ekmounég Tov pvmov X yio mopaywyn evépyestog 100
kWh, 6rtwg divovtor and tovg wivakeg 9,10 ko 11,

EH n niextpikn evépyeta, Tov TapdyeTol omd T0 GOGTILLO GUUTAPUYMYNG
E® n Beppodtta mov mapdyeton omd To GOGTNIO GUUTOPOYWOYNG
PHR péon tyun tov Adyov niektpiopov mpog Beppdtroa: PHR = EH / E®

Mepd mapadeiypato cvykpiong mapovstalovtat otov mivakae 6. Evivtmaoiokn ivot
N petoon ekmopnmav CO2: 50-100 kg ava 100 kWh niektpung evépyetag. Akoun ko
av Bepnbei 611 1oYvEL N KaTDOTEPT OO TIG TYHES TOV dlaGTHATOG awTov, 50 kg avd
100 kWh, t0te o€ kb0e TWh nAeKTpIKNG EVEPYELOG, TTOL TOPAYETAL [LE GUUTAPOYWOYT,
avtiotoryel peimon 500.000 tovev CO2. To yeyovog avtd 6€ GUVOLAGHO LE TNV
e€okovounon Kavciplov dtkaloAoyel tn Eomion KvnTpV Y1 T d1o0cN TG
GUUTOPOYOYNG.

O10av 10 KOVGHO GE GLCTHLOTA GLUTOPAYOYNS EIVOL TO PLGIKO OEPLO, Ol EKTOUTES
o&edimv tov Belov Kot oTEPEDOV COUATIOIMV, TOL TAPOoLGLALoVTaL OmTd TNV KAOoM
avBpaka 1 VYPOV Kavcipwyv o€ oTadobg nhekTpomapaywyns, oxeddv eEapaviCovrat.
A&oonpeim elvan emiong n peydin peiowon ekmopnov NOX mov enttuyydveton pe
oTotyela Kavoipov, Onmg deiyvel o mivakags.

[ __ ZUvBua ool GUGTAGTOG GUMNOPGYWYHC-OUSTAPATAY WPISTG NOPGYWYIG NAEKTPIONOU Koi Beppdtnrag
PUnog 1- A 1-8 2-A 2-B 3-4A | 3
gr % qr % qr 9% gr * gr % |
CO;z - 51024 - 46,2 - BB458 - 59,9 - 62454 - 52,0 - 99688 - 63,4 - 70791 - 46,7 [
NOx | +812 | +e02 ~-200 | -85,3 | - 300 85,7 | -283 | -68,7 |
co + 320 + 357 - 33 ~52,4 .4 + 15,4 - 68
HC + 375 + 388 - 15 - 75,0 = - 28,6 +4
SOy - 208 - 794 - 273 -99.3 - 859 - 99,8 - 415
[ Zupori, | - 44 - - 40 -51 | -91,1 - 47 | -90,4 | -77
| AUOTHMGTO OUMNORAYWYIS
| 1. Kwnripag Diesel Sinhou kauoisou (90% Tng svepysiag and Quoikd c2pio, 10% and kalopo Diesel) pe n, = Ny =0,35 (PHR
=1)
2. Ntog aeplooTpdSihog puoxou aepiou pe ne = 0,35, ny, =0,45 (PHR = 0,778)
3. Ntog arpoctpofihog guoikol agpiou pe ne = 0,25, ny, =0,55 (PHR = 0,455)

| EMOIIRI0TA XWRIOTHC NOPAYWYAC NAEXTAIONU Kal BEpUOTATSS
A, AgplooTpofiiog pe xavoipo Diesel kar Bropnyavikds arporéfnrag pe xavoipo palour
B. Néog arpoctpofitog pe kouopo avBpoxa kar Blopnyovikdg atporéfnrog Ps xavopo palour

| To apvnTikd NPAGNUO GNUAIVE! HEIWOT EXNORNWY HE 11 Oupnapaywyr
LTo nogootd npoodioploBnkay pe BAon ovoywyng T ywpdTh napoyuwyr) Nhe<Tpiopou Kai BeppdTnrag

Mivoxkog 11. Hopadeiypnoto 60YKpLone EKTOUTOV NETEED CLGTNUATOV GCUUTUPOY MY S KoL
SVUBATIKAV TPOTOV TOPayOYNS NAEKTPIoR0V Kot Oeppétnrog (O Tipéc avoeépovian 6
mopayoyn 100 KkWh niektpikng evépysiac)
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2.11 ENNTAOTH KATAAAHAOY XYXTHMATOX XHO®

Ta niektpicd Ko Oeppkd poprtia petafdAroviat pe tov ypdvo mocotikd (1oy0c),
oA iom¢ Ko TOLOTIKA (T.). Tieon ko Beppokpacio peELoTMOV).

Eniong petafdAiovtor kot otkovopikd Heyeom, 6mwg n T ayopds Kot TOANGNS TG
niektpikng evépyelag ot AEH (dpeg aryung, xouniov kot eVOLAUESOV GOPTIO), M
TN ToL Kowoipov KA. [Ipénet Aowmdv va AneHohv amoPicElS GYETIKES LE:

- To &idog tov cvotiuatog (atpostpofilov, aeplootpdfirov, Kivntipa
Diesel kAm.)

- To mocootd KGAvyMmg Tov Bepikol Kot NAEKTPIKOD PopTiov amd TO
GUGTN O TAPUYMYNG

- Tm obvdeon 1 N 10V GLGTNUATOG LE TO NAEKTPIKO OIKTLO TNG
TEPLOYNG, KAOADGS Kot To 100G TG cVVdESNG (LOVOdpOLT, apeidpoun)

- Tov tpdmo Aertovpyiog TOV GLGTAUATOS (TPOGOOPITUOG TG LGYVOG
Aertovpylog o€ KGO YPOVIKN GTLYUN) KA.

Mo v emAoyn Tov KatdAiniov cuotiratog THO yio pio cvykekpiuévn
Bropunyavikn epappoyn, axolovbeiton | e&ng mopeia:

1. TIpocdiopifovtar TOGOTIKE Kol TO0TIKA TO NAEKTPIKE Kot Bepikd popTia TG
povadac, 6mmg avtd PeTafdAlovTol Le TO ¥pOVO 1 TOLVAGXIGTOV GE
YOPOKTNPLOTIKEG KOTAGTAGELS (TUTKT NUEPO TOV YEYDVO, TOL KAAOKOLPLOV
KAT.). Mg Bdon ta otoryeio avtd vroAoyileton n péon T Tov Adyov
NAEKTPIGLOV TTpog BepuoTnTa, Taipvovtog vedyn Tig oNUOVTIKOTEPES (Amd
TAELPAG POPTIOVL Kol SIAPKELOS) TEPLOOOVG AELTOVPYING.

2. Emiéyeton teyvoroyio cupmapaywyng pe Adyo nAektpiopol tpog Beppotta
0G0 T0 OLVUTOV TANGLEGTEPO TPOS CLTOV OV LITOAOYIGTNKE GTO Prpa 1.

3. TIpoodiopiletor N NAEKTPIKT 1GYVG TOV GUGTHUOTOS £TGL, DGTE 1) ATOOIOOUEVT
BepLukn 16y0¢ va xpnopomoteitar @PEALe (GOUE®VA [LE TO VOLO M
€YKATESTNUEVT 16Y0G ToL otafpod XHO dev mpénet va vepPaivel tn Oeppikn
KOl YUKTIKN 16}V TOV EYKOTAGTAGEDV TOV QLTOTOPAYWYOV, OTAV 0 GTAOUOG
Aertovpyel pe cvpuPatikd Kovoua).

4. A&oloyeiton To oOGTNHO 0O TAEVPAG EVEPYELOKTG Kot otkovopukne. H
a&loA0YN oM EmaVOAAUPAVETOL Y100 GUCTNO AAANG TEXVOAOYIOG 1) GAANG
16y00G.

5. Emiléyetar to choUO pLE TV KOADTEPT ATOS0GT], COLP®VO. LE TO KPLTHPLOoL
TOV HEAETNTY.
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2.11.1 ENNTAOI'H THY KINHTHPIAY. MHXANHX

H Paoikn cuvieTtdoo £vOG GLGTHLOTOG GLUUTAPAYWOYNG EIVOL 1] KIVTHPLO Unyov,
1 omoio HETOTPETEL TNV EVEPYELD KAVGIHOV GE UNavikn 16x0 otov d&ova. Ot o
YVOOTEG Kot EUTOPIKE S1aBEGIES UNYOVEG ETVOL OL UNYOVEG ECMTEPIKNG KAVOTG,
01 0eploGTPOPIAOL KoL O1 ATUOGTPOPBIAOL.

Kot v 1ehMkn emioyn g KivnTiplog Unyovig TPETEL Vo VITOAOYIGTOVV Ot €ENG
napdyovtes: Pabudc anddoong (nAektpikds, Oepuikdc, oAkog), dabecipudtnra,
a&lomotio, avAyKeS GLVTHPNONG OXETIKOG EE0MTMG IO Kot KOGTOG EYKATAGTACT|G.

Axopa Kot 0 xpoévog mov amateiton amd kpvo Eekivua’’ Kot pHéEypL Tov 1
pnyovn va avorapet TAnpeg eoptio, o péyebog g unxavng, o B6pvfog mov
TpoKaAel | Aettovpyia TG, O TOAAVIDGELS TNG, 1] IKOVOTNTA ToPaKoA0VONoNG
aALOY®DV POPTIOV, EVOALOKTIKA KOOGLO, EKTOUTES POV, OAC VT TPEMEL VOl
AneBovv vToOYN).

Téhog onuovtikd poAo mailel 1 omoUTOVUEVT TOGOTNTO KoL TOLOTNTA
(Beppoxpacia, mieon) g avakTong Oeprikng evépyetag.

AV Kot 01 YEVIKEVOELG EIVOL TOPAKIVOVVEVUEVEG AOY® TNG WtontepOTNTOC TG KAOE
Bropunyavikng epappoyng, propei va avoaeepbel 0tL n xpnon aeplostpoPriwmv £xet
avénBel otig veodtepeg epapproyég amd to 3SMW kot mive. ASoonpeint elvar n
“gveMEla’’ TV 0eplooTPOPIA®V He GLGTNUA OVAKTNOTG BEPLOTNTOG UE 1) XOPIg
LETAKOVGTNPO GE EPUPLOYES BEPLUKDV SEPYAGLDV.
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2.11.2 ATAYXTAYIOAOI'HXH TOY YXTAOMOY XHO

Kpioyn yio v otkovopkdtto tov otafpod XHO eival 1 0106T0610A0YN0oN TOV
KOPLOV punyovnudtov: Oa etval To cHGTNUA IKOVO VO KOADTTEL TO POPTIO 0Ly UNG,
10 QopTio Pdong N Kamolo dAro poptio; H emAoyn tov €id0vg TOV GLGTHUATOC, M
JOTAGIOAOYN OGN TOL Kol 0 TPOTOG AEITOVPYING TOL G KADE YPOVIKN OTIYUN elvan
Oépato mov TPEMEL VoL avTILETOTILOVTOL LE TPOGEKTIKN LEAETT KO
BeAtioTomoinon ylo TNV KAOE GUYKEKPILEVT EQOPLLOYT.

"Eva chom o cupmapoywyng Pmopet vo uny givail otkovoutkd Bloctpo ov
vrepekTuN Ol Katd tn SactacioAdynon tov. AvtiBeta av 1 1oy0g elvan ToAD
HKpY|, OeV EKUETOAAEVOLOOTE GTO HEYLOTO PaBUod TIG SuVATOTNTEG TNG

GUUTOPOYOYNG.

["a ™ cwot deoTactoAdynon tov cuotiuatog ZHO pmopovpe va faciotode
eite oto Bepuikod gite oto NhekTpkd optio. [IpotepardotnTa Tpénet va d00el 6TO
NAEKTPIKO PopTio, 6TAV 1 TOANGON TG TEPIOOIUG NAEKTPIGHOD 6TO dIKTVLO €lvar
avTIOKOVOUKT. Baowko kpimpio emthoyng tov cuotipatog XHO anoteAet to
eoptio Bhong (Beppikd 1 NAEKTPLKO).
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2.11.3 O APIOMOX TOQN KINHTHPIQN MHXANON

Kabobg avédvel o aptBpnoc tov kivnmiplov pnyovov mov aroptilovy éva 60T
CLUTOPAYWYNGS, PEATIOVETAL 1] AELOTIOTIO KOl 1] AEITOVPYIKOTNTA TOV.

MetovékTnpa amoTeAe 1) GNUOVTIKT 0OENCT) TOL OTOLTOVLEVOD YDPOV Y10 TNV
EYKATACTOON TOV UNYOVOV, KOOMOS Kol TO LEYOAVTEPO KOGTOG Omd OTL U
MyoTEPEC AALA 1010 CUVOMKA EYKATECTNUEVNG 10YVOC.

‘Eva cuomua coumapoymyng mov amoteAeitol and 2 1 TEPIGGOTEPES KIVITIPLES
UNYOVES LITEPEYEL 0€ AEI0MOTIO OO TO GVUGTNUO LOG KIVIITNPLOG OG EENG:

A) To cvotpa TOV TOAATAOV UnyovoV puropel va Asttovpyel pe pio
TEPLOCOTEPEG KOt VO, dlaTnpel Kdmota GAAN cav epedpeia. Ze mepintmon PAAPNG, 1
€PEOPIKT povada Ba " Kpatioel’ TV TAPOYY| OTOTPEMOVTIOS THV OLKOTN.

B) H cvvtipnon ke pnyovig pmopet va yivetol KOAMOUEVO G TOAALUTAES
UNYOVEG, AmoPeDYOVTaS £T61 TO KAEIGIHO TOL 6TAOLOD Y10 TPOYPUUUATIGUEV

GLVTNPNOT).
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2.11.4 ENEPI'EIAKH ANAAYXH

To mpdTO HEANUA Y100 TNV EVEPYELOKT] AVAAVOT, EIvOL 1] KATOYPAPT TOV
EVEPYELOKADV ATOITHCE®V TNG Lovadoc. Baowkd kavoia: yiveror Aemtopepng
KOTOYPOQN TOV KOVGIHL®OV OV KATAVIA®ONKOY KOTA TIg TPoNyOOUEVEG TEPLOSOVG,
TOVAGLGTOV €vOG £Tovc. H TocotT0 TV KOwsipmy katd 160G,
CLUTEPTAOUPAVOUEVOD TOV NAEKTPIGLOV, KAODS Kol TUYOV GAL®V KOVGIL®Y Ta
omoio ToPAyovVTIOL 6T LOVAdQ, GUAAEYOVTOL KO TIVOKOTOLoUVTAL. AV 1 LOVAdQ
Exel oyeTIKA oTafEPES KATAVAAMDOELS, 1) TVOKOTOinon yivetan o€ unviaio Bdon, o
SLPOPETIKN TtepinTmon avd Pdopdda 1§ nuépa.

Ewwotepa yia 1o Beppxd poptio, mov etvar onpavtikdg mopdyovtog yio )
dotastordynon tov otabuod ZHO n unvwaia Oepukr {Rtnomn tov vroymelov
coumapaywyod tpénet va avalnmOel. H dwadwacio mov ararteiton eivon n e€ng:

A) Ilpocappolovror TahotdTePOl A0YaPLOc Ol 0md TOPAdOGES KAVGIL®VY, MOTE
VO OVTOVOKAODV OTIG TPOYLOTIKEG KOTAVAADGELS KAVGIL®V TIG AVTIGTO(ES
TEPLOOOVG.

B) Metd v andxktnon tov unviciov katovolocemy, n pdlo 1 to Bépog teov
KOWGIL®OV ovayeTat oTIg avtiototyes evepyetokég povadesg (KWh).

I') Avt 1 katavdAwon evéPyELag OV OVTITPOSOTEVEL TNV TTparypatikn {fjtnon
KaBdc Adym tov AéPnTa vtapyovy andieles. 'Etol mpémet va Anedel vdym
amod0oT Tov AEPNTa

Ooco apopd otn {TNOT NAEKTPIKNG EVEPYELNS, KUPLOL TTNYT Y10 TNV EVEPYELNKT
avAALGN ATOTEAOVV TO UNVIOO EVEPYELOKA YOPUKTNPLGTIKA TOV TPOKVLATOVY Od
TOVG AOYOPLACHOVS TNG NAEKTPIKNG £TALPioG.

Zeotd vepd aTUOG: KaTaypApovTal, 1| Tocotta, 1 Beppokpacio kot n wieon tov
atpo¥ 1 Tov {eaTOL VEPO YPNOTG, G€ onpeia eEaymyng N E160Y®YNG GTOVG
AéPnteg. H Beppomta mov anoddbnke 610 vepod pmopel va vtoroyioTel amod
Bacikég Oeproduvatkég eEIGMGELS.

Metd TV COUTANPOOT TIVAK®OV LE TIG TPONYOVUEVES KOTAVOANDGCELS, eival Bactkd
Yo T 6OGTH SUGTAGIOAGYN O TOL GVoTHHETOS ZHO va yivel mpdPieyn
LEALOVTIKADV KOTAVOADGEWDV.

Ao TIG KATAVOADGELG LTOPEL VO, VTOAOYIGTEL O AOYOS NAEKTPIGLOV TTPOG
Bepuodtra mov amotelel éva amd To KPLTNPLo EMAOYNG GvoTiHaToc XHO.
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2.11.5 XYNAEXH TOY YXTAOMOY YHO ME TO AIKTYO

[Tpoxeyévou va emttpamei 11 GHVOEST] TOL GLGTILOTOG CLUTAPAYWYNG LE TO
OIKTLO NAEKTPIOUOD, TPETEL O1 YEVVITPLEG VO TAT|POVV OPIGLEVES TTPOITAYPOPES
WG TTPOG TN GLYVOTNTA, TNV TAGT, TOV GUVIEAEGTI] 10YVOG KTA.

EmnAéov, amatteiton e101K0¢ e£omAMopoc, mov e€aptdtor omd v 10y0 Kot GAo
YOPOKTNPLOTIKA TNG YEVVITPLOS TOV GLGTILATOS GLUTOPAYMOYNG Kot £fvar o
nepimhokog 6tav 1 cHvoeo ivar apueidopoun (ayopd Kot TOANCT NAEKTPIOUOD).

[evikd meptAapavetl ToV HETAGYNUATIOTT, TOV SLOKOMTY| 16YVOC, TOV LETPNTN
EVEPYELOG OTMOC KO TIG ATOPAITNTEG KAAMOIMGELS Kot YEUwoels. H yevvitpia tov
GLOTNLOTOG CLUTOPAYWYNG WTOPEL VO cUVIEDEL NAEKTPIKA e TN TANGIEGTEPT
TopoyN TOL S1KTHOL 1) OToia EXEL TNV KATAAANAN TAON, COLPOVO PE TV
NAEKTPIKN 10V TOL GLGTILLOTOG.

H etaipio nlextpiopod eivar empopticpévn pe v €vBHvn va dtatnpel v Tdom
otafepn aKOpHO Kot OTAV TO CUGTNO CLUTOPAYWYNG ATOTVYEL GTNV TOPOYN
woyvoc. H Eapvikn “mtdon’ pag HeyaAng oeTIKA LOVASOS GUUTOPAY®MYNG TOV
elval GUVOESEUEVT GE L0l YPOULUT GYETIKG YoUNANG Téong Ba tposevoioe pua
a&loonueiom ’podion’’ 1dong 610 JIKTLO TNE TEPLOYNG.

'Eto1 6¢ kd0e mepintmon Oa mpémet va yiveTal TPOGEKTIKN EXIAOYT TOL EMUTEIOV
tdomg o€ oxéon pe TV oyd tov otaduod XHO.

Ta téAn S1ac0vdeoNg amd To eMinedo TAoMG 6TO 0TOl0 YiveTar 1 cHVIESN OTWS Kol
To TIHOAGY L Yo epedpikn kdAvym ( back-up / stand- by power).

H ovvevvomon pe 11g appddieg vanpecieg e nAekTpikng etoupiog stvat
amopoitnTn Oyt LOVO Yo TUTKOVG AOYOLS (£KO0OT) OOEIDV EYKATACTOONG KoL
Aertovpyiog) aAAd Kot 0VGLOGTIKOVS (ACPAANG AgtTovpyin).
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2.11.6 XTOIXEIA OIKONOMIKHY ANAAYXHY

[TapoAn v KoAn EVEPYELOKT OITOSOCT] TOV UTOPEL VO £XEL EVOL GUGTN LA
€E01KOVOUNONG EVEPYELNG, EIVAL OVGKOAO VO ATOPAGICEL KOVEIS TNV £YKOTACTOON
TOV €0V 0ev mpoPAémeTan OTL 1 EnEVOLON Oa efvat OIKOVOUIKE GLILPEPOVTOL.

Eivar 1dwaitepa onpovtikd 1 owkovopikn ovaivon va yivel o fabog ko pe
wpocoyn. [Ipoyelpdtra 610 6TAO10 TG LEAETNG UTOPEL VO 001V |OEL GE
OKOVOUIKY] arotuyia. To amoTeEAEGHOTA TG OTKOVOUIKNG OVOAVGNG, GOGTA
a&lohoynpéva, Bo SOGOLV EVIELET Y10 TO OV 1) GUUTAPOYWYT EIVOL CLUPEPOLTOL
KOl TOL0G TPOTOG CLUTOPAYMYNG Oa TpEmet var axorlovOnOet.

Ouwmg n tehkn andeaoct Aappdvetol cuvomoloyilovtag Kot GALOVG TAPAYOVTEG,.
Ynrdpyovv, yio mapddetypa, Bropnyavikés povadeg émov 1 eykatdotaor otaduon
YHO pmopel va dikaiohoyndei pdévo amd tnv amo@uyn SKoT®v NAEKTPOdOTNONG.

2.11.7 OIKONOMIKH BIQYXIMOTHTA ENNIENAYXEQN YXYMITIAPAT'QI'HY

H owovopikn frocipndtnta t1ov enevovcemyv oavtov eEETAlETOL GLYKPIVOVTAS TO
Babuod pakpomrpdHecng otkovoUIKNG amOS00NS TOV SOPOPOV EVOAAUKTIKMOV
Moewv (emevodoe®V) Yo TV KEALYN TOV NAEKTPIKAOV Kot OEPLKOV ovaryK®OV
pog gykatdotaons. Enevdvoelg o cuotiuata THO eivor owkovopukd fuooipec,
€qv 1 pelmoN TOV AEITOVPYIKAOV SATOVAV Y10, TV KOADYT TOV EVEPYELUKDV
avayKaV umopel va amooBEGEL TO apyikd KEQAAOO 6€ EDA0YO XPOVIKO d1doTNLLO.

Ot mapdyovteg mov ennpedlovv TV andeacn evOg ETEVOLTY| YO TV EYKATAGTOON
otafpov XHO eivon :

e To kb6oT0G TNG NAEKTPIKNG Ko OepKnG EvEPYELOG

e To vyog ¢ enévdvong

¢ To Toldylo TOANGNS TNG TEPIGGLUG NAEKTPIGUOD TNV £TALPIO NAEKTPIGHLOD

e O gmBouuntdg Pabuog amddoong TG EnEVOLONG, OTWG KOl O OIKOVOLKOG
KOKAOG Coong Tng

e To k66T0G KAVGILOV TOL GUGTHLOTOG CLUTAPAYWYNG

H owovopikn a&lohdynon otpileton 6€ optopévovg deikTec 1 KpLTrpLoL.

Evolloktikd cuoTtipoto KOADYNS TOV NAEKTPIK®OV Kol OEpUIKOV OVOYKOV TOV
YPNOTN, UTOPOVV VO GUYKPLOOVV PETAED TOVG atd TAELPAC OTKOVOUIKNG a&iag, Eav
TPOGOI0PIGTOVV 01 KOTAAANAOL dgikTeS. [ va amopevyBovv mapoamilavnTikd
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AmOTEAECUOTO Kol A0VOOGIEVO GUUTTEPAGLOTA, O KAOE OEiKTNG TPEMEL VO
vroAoyileTon e avaywyn LEAAOVTIKGOV a&ldv Kot 0pwv o€ Tapovoes aieg, MoTE o1
OYETIKEG GVYKPIGELS Va €YoV KoY aon.

2.11.8 AZEIOAOI'HXH YXYYXTHMATON XYMINAPATQI'HY YE EMITEAO
IAIQTH ENENAYTH

H owovopikn frocidtnto enevéiocemy 6€ GLGTHUATO CLUTAPOYWYNG EEaPTATAL ATO:

e To etota Aettovpyikd 0QEAN TOV TPOKHTTOLY OO TNV VITOKOTAGTACY| 0YOPAS
NAEKTPIKNG 16Y00G Kol EVEPYELNG OO TNV ETALPIN NAEKTPIGHOV, KOOMC Kol amd
NV €E01KOVOUNOT KOVGILOL Y10 TV TTopay®YT| OepUikng evépyelag og
ocuopupotikd AéPnta,

e To k606T0G KATAGKELNG KO AEITOVPYIOG TOV GLGTIHHOTOG CLUTOPAYWYNC.

2.11.9 ETHXIO AEITOYPI'IKO O®EAOX

To €1M610 Aettovpy1Kd OPEAOG Y10 TOV TEMKO YPNGT TOL GUGTILOTOG CUUTAPAYDYNG
etvar m dapopd petald g etiotog a&log g mopayOUevN S NAEKTPIKNG Kot OEPLIKNG
EVEPYELOG KOl TOL KOGTOVG AELTOVPYIOG KOl GLVTIPNONG TOL GUGTNIATOC, LE TNV
TPoHTOOEGN OTL M| TAPAYOUEVT NAEKTPIKT Kot OEPLUKT EVEPYELD KOTOVOADVETOL
EMTOTTOV.
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2.11.10 AZTIA TAPAI'OMENHY HAEKTPIKHY KAI OEPMIKHY
ENEPT'EIAY

Amd T mAevpd Tov TEMKOD XPNOTN, TO GUGTNO CLUTAPUYWYNS Bempelitat OTL
VTOKAO1GTA TNV TPpOoUNOeto NAEKTPIKNG EVEPYELNS OO TV ETOLPI0 NAEKTPIGHOD Ko
v mopaywyn Bepuodttog pe AéPnta cupPoatikov kawoipov (cupPatikdg tpomog). H
a&io Tov TapayOUEVOL NAEKTPIGHOV amd Tov otafud THO givol cuvdptnon g
NAEKTPIKNG 16Y00G Kol TNG TOPayOUEVNC NAEKTPIKNG evépyelas. [Ipoadiopiletarn pe
Baon ta THOAOYIO KOTAVAAMTMOV TNG £TALPING NAEKTPIOUOYD.

Ortav vrdpyel mepioosio NAEKTPIKNG EVEPYELONS OO TO GUGTNIO CLUTOPAYWOYNG, TOTE
0TI TOAEITAL GTNV ETOPIO NAEKTPICHOV KO ATOPEPEL KATO10 KEPOOG TOL £&0PTATAL
amd TV TOAOVUEVN NAEKTPIKT EVEPYELX KOl TPpocdlopiletal pe PAon To TILOAOY
QLTOTOPAYDYDV.

H a&io g mopaydpevng Oeppikng evépyetag and to otafud THO Oewpeiton €0 ot
npoocdtopiletar Lovo amd 10 KOGTOS TOV KOLGiov Tov vrokabiotatat, dniadn dev
neptlopPavel To KOGTOG KeEPaAAiov Tov AEPNTa 16Tl AVTOG UTOPEL VO VITAPYEL O
EQEOPIKT TNYN EVEPYELNG OKOUN Kol OTAV EYKOTAGTOOEL GOGTNLA GLUTAPAYOYTG.
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2.11.11 KOXTOX AEITOYPTTAY YXYNTHPHYXHY

Kavowo: To k6610¢ TOV KOWGipov g kuprag punyavng ZH® arotelei 10 facikdtepo
Aertovpykd k6otoc. H evépyela Tov kawsipov mov Bo katavalmdveTot e
oopmapoymyn, Oa eivar cuvnBmg peyadhtepn and CLTAY TOL KATAVIADVEL 1] LOVAIQL
He To cLUPaTIKO TPOTO AEtTOVPYING.

ZVVTHPNON: EKTILATOL TO KOGTOG EPYOTIKMV KL TV OVTOAAAKTIK®V, Y10, TNV
TEPLOOIKT CLVTHPNOT TOL cuaTatog ZH® Kot TpooTiBevtan Ta Agttovpykd £0dal.
To k6610 W TO draPépel pLlikd avdAoya e Tov TOHTO TOV punyovnuatov THO kat
dtvetar cuVNOWE aTO TOVG KATACKEVAOTEG,

2.11.12 YHOAOT'TEMOX KOXTOYX EINNENAYXHX

To x6610¢ eMévovomg vroroyiletatl abpoilovtag 10 KOGTOG TV PacIK®V
pnyovnudtev topaywyns 0eppudtntog Kot NAEKTPIGHOV, TV EYKATOCTAGEMV
arofnKevong Kavsipov, Twv Thavov eIATpmv Kabopiooy anaepimy Kavong, Tov
EPYATIKAV, TOV KTIPLUK®V EYKATAGTACEDV, COANVOGEDV, KOADOIIDCEDV TOV
CLOTNUATOV EAEYYOL Kot TEAOG TMV UNYAVOAOYIKAV LEAETMV Kot EMPAEYEWV.

Me Bdomn 6Aa Ta Tapamave, VITOAOYILOVTOL 0L YPTLOTOPOES KAl O XPOVOG
OTOTANPOUNG 1] O CUVIEAEGTIG ECMTEPIKNG OTOS0CTG O TO OTTOL0 TPOKVITTEL ALV M
CLUTOPOY YN ELVOL OIKOVOLKE GUUEEPOVGA AVGT 1] OYL.

Etvor onpovtikd oto té€A0g TG 01KOVOIKNG HEAETNS Va Yivel avaivon evaucOnciog 1
TOPALETPIKT avAALGT. O1 0189opeg EKTIUNGELS (T.). TIHEG KAVGIL®OV) EUTEPIEXOVY
peyéro Babuo apepfardnroc. Etol Aowmdv, kébe pia mapapetpog aprivetol vo aAralet
o€ €va medio TIHADV, pe OAEG TIG AALEG TapAUETPOLS Va Tapapévouy otabepéc. H
emidpaomn g ke peTaffANTIG 6TO TEMKO ATOTEALEGLO LEAETATOL LLE AVTOV TOV
TpOTO.
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2.11.13 O®EAH XTHN EONIKH OIKONOMIA

Ao v mhevpd g €BvIKNG otkovopiag 1 aE0AOYNoN TV ENEVOVCEDY GE GVOTNLO
ocopmapoywyns PacileTor Kupiowg 6TV OTOTIUNGT TOL GUVAALLYUATIKOD 0PEAOVS OO
TNV AELITOVPYIO TOV GUOCTNUATOV QVTMV. ZVVOAALYLOTIKO OQELOC TPOKVTTEL OO TNV
VTOKOTAGTOOT NAEKTPIKNG EVEPYELOG TTOV TAPAYETOL OO OTO10VE GTAOLOVS TNG
NAEKTPIKNG EVEPYELNG KATAVAAIGKOLV EIGOYOUEV KOGUO, (TT.Y. TETPENUIKES LOVADES
Aavpiov ko AMPepiov 1} véeg povdodeg puokol aepiov), amd v e€otkovounon
UEALOVTIKAOV ETEVOVGEMV Y10l VEEC LOVADEC NAEKTPOTAPAYMYNG TNG ETOUPTOG
NAEKTPIGLOV, KOODC £mioNC KOl oo TNV EE0IKOVOUNOT) EVEPYELNG TOV TPOKVTTEL O
v Pertioon Tov oAkol Babpov ekUeTGAAELONG TG EVEPYELNG TOV KOWGILOV GE
eminedo eBvikov gvepyelakob wolvyiov.

To 6pelog og enimedo EBvikng Owovopiag eaptdtor amd to puéyedog Kot T eTnoLo
AELTOVPYIKA YOPAKTNPIOTIKA TOV GLUGTIUATOS GUUTAPAYMYNS, Kot O pmopovoe va
AELTOVPYNOEL OC LEGO EMLYOPTYNONG TOL aPYIKOV KEPaiaiov, divovtag £TGL
OLKOVOLKG KIVITPO GTOV VITOYNPLO EXEVOLTN Y10 VO OVOAAPEL, TOV KOTA GUVETELQ,
HE®WIEVO EMEVOLTIKO Kivouvo. BéPata to Yo kat To 100G TNG EXEVOVTIKNG
evioyvong mpénet va eEgtalovion Katd mepintmon Oote va eEacpoiilovtal 6To
LEYIETO SVVATO TA GLUPEPOVTA TNG £BVIKNG OUKOVOUTNG.
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KEDAAAIO 30 TEXNIKH HHEPITPA®H XQPOY KAI TEXNIKA
XTOIXEIA

To vpiotauevo Egvodoyeio  AMdbkpmv’’ Bpioketar oty mOAN g Koldvng(A
KMpaTikn {dvn) Kot o GLYKEKPLUEVO 0T SLACTOVP®SN TV 000V E. [ToAv{ovAn
ka1 EA. Beviléhov Bopeta, kabn¢ kot ot dtactavpwon g 0000 EA. Bevilélov kat
Aghoin NikoAdov cOppmva pe 10 Tomoypaplko oyédo. To Egvodoyeio amoteleiton
amd 5 opdPOLGS, EVaV NUIOPOPO, 160YEL0 Kot 2 voyeta (A kot B 6mov ypnoponoteiton
¢ YHhpo¢ oTabuevong). Xto 16dyelo Ppioketarl n vwodoyn, 1 kovliva, kot to bar-
restaurant kaBamg kot éva axopa SOUATIO e TAVVTHPLO GTEYVAOTNPLO Kot TPEGO,
o10epMUATOG. XT0 LITOYELO PpiokeTal To AgfnTOoTAGIO KO P amobmkmn. O
NUIOPOPOG amotereital amd 600 aibovceg cuvedplacewy. Ot vTdAomol HpoPot
amotelovvtal and 15 dmpdrtia ékactog( 75 doudtio cuvolikd). H éktaon tov
Eevoodoyeiov etvan 2735,14 (10dyeto kot S opdPO1L) T.U. KO TO VYOG TOL KTipiov 23,75

L.

Toyomoria
o E&wtepkoi toiyot : Apopukn opBodpopikn Tovrodoun pe HovVeOTIKO
vAko l1zofoam ( appdg ToAvovpeddvNC ) Kal ETiYPICHO ECMTEPIKA KOl
eEwtepkd.
e Eowtepkoi toiyot : AutAf] yoyooavido tomov izitherm scmtepikd kot
e€MTEPIKA, LOVT YOWYOGOVIdN, TETPORAUPAKOS KAl NYOUOVOTIKO
stickson 89 evdidpeoa.

Kovopopata

e  Kovpopota eEmtepikd : Kovpopato adovpuviov pe 01mAd tlapu.
o  Kovpopota ecmtepikd : ®vpeg ecmTEPIKEG EOAIVEG.

Oéppaven

H 8éppavon tov Egvodoyeiov mpaypatonoteitot LEGH GLGTILATOS AVTOUATIGHOV.
To cvotpa avTo £xel Gav TP®OTN €TAOYT TV Béppavon péocw TAeBEpavong
otav autn etvon dStbEcun evd b dev veiotatal, HEC® TOL AEPNTA TOL
Bpioketal 610 KTip1o, KOONDS KOl CLUTANPOUATIKY ¥PION TOV AEPNTA OOV CLT

yperdleton (younAés Beppokpacies, MPES aLyUng KTA).

Hiextpukn evépyera

H niektpikn evépyela mapéyetal oto Egvoooyeio amd 1o dikTvo NAEKTPIoUOD TNG
AEH xon ypnowomoteitat yuo 1o potiopd tov Eevodoyeiov, tn Agttovpyia Tov
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OVEAKLGTN PO, TOV KAMUATIGUO, TIG SLAPOPES NAEKTPIKEG CLOKEVEG TOV
Eevoooyeiov, 2 avTAIDV VOPELONG GTO LIOYELO Kol T1 AELTOVPYi TV
EYKATEGTNUEVOV OUTOUATIGULOV.

Avtopaticpoi

To Eevodoyeio dabéter Kevrpikd BMS (building management system) 6mov
eA&yyer v Tyn B€ppravong, Tig emKpaToHoes Oeprokpacies TV YOP®V KaBMG
Kol TNV pOOUIST TOVG, TNV TPOGPACT) TOL TEANTY GTO dWUATIO, AEITOVPYIEG
dmuaTiov, ypNoN AVEAKLGTHPA Kol TOV QOTIGHO. YTThpyovv axoua Beppootdteg
o€ Ka0e dwuATIo. Agv £xel Yivel akOpa YP1IOT POTOKOTTOPWV.

Z:£676 vepo ypfiong

To Leotd vepod ypnong Aappdvetor omd o AEPnta kot T TNAEBEPLOVOT HEG® EVOG
eVOALAKTN KaBdG Kot PondnTikd amd to epedpikd boiler mov eivan eykateotnuévo
KO OTOGTEALETOL LEGM TOV OVTALDV VOPELONG 6T dwudTio Kot TN Kovivo.
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KE®DAAAIO 40 - ENEPT'EIAKH ANAAYYXH EENOAOXEIOY

4.1 EIXATQI'H

To &ldog ™G evepyelakng avdivong 6e auTr T TTVYlaky Ba etvorl pio GuVOTTIKY
EVEPYELOKT] OVOAVOT), ONAOY| EvEPYELOKT avaALGN Ba Yivel Pe T xpNomn TIHOAOYI®mV
KOTOVAAWGONG EVEPYELNG, TV OPYLTEKTOVIKAOV KOl KATAGKEVOGTIKOV GTOLXEI®MV TOV
Eevoooyeiov Ko LE o anToyio TOV YHPOv.

4.2 KATANAAQYH ENEPI'ETIAY. EENOAOXEIOY

Ta tipordya e A.E.H , g etaupiog miebéppavong kot tov netperaiov Bpickovtan
010 mopdptnua 4 pépog A. Amd 6t mapatnpovpe ota tipordywa s AEH,
AEBEPLAVOTG KOt TETPpELOiOV 01 TEPT0OOL KATAVAADGEWV dEV Etvat OAEG g pnviaia
Baon. I'a v evepyetaxn perémn dpmg, yperdlovrar oe unviaio Béon ot
KOTOVOADGELS KO Y10 aLTO TO AGYO YIVETOL KATAUEPIOUOG TNG KATAVAAMONG GE
unviaio Baon. O TpdTog e ToV 0moio YiveTal 0 KOTAUEPIGUOS KOl Ol KATAVOANDGCELS OE
unviaio Baon, topatiBetor oto Tapdpua 4 pépoc B. X1 cuvéyxeia apod £xet yivel o
KOTAPEPIoUOG TNG KaTavadwbeicog evEpyeLag, ONOVPYOVUE TOVE TAPUKATE TIVOKES
OV GOV TTEPLEYOUEVO £XOVV TNV KOTAVAAMOT) NAEKTPIKNG EVEPYELOG, TNAEDEPILAVONG
netpelaiov Kot To KO6TOg avticTorya Tov Eevodoyeiov unviaiog yo ta étn 2011-2012
v o omoia Kot Oa yivel 1 evepyelokn LEAETT).
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Hiexktpuci] evépyera Evépyera 0éppavong
(kwh) (kWh)
AEH T/© Diesel
Iavovdprog 2011 14115.97 44951.24 8275.77
DdePpovdiprog 2011 12952.03 66060.69 7474.89
MépTtiog 2011 14433.08 53746.21 8275.77
Ampihog 2011 14332.55 26027.59 8008.81
Mduog 2011 11641.95 20822.07 8275.77
Iobviog 2011 15794.78 0.00 0.00
IovAoc 2011 35116.32 0.00 0.00
Avyovotog 2011 14947.61 0.00 0.00
Yentépupprog 2011 14589.04 0.00 0.00
OxtoPprog 2011 14730.25 56425.06 8275.77
Noéupprog 2011 12104.26 80613.79 8008.81
Aexéppprog 2011 15712.12 52616.78 8275.77
>Hvoro 190469.9 401263.4 | 64871.36

Hlextpucn] evépyera Evépyewa 0éppavong
(kWh) (kWh)
AEH T/0 Diesel
Iavovdaplog 2012 15960.01 38005.29 8275.77
Defpovaprog 2012 17490.59 73725.98 7741.85
Maéptiog 2012 17706.22 65309.20 8275.77
Anpilog 2012 15740.13 12089.66 8008.81
Maduog 2012 17479.83 7656.78 8275.77
Iobviog 2012 17219.79 0.00 0.00
TovAog 2012 15739.35 0.00 0.00
Avyovotog 2012 18921.76 0.00 0.00
YentéuPprog 2012 16247.64 0.00 0.00
OxktoBprog 2012 19390.32 39651.03 8275.77
Noéupprog 2012 19666.06 62606.90 8008.81
Aexépupprog 2012 17236.27 38557.24 8275.77
20voho 208797.99 337602.07 | 65138.32
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Koéotog niextpiknc Koéotog evépyerog
evépyerag (€) 0éppaveng (€)
T/0 Diesel
Iavovdplog 2011 1627.43 1955.379 | 1072.632
Defpovapilog 2011 1493.24 2873.64 | 968.8288
Méptiog 2011 1663.99 2337.96 | 1072.632
Ampiliog 2011 1652.4 1132.2 | 1038.031
Médunog 2011 1342.2 905.76 | 1072.632
Iovviog 2011 1820.98 0 0
IovAoc 2011 4048.56 0 0
Avyovotoc 2011 1723.31 0 0
YentéuPprog 2011 1681.97 0 0
Oxtofprog 2011 1698.25 2454.49 | 1072.632
Noéupprog 2011 1395.5 3506.7 | 1038.031
Aexcépupprog 2011 1811.45 2288.83 | 1072.632
XOvoho 21959.28 17454.96 | 8408.05

Kootog niektpuknc
Mnvog gvépyerag (€)

Kootog evépyerag

0éppavong (€)

T/0 Diesel
lavovdprog 2012 1840.03 1653.23 1072.63
DePpovdproc 2012 2016.49 3207.08 1003.43
Méptiog 2012 2041.35 2840.95 1072.63
Ampiliog 2012 1814.68 525.9 1038.03
Mduog 2012 2015.25 333.07 1072.63
Iovviog 2012 1985.27 0 0
IovAog 2012 1814.59 0 0
Avyovctog 2012 2181.49 0 0
Yentéupprog 2012 1873.19 0 0
Oxtmpprog 2012 2235.51 1724.82 1072.63
Noéupprog 2012 2267.3 2723.4 1038.03
AexépPplog 2012 1987.17 1677.24 1072.63
SUM 24072.32 14685.69 8442.65

O Ady0g dNovpyiag aVTOV TOV TIVAK®OV OTMG TPOOVOQEPALE Etvar 1 dnovpyia
YPOPIK®V TOPACTAGEMVY, LEGH TV 0moiwV Oa fyovv Kdmolo GLUTEPACUOTO Y10l TV
EVEPYELONKT KATAGTOOT TOV EEVOdOYEiOV.
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4.3 AIATPAMMATA ENEPTEIAKHY KATANAAQYHY

4.3.1 EIXAT'QI'H

O ypapikés mapaotdoelg ol omoieg Ha dnuovpyndovv pe ) fondeio TV Tvakmv
Kot ToL Tpoypappatog excel givat 600 TOT®V, Kot 0 GLYKEKPILEVA EIVOL 1IGTOYPOLULLL
KOl 0Ly POLLLILDL TTTOG

Ot Ypap1kég TOPaGTACELS TOTOL 1GTOYPAUUATOS Ba deiyvouy T unviaia
KOTAVAA®GON EVEPYELOG, ONANOT| TNG NAEKTPIKNG EVEPYELOG, TNG TNAEDEpHAVONG
Kol Tov eTperaiov yua ta £t 2011-2012 kot To unvieio KOGTOG TG
Katovalmbeicog evépyelag yuo Ta £T1 oVTA.

Ot ypapikég TopasTAcELg TOTOL Sty pappatog witag Oa deiyvouv 10 T0G0GTO
KaOe pLopeng evépyetog ONAadT| TG NAEKTPIKNG, TNG TNAEOEPHLOVONG KL TOV
netpehaiov Yo ta €t 2011-2012 to omoio Aappdvel 6ty GuvoAKn
KATavAA®GON eVEPYELOS TOV EEVOJOYEIOV KOt TO TOGOGTO TOL KOGTOVG TNG
EVEPYELOC.

Anrodn Ba dnpovpyYNOoLY 01 TOPAKAT® YPAPIKES TAPUCTAGELS

"Eva wotdypappa to omoio divel v pnviaio KataviAmon evépyeLas, ONAon

NG NAEKTPIKNG EVEPYELNG, TNG TNAEDEPLAVOTG KO TOV TETPEAALOV Y10l TO £TOG
2011

"Eva wotdypappa to omoio divel v pnviaio KataviAmon evéPyELas, ONAoN

NG NAEKTPIKNG EVEPYELNG, TNG TNAEBEPLOVOTG KOt TOV TTETPEAAIOV Y1a TO £TOG
2012

"Eva wotdypappa to omoio divel To pnviaio KOGTOG TNG EVEPYELNG, ONAAOT TNG

NAEKTPIKNG VEPYELNS, TNG TNAEDEPLLAVONG KO TOV TTETPEAAIOL Y10 TO £TOC
2011

"Eva wotdypappa to omoio divel To pnviaio KOGTOG TNG EVEPYELNG, ONAOON TNG

NAEKTPIKNG EVEPYELNG, TNG TNAEDEPLLAVONG KO TOV TTETPEAAIOL Y10 TO £TOC
2012

"Eva S16ypapipa witog mov divel To T0G0GTO KOGTOVG TNG EVEPYELNS, ONANOY|

NG NAEKTPIKNG EVEPYELNG, TNG TNAEDEPLAVOTG KO TOV TETPEAALIOV Y10l TO £TOG
2011

‘Eva duaypappa mtitog wov 6ivel To m0co6TO KOGTOVS TNG EVEPYELNG, ONANOT

NG NAEKTPIKNG EVEPYELNG, TNG TNAEDEPLAVOTG KO TOV TETPEAALOV Y10l TO £TOG
2012

"Eva dudypappa mtitog wov 6ivel To m0c0GTO TG EVEPYELNS, ONANOT TNG

NAEKTPIKNG EVEPYELNG, TNG TNAEDEPLLAVONG KO TOV TETPEAAIOV Y10l TI) GUVOALKT
Katavaiwbeico evépyela yia to €10 2011

"Eva duidypappo mtitog wov 6ivel To m0c0GTO TG EVEPYELNS, ONANOT TNG

NAEKTPIKNG EVEPYELNG, TNG TNAEDEPLLAVONG KO TOV TETPEAAIOV Y10 T GUVOALKY|
katavaiwbeica evépyela yio to £€1og 2012
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4.3.2 TPAGIKEY TAPAYXTAXEIX

MHNIAJA KATANAAQYH ENEPI'EIAY I'TA TO ETOX 2011

120000 -

100000 -

80000 -

60000 -
=T/

B [Tetpérano
40000 - B AEH

20000 -

IZETOI'PAMMA 1 MHNIAIA KATANAAQXH ENEI'EIAX I'IA TO ETOX 2011 (kWh)
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MHNIAJA KATANAAQYH ENEPT'EIAY I'lA TO ETOX 2011
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20000
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B TnieBéppavon

B [Tetpérono

EKWh A.E.H.

IETOI'PAMMA 2 MHNIAIA KATANAAQXH ENEI'EIAX I'IA TO ETOZX 2012 (kWh)

[MopatnpdVvTag To IGTOYPAULOTO TNG UNVIOHNG KATAVAAWDGNG EVEPYELNS
avtihappavopoacte Ot :

o  Koatavarioon T/O kot metperaiov £govpe OA0 10 YpOvo eKTOHS TOVS Beptvovg
HUveS. AVTo 1oyVEL Kat Yol ToL dVOo £T1).

e H kotovdrmon oe KWh T/O givon peyadldtepn yio KATO100G WHVES KOL Y10, T
dv0 €1 mpdrypa to omoio givor Aoyikd Adym Tov PopPTiov TOV ATaLTEITON Y100 TN
0¢puavon tov Eevodoyeiov yia Tovg Pveg avTovG.

o  Mikpéc S0KVILAVOELG OTN KATAVAA®MGT NAEKTPIKNG EVEPYELNS TTOV TPOKVLITTOVY
Kupimg amd T PEATIOTN dlayElplon TG NAEKTPIKNG EVEPYELNG LEC® TOL
kevtpikod BMS mov d1a0étet to Egvodoyeio.
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o Télog otabepn| katavdimon Tov meTpehaiov BEppaveng Adym tov 6ti To
meTpéAaLo Ypnopomoteitat fondnTikd o€ mEPLOdOVE oy UNG Yo TG BEpLaven
Tov KTipiov kot mapoywyn ZNX dtav Kot 0mote avtd yperdleTat.

MHNIAIO KOXTOX ENEPT'EIAX I'TA TO ETOX 2011
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IXTOTPAMMA 3 MHNIAIO KOXTOX ENEPTEIAX I'TA TO ETOX 2011
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MHNIAIO KOXTOX ENEPTEIAX I'TA TO ETOX 2012

7000
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B [Tetpérato gupd
3000
B TnieBéppavon gvpd

®AE.H. evpod

2000

1000

IXTOTPAMMA 4 MHNIAIO KOXTOX ENEPTEIAX I'TA TO ETOX 2012

[Hapatnpaovtog ta 16ToypAppaTo UNVIeiov KOGTOLG Kot GUYKPIVOVTAG TA LLE TO
GTOYPAULOTO TG unviaiog Kataviilmong, puropel va eEaybel to copmépacpa 6ti, M
o aKPP] LOPOY| EVEPYELNG Evat aVTH TNG NAEKTPIKNG evépyetlas. Emiong Oa mpémet
va onuewmBel 6t1 n AeBEpravon dev améyel ToAD 6€ HOVAdES KOGTOVG Omd TNV
NAEKTPIKY EVEPYELD OTIMG EMioNG VO ONUELMDEL Kt TO YEYOVOG OTL 1] EVEPYELD TNG
mAebépuavong oev mapéyetar kotd tovg unveg lovvio, lovAlo, Avyovsto kot
YentépPpro. Onwg emiong 6t 10 Egvodoyeio PpiokeTon otn meployn g Koldvng,
oniaon oy A" KAtk {ovn.
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MMOXZOXTO KATANAAQXHYX ENEPTEIAX I'lA TO ETOX 2011

® kwh AEH
mkwh T®
m kwh diesel

ATATPAMMA IIITAX 1. HOXOXTO KATANAAQYXHYX ENEPTEIAX I'TA TO ETOX 2011
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MMOXZOXTO KATANAAQXHY ENEPT'EIAX I'lA TO ETOX 2012

® kwh AEH
mkwh T®
m kwh diesel

ATATPAMMA IIITAX 2. TIOXZOXTO KATANAAQYXHY ENEPT'EIAX I'TA TO ETOX 2012
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IMOXOXTO KOXTOYX ENEPI'EIAX I'TA TO ETOX 2011

Koéotog Kéotog A.E.-H
IMetperaiov (€), (€), 21959.28
8408.05 18% 46%

Kéotog T/O (€),
17454.96 36%

ATATPAMMA IIITAX 3. IOXOXTO KOXTOYX ENEPI'EIAX I'TA TO ETOX 2011
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IMOXOXTO KOXTOYXZ ENEPTEIAX I'TA TO ETOX 2012

Koéotog
[etpehaiov (€), Kootog A.E.H
8442.65132 (€), 24072.32

18% 51%

Koéotog T/O (€),
14685.69
31%

ATATPAMMA IIITAX 4. TIOXZOXTO KOXTOYX ENEPTEIAX I'TA TO ETOX 2012

[Mopatmpdvtag Ta dtoypappoato TTog Yo 10 T0606Td KOGTOVG TG KABE evEpyelog
TOPATNPOVUE Kot EMPEPotdVOVLE OTL 1| NAEKTPIKY| EVEPYELD €lvar 1 TTO aKPlPY| LOpEeT|
evépyerog. [Mopora avtd Oa mpénet va avagepbel 6TL o1 KIhoBaTdpeS TG
TnieBéppovong etvar moAd TePlocOTEPES AMO AVTES TNG NAEKTPIKNG EVEPYELNS OAA TO
k66t0¢ TG TNnAeBépuavong etvar 1o 1/3 amd avtd g niektpikng evépyetag (A.E.H).
[Mopatnpodpe 61t avtd cvpPaivet Kot yo ta 600 étn, 2011 ko 2012 pe pikpég
drapopomomoels (Tng TaEnG Tov 5%). KataAnyovpe Aoumdv 610 GUUTEPAC LA OTL 1|
aKpPOTEPT LOPPT| EVEPYELNG EIVOL 1] AEKTPIKT KOl 0VTO OPEIAETAL GTO OTL TNV
NAekTpiKn evépyela v ayopdlovpe amod to diktvo g A.E.H. 6mwg eniong Ba mpénet
va ovapepBet 0TL To Egvodoyeio eivar cuvdedeévo 6to dikTvo TG THAEDEPLOVONC Kot
n xpnon netperaiov BEppavong yiveror Bondntikd dtav ovtd amonteitol.
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4.4 BAOMOHMEPEYX (Day Degrees)

441 EIXATQI'H

O1 BaBuonuépeg (DD) eivan éva epyadeio ota ¥EPLa TOV UNYAVIKOV KOL TV
HUEAETNTAOV TTOV TOVG EMTPEMEL VO, EAEYEOVV KATA TOGO 1) EVEPYELNKT KATAVAAW®GCT EVOG
KTpiov ovoyetileTon pe ™ petafoin Bepuokpaciog tov eEwteptkol agpa.

Onwg etvar yvootd Katd T S1APKELN TOV YEWUDVA 1] ECOTEPIKT OEPLOKPOGia VOGS
KTpiov dtatnpeitar vynAOTEPT ad TV Beppokpacio Tov EMTEPIKOL TEPPAAALOVTOC.
Ady® avTg ™C BEPLOKPAGLOKNG S1OLPOPAS OVALEGO GTOV EGMOTEPTIKO YMDPO KOt TO
eEwtepkd mEPIPAALOV VITapPYEL EVOALaYT BeprdTnTOC HETAED VTAOV TOV dVO
neploymv. [T cvykekpyéva cOppova pe ™ Pactkn apyn g Oepprodvuvapkng Bacet
g omoiag mapatnpeital por BeppdTnTog amod TIC TEPLOYES e VYNAOTEP
Oepuoxpacio Tpog TIg TEPLOYES pE YaunAOTEPT Bepokpacio Kot 6T SiKid HoG
TEPITTOON Ao TOV E0MTEPIKO YDPO TTPOG T0 e&mTEPIKO TEPIPAALOV, €ivarl 0 AdYOG Yia
tov omoio &yovpe Oeppkéc anwieteg. Ot Oeppukéc anmieleg ivar 0 Adyog Tov
ypewlopoote To cuoTnpate BEpuavong ota Ktiplo doTe vo Tpocétovy 10
KatdAAnAo oo Bepprottog £161 dote N Beppokpacio Tov Ktipiov va dwotnpeitan
otV emBountn Beppoxpacio.

O anwAeteg Beppdtnrag opeilovtal e TPELG TEPIMTAOGELS:

» Tlpom nepintoon ivoar L0y TS oywyns HECH TV SOUUKMV GTOLYEI®V,
ONAadn ™ pon BepprodTTOg LEGH TOV EEMTEPIKOV TEPIPANULATOG TOL KTipiov
7oV €fvor ot Totyol Te KOVPAOUATO KOL ) 0pOPT} TOV KTIpiov.

» Agutepn mepintoon eivatl AOYm TG LETAPOPAS, SNAAST TNV AvTaALOYT
Bepuomrag petald e eEMTEPIKNG EMPAVELNG KO TOV EEMTEPIKOV OEPQ.
Av16 opeidetar oto OTL M EMTEPIKY| EMPAVELD EXEL peyahbTepn Beppokpacio
amd ToV EEMTEPIKO AEPO EMEWON 1] ECOTEPIKT EMPAVELQ TNG EEWTEPIKNG
EMPAVELNG EpYeTal € Enagn Le Tov Bepprd a€pa TOL VITAPYEL GTO EGOTEPIKO
TOV KT1piov.

» Tpit nepintowon elvar Adym g avavEé®ong Tov aépa, dSnAadn Tov
OTTOLTOVLEVOL VOOV ALEPOL TOV ELGEPYETOL GTO KTIPLO LEG® TOV GLGTHLOTOG
1OV ££0EPIGHOD 1) TOL VOTOV 0EPQ TOV EIGEPYETAUL AVOTYOVTOS T TapABupaL.

Kot ot 1peig mepuntddoetg anmieidv Oeppottog sivor avaioyeg g 0eplokpacilokng
JPOPAG TOV EGMTEPLKOV YDPOL e TO eEmTEPKO TTEPIPAALOV, INAOT 0G0 avEAvVETAL
N Bepprokpaciaxn dtapopd avéavovrot Kot ot Oepuikéc andieeg. H Oeprokpaciokn
dtpopd dev pmopet va petvel otabepn Aoym g avéopeimong tng Bepprokpaciog tov
nepPaALOvVTOG.

Oa mpémetl va ToVIoTEL OTL 1] S10POPE AVALESO GTNV ECOTEPIKT| KOL TOV LEGOL OPOL
™G e£MTEPIKNG deV Umopel o€ Kapia Tepintwon va ypnoiponombet yio tov
VROAOYIGUO TV BEpUIKDV avayKdV VOGS KTIpiov Kol avtd ylotl 1 eEmTepikn
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Oepuoxpacio KopaiveTat OVALESO TNV HLEYLOTN Kot EAAYLoTn Beppokpacio KoTd )
SLAPKELN TNG NUEPUGS, LLE OMOTEAECLO VO, UMV €lvol amapaitnTn 1 Asttovpyia Tov
ocvotnuatog BEppavong yror OAN ™ SLapKELR TG NUEPAG.

Ot BaBponpépec mov cuvB®G ypMooTolovVTaL 6TO KTipla dtoywpilovtol oTig EENG
dv0 KoTNyopies :

» Bobponuépeg 0éppovong, eivat o pécog 6pog Tmv Padudv mov n eEmtepiky
Oepuoxpacio ivar KATm amd pio dedoUEVT ecmTEPIKN Beprokpacia,
aBpoiopévn 6to GHVOLO TOV LG EVOLOPEPEL (TTY LINVOG).

» BoaBuponpépeg yHéne, etvat o pécog 6pog tmv Pabudv mov 1 eEwtepikn
Oepurokpacio eivor Tave ond pia dedopévn ecwteptkn Beprokpacia,
aBpolGUEVT) GTO GUVOAO TNG TEPLOOOV TTOL LOG EVILAPEPEL (TTY LVAG).
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4.4.2 YHHOAOT'IXMOX BAOMOHMEPQN
H e€wtepikn Beppokpacio petafdiietor cuvnme KuKAKE, OnAadn Tapovstdlel po
péylon Bepuoxpacio Katd TV SLAPKELN TOV LECTIUEPLOV KO L0 EACLYIOTY

Oeppokpacio kaTd T SLAPKELL THG VOYTAS.

Tov yewwmva 1 eEmtepikn Bepuoxpacio etvar yopumAdTepn amd v emBounT) KoTd
NV SLAPKELD TNG NUEPOS.

Ot BaBponuépeg yio v EALGSa vroAoyilovton amd Tov TOTO -

Omax — Omin

DD =183 —
2

e 18,3°C givon po Bempntikn Oeppokpacio ov VIOLOYIGTIKE HETE OO EPEVVEG
kot etvon n Ogppokpacio mov pe v OeppdTnTo TOV EKTEUTOVLY Ol SLIAPOPES
NAEKTPIKES GVOKEVES Kol 01 AvOpwmol, umopel va avéndet oty emBountm
Oepuokpacio twv 20 °C.

e Omax givor n péytotn Beppokpacio mov onue®ONKe TNV NUEPQL.

e  Omin givar n eldyiot Oeppokpacio Tov onueL®ONKE THY NUEPO.

To peydio mieovéktnua tov Babponpepmdv mov Pacsilovtal 6Tov vTOAOYIGUE TNG
LéEYLOTNG Ko TG EAdoTNg Beppokpaciog etvor 6t OAot ot petemporoyikoi otodpol
etvat epodacpévol pe BepprOETPa TOL KAVOLV OVTEG TIG LETPTOELS.

[Ma o axpiPr] Opo¢ amoteAéspata lval amapoitntr 1 GLVEYNG KATAYPOPN TNG
Oeppoxpaciog kot o anevbeiog vroroyiopdg tov Badponpuepav. Opiopéveg
niektpovikég ovokevég (BEMS) Building Energy Management System mov
YPNOLOTOLOVVTOL Y10 TOV EAEYYO TNG BEPLOVONG KTIPIOV UITOPODV OLTOLOTO KoL [LE
Baon v eEmtepikn| Oepprokpacio vo KEVOVV TOVE VITOAOYIGLOVS TOVL OTOLTOVVTOL.

"o tov vwoAoyiopod tev Paduonuepav ypetdlovtol ot wpraieg Bepprokpacies yio ta
¢t 2011-2012 . O opaieg Bepuokpacieg mapOniav amd to Site www.freemeteo.qr.

O opuaieg Oeppokpaciec yua ta £1n 2011-2012 Bpiokovtol vwd Lope| TVAK®V GTO
ITAPAPTHMA 4 — MEPOZX I'. Tl Tov vtoAoyiopo tov Baduonuepodv 0nwmg
wpoovopEpOnke Bo mpénel va givor yvootn n péylot Kou 1 EAdyiotn Beppokpacio
OV EMKPATNGE TNV £KAGTOTE NUEPA. O VTTOAOYIGHOC TV NUEpOPABUOY YiveTO e TN
Bonbeia Tov mpoypappatog Excell kot or nuepoPabpoi avarvtikd mapoveidlovra
oto [IAPAPTHMA 4- MEPOZ T

A6 ToV LTOAOYICUO TV PaOUONUEPDOV TAPATNPOVLE OTL KATO101 UNVES £Y0VV BeTIKO
apOpd Pabponpepmv eved kdmotot oxt. Enedn avagepopacte kot vroroyicope
Babuonuépeg BEppavong tig TYéG ot omoieg Ppickoviot kdtw amd To undév Ba
ayvonBobv kot o AneBotv ioeg pe to undév (0).

AxoiovBel 0 vToAOYIGHOG TV Babponuepdv avd pMva 6mov vroAoyileton TaAL e T
BonOeta Tov mpoypdappatog excel kot cuykekpiéva e T ¥pHomN TG CLVAPTNONG
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SUM. Onwg avagépOnke ot Tiég ot omoieg €ivort virod 10 UNoEV ayvoouvTot Kot
napovctdlovtal ot nuepofaduol avd pva 6e LopeN TIVAK®V.

MnAvag Huepofabpuoi

lavouaplog 2011 457
®eBpoudplog 2011 364
Maptiog 2011 332
ArnpiAlog 2011 192
Matog 2011 70
loUviog 2011 0

lovAlog 2011 0

Auyouotog 2011 0

YemtéuBplog 2011 11
Oktwpploc 2011 215
No£uBplog 2011 381
AskéupBplog 2011 441

ININAKAX 1 ITAPOYZIAXH HMEPOBAOGMEON I'TA TO ETOX 2011

Mnvag HuepoBadpol
lavouaplog 2012 576
®eBpouaplog 2012 508
Maptiog 2012 307
AnpiAlog 2012 197
Matog 2012 86
loUviog 2012 0
loUALog 2012 0
Alyouotoc 2012 0
JemtéuPplog 2012 28
OktwpPplog 2012 77
NoéuBplog 2012 400
AekéuPplog 2012 457

MINAKAZX 2 ITAPOYXIAXH HMEPOBAOGMEON I'TA TO ETOX 2012
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4.4.3 TPADIKEY ITAPAYXTAYEIY

4.4.3.1 EIXATOQT'H

Ot Ypop1kég TOpaoTAGELS TTOL dNUOLPYOVVTOL LE TN Bondeia TV punviaiov
nuepofabuav givarl

e 'Eva d1dypappo S106mopdg TG CLVOMKNG KOTAVAAMONG EVEPYELNS GUVOPTNGEL
TOV Nuepofadudv.

e 'Eva 01dypoppo S106mopds e KOTavVAAMONG NAEKTPIKNG EVEPYELNG
oLVOPTNOEL TOV Nuepofadudv

e 'Eva d1dypoappa d106mopds e Kotavalmong evépyetog 0épprovong
CLVOPTNOEL TOV NUEPOPAOUDV.

Méow TV onoiwv Ba Byovv Kdmolo GUUTEPAGLLOTA Y10l TNV EVEPYELNKT] OlaXEiplom
tov Eevodoyeiov. H popen avtdv tov dtoypappdtov etvol to opbokovovikd chotnua
aEovov X-Y kot 1 gpedvion kdmolwv onueiov. Emmiéov and tov dtockopmicpuo
AVTAOV TOV oNUEIOV QAIVETOL AV KoL KOTA TOGO EAEYYETOL 1] EVEPYELNKT KATAVAAW®GT).
Meydhog drackopmicpdg Twv onpeiov onuaivel dokomn Kot U opOoAoYIKNn ¥pnom
NG EVEPYELNG.

O tpdmog pe Tov omoio Ba dnpovpynBovV ta draypdppata ivor o €€1g:

o Xtov a&ova X emAéyetal va epgavifovror ot pveg pe Tig Oetikég
BaBuonuépeg, av ORUMS VITAPYEL KATO10G UIVAG TTOV £XOVUE KOTAVAAMGOT)
EVEPYELOG EMALYOVUE TO UNVO OVTO [E UNOEVIKES Pabponpépes.

e Xtov aéova Y emAéyetal va pgaviletorl n kotavalmbeioa evEPyELd Y10 TOVG
ovykekplévoug unvec. H katavolmbeica evépyeta elvar dmwg
TPOOVOPEPONKE KO TAPATAV® 1| GUVOAIKY] EVEPYELX, 1| NAEKTPIKY] EVEPYELX, T
TAEOEPLAVOT| Kot TO TETPEAOLO BEPLOVOTG.

e Y11 ovvérela apov £xel onuovpyndei To didypappa dStucmopds, PAETOLUE OTL
N EVEPYEWNKT KOTAVAA®GT cLVOPTHGEL TV Pabuonuepdv umopel va
amhomomBei og pa evbeio Tov elvan  PEATIGT gvBeia. Avtn 1 evBeia etvan
mg e&lowong: y=a*x +b
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Omov :

e Y :eivorm katovolmbeica evépyela

e acivoum epamTopevn g evbeiog mov oymuoatiletal, OnNAadn N YPOUUY TAONG
ue tov agova

e X givon o1 faBponuépeg

e D eivar o poptio Pdong, dSniadn N katavarwbeica evépyela, Tov deV Exel
oyxéon pe Tic fabponuépec.

H Béltiot evbeia dnuiovpyeitar pe t Pondeta tov npoypdupotog Excell pe to omoio
ONUIOVPYOLVTOL KOL TO TPIOL VT SOy PALUATOL.

Ta dwypdppata dStacmopds Bo dnpovpynbovv kat yia ta dvo £t 2011-2012 mov
TPOYUATOTOEITON 1] LEAET).
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[Mapatnpeitor 6TL LOVO TO SAYPOLLLO TG NAEKTPIKNG KATOVAAWDGCNG EXEL APVNTIKY
KAMon. Avto umopel va e€nyndet avoroyilovtog 0Tt 1| NAEKTPIKN EVEPYELD
YPNOUOTOIEITOL Y10 KAMUATIOUO Kot T1G Pacikég avaykeg Tov Egvodoyeiov ( poTIouoG,
NAEKTPIKES GUOKEVES, OVEAKVGTIPEG KAT) KOt Y10, 0VTO TO AOYO 1| LEYUAVTEPEG
KOTOVOADGELS NAEKTPIKNG EVEPYELNG TOPATIPOVVTOL TOVG UNVEG OOV EYOVUE HIKPO M
Kot undevikd apBpd nuepofadumv. Eniong og avagopd to didypappa dtacmopds e
NAEKTPIKNG evépyelag Ba mpémetl va onuelwdel 6Tt mapovctdletol aAdyloTn GmaTdAn
NAEKTPIKNG evEpYELag Katd Tov unva. IovAto tov 2011 dmwg paivetal kot omd to
Tapamdve olaypaupata. Exiong Oa mpénet va avaeepbel 6TL dev vtapyovv peyareg
amokAoelg amo ™ PEATIOT evbeia aALL aKOMO KOl AVTEG O1 ATOKAIGELG LITOPOVV VL
dkatoAoynBodv amd TN xepokivnn Asttovpyic. TOL GLGTAUATOG BEPLAVONC KoL
NAEKTPIGUOV oG ko To kevipikd BMS tov Egvodoyeiov eykataotdbnke katd 10 £T0G
2013 dnradn éva xpdvo petd amnd T dietio OTOL TPOYUATOTOEITOL 1] LEAETN.
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KEDAAAIO S EINIAOTH XYYTHMATOX YYMITAPAT' QI'HY
HAEKTPIXMOY KAI OEPMANXHY

S.1 EIXATQT'H

H emloyn Tov cuGTHATOG GLUTAPAYOYNG NAEKTPIGHOD Kat OepudtnTag £yve amd
v etarpio AriexXpo mov edpevel 6Ty TOAN TG ADVOG Kol GUYKEKPIUEVO GTOV
AMUO KO 0OYOAEITOL L€ CLOTHLOTO GLUTOPOYMOYNS NAEKTPIGLOV Kot OepuoTnTag.

H Aertovpyia g povadoag ZHO amookonel 6TV ovaKoLOIoT) TOV KOTAVIADGEDY TOV
VOLOTAUEVOL EVEPYELOKOD JIKTVOV TPOPOdoGiag Tov ZNX- BEpuaveng kot
NAEKTPIGLOV.

5.2 KATAI'PA®H YPIXTAMENOY TEXNOAOI'TKOY EEOINAIEMOY KAI
ENEPT'EIAKHY KATAYXTAYHY ENEPI'EIAKHY EI'KATAYXTAYHY

Mo v epapproyn mov PHEAETATOL VTAPYOLY Ol TOPAKAT® TPOSLUYPAPEG/ 00N YiEg
Aettovpylog :

e Acttovpyia 24h/24 6)o o é10g

e Enayyelpotikn xpnon /e@appoyn EeVodoyelakng Hovadag

o  Twywolodylo pevpatog I'evikng ypnong I'22. H ypéwon g nhextpikng
EVEPYELNG Kal 1oYVOG vPioTaTan unviaing kat eivat ion pe 0,11529 €/kWh.,

e H Aerrovpyio ™ povédag ZHO Ba cuvopdapetl ota kuokAopoto ZNX-
0épuavong ko niektpiopod tov Egvoodoyeio.

5.3 YIHOAOTI'ITXMOYX HAEKTPIKHY KAI OEPMIKHY IXXYOX
AEITOYPI'TAY EENOAOXEIAKHY EOAPMOI'HY

O VTOAOYIGHOG TOV AVOYKOV GE NAEKTPIKT Kot BEpLKT] 16Y0 Kot 0 VTOAOYIGUOG TV
OTOLTCE®V GE NAEKTPIKT oYV amoteAel kpioyo péyebog yio tnv emAoyn g 16x00g
™mg povadog XHO

INo 11 avdykeg ™ peAéng EANEONGOV 01 TOPAKAT® TAPUSOYES

e H niektpucn 1oy0¢ TUALLOTOG TOV VPIGTAUEVOD TEXVOAOYIKOV £EOTAMGLLOV
Aettovpyel 60 10 24mpo OLO TO £TOG.

e H Ogppikn 1oydg mov mapdyst 1 Lovado CLUTAPOYWYNS B KaTavaAdVETOL
O\ o€ veloTapeVo dikTvo Katavdiwong ZNX — 0épuavong Beplokpaclokng
Babuidag 40°-60° C kou 70° — 90° C avtiotoiymg.
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5.4 YHHOAOTI'ITXMOX TOY XPONOY AEITOYPI'TAY. THY MONAAOX
XYMITAPAT'QI'HY

O xpovog Aettovpyiag TG HOVAOOG GUUTAPAYMYNG ATOTEAEL KPIGIUO TapdyoVTa Y10
TOV VIOAOYIGUO TNG eEokoVOUN oG EVEPYELOG 0t TN Asttovpyia Tov Kot kKabopilet To
xpOvo andcPeong g enévovong. Oa eEetaotel T0 TPdHYpapa AsrToVPYiag TOV
GLGTNATOG CUUTAPOYWYNG HE TIC KAT®O1 cuVONKEG :

e 24 mpec lertovpyiag/ nuépa Asttovpyia yio TV Topoy®yn NAEKTPIKOD
peopotoc * 7 nuépec * 52 efodonadeg

o 24 mpec Aertovpyiag/ nuépa Aettovpyia yio tnv Beppov voatoc * 7 nuépeg *
52 efoonddeg

5.5 TEXNOAOI'IKH ITPOTAYH KAI ATAYXTAYIOAOI'HXH TOY
XYXTHMATOX XYMITAPAT'QI'HYE

2OUQmVa e TIG GLVONKES TOL VPIGTAUEVOL EEVOJOYEIOV EMAEYOVLLE TNV LOVADOL
ocvumapaymyng niektpiopot kot Ogppotrac MTU 400 series GC 119 N5 (natural
gas) pe ekpetairevoiun niextpikn woyd 119 KWhe ko Oeppukn| 1oy 198 KWh . To
ocvoTnpa amaymyng Beppotntog g povados Paciletat og £va KAEGTO KOKA®UQ
vepov 10 omoio yiyet (ko Aappdvet t Beppdtnra) 1660 amd To KHPLO GO TNG
punyavng 660 kot amd o kavsaépta. To (eatd vepd 610 KOKAMUA HUITopel Vo OTAGEL GE
Oepuokpacio 90°C kar va emtotpéyetl 6toug 70°C apol amodmdaoet T BeppoTnTa TOL
o€ Kamo1o PEco. Zuvnlmg 6e QVTEG TIC EPUPLOYEG PN OIHOTOLEiTAL £va BepLodoyeio
(doyeio adpaveiog). Zto mapdptnuo TEXNIKA OYAAAAIA napatiBevtal to te)viKd
YOPOKTNPLOTIKA TNG LOVASOG GOUTOAPAYDYNG.
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5.6 XTOIXEIA EEOIKONOMHXHY ENEPI'EIAY. (ITAPAAOXH I'TA

YI'PAEPIO)

Ta otoyeia eEoucovounong evépyetlag mapatifevioal oTov TopaKiT® TivaKa :

TYIIOX MONAAOX KAI EEOITAIEMOY

AZIA MONAAOX MTU 400 SERIES 200.000 €
KOXTOX ATIOXTOAHX KAI AXDAAIXHXE 2700 €
AZIA ETKATAXTAXHEZ MONAAOX 3.000 €
YYNOAIKH AEIA EIIENAYXHX 205700 €
AEIA EIIENAYXHX / Kw 1729 €/kW
EINIAOTHXH EIIENAYXHX 0%
KAG®GAPH AZIA EIIENAYXHX 205700 €
IMAPAT'OMENH HAEKTPIKH IXXYX 59 kW
IMAPATOMENH GEPMIKH IXXYX 122 kW
HAEKTPOITAPAT QI'H (0peg Aettovpyiag ava 8.736 mpeg
£100Q)

OEPMANXH (®psg Aertovpyiag ava £Tog) 8736 mpeg
KATANAAQYH KAYZIMOY AITIO TH MONAAA 197 kW/h
YYMITAPAT QI'HY/h

KATANAAQYH KAYZIMOY AITIO TH MONAAA 1720992kWh/¢tog
YYMITAPAT QI'HXE/étog

IMAPATOMENH HAEKTPIKH ENEPI'EIA 515424 kWh/étog
IMAPATOMENH GEPMIKH ENEPT'EIA 1065792 kWh/étog
AITIOAOXH MONAAOX XYMITAPAT QI'HX 91,9%
TIMH KAYXIMOY IIETPEAAIOY OEPMANXHX 0,1363 €/kWh
TIMH T/© 0,0435 €/kWh

TIMH KAYXIMOY XYMITAPAT'QI'HX

0,10961 €/ kWh

TIMH HAEKTPIKOY PEYMATOX

0.11529 €/kWh
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TA ITAPAITANQ XTOIXEIA A®OPOYN TH AEITOYPI'TA THX MONAAOX
2TO 50%

AEIA MONAAOZX MTU 400 SERIES : TTepthappdvetl 1o KO6TOC 0yopdis TG
LOVAS0G.

KOXTOX ATIOXTOAHX KAI AX®AAIXHY : [Tepirappavel 1o K66TOG
OTOCTOANG Kol 0o@AALoNG TNG Hovadag amo tn [eppavia kot etvot ico

pe :1500+0,006*200000 = 2700 €

AEIA E'KATAXTAXHX MONAAOZX : YrnoAoyileton KOTOGKELT
TOIUEVTEVIOG PAONG, PPENTION OTOPPONG CLUTVKVOUATOV, TOTOOETNONG KTA.
3000€

YYNOAIKH AEIA EIIENAYXHX : AZIA MONAAOX + KOXTOZX
ATIOLTOAHX KAI AXDPAAIZHY + AZIA ETKATAXTAXHE MONAAOX
=200000+2700+3000 = 205700€

AZIA EIIENAYXHX ANA kW : XYNOAIKH AZEIA EITENAYXHX / KW
NAeKTPIKNG oyvog = 205700€/119kW = 1729€/kW

EINIAOTHXH EIIENAYXHZX : [Tocov emdotnong Pdost avantu&lokon
vopov 0% = 0€

KAGAPH AEIA EINENAYXHY : XYNOAIKH AZIA EITENAYXHE —
EIMTAOTHZH EIIENAYZHZ = 205700-0 = 205700€

IMAPATOMENH HAEKTPIKH IXXYX : QeéAun nhektpikn 1oydg
TOPOyOUEVT 0O TNV povado coumapaywyng = 59 kW

IMAPATOMENH OGEPMIKH IZXYZX : Qoélun Oeppukn 1oy0¢ mapaydpevn
amd TV povada cvpmapoyoyng pe Oepuokpacio vdatog 90° C = 122 kW
HAEKTPOITAPAT QI'H (@peg Aertovpyiag ava £10g) : ZHVOA0 mpdV
Aertovpyiog Yoo TNV TOpAy®yn PEOUOTOS COLPOVO LE TIG ATOLTIOELS O
NAEKTPIKN oYL KoL TO TPAYpappa Asttovpyiog = 24*364 = 8.736 wpec.
OEPMANXH (®peg Aertovpyiag avd £Toc) : ZUVOLo wpdVv Aettovpyiag yio
™V mopaywyn Bepprod VOATOC GOUPOVA LLE TIG ATUTHOELS BEPUIKTG 10YVOG KOt
10 TPAYpapp Asttovpyiog = 24*365 = 8736 dpeg

KATANAAQXH KAYXZIMOY AITIO TH MONAAA
YYMITAPAT'QI'HE/h : [Tapayduevn Beppikn) kot nAeKTpikn oy0g /
YVVTEAEGTNG amOd00oNG Lovadog cvpumapoaywyns = (122+59)/0,919 = 197
kw

KATANAAQXH KAYXZIMOY AITIO TH MONAAA
YYMITAPATI'QI'HY/¢tog : Katavdimon agpiov amd 1n povada
ovumapaymyng/h * dpeg Aettovpyiog povadog/étoc = 197*8736 = 1720992
kWh/étog

ITAPATOMENH HAEKTPIKH ENEPI'EIA : ITapayopevn nAeKTpikn
oy0¢ * Qpeg Aertovpyiag/étoc = 59*8736 = 516840 kKWh/étoc
IMAPATOMENH GEPMIKH ENEPTIEIA : [Topayopevn Beppuxn 1oydg *
Qpeg Aertovpyiag/étog = 122*8736 = 1068720 kWh/étog
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e AIIOAOXH MONAAOZX LYMITAPAT QI'HX : Xvvtedeotng anodoong %o
™¢ povadog cvumapaymyng MTU 400 series = 91,9%
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5.7 XTOIXEIA EEOIKONOMHXHY ENEPI'EIAY. (ITAPAAOXH I'TA

LYMHOIEXMENO ®YXIKO AEPIO)

Ta otoyeia eEoucovounong evépyelag mapatifBeviol 6Tov ToPaKAT® TIVOKO :

TYIIOX MONAAOX KAI EZOITAIEMOY

AZIA MONAAOX MTU 400 SERIES 200.000 €
KOXTOX ATIOXTOAHX KAI AXDAAIXHXE 2700 €
AZIA ETKATAXTAXHEZ MONAAOX 3.000 €
YYNOAIKH AEIA EIIENAYXHX 205700 €
AEIA EIIENAYXHX / Kw 1729 €/kW
EINIAOTHXH EIIENAYXHX 0%
KAG®GAPH AZIA EIIENAYXHX 205700 €
IMAPAT'OMENH HAEKTPIKH IXXYX 59 kW
IMAPATOMENH GEPMIKH IXXYX 122 kW
HAEKTPOITAPAT QI'H (0peg Aettovpyiag ava 8.736 mpeg
£100Q)

OEPMANXH (®psg Aertovpyiag ava £Tog) 8736 mpeg
KATANAAQYH KAYZIMOY AITIO TH MONAAA 197 kW/h
YYMITAPAT QI'HY/h

KATANAAQYH KAYZIMOY AITIO TH MONAAA 1720992kWh/¢tog
YYMITAPAT QI'HXE/étog

IMAPATOMENH HAEKTPIKH ENEPI'EIA 515424 kWh/étog

ITAPATOMENH GEPMIKH ENEPI'EIA

1065792 kWh/étog

AITIOAOXH MONAAOX XYMITAPAT' QI'HX

91,9%

TIMH KAYXIMOY IIETPEAAIOY OGEPMANXHX 0,1363 €/kWh
TIMH T/© 0,0435 €/kWh
TIMH KAYXIMOY XYMITAPAT'QI'HX 0,0497 €/ kWh

TIMH HAEKTPIKOY PEYMATOX

0.11529 €/kWh
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TA ITAPAITANQ XTOIXEIA A®OPOYN TH AEITOYPI'TA THX MONAAOX
2TO 50%

AEIA MONAAOZX MTU 400 SERIES : TTepthappdvet 1o K66TOC 0yopds TG
LOVAS0G.

KOXTOX ATIOXTOAHX KAI AX®AAIXHY : [Tepirappavel 1o K66TOG
OTOCTOANG Kol 0o@AALoNG TNG Hovadag amo tn [eppavia kot etvot ico

pe :1500+0,006*200000 = 2700 €

AEIA E'KATAXTAXHX MONAAOZX : YrnoAoyileton KOTOGKELT
TOIUEVTEVIOG PAOTG, PPENTION OTOPPONG CLUTVKVOUATOV, TOTOOETNONG KTA.
3000€

YYNOAIKH AEIA EIIENAYXHX : AZIA MONAAOX + KOXTOZX
ATIOLTOAHX KAI AXDPAAIZHY + AZIA ETKATAXTAXHE MONAAOX
=200000+2700+3000 = 205700€

AZIA EIIENAYXHX ANA kW : XYNOAIKH AZEIA EITENAYZHE / kW
NAeKTPIKNG oyvog = 205700€/119kW = 1729€/kW

EINIAOTHXH EINIENAYXHZX : [Tocov emdotnong Pdost avantu&lokon
vopov 0% = 0€

KAGAPH AEIA EINENAYXHY : XYNOAIKH AZIA EITENAYXHE —
EIMTAOTHZH EIIENAYZHZ = 205700-0 = 205700€

IMAPATOMENH HAEKTPIKH IXXYX : QeéAun nhektpikn 1oydg
TOPOyOUEVT 0O TNV povado coumapaywyng = 59 kW

IMAPATOMENH OGEPMIKH IZXYZX : Qoélun Oeppukn 1oy0¢ mapaydpevn
amd TV povada cvpmapoyoyng pe Oepuokpacio vdatog 90° C = 122 kW
HAEKTPOITAPAT QI'H (@peg Aertovpyiag ava £10g) : ZHVOA0 mpdV
Aertovpyiog Yoo TNV Topaywyn pEOUOTOS COLPOVA LLE TIG ATOLTIOELS O
NAEKTPIKN oYL KoL TO TPAYpappa Asttovpyiog = 24*364 = 8.736 wpec.
OEPMANXH (®peg Aertovpyiag avd £Toc) : ZUVOLo wpdVv Aettovpyiag yio
™V mopaywyn Beppov HOATOC GOUPOVA LE TIG AT OELS BEPUIKNG 10Y(VOG Ko
10 TPAYpapp Asttovpyiog = 24*365 = 8736 dpeg

KATANAAQXH KAYXZIMOY AITIO TH MONAAA
YYMITAPAT'QI'HE/h : [Tapayduevn Beppikn) kot nAeKTpikn oy0g /
YVVTEAEGTNG amOd00oNG Lovadog cvpumapoaywyns = (122+59)/0,919 = 197
kw

KATANAAQXH KAYXZIMOY AITIO TH MONAAA
YYMITAPATI'QI'HY/¢tog : Katavdilmon agpiov amd 1n povada
ovumapaymyng/h * dpeg Aettovpyiog povadog/étoc = 197*8736 = 1720992
kWh/étog

ITAPATOMENH HAEKTPIKH ENEPI'EIA : ITapayopevn nAeKTpikn
oy0¢ * Qpeg Aertovpyiag/étoc = 59*8736 = 516840 kKWh/étoc
IMAPATOMENH GEPMIKH ENEPTIEIA : [Topayopevn Beppuxn 1oydg *
Qpeg Aertovpyiag/étog = 122*8736 = 1068720 kWh/étog
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e AIIOAOXH MONAAOZX LYMITAPAT QI'HX : Xvvtedeotng anodoong %o
™¢ povadog cvumapaymyng MTU 400 series = 91,9%

5.8 KOXTOX XYNTHPHXHX

To kb6cTOC GLVTAPNONG THG Hovadag diveton amd t oyxéon 0,3-2,5 cent / KWe
(Steiner 2009) pe v Tapadoyrn 0Tt Exovue kK6oTOG cuvtipnong 2,3 cent / KWe
Eyovpe k0otog cuvtnpnong 11731,36 €
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KEDAAAIO 6°OIKONOMIKH ANAAYXH

6.1 EIXAT'QT'H

[Tpv amo@acicovpe vo SOmOVICOVUE KATOL0 KEPAAOLO TPENEL VO, YVOPILOVILE TO10L
umopel va givait 1 0IKOVOLIKT OQEAELD OO TV GUYKEKPIUEVT] ETEVOLOT KO KOTE
1660 VT etvar kaAvtepn amod Tig dAAeS. T peBOS0VE OV YPNGIULOTOIOVUE TIG
dwakpivovpe og dvo katnyopieg . To otoyeio mov Tig dtapopomotet lvar M xpovikn
a&la Tov ypnuatoc. AAreg néEBodoL LTOYN TN YPOVIKY a&io TOV ¥PNUATOG Kot AALEC.

g oyéon pe Vv owkovopkdtta évte onueio 0€Aovv Tpocoyn :

ApyiKd KO0TOG EMEVIVONG

Emoto k66T0g Asttovpyiag Kot cuvtinpnong
Emdopboceig ko addayég eaptnudtov
AAayn KOPPatiod 11 0OAOKANPOL TOL GUGTILLOTOG
YrnoAeypotikn a&ia

ok owneE
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6.2 MEOOAOYX KAOAPHY TAPOYXAY AZEIAY (Net Present Value method)

H ovykexpiévn nébodog amotedel tnv moto cuyva ypnotpomrotovpevn uébodo. Me
™V HéEBodo o TpooTadovpEe Vo KAVOVUE COGTEG GLYKPIGEIS 0OPOICUATOV
YPNUATIKDOV TTOCHV TTOV OVOPEPETOL GE SLUPOPETIKEG TEPLOIOVS. ZVYKEKPIUEVAL,
Bpiokovpe T1g Tapovoeg aéieg OAOV TOV ¥PNUATIKGOV TochV. O TOTOG TOL
YpNoLonoleitot eivat o €ENG:

NPV=X[Sj+Rj-lj+Vj-Mj/(1+i)]]

e NPV=MéOodoc kabapnc a&iog

e Y=A0poicua 6pwv Yo To N xpOVIOL TOV YIVETOL 1] OIKOVOLIKT OVOAVGT
e Sj= Evepyetaxo otkovouikod 0pelog 1o xpovo |

o Rj=Képdog amd TdANGT EVEPYELNG TO YPOVO |

e |j=Kootog gnévdvong to xpovo |

e Vj= Yrmolewpatikn a&io to ¥povo j

e Mj=Kdotog cuvtipnong Kot enidtopfdoemy 1o ¥pdvo |

Av 1 mopovca a&ia pog emévovong eivar OeTikn TPETEL Vo TPOKPIVOLLE TNV
emévovon. Av 1 mapovoa atia ival ion pe to undév, Tote AEpe OTL 1| GYETIKN
emévovon glvar adlapopn, Ve av ivol apvnTikn eivar acHppopn. Otav cuykpivovpe
SPOPETIKEG EMEVOVGELS , TPEMEL VO TPOKPIVOLLLE LTIV TTOV EYEL TNV UEYOADTEPT
kaBapn Tapovoa a&io. Zuykpivovtog OLPOPETIKEG EMEVOVGELS £lval GNUOVTIKO VO
vroAoyiCovpe Ta KEPOTM Ko TG OAmAVES Yo ToV {510 aptduod ypovov.

"Eva yopaxtnpiotikd g kabapng mapovcag aiog mov anoteAel LelovEKTNUA TG,
etvat 611 T amotedéspata ennpedlovtatl onuavikd amd to emtoklo. E1ot 1o cpdipa
otV exhoyn umopel va odnynoet oe AavBaouévn extipnon. Av vrdpyet afefoardotnta
OTNV EKTIUNGON TOL EMTOKIOV, TO KOAVTEPO B NTAV VAL YPNGILOTOM OOV d1dpopa
emToOKIo MOTE Vo, ekTUN el ) evacOncia g enEvOLoNg G€ GYEON LE TO EMTOKIO.

Eniong éva peovékmmpuo g kabapng ntapodoos a&iog ivar 6t dev Egxwpilet
eNEVOVGELS TOL £YOVV HEYAAO KEPOOS KOl LEYAAO KOGTOG, OO OTEG TTOV £XOVV LUKPO
Kk€POOG Kot Likpd kK6otog. 'Eva tpdmog va amopdyovpe avtd 1o cpdipo eivat va
vroAoyifovpe To Adyo KEPJOG/KOGTOC NG emévovong. [pokpivovpe v emévdvon
7oV £xEL LEYOADTEPO TOGO KEPSOLG.

O TAnpoopieg oYETIKA [LE TO KOGTOG TNG LOVAOOS, TO KOGTOG GLVINPTONG Kol
gykataotaons emednocav and v etoupic ARIEXPO.

Me Baon ta mopandve Kéotn Ba mpoteivovpe oty emyeipnon va tpoPel otnv
emévdvon povo av 1M Kabapn tapovca a&io tng enEVOVONG Etvat LeEYOAHTEPT) TOV
UNoEVOS. Zav €1l6pon Yo Ta N €T wov Oa yiver n peAETN AapBavovpe Ty ¥pMUaTIKY
SPopa TOV TPOKVTTEL OO TNV KATAVAA®GN EVEPYELNG.
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H tyn kéotovg g nhextpikng KWh hapBaverat ion pe Ke = 0.11529 €/kWh, evd
10 kK6610¢ ToV LPG elvan ico pe :
Enuepwvo k6otog 1 1t LPG mapadotéov oty owia 0,777 €/ 1t
Oepuroydvog dvvaun vypaepiov: 11500 Kcal/ Kg
Ewdwé Bapog vypaepiov: 0,53 Kg/ It

Ynoloyiopog k6otovg poag KWh LPG:

®eppoyovog dvvaun 11500 Kceal/ Kg kot €106 Bapog vypaepiov: 0,53 Kg/ It

Apa Bgppoyovog dbvaun = 0,53*11500 = 6095 Kceal / 1t 1 6095*0,001163 = 7,0885
kwh/It

Ty vypoaepiov: 0,777 €/ 1t

Apa 1o vypaépio kootilet : 0,777/7,0885 = 0,10961 €/ KWh

Ondte Kipg = 0,10961 € / kWh

Eniong Ba ypnowomomBel minbopiotikd kepdiao 2% wkor emrokwo 4,25%.
AmocBéoelg dev Ba ypnopomomBodv yiati dev pog evolapépPeL | OPOAOYiaL.

o Heat Output (kWh/€toc) : H Oepukn evépyeia mov mapdyetot amod
TN LOVAdO GUUTTAPOY®YNG BEpUOTNTAG NAEKTPIOUOD VAL £TOG
o Electric output (kWh/¢tog) : H nAektpikn evépyeta mov mapdyetat
amd TN HOVAd GUUTTAPOYMYNG BEpUOTNTAG NAEKTPICHOD OVA £TOC
o Fuel (kWh/étog) : H kataviimon kowsipov amd 1o AEPnTo kot ™
TO ywo ™ mapaywyn Oepuikng evépyetog
. Fuel System (kWh/¢toc) : H xatavdimon kavcipov arnd tn povada
ooumapaywyns Bepudtntog NAEKTPIGHOD
Kre (svp®/Kwh): To kéotog TO
Kaiesel (€vp®d/Kwh): To k6ct0g metpelaiov Oépuavong

Kirc (evop®/KWh): To k6otog LPG (Zvpumapoywync)

o J(%): ITAnbwpiotikd Ke@hAaLo

e 1(%): Emtokio

e KHP (svpm): K6ct0oC aryopds Kot £yKaTaoTOoNG LOVADOS

e  KM(gupm): Kdotog cuvtipnong povadog

e NPV(10) (evpm): Kabapn mapovca a&ia g enévovong yua 10 ypdvia
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H #pom otmAn tov mivaka ekepdler katd ovcovioa optBpd to €1 Tov
TPOLYLLOTOTOIEITOL 1) OUKOVOULKY] OVAALGT).

2mv 0ebtepn otNAN Ppickovpe v TN TOL KOGTOVE TOV KALGIHOV Bépuavone pe
TO v ka0e étog. 'Exovpe onAadn v avénon g g s TO cvpewva pe tov
mnbwpiond. H tiun avtn diveton omd v oyéon :

Kren=Kren-1*(100+j/100) (gupd/KWh)

Yy Tpit omin Bpickovpe v TIun ToL KOGTOLG BEPLOVOTG e TETPEALO
0épuavong yua kdOe £tog. ‘Exovpe oniadr| tnv abénon g T Tov TETpELaion
ocvpewva pe tov TAnbwpiond. H tyun avt divetat amd ) oyéon :

Kdieseln = Kdiesein-1 *(100+j/100) (evpd/KWh)

Ymv té€taptn otAn Ppiokovpe v T kéctovg tov LPG yia kdBe €toc. ‘Eyxovpue
onradn v avénon g Mg tov LPG ovppmva pe tov minbopiopd. H tiun avt
dtveton chppava pe Tov TAnBwpiopd :

Kipen= Krpen-1 * (100+j/100) (evpad/KWh)

2y méumntn oA Ppiokovpe v T NAEKTPIKNG evépyelag Yia kaOe £toc. Exovpe
ONradn v avéEnom ™ NAEKTPIKNG EVEPYELNG SOUPmVA e Tov TANBwpioud. H Ty
ot divetan omd ™ oxéon:

Ken = Ken-1*(100+j/100) (svpd/KWHh)

H éxtm otAn mapovcidlet to k66Tog mapaymyns OepUIKNG Ko NAEKTPIKTG EVEPYELOG
amd T povada cuumapoymyng yio kabe £1oc. To k0oTog diveTon amd tn oyéon :
K1 =Kyipen * Fuel System (svpm)

H éBooun omAn mapovcidlet o k6GTOG TapaymYNG OepUikng evépyElog omd To
AéPnta yio kéBe €toc. To kdoTOg divetan and T oyéon :
K2 = Kaieseln * Heat Output (evpd)

H 6ydon omAn tapovsialel To kOGTOG Tapaywyns Oepukng evépyslag amd v TO
v KaBe £tog. To K6oTOC diveTon amd ™ oyéon :
K3 = Kren * Heat Output (evpd)

H évatn ot)An mapovcidletl To k6GTOG 0ryopds NAEKTPIKNG evEPYELNG Yia kbBe £ToC.
To x6cT0C diveTor amd T oyéon
K4 = Ken * Electric output (svpd)

H déxotn mapovstdletl 1o KEPSOG TG N YPOVIAGS LLE TN XPTOT THG LOVADOG
ocvumapaywyns Beppdtroc niektpiopov. To képdog diveton amd tn oyéon :
PRn = (K2+K3+K4)-(K1+[(KM*(100+j/100)] (gvpd)

H evoékatn omin mapovstalet 1o kEpSog avorypévo oe kabapn atio. To kEpdog
dtvetan amod ™) oyxéon :

PPV = PRy /(1+)" (0p)
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H dwdékatn mapovcidlel 1o kEpdog oe Kabapn mapovoa atia puéyxpt to N £toc. H tun
TOV TPOKVATEL TO OEKOTO £TOG iva iom pe T Kabapn mapovca a&io Tng eTEVOLOTG.
To képdog diveTan amd tn oyéon :

NPV = NPVh.1 + PPV; (svpd)

H televtaio othin tapovotdlel To aBpoicua £m¢ kat to N £10¢ twv PPV, . To
dBpotopa dtveron amd ) oxéon NPVR, = ZPPVj

‘Eyovpe :

Heat Output = 122*24*364 = 1065792 kWh/¢toc

Electric Output = 59*24*364 = 515424 kWh/¢tog

Fuel = 401263,4 + 64871,36 = 466134,76 kWh/étog

Fuel System = 197*24*364 = 1720992 kWh/¢tog

Kre = 0,0435(svp®/ kWh)

Kaiesel = 0,1363 (gvpd/ KWh) 1 Tiur) g kihofatdpog tetperaiov cOuemva pe ™
péon tun Tov meTperaiov BEppavong 6mmg avth avaxkotvmdnke and to Yrovpyeio
Avdamtoéng.

Kirc = 0,10961 (svpod/ KWh)

Kceneg = 0,0497 (svpa/ KWh)

]1=2%

i =4,25%

KHP =200000 + 1500 + 0,006*200000 + 10000 = 212700 gvp®d

Ke = 0.11529 (supdd/ KWh)
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Oepuotntog o VPIoTAUEVO EEVOdoyEio TEI Avtikng Moxedoviag
IHINAKAY KAGAPHY ITAPOYXAY AEIAY (ITAPAAOXH I'TA YI'PAEPIO)
ITIINAKAZ OIKONOMIKHE ANAAYZHZ
MEG®OAOX KAGAPHEX [TAPOYZAX AEIAX
Heat Output : 1065792 kWh/étog j:2%
Electric Output : 515424 kWh/étog i :4.25%

Fuel (TO® & Aépnrtac) : 401263.4 + 64871.36 kWh/étog

Fuel System (Movéda X.H.0 ) : 1720992 KWh/étoc

Ke :0.11529 (evpd/ KWh)

Kre :0,0435 (evpd/ KWh)

Kiec : 0,10961 (svpm/ kWh)

Kaiesol - 0,1363 (supdd/ KWh)

KHP : 205700€

KM :11731.36 €

NPV (10) : -946415

ETOS Kre Kdiesel Kire Ke K1(€) K2(€) K3(€) K4(€) PRn(€) PPVr(€) NPVy NPVRy,
(E/kWh) (€/kWh) (€/kWh) (€/kWh) (€) (€)

0 0.0435 0.1363 0.1096 0.1153 188637.9 8841.917 46361.9 5942323 | -205700 | -205700 -205700
1 0.0444 0.1390 0.1118 0.1176 192410.7 9018.756 14685.7 59423.23 | -85983 -82478 -288178 -82478
2 0.0453 0.1418 0.1140 0.1199 196258.9 9199.131 149794 60613.86 | -87463 -80477 -368655 -162955
3 0.0462 0.1446 0.1163 0.1223 200184.1 9383.113 15279.9 61799.34 | _8g973 -78529 -447184 -241484
4 0.0471 0.1475 0.1186 0.1248 204187.8 9570.776 15587.1 63036.36 | -90513 -76631 -523815 -318115
5 0.0480 0.1505 0.1210 0.1273 2082715 9762.191 15901 64273.37 | -92084 -74783 -598598 -392898
6 0.0490 0.1535 0.1234 0.1298 212437 9957.435 16204.9 | 65567.93 | .93686 -72982 -671581 -465881
7 0.0500 0.1566 0.1259 0.1324 216685.7 10156.58 16542.5 | 66850.49 | .95320 71228 -742809 -537109
8 0.0510 0.1597 0.1284 0.1351 221019.4 10359.72 16880.1 68190.6 -96987 -69519 -812329 -606629
9 0.0520 0.1629 0.1310 0.1378 225439.8 10566.91 172177 69530.7 -98688 -67854 -880183 -674483
10 0.0530 0.1661 0.1336 0.1405 229948.6 10778.25 175553 70922.34 | .100422 -66232 -946415 -740715
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Oepuotntog o VPIoTAUEVO EEVOdoyEio TEI Avtikng Moxedoviag
IHINAKAY KAGAPHY ITAPOYXAY AEIAY. (ITAPAAOXH I'TA ®YXIKO AEPIO)
ITIINAKAY OIKONOMIKHEZ ANAAYZHZ
ME®OAOX KAGAPHX [TAPOYZAX AZIAX
Heat Output : 1065792 kWh/étog j: 2%
Electric Output : 515424 kWh/étog i :4.25%

Fuel (TO & Aépnrtac) : 401263.4 + 64871.36 kWh/étog

Fuel System (Movado . H.0 ) : 1720992 kWh/étog

Ke : 0.11529 (evpd/ kWh)

Kre :0,0435 (evpd/ KWh)

Kene : 0,0497 (supd/ KWh)

Kaiesel - 0,1363 (evpd/ kWh)

KHP : 205700€

KM :11731.36 €

NPV (10) : -43319

ETOX Kro Kiesel Kene Ke KI1(€) K2(€) K3(€) K4(€) PRx(€) PPVn(€) NPV, NPVRs,
(€/kWh) (€/kWh) (€/kWh) (€/kWh) € €

0 0.0435 0.1363 0.0497 0.1153 85567.72 8841.917 46361.95 | 59423.23 | -205700 | -205700 -205700
1 0.0444 0.1390 0.0507 0.1176 87279.08 9018.756 47289.19 60611.7 17675 16954 -188746 16954
2 0.0453 0.1418 0.0517 0.1199 89024.66 9199.131 48234.97 | 61823.93 18267 16808 -171938 33762
3 0.0462 0.1446 0.0528 0.1223 90805.15 9383.113 49199.67 | 63060.41 18872 16657 -155281 50419
4 0.0471 0.1475 0.0538 0.1248 92621.25 9570.776 50183.67 | 64321.62 19489 16500 -138781 66919
> 0.0480 0.1505 0.0549 0.1273 94473.68 9762.191 51187.34 | 65608.05 20118 16338 -122443 83257
6 0.0490 0.1535 0.0560 0.1298 96363.15 9957.435 52211.09 | 66920.21 20760 16172 -106271 99429
7 0.0500 0.1566 0.0571 0.1324 98290.42 10156.58 53255.31 | 68258.62 21414 16002 -90269 115431
8 0.0510 0.1597 0.0583 0.1351 100256.2 10359.72 54320.42 | 69623.79 22082 15828 -74441 131259
9 0.0520 0.1629 0.0594 0.1378 102261.3 10566.91 55406.82 | 71016.26 22763 15651 -58790 146910
10 0.0530 0.1661 0.0606 0.1405 104306.6 10778.25 56514.96 | 72436.59 23457 15471 -43319 162381
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Svumapayoyr Hiektpiopod kot

Oepuotntog o VPIoTAUEVO EEVOdoyEio

TEI Avtikng Moxedoviag

IHINAKAY KAOAPHY ITAPOYXAY AETAY (JIAPAAOXH I'TA ®YXIKO AEPIO XE BAOOX 15ETIAY)

I[NINAKAY OIKONOMIKHX ANAAYXHX
MEG®OAOZ KAGAPHX ITAPOYZAX AEIAX

Heat Output : 1065792 kWh/étog

Electric Output : 515424 kWh/étog

Fuel (TO® & Aépnrac) : 401263.4 + 64871.36 kWh/étog

Fuel System (Movéda X.H.0 ) : 1720992 KWh/étoc

Ke :0.11529 (evpd/ kWh)

Kre :0,0435 (evpa/ KWh)

Kene : 0,0497 (supdr/ KWh)

Kaiesel : 0,1363 (evpd/ KWh)

j:2%

i :4.25%

KHP : 205700€

KM :11731.36 €

NPV (15) : 31257

ETOX Kro Kiesel Kene Ke K1(€) K2(€) K3(€) K4(€) PRn(€) | PPVi(€) NPV, NPVR,
(€/kWh) (€/kWh) (€/kWh) (€/kWh) € €

0 0.0435 0.1363 0.0497 0.1153 85567.72 8841.917 | 46361.95 | 5942323 | -205700 | -205700 | -205700
1 0.0444 0.1390 0.0507 0.1176 87279.08 9018.756 | 47289.19 | 606117 17675 16954 -188746 16954
2 0.0453 0.1418 0.0517 0.1199 89024.66 9199.131 | 4823497 | 6182393 | 18267 16808 -171938 33762
3 0.0462 0.1446 0.0528 0.1223 90805.15 9383.113 | 49199.67 | 63060.41 | 18872 16657 -155281 50419
4 0.0471 0.1475 0.0538 0.1248 92621.25 9570.776 | 50183.67 | 64321.62 | 19489 16500 -138781 66919
5 0.0480 0.1505 0.0549 0.1273 94473.68 9762.191 | 51187.34 | 65608.05 | 20118 16338 -122443 83257
6 0.0490 0.1535 0.0560 0.1298 96363.15 9957.435 | 52211.09 | 6692021 | 20760 16172 -106271 99429
7 0.0500 0.1566 0.0571 0.1324 98290.42 10156.58 | 53255.31 | 68258.62 | 21414 16002 -90269 115431
8 0.0510 0.1597 0.0583 0.1351 100256.2 10359.72 | 5432042 | 69623.79 | 22082 15828 -74441 131259
9 0.0520 0.1629 0.0594 0.1378 102261.3 10566.91 | 55406.82 | 71016.26 | 22763 15651 -58790 146910
10 0.0530 0.1661 0.0606 0.1405 104306.6 10778.25 | 56514.96 | 7243659 | 23457 15471 -43319 162381
11 0.0541 0.1695 0.0618 0.1433 106392.7 10993.81 | 57645.26 | 73885.32 | 24166 15288 -28031 134350
12 0.0552 0.1729 0.0631 0.1462 108520.6 1121369 | 58798.17 | 75363.03 | 24888 15104 -12927 121422
13 0.0563 0.1763 0.0643 0.1491 110691 11437.96 | 59974.13 | 76870.29 | 25625 14917 1990 123412
14 0.0574 0.1798 0.0656 0.1521 112904.8 11666.72 | 61173.61 | 78407.69 | 26377 14729 16718 140131
15 0.0585 0.1834 0.0669 0.1552 115162.9 11900.06 | 62397.08 | 79975.85 | 27144 14539 31257 171388

88




Svumapayoyr Hiektpiopod kot
Oepuotntog o VPIoTAUEVO EEVOdoyEio TEI Avtikng Moxedoviag

89



Svunapaywny Hiektpiopot kot
BeploOTNTOC G€ VPIGTANEVO EEVOdOYEID TEI Avtikng Moxedoviag

KE®AAAIO 7° - YXYMIIEPAYXMATA

[Tapatnpdvtog Tovg TVOKES TOV KEQAAAIOV TNG OIKOVOUIKNG OVAAVONG TPOKOITOVY
KATOL0L GUUTEPACUOTOL. AVOALTIKOTEPQ 1) AELTOVPYIO TNE LOVASNG CLUTOPAYWOYNG
niektpropov kot Bepuotntag pe vypaépro (LPG) kpiveton un coppépovoa kot
amoppintetol. Zuykekpipéva yio 10t Aettovpyio g povaodag vroloyiotnke OTL TO
Eevodoyeio Ba kataypdyetl {nuia n onoia avépyetol oto 946.415€. Avtd propel va
dkaoroynel Aappavovrag vadyn v vynin Ty tov LPG 0,10961 (svpd/ KWh) oe
ovykplomn pe T e T/0 omov avépyetor ota 0,0435 (evpm/ KWh). Na onpeiwbel
emiong 011 10 Eevodoyeio Ppioketar oty meproyn g Koldvng (A” Khpotikn Zovn)
OOV 01 avAYKeS TG emyeipnong v Oeprikd eoptia etvor ToAD peyoldtepes amnd T1g
avAyKES Y10 NAEKTPIKA AOY® T®V TOAD YOUNA®V OEPLOKPAGLOV TOV EMKPOTOVV GTNV
TEPLOYN.

["a ™ Aertovpyia ™G povadag cuUTApAY®YNG NAEKTPIGLOV Kot OepuoOTNTOS LLE
coumecpévo euoko aépto (CNG), Baoet Tov TvaKoV ToL KePaAaiov NG
OLKOVOUKNG AVAALGNG, TPOKVTTEL TO GUUTEPAGLA OTL 1) EXEVOLOT] OEV gival
anodotikn o€ Pabog 10gtiog (NPV (10) : -43319€). [Tapdro avtd AOYm T™E HIKPAG
AOKALONG OO TO GTOHYO YOl T OESOUEVH TV aPLOU®V TNG EMEVOLONG 1 HEAETT
ocvveylomke og BdBog 15¢etiog. Amotéleopa NTav n dNuovpyia vOg akOpa Tivoka
OOV VTOAOYIGTNKE Y10 TN AEITOVPYIN TNG LOVAOOS [LE GUUTIEGUEVO PVGIKO 0EPLO
(CNG) to NPV (15) ka1 Bpébnke ico pe: NPV (15) : 31257€. Avtd onpaivel 0t
emévdvon tov Eevodoyeiov og PaBog 15¢etiog elvar suppépovca kot Ba mpémet va
eykpBel dedopévov Ot N emyeipnon péosa oe 15 ypdvia £xet Kavel amodcPeon to
KEPAAOLO TNG EMEVOLONG KOl £YEL KOTAyphyel KEPON TG TAENS Twv 31257€. Eniong Oa
npénet va, avapepBel To yeyovag 0Tl vapyet TAedvaoa mapaymyns KWe ot onoieg
pumopovv va toinbodv oto diktvo g AEH. Kdartt tétoto Oa amopépet peyorvtepo
K€POOG oTNV eMyEipnon OTmg eniong Ba pewmwoet kot Babog xpdvov g amdcPeong
evogyopEVMC Kol o€ Aryotepo amd 10 ypovia.

Emiong kdmoto dAAo TAEOVEKTLOTO TTOL OITOPPEOVY OO TNV EYKATAGTACTG TNG
povéodag cuumapoymyng NAEKTPIopob kot Beppdtntog eivon :

e Evepyelakn avtovopuio tov Eevodoyeiov

e  Meiwon Tov KOGTOVG Agttovpyiog

o  Mzeiwon Tov K6GTOVG GLVTHPNGNG TOL £EEVOS0YEIOV dLOTL O PNYAVOAOYIKOG
eEomMonog Yoo TN B€puaven Tov vepol dev Ba amotelel KOGTOG GLVINPNONG
(xotapyeiton n ypnon AEPnTa)

o  OVUKOTNTA TPOGS TO TTEPIPAAAOV

90



Svunapaywny Hiektpiopot kot
BeploOTNTOC G€ VPIGTANEVO EEVOdOYEID TEI Avtikng Moxedoviag

e To ktipro pe 10 cHOTNUA CLUTAPAYOYNS NAEKTPIOUOD Kot BEpHOTNTOG
Katatdooetal 6to AgAtio Evepystakng tantdtntag KTipiov oTnyv evepyslaxn
amodoon A

Téhog Oa mpémet va avapepOel OTL N LOVASO GLUTAPAYOYNG NAEKTPIGLOD Kot
Beppomrog ivol vITEPSIGTAGIOAOYNLLEVT KOOMG 01 amanTioELg TOL EEVOd0YEiov
KAADTTOVTOL TANP®G aKOpa Kot 6tav 1 povada Asttovpyei 6to 50%. Avtd opeiletan
GTNV OOLVOULO ETIKOWVMOVIOG, ETOPKOVE TANPOPOPTOTG KO TOPOYNS TOV OVTIGTOL( MV
GYETIK®OV TANPOPOPIDOV 01 OTOTEG TV OTAPOATITES Y10 TNV EKTOVNON TG TTAPOVOTG
TTUYLOKTG EPYACTOS OO LEPOVS TV ETALPLOV CGYETIKES LLE TO AVTIKEIPLEVO TPOG TO
UEPOG TV 6TOVSAGTAOV. To YEYOVAS 0LTO QPVEL AVOIKTO TO EVOEYOLEVO VO VTTAPYEL
oV ayopd dtaféciun kamota povada 1 omoia Bo avtameEépyetarl KOADTEPO OTIG
avaykeg Tov £EEVodoYElon pe YapnAOTEPO KOGTOG aryopds KaBmG Kol GLVTHPNONG
KaOoTOVTOG TNV EMKEPOESTEPT EMEVOLOT).
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Svunapaywny Hiektpiopot kot

BeploOTNTOC G€ VPIGTANEVO EEVOdOYEID TEI Avtikng Moxedoviag
TIMOAOTI'IA AEH
Mnivag Kootog (€) kwh
Iavovdpilog 2011 1627.43 14115.97
Defpovdprog 2011 1493.24 12952.03
Mdptiog 2011 1663.99 14433.08
Ampilog 2011 1652.4 14332.55
Méiog 2011 1342.2 11641.95
Iovviog 2011 1820.98 15794.78
IovAog 2011 4048.56 35116.32
Avyovotog 2011 1723.31 14947.61
YentéuPprog 2011 1681.97 14589.04
OxtdPprog 2011 1698.25 14730.25
Noéuppilog 2011 1395.5 12104.26
AexéuPprog 2011 1811.45 15712.12
Mnivoag Kootog (€) kwh
Iavovdpilog 2012 1840.03 15960.01
Defpovdprog 2012 2016.49 17490.59
Méptiog 2012 2041.35 17706.22
Ampiiiog 2012 1814.68 15740.13
Médiog 2012 2015.25 17479.83
lovviog 2012 1985.27 17219.79
TovAog 2012 1814.59 15739.35
Avyovotog 2012 2181.49 18921.76
XentépPprog 2012 1873.19 16247.64
OxtoBplog 2012 223551 19390.32
Noéupprog 2012 2267.3 19666.06
Agxépupplog 2012 1987.17 17236.27
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Svunapaywny Hiektpiopot kot

BeploOTNTOC G€ VPIGTANEVO EEVOdOYEID TEI Avtikng Moxedoviag
TIMOAOTI'IA THAEGEPMANYHY
Mnivag Kootog (€) kwh
Iavovdpilog 2011 1955.379 44951.24
Defpovdprog 2011 2873.64 66060.69
Méptiog 2011 2337.96 53746.21
Anpihog 2011 1132.2 26027.59
Méduog 2011 905.76 20822.07
Iovviog 2011 0 0
IovAoc 2011 0 0
Avyovotog 2011 0 0
YentéuPprog 2011 0 0
OxtoBploc 2011 2454.49 56425.06
Noéupprog 2011 3506.7 80613.79
Aexépupprog 2011 2288.83 52616.78
MnAvag Kootog (€) kwh
Iavovdpilog 2012 1653.23 38005.29
Defpovdprog 2012 3207.08 73725.98
Méptiog 2012 2840.95 65309.2
Anpilog 2012 525.9 12089.66
Maduog 2012 333.07 7656.782
Iovviog 2012 0 0
IovAlog 2012 0 0
Avyovctog 2012 0 0
YentéuPprog 2012 0 0
OxtoBplog 2012 1724.82 39651.03
NoéuPprog 2012 2723.4 62606.9
Aexépupprog 2012 1677.24 38557.24
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Svunapaywny Hiektpiopot kot
BeploOTNTOC G€ VPIGTANEVO EEVOdOYEID TEI Avtikng Moxedoviag

TIMOAOTI'IA ITETPEAAIOY OEPMANYHYX

MnAvag Kootog (€) kwh
Iavovdpilog 2011 1072.632 8275.771
deBpovdproc 2011 968.8288 7474.89
Mdptiog 2011 1072.632 8275.771
Ampihoc 2011 1038.031 8008.81
Méiog 2011 1072.632 8275.771
Tovviog 2011 0 0
IovAtog 2011 0 0
Avyovotog 2011 0 0
XentéuPprog 2011 0 0
OxktdPprog 2011 1072.632 8275.771
Noéuppiog 2011 1038.031 8008.81
AexéuPprog 2011 1072.632 8275.771
Mnivoag Kootog (€) kwh
Iavovdpilog 2012 1072.632 8275.771
DePpovdprog 2012 1003.43 7741.85
Mdptiog 2012 1072.632 8275.771
Ampilog 2012 1038.031 8008.81
Médiog 2012 1072.632 8275.771
Tovviog 2012 0 0
IovAloc 2012 0 0
Avyovotog 2012 0 0
Yentéupprog 2012 0 0
OxktoPproc 2012 1072.632 8275.771
Noéupplog 2012 1038.031 8008.81
Agxépupplog 2012 1072.632 8275.771
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Svunapaywny Hiektpiopot kot
BeploOTNTOC G€ VPIGTANEVO EEVOdOYEID TEI Avtikng Moxedoviag

IHHAPAPTHMA 1 uépoc B
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Svunapaywny Hiektpiopot kot
BeploOTNTOC G€ VPIGTANEVO EEVOdOYEID TEI Avtikng Moxedoviag

ININAKEY BAOMOHMEPQN
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Svunapaywny Hiektpiopot kot

BeploOTNTOC G€ VPIGTANEVO EEVOdOYEID TEI Avtikng Moxedoviag
Méyiom enikpatovoa | Eldyiom emikpatovoa Bobponuépeg
Iavovdpilog 2011 Oeppokposio nuépag Oeppokposio nuépag (Daydegrees)
1 8 -3 16
2 7 -1 15
3 3 1 16
4 -1 -2 20
5 5 -2 17
6 S) -2 17
7 9 -2 15
8 11 -1 13
9 13 1 11
10 9 1 13
11 3 2 16
12 6 4 13
13 10 5) 11
14 13 3 10
15 15 3 9
16 10 6 10
17 9 2 13
18 12 -1 13
19 13 1 11
20 9 0 14
21 7 3 13
22 6 3 14
23 8 1 14
24 6 -2 16
25 -1 -5 21
26 2 -8 21
27 6 -4 17
28 3 -1 17
29 2 -1 18
30 5 0 16
31 4 2 15
2Hvoro 457
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Svunapaywny Hiektpiopot kot

BeploOTNTOC G€ VPIGTANEVO EEVOdOYEID TEI Avtikng Moxedoviag
Méyiom enikpatovoa | Eldyiom emikpatovoa Bobponuépeg
deBpovdproc 2011 Oeppokposio nuépag Oeppokposio nuépag (Daydegrees)
1 5 -2 17
2 3 -1 17
3 3 -1 17
4 5 -2 17
5 12 -3 14
6 15 2 10
7 16 5 8
8 17 1 9
9 14 6 8
10 11 3 11
11 14 -3 13
12 16 5 8
13 14 4 9
14 12 3 11
15 10 5 11
16 6 4 13
17 11 3 11
18 8 5) 12
19 9 6 11
20 8 4 12
21 5 3 14
22 9 2 13
23 3 2 16
24 4 1 16
25 2 0 17
26 2 -1 18
27 3 1 16
28 5 2 15
20volo 364

103




Svunapaywny Hiektpiopot kot

BeploOTNTOC G€ VPIGTANEVO EEVOdOYEID TEI Avtikng Moxedoviag
Méyiom emkpotovca | EAdyiom emkpotovca BaOuonuépeg
Mdptioc 2011 Oeppokposio nuépag Oeppokposio nuépag (Daydegrees)
1 4 2 15
2 3 1 16
3 2 -1 18
4 4 1 16
5 5 2 15
6 9 3 12
7 3 -2 18
8 2 -5 20
9 3 -5 19
10 10 -1 14
11 13 -2 13
12 17 2 9
13 14 2 10
14 18 6 6
15 18 6 6
16 21 4 6
17 14 9 7
18 15 5 8
19 13 7 8
20 10 6 10
21 6 5 13
22 9 4 12
23 12 1 12
24 17 6 7
25 19 7 5
26 20 8 4
27 19 7 5
28 18 6 6
29 13 9 7
30 16 6 7
31 15 9 6
>Hvoro 332
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Svunapaywny Hiektpiopot kot

BeploOTNTOC G€ VPIGTANEVO EEVOdOYEID TEI Avtikng Moxedoviag
Méyiom emkpotovca | EAdyiom emkpotovca BaOuonuépeg
Ampiloc 2011 Oeppokposio nuépag Oeppokposio nuépag (Daydegrees)

1 14 10 6
2 17 8 6
3 17 9 5
4 19 4 7
5 16 7 7
6 11 8 9
7 17 7 6
8 23 7 3
9 24 12 0
10 18 10 4
11 14 11 6
12 21 6 5
13 20 8 4
14 12 3 11
15 14 5 9
16 8 7 11
17 11 6 10
18 8 5 12
19 14 6 8
20 16 9 6
21 18 9 5
22 19 8 5
23 18 10 4
24 18 10 4
25 18 6 6
26 11 8 9
27 10 6 10
28 12 10 7
29 18 12 3
30 18 13 3

>Hvolo 192
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Svunapaywny Hiektpiopot kot

BeploOTNTOC G€ VPIGTANEVO EEVOdOYEID TEI Avtikng Moxedoviag
Méyiom emkpotovca | EAdyiom emkpotovca BaOuonuépeg
Mduog 2011 Ocppoxpacio nuépag Ocppoxpacio nuépag (Daydegrees)

1 16 11 5
2 23 10 2
3 19 12 3
4 19 12 3
5 13 8 8
6 16 7 7
7 20 8 4
8 21 13 1
9 12 10 7
10 17 9 5
11 16 11 5
12 17 10 5
13 21 9 3
14 24 13 0
15 26 13 0
16 22 12 1
17 19 11 3
18 20 11 3
19 16 12 4
20 23 12 1
21 24 15 0
22 24 15 0
23 24 15 0
24 24 16 0
25 25 15 0
26 24 16 0
27 22 15 0
28 23 17 0
29 24 14 0
30 23 14 0
31 24 16 0
>Hvoro 70
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Svunapaywny Hiektpiopot kot

BeploOTNTOC G€ VPIGTANEVO EEVOdOYEID TEI Avtikng Moxedoviag
Méyiom emkpotovca | EAdyiom emkpotovca BaOuonuépeg
Iovviog 2011 Oeppokposio nuépag Oeppokposio nuépag (Daydegrees)

1 25 16 0
2 24 16 0
3 22 17 0
4 23 17 0
5 27 18 0
6 26 15 0
7 24 22 0
8 29 18 0
9 29 19 0
10 25 18 0
11 25 17 0
12 23 16 0
13 25 16 0
14 26 17 0
15 21 15 0
16 24 15 0
17 26 19 0
18 28 20 0
19 30 19 0
20 28 18 0
21 29 18 0
22 30 19 0
23 30 19 0
24 32 23 0
25 30 23 0
26 23 15 0
27 23 13 0
28 24 15 0
29 25 16 0
30 30 17 0
>Hvolo 0
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Svunapaywny Hiektpiopot kot

BeploOTNTOC G€ VPIGTANEVO EEVOdOYEID TEI Avtikng Moxedoviag
Méyiom emkpotovca | EAdyiom emkpotovca BaOuonuépeg
IovAtog 2011 Oeppokposio nuépag Oeppokposio nuépag (Daydegrees)

1 23 18 0
2 28 18 0
3 26 18 0
4 27 14 0
5 30 19 0
6 28 17 0
7 31 19 0
8 31 24 0
9 33 24 0
10 33 23 0
11 34 20 0
12 32 23 0
13 32 23 0
14 34 22 0
15 34 25 0
16 35 26 0
17 33 22 0
18 33 20 0
19 35 25 0
20 36 26 0
21 30 20 0
22 32 18 0
23 30 23 0
24 32 20 0
25 31 18 0
26 27 18 0
27 29 21 0
28 34 21 0
29 33 21 0
30 30 21 0
31 31 20 0
>Hvoro 0
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Svunapaywny Hiektpiopot kot

BeploOTNTOC G€ VPIGTANEVO EEVOdOYEID TEI Avtikng Moxedoviag
Méyiom emkpotovca | EAdyiom emkpotovca BaOuonuépeg
Avyovotog 2011 Oeppokposio nuépag Oeppokposio nuépag (Daydegrees)

1 30 17 0
2 29 18 0
3 30 18 0
4 31 18 0
5 31 19 0
6 31 20 0
7 29 18 0
8 32 20 0
9 34 19 0
10 35 21 0
11 30 16 0
12 25 16 0
13 29 18 0
14 31 18 0
15 32 20 0
16 33 21 0
17 31 23 0
18 32 21 0
19 31 19 0
20 32 22 0
21 32 22 0
22 31 20 0
23 31 20 0
24 33 22 0
25 34 22 0
26 32 23 0
27 29 22 0
28 29 16 0
29 29 15 0
30 32 16 0
31 32 19 0
>Hvolo 0
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Svunapaywny Hiektpiopot kot

BeploOTNTOC G€ VPIGTANEVO EEVOdOYEID TEI Avtikng Moxedoviag
Méyiom emkpotovca | EAdyiom emkpotovca BaOuonuépeg
YentéuPprog 2011 Oeppokposio nuépag Oeppokposio nuépag (Daydegrees)

1 31 19 0
2 31 22 0
3 31 22 0
4 30 18 0
5 30 17 0
6 31 18 0
7 25 17 0
8 30 18 0
9 31 16 0
10 30 18 0
11 32 16 0
12 32 17 0
13 32 18 0
14 32 17 0
15 33 16 0
16 32 17 0
17 31 16 0
18 29 15 0
19 30 14 0
20 24 11 1
21 17 11 4
22 21 15 0
23 25 14 0
24 26 13 0
25 26 14 0
26 22 13 1
27 22 12 1
28 23 10 2
29 24 8 2
30 30 13 0
>Hvolo 11
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Svunapaywny Hiektpiopot kot

BeploOTNTOC G€ VPIGTANEVO EEVOdOYEID TEI Avtikng Moxedoviag
Méyiom emkpotovca | EAdyiom emkpotovca BaOuonuépeg
OxktmPproc 2011 Oeppokposio nuépag Oeppokposio nuépag (Daydegrees)
1 22 13 1
2 23 14 0
3 23 12 1
4 24 10 1
5 24 11 1
6 25 11 0
7 24 11 1
8 21 11 2
9 11 7 9
10 10 6 10
11 15 6 8
12 21 7 4
13 24 9 2
14 12 9 8
15 7 6 12
16 9 1 13
17 9 0 14
18 12 0 12
19 18 3 8
20 19 2 8
21 19 4 7
22 17 6 7
23 12 8 8
24 12 8 8
25 13 7 8
26 13 8 8
27 12 3 11
28 13 3 10
29 14 2 10
30 13 2 11
31 13 0 12
20VoA0 215
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Svunapaywny Hiektpiopot kot

BeploOTNTOC G€ VPIGTANEVO EEVOdOYEID TEI Avtikng Moxedoviag
Méyiom emkpotovca | EAdyiom emkpotovca BaOuonuépeg
NoéupBplog 2011 Oeppokpasio nuépag Oeppokposio nuépag (Daydegrees)
1 14 0 11
2 14 2 10
3 14 2 10
4 14 0 11
5 12 -1 13
6 13 1 11
7 11 6 10
8 11 8 9
9 14 8 7
10 12 8 8
11 9 5 11
12 5 1 15
13 5 0 16
14 6 1 15
15 7 -2 16
16 8 -3 16
17 8 -3 16
18 9 -3 15
19 11 -3 14
20 10 -2 14
21 10 -2 14
22 7 -3 16
23 8 3 13
24 7 3 13
25 6 4 13
26 9 2 13
27 10 1 13
28 15 2 10
29 10 1 13
30 11 0 13
>Hvolo 381
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Svunapaywny Hiektpiopot kot

BeploOTNTOC G€ VPIGTANEVO EEVOdOYEID TEI Avtikng Moxedoviag
Méyiom emkpotovca | EAdyiom emkpotovca BaOuonuépeg
Agxéupprog 2011 Oeppokposio nuépag Oeppokposio nuépag (Daydegrees)
1 13 2 11
2 12 0 12
3 12 -1 13
4 13 0 12
5 15 6 8
6 12 4 10
7 9 1 13
8 14 -2 12
9 9 -3 15
10 11 -1 13
11 14 6 8
12 14 5 9
13 15 3 9
14 13 2 11
15 11 0 13
16 13 5 9
17 14 4 9
18 9 2 13
19 4 0 16
20 7 1 14
21 5 -2 17
22 2 -2 18
23 0 -3 20
24 0 -6 21
25 2 -6 20
26 2 -2 18
27 2 -3 19
28 3 -5 19
29 2 -5 20
30 3 -2 18
31 1 -1 18
20VoA0 441
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Svunapaywny Hiektpiopot kot

BeploOTNTOC G€ VPIGTANEVO EEVOdOYEID TEI Avtikng Moxedoviag
Méyiom emkpotovca | EAdyiom emkpotovca BaOuonuépeg
Iavovdpilog 2012 Oeppokposio nuépag Oeppokposio nuépag (Daydegrees)

1 1 -5 20
2 5 -7 19
3 6 -6 18
4 7 -3 16
5 9 -2 15
6 7 0 15
7 2 -2 18
8 1 -5 20
9 2 -6 20
10 2 -2 18
11 3 -4 19
12 4 -4 18
13 9 -4 16
14 3 -6 20
15 0 -8 22
16 -2 -9 24
17 -1 -9 23
18 1 -8 22
19 4 -7 20
20 9 -1 14
21 5 -2 17
22 10 -5 16
23 13 0 12
24 6 2 14
25 2 -2 18
26 0 -3 20
27 1 -4 20
28 3 -5 19
29 0 -2 19
30 1 -4 20
31 0 -8 22
>Hvolo 576
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Svunapaywny Hiektpiopot kot

BeploOTNTOC G€ VPIGTANEVO EEVOdOYEID TEI Avtikng Moxedoviag
Méyiom emkpotovca | EAdyiom emkpotovca BaOuonuépeg
DePBpovdproc 2012 | Beppokpacio nuépag Oeppokposio nuépag (Daydegrees)
1 -2 -9 24
2 -4 -6 23
3 1 -4 20
4 7 1 14
5 10 0 13
6 5 -2 17
7 1 -4 20
8 -2 -6 22
9 -3 -7 23
10 -1 -5 21
11 2 -4 19
12 1 -2 19
13 6 -2 16
14 2 -4 19
15 5 -6 19
16 3 -4 19
17 0 -6 21
18 -3 -5 22
19 10 -4 15
20 9 2 13
21 9 3 12
22 8 2 13
23 10 1 13
24 12 1 12
25 18 3 8
26 10 1 13
27 2 -4 19
28 0 -5 21
29 9 -4 16
>Hvolo 508
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Svunapaywny Hiektpiopot kot

BeploOTNTOC G€ VPIGTANEVO EEVOdOYEID TEI Avtikng Moxedoviag
Méyiom emkpotovca | EAdyiom emkpotovca BaOuonuépeg
Mdptioc 2012 Oeppokposio nuépag Oeppokposio nuépag (Daydegrees)
1 8 -3 16
2 13 -2 13
3 18 2 8
4 14 1 11
5 10 2 12
6 7 4 13
7 4 1 16
8 4 2 15
9 4 2 15
10 3 2 16
11 3 0 17
12 4 0 16
13 7 0 15
14 11 1 12
15 12 3 11
16 15 2 10
17 18 0 9
18 20 3 7
19 22 4 5
20 22 6 4
21 22 8 3
22 20 7 5
23 20 4 6
24 20 5 6
25 20 7 5
26 18 7 6
27 16 5 8
28 16 7 7
29 20 2 7
30 19 6 6
31 19 3 7
>Hvoro 307
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Svunapaywny Hiektpiopot kot

BeploOTNTOC G€ VPIGTANEVO EEVOdOYEID TEI Avtikng Moxedoviag
Méyiot emikpatovoo | Eldyot emikpatodoo BaOuonuépeg
ArnpiAlog 2012 Beppokpacio nuépag Beppokpacio nuépag (Daydegrees)
1 20 2 7
2 16 2 9
3 20 3 7
4 11 6 10
5 13 9 7
6 20 9 4
7 19 8 5
8 15 6 8
9 6 3 14
10 9 0 14
11 15 0 11
12 19 4 7
13 13 7 8
14 15 9 6
15 18 5 7
16 16 5 8
17 12 7 9
18 12 7 9
19 17 7 6
20 15 8 7
21 17 6 7
22 20 4 6
23 20 7 5
24 22 11 2
25 23 8 3
26 23 6 4
27 24 10 1
28 16 10 5
29 25 9 1
30 25 11 0
2Z0voho 197
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Svunapaywny Hiektpiopot kot

BeploOTNTOC G€ VPIGTANEVO EEVOdOYEID TEI Avtikng Moxedoviag
Méyiom emkpotovca | EAdyiom emkpotovca BaOuonuépeg
Mduog 2012 Ocppoxpacio nuépag Ocppoxpacio nuépag (Daydegrees)

1 26 12 0
2 27 11 0
3 26 11 0
4 23 10 2
5 24 8 2
6 25 10 1
7 26 11 0
8 23 13 0
9 22 12 1
10 20 11 3
11 23 12 1
12 25 12 0
13 23 12 1
14 19 8 5
15 14 6 8
16 20 7 5
17 16 7 7
18 14 8 7
19 22 10 2
20 24 10 1
21 20 12 2
22 20 9 4
23 20 8 4
24 18 8 5
25 22 9 3
26 17 10 5
27 18 10 4
28 20 10 3
29 20 10 3
30 20 9 4
31 24 9 2
>Hvoro 86
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Svunapaywny Hiektpiopot kot

BeploOTNTOC G€ VPIGTANEVO EEVOdOYEID TEI Avtikng Moxedoviag
Méyiom emkpotovca | EAdyiom emkpotovca BaOuonuépeg
Iovviog 2012 Ocppoxpacio nuépag Ocppoxpacio nuépag (Daydegrees)

1 26 10 0
2 27 11 0
3 27 14 0
4 29 13 0
5 21 13 1
6 24 13 0
7 27 13 0
8 29 13 0
9 32 15 0
10 31 16 0
11 32 16 0
12 32 16 0
13 33 17 0
14 29 15 0
15 30 18 0
16 30 17 0
17 30 16 0
18 31 14 0
19 32 13 0
20 32 17 0
21 32 17 0
22 33 15 0
23 34 20 0
24 33 18 0
25 33 15 0
26 31 17 0
27 27 17 0
28 30 16 0
29 30 16 0
30 31 16 0
>Hvolo 1
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Svunapaywny Hiektpiopot kot

BeploOTNTOC G€ VPIGTANEVO EEVOdOYEID TEI Avtikng Moxedoviag
Méyiom emkpotovca | EAdyiom emkpotovca BaOuonuépeg
IovAog 2012 Hepuokpacio MUEPOC Depuokpacio NUEPOC (Daydegrees)

1 31 16 0
2 31 16 0
3 29 14 0
4 32 14 0
5 34 18 0
6 35 18 0
7 34 18 0
8 36 20 0
9 35 21 0
10 37 21 0
11 36 20 0
12 37 19 0
13 35 18 0
14 36 20 0
15 39 20 0
16 39 21 0
17 30 18 0
18 31 19 0
19 32 18 0
20 34 16 0
21 36 18 0
22 36 20 0
23 33 19 0
24 32 19 0
25 33 20 0
26 34 21 0
27 34 19 0
28 33 19 0
29 36 20 0
30 36 21 0
31 33 20 0

>Hvoro 0
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Svunapaywny Hiektpiopot kot

BeploOTNTOC G€ VPIGTANEVO EEVOdOYEID TEI Avtikng Moxedoviag
Méyiom emkpotovca | EAdyiom emkpotovca BaOuonuépeg
Avyovotog 2012 Hepuokpacio MUEPOC Depuokpacio NUEPOC (Daydegrees)

1 26 18 0
2 28 16 0
3 32 16 0
4 34 19 0
5 35 21 0
6 38 21 0
7 38 21 0
8 38 23 0
9 34 18 0
10 29 18 0
11 27 15 0
12 28 15 0
13 28 16 0
14 31 15 0
15 32 16 0
16 34 17 0
17 31 19 0
18 30 19 0
19 29 18 0
20 29 17 0
21 32 17 0
22 35 19 0
23 36 19 0
24 36 20 0
25 36 19 0
26 37 20 0
27 31 17 0
28 28 15 0
29 31 14 0
30 31 14 0
31 31 15 0

>Hvolo 0
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Svunapaywny Hiektpiopot kot

BeploOTNTOC G€ VPIGTANEVO EEVOdOYEID TEI Avtikng Moxedoviag
Méyiom emkpotovca | EAdyiom emkpotovca BaOuonuépeg
XentépPprog 2012 | Oeppoxpasio nuépog Depuokpacio NUEPOC (Daydegrees)

1 30 15 0
2 29 14 0
3 29 14 0
4 31 14 0
5 31 16 0
6 32 16 0
7 28 17 0
8 28 18 0
9 30 16 0
10 26 14 0
11 26 13 0
12 26 12 0
13 28 13 0
14 21 15 0
15 18 13 3
16 18 13 3
17 20 14 1
18 14 15 4
19 15 13 4
20 14 11 6
21 19 10 4
22 24 8 2
23 26 10 0
24 30 12 0
25 31 15 0
26 29 17 0
27 30 15 0
28 31 16 0
29 31 16 0
30 31 15 0

>Hvolo 28
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Svunapaywny Hiektpiopot kot

BeploOTNTOC G€ VPIGTANEVO EEVOdOYEID TEI Avtikng Moxedoviag
Méyiom emkpotovca | EAdyiom emkpotovca BaOuonuépeg
Oxtopproc 2012 Hepuokpacio MUEPOC Depuokpacio NUEPOC (Daydegrees)

1 30 16 0
2 28 15 0
3 27 16 0
4 26 14 0
5 27 13 0
6 25 13 0
7 26 11 0
8 21 12 2
9 19 10 4
10 18 10 4
11 23 12 1
12 22 11 2
13 25 12 0
14 20 13 2
15 21 12 2
16 18 11 4
17 24 11 1
18 23 12 1
19 23 11 1
20 23 10 2
21 21 10 3
22 21 9 3
23 20 12 2
24 20 9 4
25 20 7 5
26 21 8 4
27 14 9 7
28 17 14 3
29 20 8 4
30 15 5 8
31 15 3 9

20VoA0 77

123




Svunapaywny Hiektpiopot kot

BeploOTNTOC G€ VPIGTANEVO EEVOdOYEID TEI Avtikng Moxedoviag
Méyiom emkpotovca | EAdyiom emkpotovca BaOuonuépeg
NoéupBprog 2012 Oeppokposio nuépag Oeppokposio nuépag (Daydegrees)

1 30 16 11
2 28 15 12
3 27 16 13
4 26 14 12
5 27 13 11
6 25 13 12
7 26 11 11
8 21 12 14
9 19 10 14
10 18 10 14
11 23 12 13
12 22 11 13
13 25 12 12
14 20 13 15
15 21 12 14
16 18 11 15
17 24 11 12
18 23 12 13
19 23 11 12
20 23 10 12
21 21 10 13
22 21 9 12
23 20 12 14
24 20 9 13
25 20 7 12
26 21 8 12
27 14 9 16
28 17 14 17
29 20 8 12
30 15 5 13
31 15 3 12
>Hvoro 400
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Svunapaywny Hiektpiopot kot

BeploOTNTOC G€ VPIGTANEVO EEVOdOYEID TEI Avtikng Moxedoviag
Méyiom emkpotovca | EAdyiom emkpoatovca BaOuonuépeg
AexéuPprog 2012 Hepuokpacio MUEPOC Depuokpacio NUEPOC (Daydegrees)
1 14 5 9
2 8 4 12
3 11 0 13
4 6 -2 16
5 7 1 14
6 9 0 14
7 4 -3 18
8 6 -3 17
9 5 -4 18
10 2 -4 19
11 4 -3 18
12 1 -3 19
13 2 6 14
14 3 -5 19
15 5 -5 18
16 5 0 16
17 7 3 13
18 6 5 13
19 5 3 14
20 4 0 16
21 2 -3 19
22 2 1 17
23 6 -2 16
24 9 3 12
25 14 0 11
26 14 1 11
27 14 3 10
28 13 3 10
29 6 5 13
30 6 3 14
31 6 5 13
20VoA0 457
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Svunapaywny Hiektpiopot kot
BeploOTNTOC G€ VPIGTANEVO EEVOdOYEID TEI Avtikng Moxedoviag

IHAPAPTHMA 2 — TEXNIKA ®YAAAAIA
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Svunapaywny Hiektpiopot kot
BeploOTNTOC G€ VPIGTANEVO EEVOdOYEID TEI Avtikng Moxedoviag

127



COMBINED HEAT AND POWER
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COMBINING OUR RESOURCES
TO SUPPLY YOU WITH
DEPENDABLE ENERGY:
ANYTIME. ANYWHERE.

MTU Onsite Energy is one of the core brands of
Rolls-Royce Power Systems AG, which is a world-
leading provider of high- and medium-speed diesel
and gas engines, complete drive systems, distributed
energy systems and fuel injection systems for the
most demanding requirements.

MTU Onsite Energy offers complete power system
solutions: from mission critical to standby power to
continuous power, heating and cooling. We also
provide a full line of service products to help you get
the most from your equipment.

Customers around the world trust us to provide
reliable power for a wide range of applications, such
as healthcare, data centers, airports, farms and
independent power stations. Our product portfolio
covers diesel generator sets up to 3,250 kW, gas-
powered cogeneration systems up to 2,500 kW and
gas turbines up to 50,000 kW. This product offering
is complemented by medium-speed engines for land-
based energy solutions up to 9,300 kWe as part of
the Rolls-Royce Power Systems AG product portfolio.

More than 60 years of power generation systems
expertise and over a century of diesel engine
engineering experience have enabled us to provide
complete solutions all over the globe.

And we continue to develop sustainable alternatives,
with systems that produce greener energy from
climate-neutral, regenerative fuels, such as combined
heat and power (CHP) plants fueled by biogas, landfill
gas or sewage gas.

4/ I/ MTU Onsite Energy

MTU Onsite Energy gas engine systems

We have three types of systems:

/I Gas generator sets: for power generation

/I Combined heat and power modules (CHP), also called
block heat and power plants: for the generation of
power and heat

/I Combined heat, power and cooling energy modules
(CHPC): for the generation of power, heat and cooling
energy (in combination with appropriate cooling units)

Since these systems convert the primary energy carrier
gas into power, power and energy, or power, heat and
cooling energy directly on site, the energy is generated
exactly where it is needed — without any transmission
losses.

MTU Onsite Energy develops, manufactures and provides
gas engine systems for operation with natural gas, biogas
and other specialty gases.

Natural gas as fuel

Today’s energy production is mainly focused on fossil
fuels. However, the limited supply of these fuels as well
as conventional technologies’ negative impact on

the environment and our climate have promoted a shift
towards new energy policies.

In favor of an improved global ecological balance, natural
gas will replace other fossil fuels to produce clean
energy. Gas powered energy systems offer great potential
for playing an important role in the energy mix of the
future — and our gensets and modules can effectively
explore this potential. Technologically mature, they
combine highest performance with low emissions.
Thanks to their broad power range from 120 kWe] to
2,500 kWel, our gas engine systems based on natural gas
are widely applicable in various areas.
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OUR GAS ENGINE SYSTEMS:

THREE TYPES.

COUNTLESS POSSIBILITIES.

Whatever you require — power only, power and heat
or even power, heat and cooling: MTU Onsite Energy
systems fulfill your demands.

Power supply

Our gas generator sets can be used to provide power
around-the-clock to locations where the power supply
is not reliable or even nonexistent. According to the
demands, our systems can be deployed for grid-parallel
or off-grid operation.

6/ /| MTU Onsite Energy

A special application of power generation plants are
power stations based on gas engines. They secure
medium- and long-term power generation for projects
that have to be developed and implemented fast, and
often under critical conditions.

Aligned with all requirements on-site, we deliver and
service highly efficient power station solutions in a
power range of 200 MW and more.




Power and heat supply (CHP)

Many applications require extra heat in addition to
power. Hospitals, schools, sports facilities, office and
administrative buildings, industrial enterprises with
heat-intensive manufacturing methods, department
stores and shopping centers often separately generate
heat and obtain power from the public grid. CHP plants
from MTU Onsite Energy provide a significantly more
economical alternative.

Generally, a CHP plant from MTU Onsite Energy consists
of a motor-generator unit and heat exchangers for waste
heat utilization. The generated power can either be used
to cover internal demands or be fed into the public grid.
Besides being utilized for heating purposes, the thermal
energy can also be deployed as process heat. From
engine cooling water to waste gas, the inclusion of
various heat sources is individually customized for your
unique situation to provide you with the greatest benefit.

Cooling unit

Power, heat and cooling supply (CHPC)

Using an absorption or an adsorbtion chiller, CHP
systems can also create cooling energy with their
generated heat. This functionality could be used for air
conditioning in and office building, for example.

The supply of cooling energy plays an important role
not only for building climate control - it can be utilized
in many different areas, as well as including process
cooling in manufacturing, for food refrigeration or for
ambient cooling in temperature-sensitive areas (e.g.
data centers).

The generation of cooling energy extends the possibilities
of using our CHP systems in a very cost-effective way.
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OUR NATURAL GAS CHP SYSTEMS:
SETTING THE STANDARD.

All of the CHP systems we design and implement today
are based on the unique, combined know-how of MTU
and MTU Onsite Energy with more than 100 years of
experience in manufacturing engines and more than
35 years of expertise in the development, design,
manufacturing and support of complete systems.

As a result, our technology offers convincing advantages.

Efficiency

Our CHP plants offer a promising revenue potential,
depending on the surrounding conditions. Size and
number of the gensets required are defined by a
profitability analysis, which we can carry out in close
cooperation with each customer.

This analysis demonstrates how much profit a customer
can generate by deploying an MTU Onsite Energy CHP
system.

8/ /' / MTU Onsite Energy

Eco-friendliness

The generation of power and heat with a gas-powered
CHP from MTU Onsite Energy results in a reduction

of the CO, emission of up to 50 %, compared to the
conventional, separated energy generation.

Our lean-burn engine principle prevents the production
of harmful emissions already during the combustion
process. Emission levels below the limits required by the
German “TA Luft” clean air regulations and

similar standards in other countries can be achieved
even without the use of a catalytic converter in many
cases.

Sustainability

CHP systems with a combustion engine extract the
heat accrued during the combustion process via heat
exchangers and provide it to the consumers. The high
efficiency of our CHP systems enables up to 40 %
reduction in primary energy usage compared to
conventional power systems.

Independence

In areas with nonexistent or unreliable public
infrastructure, MTU Onsite Energy systems ensure
an independent supply of power and heat.



Reliability

Our gas power systems have been proven in many
applications and over hundreds of thousands of operating
hours. Their high reliability and availability rate are
based on a variety of factors that give MTU Onsite
Energy the advantage:

/I The MTU Onsite Energy oxygen-content control system
guarantees optimum combustion even with variable
gas qualities, preventing engine damage.

/I The arrangement of the cooling system enables
straightforward integration into existing heating
systems.

/I The exhaust heat exchanger is integrated into the
engine coolant circulation system, minimizing the risk
of heat exchanger damage.

/I The use of largely standardized and carefully selected
sub-assemblies achieves maximum operational safety
and reliability.

/I Low fuel and lubricant consumption combined with
long component life reduces operating costs.

/I An in-house development department continuously
analyzes the data from the field use of our systems and
optimizes the technology on our test benches for a vast
assortment of natural gas application requirements.

/I Thanks to our extensive service network, you
will receive timely support from our experienced
service partners — anytime, anywhere. With our
MTU ValueCare portfolio, we provide comprehensive
service solutions which guarantee the efficiency of
your system in the long term.
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NATURAL GAS CHP SYSTEMS:

HIGHLY VERSATILE

CUSTOMIZED SOLUTIONS.

Our CHP systems powered by natural gas are deployed in
numerous applications worldwide.

Building maintenance

Local heat supply is an economically viable alternative to
separate heat generation in individual buildings. Its
users benefit from various cost advantages. Investment
as well as maintenance costs are significantly lower, and
since a boiler plant is no longer necessary in each
building, additional space can be gained. The CHP
system is a reliable, economical and eco-friendly way to
cover the heat requirement base load. Heat storage and
an additional peak load boiler enable a flexible generation
adaptation to the users’ heating profile.

Common applications:
/I Housing estates

/I Swimming pools

/I Hotels

/I Schools

/I Public buildings

/I Leisure centers

/I Shopping centers

10/ /1 MTU Onsite Energy

Industry and commerce

Our CHP systems provide energy efficiently and
independently to companies with a continuous demand
for power, heat or also cooling energy for their
production processes. Gas-powered CHP modules from
MTU Onsite Energy are also an interesting alternative if
the production facilities” capabilities are to be extended.
Rather than increasing line capacities, you can invest in
a distributed, independent energy solution.

Common applications:

/I Food processing

/I Chemical production

/I Traditional plant and systems engineering
/I Greenhouses

Safety-critical applications

For safety-critical applications, a continuous energy
supply is essential. Our gas engine systems have proven
themselves in numerous environments.

Common applications:

/I Hospitals

/I Telecommunication centers
/I Data centers

Depending on the legal requirements on site, our
CHP modules can also take on emergency power
generator functions.



CHP for housing estate in Daugavpils / Estonia: 2 x GR 1999 N5 CHP for industrial bakery “Mestemacher” in Giitersloh / Germany: GR 849 N5

/I Electrical power: 1,999 kW each // Thermal power: 2.2 MW each /I Electr. power: 849 KW  // Therm. power: 948 kW  // Cooling cap.: 105 kW
CHP for swimming pool in Amberg / Germany: GC 232 N5 CHP for “United Hospital” Bangladesh: 2 x GB 1166 N5

/I Electrical power: 232 kW /I Thermal power: 358 kW /I Electrical power: 1,166 kW each ~ // Thermal power: 630 kW each

CHP for hotel “Traube Tonbach” in Baiersbronn / Germany: 2 x GC 232 N5 CHP for housing estate “Vauban” in Freiburg / Germany: GR 849 N5

/I Electrical power: 232 kW each  // Thermal power: 358 kW each /I Electrical power: 849 kW /I Thermal power: 1,300 kW

MTU Onsite Energy [/ I 1 11



SERIES 400:
COMPACT CHP SYSTEMS.

Output range 120 — 420 kWer



For more than 35 years, we have been delivering compact
systems based on the Series 400 gas engines with 6 and
12 cylinders, with an output range from 120 kWe to 420
kWel. Over all those years, our engines have been
continuously advanced and optimized. Within their
output range, they offer maximum electrical and
thermal efficiency and reach an overall efficiency of
partly over 90 %.

The Series 400 gas engines are mainly deployed in

CHP applications (including thermal use). However, a
deployment for just power generation is also possible.
Optimized components as well as a mature control and
monitoring system guarantee the highest reliability.

In additionto single module systems, several modules

or plants can be combined in a multi-module system.
Adjustment to the electrical or thermal load profile is
achieved by switching in or shutting down individual
modules. Another advantage of multi-module systems

is their high level of availability.

Description of individual components

1 Gas engine

/I Advanced and proven Series 400 gas engine,
optimized for natural gas use. Combustion chambers
ensure highest efficiency levels in this performance
category.

2 Generator

/I Optimally tailored to the engine and made by
renowned manufacturers, the generator ensures a high
level of reliability with the best degree of efficiency.

3 Ignition system

/I Ignition systems for individual cylinders allow for the
most efficient level of operation for all cylinders, even
with variable CH4 content. The ignition voltage display
gives customers information about the state of the

spark plugs.

4 Mixture cooler
/I The two-stage mixture cooler with large surface area
improves engine performance and heat utilization.

Advantages of compact CHP modules

The compact design offers numerous advantages.
MTU Onsite Energy compact modules are:

/I Space-saving

/I Supplied ready to connect

/I Factory tested

/I Available as open or enclosed units

/I Easy to maintain

/I Standardized

Our Series 400 systems can be integrated into existing
buildings or be provided as turnkey containerized units.

Many of our systems have already completed well over
100,000 hours of service and still continue to reliably
supply power and heat day after day — conclusive proof
of the dependability of our engine technology.

5 Knock detection
/I Cylinder-specific knock detection and regulation

protects the engine from abnormal operating
conditions and guarantees safe operation even with
natural gas containing low levels of methane.

6 Crank-case ventilation

/I Improved crank-case ventilation minimizes deposits in
intake tract and combustion chamber and guarantees a
continuously high level of performance.

7 MTU Module Control (MMC)

/I The MTU Module Control (MMC) contains all the
important functions necessary for controlling the
system. All the auxiliary drives required for the CHP
system can be operated from here. The integrated
power circuitry minimizes the customer’s need for
cabling on site.
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SERIES 4000:
SPLIT-CONFIGURATION CHP SYSTEMS.

Output range 770 — 2,500 kWe/

TU Onsite Energy



Our split-configuration CHP systems are based on

the MTU Series 4000 engines, incorporating MTU’s
extensive experience of more than 100 years in engine
development and manufacturing. With countless hours
of operation all around the world, these systems continue
to prove themselves around in the most severe conditions
all over the world.

For our CHP systems, cylinder versions with 8V, 12V,
16V and 20V are deployed within an output range of
770 kWe to 2,500 kWe.

Within this output range, they offer maximum electrical
and thermal efficiency and reach the highest fuel
efficiency rates. The Series 4000 gas engines are
deployed in both CHP plants without heat extraction

or CHP systems with heat extraction (from engine
cooling water or engine cooling water and waste gas).
Our split-configuration CHP systems can either be
integrated into existing buildings or be provided as
turnkey containerized units.

Split-configuration indicates that motor/ generator and
heat module (if applicable) are provided as separate
components. Optimized components as well as a mature
control and monitoring system guarantee the highest
reliability.

Description of individual components

1 Gas engine

/I Advanced and proven Series 4000 gas engine,
optimized for natural gas use. Combustion chambers
ensure the highest level of efficiency in this
performance category.

2 Generator

/I Optimally tailored to the engine and made by
renowned manufacturers, the generator provides
a high level of reliability with the best degree of
efficiency.

3 Ignition system
/I Ignition systems for individual cylinders allow for the

most efficient level of operation for all cylinders, even
with variable CH4 content.

4 Mixture cooler
/I The two-stage mixture cooler with large surface area
improves engine performance and heat utilization.

Our CHP systems are often designed as multi-module
systems, enabling system performances with optimum
efficiency in the upper megawatt range. Adjustment to
the electrical or thermal load profile is achieved by
switching in or shutting down individual modules.
Another advantage of multi-module systems

is their high level of availability.

All our systems are comprehensively factory-tested
before being delivered to you.

Advantages of split-configuration CHP systems

/I Separation of the heat generation module

/I Individual modification to customers’ requirements

/I Optimal adaptation to the space available at the
installation site

/I Warm-water generation with various temperature
ranges as well as steam generation with separate
waste heat utilization

/I Easier transport

/I Simplified installation

5 Knock detection

/I Cylinder-specific knock detection and regulation
protects the engine from abnormal operating
conditions and guarantees safe operation even with
natural gas containing low levels of methane.

6 Crank-case ventilation

/I High-quality crank-case ventilation minimizes
deposits in intake tract and combustion chamber and
guarantees a continuously high level of performance.

7 Motor Interface Panel (MIP)
/I Interface with stand-alone Module Control
(MTU Module Control MMC)

MTU Module Control (MMC)

/I The MTU Module Control (MMC) contains all the
important functions necessary for controlling the
system. All the auxiliary drives required for the CHP
system can be operated from here.

The MMC is housed separately in the control cabinet
and is therefore hidden from sight.
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MTU MODULE CONTROL:
SYSTEM MONITORING — ANYTIME.

MTU Onsite Energy supplies you with the complete
system engineering package for your installation.
One of the most important aspects is the control
system technology. If the generator set is the heart of

the system, then the module controller (MMC) is its brain.

Our industrial-computer controlled and reliable
electronics monitor the engine and the overall system
to ensure optimum operation.

The most important features are:

/I Drive and control via PLC (programmable logic
controller)

/I Operation and visual display by means of industrial PC
and touch-screen panel with color display

16/ I I MTU Onsite Energy

/I Visual display of all functional processes and controls

/I Numerous additional controls and functions can be
integrated (CH4, gas tank, heat production mode, heat
storage, mains power usage)

/I Networking of multi-module systems via Ethernet

/I Ability to be linked with master control system

/I Wide choice of interface protocols (Ethernet, Profibus
DP, Modbus RTU, Modbus TCF/IP, Profinet)

/I Logging of all fault and status messages in a database
(up to six months of data can be recorded)

/I Optional remote diagnosis via DSL or ISDN

/I Optional integration of SMS / E-mail client (notification
of faults, daily reporting of all meter readings)




ADDITIONAL SYSTEM COMPONENTS:
TAILORED TO YOUR NEEDS.

MTU Onsite Energy is your system partner. This means
that as well as supplying the actual module or genset,
we offer you a whole range of perfectly developed system
components.

Oxidation catalyst
Tailored to the respective engine, the catalyst guarantees
adherence to specific emissions standards.

Auxiliary drive control and electrical connections
The integrated MMC (MTU Module Control) offers a
range of connections and control options, such as hot
water pumps, mixed cooling water pumps, extractor fan
control, gas warning system, lubricant system, smoke
detector and gas compressor.

Gas safety plan

MTU Onsite Energy has developed a comprehensive gas
safety plan for entire systems. The plan guarantees
protection against internal and external explosions and
is TUV approved. Talk to us - our specialists will be
happy to advise you.

Grid Code

In many countries, the technical specifications for
feeding power into the public grid are determined in
detail. The so-called grid codes define the minimum
parameters regarding the dimensioning of the generator
as well as the control and safety functions a system has
to fulfill in order to guarantee network stability.

Our plants fulfill these standards.
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CONTAINERIZED SOLUTIONS:
COMPACT, FLEXIBLE, AUTONOMOUS.

As a system supplier, we offer a wide variety of solutions.

In addition to our gas engine systems for use in
buildings, we also provide containerized turnkey units.
Compact, complete, flexible and autonomous, they are
ideally suitable for mobile power generation or for
applications that do not provide enough space for the
insertion of a complete gas engine system.

When producing power from natural gas, installing the
generator set in a container can be a useful alternative to
the more common option of permanently installing a
static system in a generator room. Our standardized
container generator set is designed to meet the require-
ments of a variety of applications.

The container includes:

/I The generator set

/I The switchgear including control and monitoring
system

/I All necessary connection and supply systems
(ventilation, lubricant supply, heat recovery, etc.)

Like all MTU Onsite Energy systems, the standard

container gensets are capable of fully automatic and
continuous operation.

18/ I/ 1 MTU Onsite Energy

We offer two types of containers:

/I Power Containers generate only electrical energy and
are ideal for remote locations or areas with unreliable
power supply. They are often deployed in Power
Stations.

/I Combined heat and power units (CHP) generate
electrical and thermal energy, e.g. for operators whose
processes require heat in addition to power.

Advantages of container units:

/I Technically mature, proven and eco-friendly gas
engine technology for maximum efficiency and
reliability

/I Completely autonomous overall design that does not
require an additional building

/I Flexible unit assembly system based on standardized
modules and synchronized components

/I Readily available, compact turnkey plug & play
solutions

/I Optimal support thanks to a worldwide service
network

/I Quality certified under ISO 9001 and DIN EN ISO
14001
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CHP PROJECT PLANNING:
INDIVIDUAL ADVICE
FOR INDIVIDAL SOLUTIONS.

Our support for your individual CHP system /I Support in planning your new CHP module
Choosing of the appropriate CHP system for your /I Expertise to help you incorporate the CHP module
demands depends on various factors. That’s why we into your application

offer you comprehensive support, all the way from /I Explanations of the technology behind the engine,
the project conception to its realization. system and individual components

/I Proposal creation with budget price for planning phase
and fixed price for implementation

/I Design and planning of peripheral systems

/I Advice on service solutions as early as the project
phase

/I Help with questions on legal situations (EEG,
formaldehyde bonus)
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Convincingly economical

Our CHP plants offer a promising revenue potential,
depending on the surrounding conditions. We work in
close cooperation with you in advance to provide a
profitability analysis for your application, defining the
size and number of generator sets required. This analysis
also shows possible savings within your power supply
and how much profit you can generate by deploying an
MTU Onsite Energy CHP system.

We will gladly provide you with more information by
telephone or visit you for a personal meeting on site.
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MTU VALUECARE:
PERIOR SERVICE

SU

FOR LONG SYSTEM LIFE

AN

Purchasing a MTU Onsite Energy gas power system

pays off in many ways. In addition to enhanced
performance, efficiency and reliability, we offer a full

range of superior service and maintenance support through
MTU ValueCare - a portfolio of value-enhancing products
and services designed for peak performance and maximum
uptime. Support is always nearby — anytime and anywhere.
For your convenience, MTU ValueCare is available
worldwide through our MTU Onsite Energy service
network.

MTU ValueCare includes three product lines:

ValueService

ValueService is a full line of maintenance and repair
solutions to help you protect your investment and get the
most out of your equipment. From training to Remote
Diagnostics, MTU Onsite Energy provides you with all
the tools, with support customized to your needs.

/I Service Agreements make it easy to plan the cost of
maintenance throughout your system’s lifecycle. A
variety of options are available, including service, repair,
maintenance and inspection contracts. The details, terms
and periods of each package customized to meet your
individual needs, ensuring cost certainty and maximum
availability. Professional maintenance is performed by
MTU certified technicians, using only genuine MTU
new or remanufactured spare parts.

/I Comprehensive training is a great way to get maximum
efficiency from your equipment. From timely preventive
maintenance to minor repairs and simple error
corrections, our customized training programs are
designed to make your service personnel proficient
with MTU Onsite Energy engines and systems -
maximizing your return on investment

22/ '/ MTU Onsite Energy

D TOP PERFORMANCE.

/I “Remote Diagnostics” is a powerful solution that links
you directly to a record of your generator set’s activity
through a secure Internet connection. Through early
fault identification, you can act quickly to prevent
damage, save on service and repairs, identify spares
needed and increase engine efficiency.

ValueSpares

ValueSpares genuine parts and consumables are designed,
tested and approved specifically for MTU Onsite Energy
systems. Only MTU Onsite Energy can guarantee genuine
quality, with ValueSpares oils, coolants and filters products
that are designed to work seamlessly with your equipment
for maximum performance and value.

ValueExchange

ValueExchange provides a full range of genuine
remanufactured engine products, engineered to ensure
robust, reliable performance. A rigorous reconditioning
process ensures the same high standards of performance,
service life and quality as new products — including design
and model updates. As a result, genuine ValueExchange
products feature the same technological advancements as
new products. When you choose ValueExchange products,
you get genuine quality, speed and peace of mind while
lowering costs.

Local support. Worldwide.

Whenever and wherever you need expert support, MTU
Onsite Energy specialists are available through our global
service network. This continuous and long-term care
ensures high availability, dependability and efficiency
throughout the lifecycle of your engines and systems.

To find your local MTU Onsite Energy distributor, visit
www.mtuonsiteenergy.com.
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GAS SYSTEM
SERIES 400 NATURAL GAS

400V / 50 Hz*

.| [

SYSTEM RATINGS

Natural gas genset without heat extraction

MTU Onsite output [ Energy [ Effciency Methane |l Dimensions |
Energy Type Genset Type Elec.” Therm.? Low Temp.* m Electr. Total (L x W x H)
W B e o o Wl ool Mo

GB 232 N5** AoE 3042 D3** 232 (210) --- 643 36,1 (68.7) >80 3800x1650%x2150
GB 386 N5 AoE 3042 L3 386  (231) 80 (40) 1061 36,4 (58.2) =70 3960x1670x2060
GB 390 N5 AoE 3042 76 390  (233) 28 (40) 995 39,2 (62.6) =70 3940x1660x2150
GB 420 N5 AoE 3042 76 420  (247) 31 (40) 1064 39,5 (62.7) >80 3940x1660x2150
* NOx < 500 mg/m * ** N =1 with 3-Way-Catalyst, NOx < 250 mg/m * 1) cos ¢ = 1,0 in accordance with VDE 0530 REM

2) from jacekt water, tolerance 8% 3) from jacket water and exhaust gas, tolerance 8% 4) data only provided for external gas mixture cooler

5) performance data in accordance with ISO 3046/1-1991, tolerance 5% 6) referenced methane number

All data according to full load, indicated gas mixture cooler water inlet temperature and are subject to technical development.

Project specific data on request:
- Other gas types - Individual data (e.g. flow-/return-temperatures, hot cooling, methane number, assembly space, etc.)
- Container - Gas Processing




GAS SYSTEM
SERIES 400 NATURAL GAS

400V / 50 Hz*

.| [

SYSTEM RATINGS

Natural gas genset with heat extraction from jacket water

MTU Onsite output [ Energy [ Effciency Methane |l Dimensions |
Energy Type Genset Type Elec.” Therm.? Low Temp.* m Electr. Total (L x W x H)
W B e o o W ool Bl

GR 182 N5 AE 3066 L3 182 142 --- 520 35.0 62.3 =70 3480x1600x2060
GR 232 N5** AE 3042 D3** 232 213 --- 655 35.4 67.9 =70 3800x1600x2060
GR 357 N5 AE 3042 L3 357 288 --- 987 36.2 65.3 =70 3960x1670x2060
GR 385 N5 AE 3042 L3 385 231 80 (40) 1061 36.3 58.1 =70 3960x1670x2060
* NOx < 500 mg/m * ** N =1 with 3-Way-Catalyst, NOx < 250 mg/m * 1) cos ¢ = 1,0 in accordance with VDE 0530 REM

2) from jacekt water, tolerance 8% 3) from jacket water and exhaust gas, tolerance 8% 4) data only provided for external gas mixture cooler

5) performance data in accordance with ISO 3046/1-1991, tolerance 5% 6) referenced methane number

All data according to full load, indicated gas mixture cooler water inlet temperature and are subject to technical development.

Project specific data on request:
- Other gas types - Individual data (e.g. flow-/return-temperatures, hot cooling, methane number, assembly space, etc.)
- Container - Gas Processing




GAS SYSTEM
SERIES 400 NATURAL GAS

400V / 50 Hz*

.| [

SYSTEM RATINGS

Natural gas genset with heat extraction from jacket water and exhaust gas (Cogeneration Module 90°/70°C)

ouput [l energy | Methane [l Dimensions |
Cinput® |
N W e o o Mo ol Mo
GC 119 N5** ME 3066 D3** 119 198 --- 345 34.5 91.9 >70 3650x960x1875
GC 182 N5 ME 3066 L3 182 279 --- 520 35.0 88.7 >70 3520x1800x2060
GC 201 N5 ME 3066 L3 201 275 38 (40) 576 34.9 82.6 =70 3520x1800x2060
GC 220 N5 ME 3066 75 220 262 17 (40) 564 39.0 85.5 >70 3880x1870x2140
GC 232 N5** ME 3042 D3** 232 369 --- 655 35.4 91.8 >70 3550x1810x2220
GC 357 N5 ME 3042 L3 357 529 --- 987 36.2 89.8 =70 3700x1810x2270
GC 386 N5 ME 3042 73 386 541 28 (40) 1061 36.4 87.4 =70 3700x1810x2270
GC 390 N5 ME 3042 76 390 474 28 (40) 995 39.2 86.8 >70 3850x1870x2250
GC 420 N5 ME 3042 76 420 504 31 (40) 1064 39.5 86.8 >80 3850x1870x2250

Natural gas genset with heat extraction from jacket water and exhaust gas (Cogeneration Module 100°/80°C)

ouput [l energy | Methane [l Dimensions |
Cinput® |
N W e e o Mo ol Mo
GC 116 N5** ME 3066 DH3** 116 191 --- 337 34.4 91.1 >70 3650x960x1875

GC 165 N5 ME 3066 LH3 165 256 --- 479 34.4 87.9 >70 3750x1800x2060
GC 227 N5** ME 3042 DH3** 227 34 --- 628 36.1 90.4 >80 3950x1810x2220
GC 323 N5 ME 3042 LH3 323 485 --- 907 35.6 89.1 >70 3950x1810x2270
GC 352 N5 ME 3042 LH3 352 464 63 (50) 982 35.8 83.1 >70 3950x1810x2270

* NOx < 500 mg/m *

2) from jacekt water, tolerance 8%

5) performance data in accordance with ISO 3046/1-1991, tolerance 5%
All data according to full load, indicated gas mixture cooler water inlet temperature and are subject to technical development.

** N =1 with 3-Way-Catalyst, NOx < 250 mg/m *
3) from jacket water and exhaust gas, tolerance 8%

Project specific data on request:
- Individual data (e.g. flow-/return-temperatures, hot cooling, methane number, assembly space, etc.)

- Other gas types
- Container

- Gas Processing

1) cos ¢ = 1,0 in accordance with VDE 0530 REM
4) data only provided for external gas mixture cooler
6) referenced methane number




DRAWINGS AND DIMENSIONS
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Note: This drawing is provided for reference only and should not be used for planning installation.

ENGINE DATA

-
lo~]

Configuration in-line Configuration 90°V

No. of cylinders 6 No. of cylinders 12
Bore/Stroke 130/155 mm Bore/Stroke 130/142 mm
Cyl. displacement 2.06 lit. Cyl. displacement 1.88 lit.

DESIGN AND EQUIPMENT (EXTRACT)

/I Sliding gear starter 24V

/I Flexible coupling, interconnecting bell housing, service opening so
that replacement of the rubber element can be achieved without
displacing engine o generator

/I Gas supply through venturi air-gas mixer with electronically controlled
gas metering valve

/I Components of the gas regulation line approved per Directive for Gas
Components 90/356/EWG

/I Electronic high-voltage capacitor ignition system with one ignition coil
per cylinder

/I Electronic speed governor for speed and power output control with
automatic knocking control

/I Oil sump, removable without lifting the engine

Version: 17.02.2011, materials and specifications subject to change without notice due to
technical advances.

Subject to change. | 3232571 | Edition 01/14 | ENC 2014-01 | Printed in Germany on chlorine-free bleached papaer.
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Foreword

1 Foreword

INFORMATION

® Approved operating media must not be mixed.

1

The service life, operational reliability and function of the plant are very much dependent on the fluids and
lubricants used. That is why the correct selection and care of the fluids and lubricants is of the utmost importance
and is fixed in these fluids and lubricants specifications.

The supplier of the fluids and lubricants is responsible for the internationally consistent quality of the products
mentioned.

The Fluids and Lubricants Specification will be modified or supplemented where necessary.

Test standards for fluids and lubricants:

DIN German institute for standardization

EN European standardization

ISO International standards

ASTM American Society for Testing and Materials
IP Institute of Petroleum

These rules are derived from the specifications of manufacturers, statutory provisions and regulations in the
respective country. Since there can be major differences from country to country, it is not possible to provide a
universally applicable statement on the rules to be observed within the framework of these fluids and lubricants
specifications.

The user of the product mentioned herein is obligated to inform him-/herself about the provisions applicable in
his/her country. MTU Onsite Energy does not accept any liability whatsoever for improper or unlawful use of the
fluids and lubricants it has approved.

The use of the approved fluids and lubricants, either by name or in accordance with the stipulated specification, is
an integral part of the terms of warranty.

Fluids and lubricants for plants can be hazardous substances. Certain rules must be observed when handling,
storing and disposing of these substances.
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Foreword

When handling fluids and lubricants the "Rules for the protection of the environment (see Safety Regulations,
Disassembly and Disposal)" are to be adhered to, since they are hazardous to health and flammable.

Incorrect use of fluids and lubricants causes environmental pollution.

. Fluids and lubricants must not enter the ground or the sewerage system.

o Used fluids and lubricants must be disposed of through used oil recycling or hazardous waste
disposal.

. Used filter elements and cartridges must be disposed of with hazardous waste.

The customer / operator bears the responsibility for adhering to the fuel values.

DK-BS-0001/V14/26.02.2013



Fuel

2 Fuel

A\ CAUTION

Moisture in the fuel / air mixture
Damage / destruction of the catalytic converter / destruction of the gas control unit

It must be ensured that the limit values of the moisture in the fuel as well as the intake air are
not exceeded at any time!

A\ CAUTION

Harmful substances / contamination in the fuel
Long-term damage due to corrosion

It must be ensured that no corrosive compounds (e.g. siloxane, phosphor, arsenic, heavy
metal, sulfur, ammonia, chlorine, fluorine, bromine, iodine compounds) enter the fuel lines. Or
their limit values must not be exceeded. Exceeding the limit values voids the warranty.

A\ CAUTION

Harmful substances / contamination in the intake air
Long-term damage due to corrosion

It must be ensured that no corrosive compounds (e.g. siloxane, phosphor, arsenic, heavy
metal, sulfur, ammonia, chlorine, fluorine, bromine, iodine compounds) enter the intake air. Or
their limit values must not be exceeded. Exceeding the limit values voids the warranty.
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Fuel

2.1 Natural Gas / Propane

211 General

It is essential to make sure - at the latest prior to commissioning - by consulting the relevant gas supply company
that the minimum methane number specified in the respective data sheet and the calorific value range are
observed. It is also necessary here to inquire about the occasional admixture of butane- or propane-air mixtures.

The fuel must be technically free of vapor, dust and liquid.

Corrosive constituents, with the exception of a total sulfur content of 30 mg/ mj , briefly

150 mg/ mg , must not be present (analog DVGW Sheet G 260).

2.1.2 Fuel Values to be observed

The following fuel values must be adhered to at the inlet into the gas control unit (supplied by MTU Onsite Energy):

Minimum methane number

- o See Technical Description
Minimum calorific value

Rate of change, calorific value % per min 1
Rate of change, methane number MN per min 5
Minimum gas flow pressure (overpressure) mbar 20
Maximum gas pressure (overpressure) mbar 50

Max. gas pressure fluctuations

(brief control fluctuation) mbar 5
Max. rate of change of gas pressure mbar/s 1

Max. gas temperature °C 30
Max. percentage of water vapor % by volume 3,1

DK-BS-0001/V14/26.02.2013 7



Fuel

2.2 Biogas, Sewer Gas, Landfill Gas

A\ CAUTION

Harmful substances / contamination in the exhaust gas
Long-term damage due to corrosion

It must be ensured that no metal such as iron, nickel, chromium, copper, zinc and tin enters
the exhaust gas system / catalytic converter. If the cumulative quantity of these metals
together with the heavy metals exceeds the total limit value of 350 g/m® of the catalytic
converter space volume, this voids the warranty of the catalytic converter.

A\ CAUTION

Exceeding the temperature in the exhaust gas system
Damage / destruction of the catalytic converter

It is to be ensured that the maximum operating temperature of 650 °C must only be exceeded
in exceptional cases and then only briefly (1% of operating time / maximum 700 °C).
Exceeding the limit values voids the warranty.
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Fuel

221 General

Fluctuations in the gas quality of biogas, sewer gas and landfill gas cannot be avoided.
However, to facilitate trouble-free operation and to avoid damage, it is necessary to adhere to specific limit values.

It is essential to make sure - at the latest prior to commissioning - by consulting the relevant gas supply company
that the minimum methane number specified in the respective data sheet and the calorific value range are
observed. It is also necessary here to inquire about the occasional admixture of butane or propane air mixtures.

If it transpires during commissioning that the required quality of the fuel is not met, we reserve the right to bill the
cancelled commissioning.

Adherence to the emission and consumption figures specified in the data sheet applies only to the specified
reference gas compositions for biogas, sewer gas and landfill gas. The CO, / CH,4 volume ratio is of importance
here.

The fuel must be technically free of vapor, dust and liquid. Condensation in the gas system is to be prevented by
suitable measures (dehumidification, protection against cooling down, heating, etc.). Corrosive constituents may
only be present in the concentrations set out below.

Silicone compounds in the gas lead to deposits and promote wear. Even catalytic converters are deactivated by
these compounds. Damage caused by silicon compounds is not covered by the warranty.

Experience shows that damage of this kind occurs at silicon concentrations in excess of 5 mg /mj CHa,.

It is necessary to use an oxidation catalytic converter in order to ensure that the formaldehyde limit value of H,CO
<= 40 mg/ m,f , is not exceeded.

If the quality of the raw gas exceeds the limit values, a gas desulfurization system that is designed for the quality of
the gas must be installed.

With the non-stainless steel formaldehyde-optimized MTU special oxidizing catalytic converter, operation without
fine desulfurization is admissible when adhering to the specified sulfur components in the fuel.

When the plant is operating with exhaust heat utilization (180 °C) and the limit values for sulfur in the fuel have
been exceeded, early cleaning of the exhaust gas heat exchanger is necessary.

Since in practice the sulfur content varies greatly, MTU cannot provide guarantees with regard to the cleaning
intervals.

During operation with the oxidizing catalytic converter without exhaust heat utilization the exhaust gas temperature
at the exhaust system opening must be safely above 300°C. If necessary, the exhaust pipe must be insulated.

INFORMATION

) The components / limit values listed apply to biogas engines. Other components / limit

l values are inadmissible.
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Fuel

2272 Fuel Values to be observed

The following fuel values must be adhered to at the inlet into the gas control unit (supplied by MTU Onsite Energy):

Minimum methane number ] o
Minimum calorific value See Technical Description
Rate of change, calorific value % per min 0,3
Rate of change, methane number MN per min 5
CO, [ CH, volume ratio - <=0,65
Methane content, moist % by volume 45-65
Minimum gas flow pressure (overpressure) mbar 30
Max. flow pressure (overpressure) mbar 50
o g pressure fucuatons
Max. rate of change of gas pressure mbar/s 1
Max. gas temperature °C 40
Max. oxygen content % by volume 2
Max. percentage of water vapor % by volume 3,1
Gas cool-down to at least °C 25

10
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Fuel

Depending on the application, the following maximum permissible pollutant concentrations in the fuel are to be

adhered to:
Oxidizing catalytic converter without with with special special
Exhaust heat utilization j\ﬁi?h;ctit/ igg :g without 180 °C without
Total of all sulfur compounds 3
(calculated as S) corresponds to mg/m;, CH, 1200 20 200 300 750
Hydrogen sulfide (H,S) ppm at 50% CH, 420 7 70 100 250
Total of all chlorine compounds 3
(calculated as Cl) mg/m; CH, 100 0,5 0,5 0,5 0,5
Total of all fluorine compounds 3
(calculated as F) mg/m_ CH, 50 0,5 0,5 0,5 0,5
Total of all silicone compounds 3
(calculated as Si) mg/m;, CHa S 0 0 0 0
Ammonia (NHa) ppm at 50% CH, 30 30 30 30 30
Heavy metals (Pb, Hg, As, Sb, Cd) pa/ mj CH, - 10 10 10 10

A CAUTION

Harmful substances / contamination in the fuel
Long-term damage due to corrosion

It must be ensured that no corrosive compounds (e.g. siloxane, phosphor, arsenic, heavy
metal, sulfur, ammonia, chlorine, fluorine, bromine, iodine compounds) enter the fuel lines. Or
their limit values must not be exceeded. Exceeding the limit values voids the warranty.

DK-BS-0001/V14/26.02.2013
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Inlet Air and Combustion Air

3 Inlet Air and Combustion Air

A\ CAUTION

Harmful substances / contamination in the intake air
Long-term damage due to corrosion

It must be ensured that no corrosive compounds (e.g. siloxane, phosphor, arsenic, heavy
metal, sulfur, ammonia, chlorine, fluorine, bromine, iodine compounds) enter the intake air. Or
their limit values must not be exceeded. Exceeding the limit values voids the warranty.

When operating the plant in swimming pool facilities or in the vicinity of refrigerating installations, it is important to
bear in mind that even small traces of halogen compounds (chlorine, fluorine) in the combustion air and in the
intake air may cause corrosion in the engine and on peripheral components (e.g. on electric motors). It must
likewise be noted that even cleaning agents may contain aggressive substances that encourage corrosion.

The entry to the motor in total (fuel and air) must not exceed the limit values specified under fuels.

In case of doubt, MTU Onsite Energy, Augsburg, is to be consulted.
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Coolant

4 Coolant

A\ CAUTION

Liquids hazardous to the environment
Environmentally hazardous
Avoid release into the environment.

regulations of the authorities.
Adequate barriers are to be provided.

Do not dispose of into the sewerage system; dispose of correctly by observing the local

4.1 Requirements for Engine Coolant Quality

INFORMATION

® Requirements for the quality of heating water above 100 °C apply when an exhaust heat
l exchanger has be installed in the engine cooling circuit or the heating circuit.

For the engine coolant system, it is imperative to use filling and top-up water which complies with the following
stipulations and which has been premixed with approved corrosion inhibitor/antifreeze in accordance with Chapter

4.6:

General requirements

Clear, colorless and free
from undissolved

substances
pH-value (25 °C) 8,2-9,0
Electric conductivity (25 °C) <300 mS/m
Sum total, alkaline earths ég ~ éi mor(T;'(_)'I/I
Chlorides <80 mg/l
Sulfates <70 mg/l
Iron <0,2 mg/l

DK-BS-0001/V14/26.02.2013
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Coolant

4.2 Requirements for the Quality of Mixture Coolant

For the engine coolant system, it is imperative to use filling and top-up water which complies with the following
stipulations and which has been premixed with approved corrosion inhibitor/antifreeze in accordance with Chapter

4.6:
Clear, colorless and free
General requirements from undissolved
substances
pH-value (25 °C) 8,2-9,0
Electric conductivity (25 °C) <300 mS/m
. 10-15 mmol/I
Sum total, alkaline earths 56-8.4 °dH
Chlorides <100 mg/I
Sulfates <70 mg/I
Iron <0,2 mg/I
4.3 Requirements for the Quality of Water for the Gas Sequential Heater
INFORMATION
) The requirements of the quality of the water for the gas sequential heater with temperatures

l up to 60 °C are to be observed.

For the sequential heater system, it is imperative to use filling and top-up water which complies with the following
stipulations and which has been premixed with approved corrosion inhibitor/antifreeze in accordance with Chapter

4.6:

General requirements

Clear, colorless and free
from undissolved

substances

pH-value (25 °C) 8,2-9,0
Electric conductivity (25 °C) <300 mS/m

. 10-15 mmol/l
Sum total, alkaline earths 56-8.4 °dH
Chlorides <100 mg/l
Sulfates <70 mg/l
Iron <0,2 mg/I
14 DK-BS-0001 / V14 / 26.02.2013
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4.4 Requirements for the Quality of Water for the Gas Cooler and Gas
Sequential Heater

INFORMATION

) The requirements for the quality of the water of the water source for gas coolers and gas
l sequential heaters with temperatures of up to 60 °C are to be observed.

The operator must specially prepare and monitor the initial water and the filling and top-up water. As filling and top-
up water, low-salt water or desalinated water (e.g. permeate) or perfect condensate is to be used.

The cold-water system and the reheater circuit may only be filled with the antifreeze Antifrogen N from the
company Hoechst AG.

We recommend (bearing in mind the VdTUV instructions TCh 1466) adherence to the following requirements for a
low-salt operating mode:

Clear, colorless and free

General requirements from undissolved
substances

pH-value (25 °C) 9,0-10,5
Electric conductivity (25 °C) <100 puS/cm
Oxygen <0,05 mg/l
Chlorides <20 mg/l

. <0,02 mmol/|
Sum total, alkaline earths (<0,1) °dH
Phosphate 5-10 mg/l

4.5 Treatment with Corrosion Inhibitor / Antifreeze

Add corrosion inhibitor/antifreeze to the water with a concentration of at least 35 % by volume when antifreeze
protection to minus 21 °C is sufficient. If lower ambient temperatures are expected, increase the concentration
accordingly, but do not under any circumstances increase to values in excess of 50 % by volume. Mixtures
containing a proportion of antifreeze below 35 % by volume do not guarantee adequate corrosion protection.

Use the treated water in both summer and winter operation. Compensate for coolant losses in such a way as to
maintain the antifreeze concentration.

Check the concentration at regular intervals in accordance with the maintenance schedule. Due to antifreeze aging,
change the coolant after 10,000 operating hours or at the latest after 2 years.
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4.6 Approved Corrosion Inhibitors and Antifreeze Agents

The use of products other than those listed below will invalidate the warranty.

Type NF (nitrite-free)

Manufacturer / Supplier

Designation

Addinol Lube Oil GmbH

ADDINOL Antifreeze Super

Agip Petroli S.P.A. / ROM

Agip Antrifreeze Plus

ARAL Lubricants GmbH

Aral Antifreeze Extra

Arteco N.V. Havoline AFC

Avia Mineralol AG Avia Antifreeze APN

BASF AG Glysantin G48

BASF AG Glysantin Protect Plus G48

BP Southern Africa (Pty) Ltd.

BP Isocool CT

Caltex (UK) Ltd.

Caltex CX Engine Coolant

Castrol Ltd./London

Castrol ANTIFREEZE NF

Engen Petroleum Limited

Engen Antifreeze and Summer Coolant

ESSO

Esso Antifreeze Extra

EVVA Schmierdlmittel-Fabrik GmbH

EVVA Antifreeze B

Ginouves Georges S.A.

York LT 716

Mobil

Mobil Antifreeze Extra

OMV Aktiengesellschaft

OMV Kiihlerfrostschutz

Shell Chemicals

GlycoShell

TEDEX OIL SP.z.0.0.

Tedex Antifreeze

TEDEX Vertriebs GmbH

Tedex Antifreeze

Total

GLACELF MDX

Total

Glacelf Plus

16
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Heating Water

5 Heating Water

A\ CAUTION

Inadequate preparation / ventilation of water circuits
Long-term damage to water conveying components

It must be ensured that the specifications of MTU Onsite Energy for the preparation /
ventilation of the water are observed. Failure to observe these voids the warranty.

5.1 Heating Water Quality Requirements up to 100 °C

INFORMATION

® Requirements for the quality of heating water up to 100 °C apply when an exhaust heat
l exchanger has be installed in the engine cooling circuit or the heating circuit.

Filling and top-up water, permissible supply temperatures up to 100 °C

VDI Directive 2035 Sheet 1 (December 2005) and Sheet 2 (September 1998) is definitive. "Prevention of damage
by corrosion and scale formation in water heating installations“ with the following guide values (see also the
corresponding explanations in the original):

Clear, colorless and free

General requirements from undissolved
substances

pH-value (25 °C) 8,2-9,0

Electric conductivity (25 °C) 10 - <500 puS/cm
Sum total, alkaline earths ég ~ éi morglt_)illl
Chlorides <80 mg/l
Sulfates <70 mg/l
Oxygen content when using oxygen binding agents <0,1 mg/l
Iron <0,2 mg/l

If the above limit values are not adhered to, it will be necessary to introduce measures against scale formation,
either through water treatment (softening, demineralization, reverse osmosis) or hardness stabilization (ST-DOS-
H products), and against corrosion processes through inhibiting or oxygen binding (ST-DOS-H products).
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Heating Water

5.2 Heating Water Quality Requirements above 100 °C

INFORMATION

® Requirements for the quality of heating water above 100 °C apply when an exhaust heat
1 exchanger has be installed in the engine cooling circuit or the heating circuit.

Filling and top-up water, admissible supply temperatures above 100 °C and for large heating systems or

long-distance heating systems.

The base alkalization must occur with trisodium phosphate.

The definitive specification is the VdTUV Directive TCh 1466 governing the quality of water in heating installations
which are operated with a supply temperature above 100 °C. The following guide values subsequently apply for

low-salt method of operation:

Clear, colorless and free
General requirements from undissolved

substances
pH-value (25 °C) 8,2-9,0
Electric conductivity (25 °C) 10— < 250 puS/cm
Sum total, alkaline earths : 8% morglt_)illl
Chlorides <20 mg/l
Sulfates <5-10 mg/l
Oxygen content <0,05 mg/l
Phosphate 5-10 mg/l
Iron <0,2 mg/l

Measures against scale formation are necessary, either through water treatment (softening, demineralization,
reverse osmosis) or hardness stabilization (ST-DOS-H products), and against corrosion processes through
inhibiting or oxygen binding (ST-DOS-H products).

18
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Heating Water

53 Additional Information

It is pointed out as a precaution that generally costs for foreseeable damage, e.g. through unsuitable water quality,
are not absorbed by machine breakdown insurance.

The term "Sum total, alkaline earths" refers to the content of hardness-forming, dissolved calcium and magnesium
salts. To convert to the former standard unit of measurement of "Total hardness", the following applies:

1 mol/m® = 5.6 dH
The pH value is a measure of the acidity or alkalinity of a solution.

pH = 7 neutral, < 7 acid, > 7 alkaline.
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6 Lubricating Qil

INFORMATION

® The changeover to a different lube oil is only permitted after consultation with the MTU Onsite
1 Energy "After-sales" service center.

6.1 General

INFORMATION

) When using biogas, sewer gas or landfill gas
1 The quantity of oil in the engine oil sump is not adequate here.

A larger quantity of oil is required!

6.1.1 Operation with Natural Gas or Propane

When operating with natural gas, propane or sewer gas (without corrosive contaminants), the gas engine can be
operated with synthetic or mineral lube oil.

The use of mineral lube oil is recommended for plants in which there is a risk of the engine drawing in pollutants
with the intake air, e.g. air containing chlorine in swimming pools, refrigerants from neighboring plants, solvents.

6.1.2 Operation with Biogas, Sewer Gas or Landfill gas

When operating with sewer gas (with corrosive contaminants) or landfill gas, the lube oil is subjected to corrosive
contaminants which are created when the pollutants contained in the gas (chlorine, fluorine and sulfur compounds)
are burned. These corrosive constituents can only be neutralized to a limited extent even by special additives in the
lube oil. Corrosion damage to the oil-lubricated engine components can only be avoided by more frequent oil
changes. The greater aging stability of synthetic lube oils can therefore not be exploited. For this reason, the use of
synthetic lube oils is not economical.

To be able to buffer concentration peaks better when lube oil is subjected to corrosive contaminants, an increased
lube oil volume of at least 200 | is prescribed.

In the event of low pollutant contamination, it is possible to extend the oil change intervals after consultation with
the Service Center of MTU Onsite Energy.
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6.2 Approved Lube Oils

6.2.1 Lube Oils for naturally aspirated Engines

Manufacturer / Supplier Designation

Addinol Lube Oil GmbH MG 40 Extra LA SAE 40 Y M E, P
AVIA Mineraldl AG LA 40 SAE 40 Y M E, P
Castrol Duratec HPL 40 SAE 40V M E, P
Castrol Duratec XPL SAE 40V S E, P
ChevronTexaco Geotex LA 40 SAE 40V M E, P
BayWa AG FECTROL Methaflex HC | spg 409 M |EP
BayWa AG TECTROL Methaflexx NG SAE 40 M E,P
Deutsch BP Energas ED SAE 40 Y M E,P
ExxonMobil Pegasus 1 SAE 15 W-40 S E, P
ExxonMobil Pegasus 705 SAE 40 Y M E,P
ExxonMobil Pegasus 805 SAE 40 Y M E, P
ExxonMobil Pegasus 1005 SAE 40 Y M E, P
Fuchs Europe Schmierstoffe GmbH Titan Ganymet LA SAE 40 Y M E, P
Fuchs Europe Schmierstoffe GmbH Titan Ganymet Ultra SAE 40 Y M E, P
Kuwait Petroleum Q8 Mahler MA SAE 40 Y M E, P
Shell Global Solutions Mysella LA SAE 40 Y M E, P
Shell Global Solutions Mysella XL 40 SAE 40 Y M E, P
Petro Canada Europe Sentron LD 5000 SAE 40 Y M E,P
WIPA Chemicals International Ecosyn GE 4004 SAE 40 Y S E, P

b Approval limited to engine ambient temperature > + 10 °C
S = Synthetic lube oil

M = Mineral lube oil

E = Natural gas

P = Propane

B = Biogas
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6.2.2 Lube Oils for turbocharged Engines

Manufacturer / Supplier Designation

AVIA Mineral6l AG HA 40 SAE 40 M B K
AVIA Mineral6l AG LA 40 SAE 40 M E, P K
Addinol Lube Oil GmbH MG 40 Extra Plus SAE 40 M B K
Addinol Lube Oil GmbH MG 40 Extra LA SAE 40 M E, P K
Agip GEUM 40 SAE40Y | M |EP K
BayWa AG TECTROL Methaflexx D | SAE 40 Y M |B K
BayWa AG 'IP'EETROL Methaflexx HC SAE 40V M B K
BayWa AG ;iﬂiﬂ?" Methaflexx HC | gap 402 | M | B,E, P
BayWa AG 'FF)ECSITROL Methaflexx MC SAE 40 ? M B K
BayWa AG TECTROL Methaflexx MD | SAE 40 ¥ M B K
BayWa AG TECTROL Methaflexx NG | SAE 40 ¥ M E, P K
Castrol Duratec HPL 40 SAE 40V M E, P K
Castrol Duratec MX SAE40"” | M |B K
Castrol Duratec XPL SAE 40V S E,P K
ChevronTexaco Geotex LA 40 SAE 40V M E,P K
ChevronTexaco Geotex LF 40 SAE 40V M B K
Deutsche BP Energas ED 40 SAE 40 Y M E,P K
Deutsche BP Energas LFM SAE 40 Y M B K
ExxonMobil Pegasus 1 SAE 40 Y S E, P K
ExxonMobil Pegasus 605 SAE 40 Y M E, P K
ExxonMobil Pegasus 610 SAE 40 Y M B K
ExxonMobil Pegasus 705 SAE 40 ¥ M E,P K
ExxonMobil Pegasus 710 SAE 40 ¥ M B K
ExxonMobil Pegasus 805 SAE 40 M E,P K
ExxonMobil Pegasus HPC 40 SAE 40 M E,P K
ENI Schmiertechnik GmbH Autol BGJ 40 SAE 40V M B K
Fuchs Europe Schmierstoffe GmbH Titan Ganymet SAE 40 M B K
Fuchs Europe Schmierstoffe GmbH Titan Ganymet LA SAE 40 ¥ M E,P K
Fuchs Europe Schmierstoffe GmbH Titan Ganymet Plus SAE 40 ¥ M B K
Fuchs Europe Schmierstoffe GmbH Titan Ganymet Ultra SAE 40 ¥ M E,P --
Hessol Lubrication GmbH sl asmotorendl SAE40Y | M |B K
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Lubricating Oil

Kuwait Petroleum Q8 Mahler HA 40 SAE 40V M B K
Kuwait Petroleum Q8 Mahler MA 40 SAE 40V M E,P K
OMV Refining & Marketing HD 40 SAE 40 Y M B K
Petro Canada Europe Sentron CG 40 SAE 40 Y M B K
Petro Canada Europe Sentron LD 5000 SAE 40 Y M E,P K
Shell Global Solutions Mysella LA SAE 40 Y M E,P K
Shell Global Solutions Mysella XL 40 SAE 40 Y M E,P K
Total Deutschland Nateria MH 40 SAE 40 M E,P K
Total Deutschland Nateria MJ 40 SAE 40 M B K
WIPA Chemicals International Ecosyn GE 4004 SAE 40 Y S E, P K
Zeller + Gmelin Divinol Spezial MA 40 SAE 40 Y M E, P K

2 Approval limited to engine ambient temperature > + 10°C

S = Synthetic lube oll

M = Mineral lube oil

E = Natural gas

P = Propane

B = Biogas

K = suitable for catalytic converter

-- = not suitable for catalytic converter
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Lubricating Oil

6.3 Lube Oil Intervals

6.3.1 Mineral Oil

Designation

Lube oil system with
oil spray and additional volume

Modules / gensets Oil change Min. quantity of the
with engine model. after operating hours additional volume
E 3066 D x 2500 200 |
E 3066 L/Zx 1000 1201
E 3042 D x 1250 200 |
E3042L/Zx 1000 200 |
E3042L/Zx 5000 1000 |
B 3066 L/Zx 600 1201
B3042L/Zx 600 200 |
Designation Lube oil system only with fresh oil

replenishment (without oil spray)

Modules / gensets Oil change Recommended size
with engine model. after operating hours Fresh oil tank

E 3066 D x 600 200 |

E 3066 L/Zx 300 200 |

E 3042 D x 600 200 |
E3042L/Zx 300 200 |
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Lubricating Oil

6.3.2 Synthetic Oil

Designation Lube oil system with
9 oil spray and additional volume
Modules / gensets Oil change Min. quantity of the
with engine model. after operating hours additional volume
E 3066 L/Zx 2000 2001
E3042L/Zx 1000 160 |
E3042L/Zx 6000 1000 |
Desiqnation Lube oil system only with fresh oil
9 replenishment (without oil spray)
Modules / gensets Oil change Recommended size
with engine model. after operating hours Fresh oil tank
E 3066 D x 1250 200 |
E 3066 L/Zx 600 200 |
E 3042 D x 1250 200 |
E3042L/Z 600 2001

When the additional volume is enlarged, such as e.g. 211.32 gal for x E 3066 D x, the oil change interval is likewise
increased to 4 times the figure given for the additional volume of 52.83 gal.

Regular oil analyses are also required in these cases.
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Exhaust Condensate

7 Exhaust Condensate

A\ DANGER

Ligquids hazardous to the environment

Environmentally hazardous

Avoid release into the environment.

Do not dispose of into the sewerage system; dispose of correctly by observing the local

regulations of the authorities.
Adequate barriers are to be provided.

When fuel is burned in the engine, nitrogen oxides NO, are created in addition to carbon dioxide and water vapor.
These transform into nitric acid in the downstream components in the presence of condensed water. Other
inorganic and organic acids, e.g. sulfuric acid or sulfurous acid, can likewise be created depending on the fuel
composition. Condensate samples therefore display a lightly pungent smell and dissolved iron as a corrosion
product. The hydrogen ion concentration, i.e. the pH value of such condensate samples, is usually in the strong to
weak acid range of pH =2 ... 4.

Condensate starts to form, depending on the acid-forming constituent, at exhaust temperatures below approx.
160 °C.

Theoretically, 1.5 kg condensate can be created from 1 m,? natural gas.

In the case of modules with exhaust cooling in a heat exchanger, at exhaust temperatures not below 230.00°F, with
properly insulated exhaust lines and with a normal number of start/stop procedures (ratio of operating hours to
starts at least 2: 1), the accumulation of condensate in the heat exchanger and in the downstream silencer is
reduced to a few kilograms per day.

A free discharge via a siphon at a height of approx. 300 mm" must be provided for the condensate to prevent
exhaust gas from escaping from the condensate line. The exhaust condensate should be neutralized in a
neutralization plant before being discharged into the sewerage system. An oil separator is additionally required.

Exhaust condensate may only be discharged into the sewerage system without being treated after consultation
with the local waste water authority, and must not under any circumstances be discharged to atmosphere.
Municipalities in Germany, or the authorities instructed by them, are obliged to remove accumulated waste water
which also contains condensate. Condensate can also be classified in the "Special waste" category.

Y At least 50 mm above the corresponding max. exhaust backpressure according to the module.
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Confirmation for Fluids and Lubricants Specification

8 Confirmation for Fluids and Lubricants Specification

The plant must not be commissioned without this confirmation.

Plant reference:

Plant consists of:

Factory / SAP no.:

Customer:

Operator:

MTU Project Manager:

We hereby confirm that the quality of the fluids and lubricants (coolant, gas, lube oil, heating water, etc., where
applicable) conforms to the Fluids and Lubricants Specification of MTU Onsite Energy.

MTU Onsite Energy shall not furnish warranty for damage incurred as a result of deviating fluid and lubricant
quality.

Place Date

Legally binding signature (customer)
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MTU Onsite Energy GmbH

Postfach 10 21 30 » 86011 Augsburg
Dasinger Str. 11 « 86165 Augsburg
Tel.: +49 (0)821 / 7480-0

Fax: +49 (0)821 / 7480-2119
Internet: http://www.mtu-online.com

Europe / Middle East / Africa / Latin America

MTU Friedrichshafen GmbH
88040 Friedrichshafen
Germany

Phone +49 7541 90 7001

Fax +49 7541 90 7081
regionalcenterl@mtu-online.com
www.mtu-online.com

30

Asia / Australia / Pacific

MTU Asia Pte. Ltd.

1, Benoi Place

Singapore 629923,

Republic of Singapore

Phone +65 6861 5922

Fax +65 6861 3615
regionalcenter2@mtu-online.com

www.mtu-online.com

USA / Canada / Mexico

MTU Detroit Diesel, Inc.

13400 Outer Drive West

Detroit, Michigan 48239,

USA

Phone +1 313 592 7000

Fax +1 313 592 7788
regionalcenter3@mtu-online.com
www.mtu-online.com
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Power Nominal Load

Recommended maximum
period of time with this load

Recommended minimum period of

time in subsequent operation with
load > 50 %

0 % until 30 %

30 minutes

120 minutes

30 % until 50 %

120 minutes

120 minutes

50 % until 100 %

Mo restrictions

Mo restrictions




Technical Data Sheet

GC119N5 meysibe
93800020046_V01_GB |with engine E3066D3 EfREfgE
Fuet Natural gas
Voltage / Frequency 400[V | 50]Hz
NOx emissions (dry, 5% 0,) " ma/m3 i.N. <250 ~_

°C BT
Exhaust gas temperature after heat exchanger i 110 |
Electrical power COP, parallel to grid acc. 1SO 8528-1 % 100 75 50 i
Electrical power PRP, prime power acc. ISO 8528-5 G1 %o 100
Energy balance
Electrical power 7% kW 119 89 59 107
Energy input ") kW 341 272 203 313
Thermal output total KW 194 158 122 179
Thermal output_engine (block, lube oil) kW 115 98 81 108
Thermal output exhaust gas heat exchanger (110 °C )9 kW 79 60 42 71
kW
Engine power ISO 3046-1 ) kW 125 94 63 113
Generator efficiency at power factor = 1 % 95 94.5 93 94.8
Electrical efficiency >° % 34.9 326 28.9 34.2
Total efficiency Yo 91.8 90.6 89.2 914
CHP Coefficient 0.61 0.56 0.48 0.6
Combustion air / Exhaust gas
Combustion air volume flow " m3 i.N./h 324 259 193
Combustion air mass flow kg/h 419 335 249
Exhaust gas volume flow, wet m3i.N./h 360 288 214 330
Exhaust gas volume flow, dry " m2i.N./h 292 233 174
Exhaust gas mass flow, wet kg/h 444 355 264
Exhaust temperature C 585 571 558
Fuel
Natural gas H CH; > 95 Vol. %
Sewage gas not applicable
Biogas not applicable
Landfill gas not applicable.
CO, / CH, volume ratio BT
Minimum methane number MN 80 \
Range of heating value: design / operation range kWh/m?3 i.N. 10.0/8.5-11.0 '
Exhaust gas emissions °
NOx, stated as NO; (dry, 5% O5) mg/m3i.N. < 250
CO (dry, 5% O5) mg/m3i.N. < 300
HCOH_(dry. 5% O,) " ma/ma i.N. < 60
Otto-gas engine
Number of cylinders / configuration 6 R
Engine typ E3066D3
Engine speed 1/min 1500
Bore mm 130
Stroke mm 155
Displacement dm? 123
Mean piston speed m/s 7.8
Compression ratio 12
BMEP at nominal engine speed min-1 bar 8.1
Lube oil consumption dm¥h 0.037
Max. exhausi back pressure after module mbar 25
Generator
Rating power kVA 217
Allowable p.. al_nominal load (only overexcited) 1-0.8
Engine cooling water system
Coolant temperaturs (inout) C 80/88
Coolant flow rate ¥ m/h @ | [ bar delta p
CVs value (Block, lubeoil and 1st stage) R
Max. operation pressure (coolant before engine) bar
Exhaust gas heat exchanger (EGHE)
Exhaust gas temperature (out) °C { ~
Coolant temperature (infout) c 88/92 Ao NS
Coolant volumetric flow °' m%h @ | \| bar delta p
CVs value " )
Max. operation pressure (coolant water) bar
Intercooler
Coolant temperature (infout) °C /
Coolant volumetric flow ® m3/h @ [ [ bar delta p
CVs value ¥
Max. operation pressure in front of intercocier bar
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Technical Data Sheet GC119N5 H' onsike

93800020046_V01_GE [with engine E3066D3 el ]

Plate heat exchanger

Coolant temperature (in/out) °C 92/80

Heating water temperatur (in/out) C 70/80

Heating water volumetric flow " méh 8.6 @ | 0.2 [bardeltap

CVs value 18.2

Max. operation pressure (heating water) bar 16

Space ventilation

Genset ventilation heat '’ kW 16 | [

Combustion air temperature: (min./design/max.) °C 10/25/25

Min. engine room temperature > G 5

Max. temperature difference ventilation air (in/out) K 20

[Min. ventilation air flow in (combustion+ventilation) il m2i.N./h 2877\ N~

Gearbox A

Gear ratio '

Thermal output gearbux_(watercooled) kW

Efficiency

Filling quantities

Lube oil for engine dm? 18

Coolant for engine dm?3 130

Coolant for intercooler dm?

Heating water for plate heat exchanger dm? 10

Engine sound leve! " (1 meter distance, free field)

Frequency Hz 63 125 250 500

Sound pressure level dB 80.4 76.2 80.1 74.4

Frequency Hz 1000 2000 4000 8000

Sound pressure level dB 66.3 61.9 55.0 48.4
: y Lin dB 85.1

Sum of pressure lavels B A 753

Sound power level dB A 94.0

Dampened exhaust noise (1 meter distance to outlet within 90°, free field)

Frequency Hz 63 125 250 500

Sound pressure level dB 93.8 81.4 70.6 55.9

Frequency Hz 1000 2000 4000 8000

Sound pressure level dB 49.3 49.5 44.0 40.2

. Lin dB 94.0

Sum of pressure levels GB A 73.0

Sound power level dB A 84.8

Dimensicns

Length mm 3650

Width mm 960

Height mm 16475 L

Gross weight / dry weight kg 3700/ 3500 \

Power derating 1

Altitude e 1.2% /100 m > 100 m NN

[Combustion air temperatura 1%/1.0°C>25<C

intercoolar 2nd stage termnperature (in)

Methane number 0.8 %/ MN < 80

Boundary conditions and conisumables

1} Normai cubic meter at 1013,25 mbar und T = 273,15 K

2) Generalor gross powsr at nominal vollage, power factor = { and nominal frequency

3) Atstandard reference conditions (IS0 3046-1); atmospheric pressure: 1000 mbar; air temperature: 25 °C; rel. air humidity 30 %

4} Thermal output at layou! temperature; tolerance +/- 8 %

5)  According to ISC 304G (+ 5 % tolerance), using reference fuel used at nominal voltage, power factor = 1 and nominal frequency

6) Deviations from the layoul paramelers respectivitely the reference fuel can have influence to the obtained efficiency and exhaust emissions

7) Emission vaiues during system parallel operalion - where required with Oxcat

8) Reference vaiue at nominal Inad (without amount of oil exchange)

G)  Stated values for pute weter, adaption for other cooling tluid composition necessary

i0) The GVs value declares the volumetric flow in m%h at a pressure drop of 1 bar

11) Only generator- and surface losses

12) Frost-free conditions must be guaranteed

13} Amount of vaniilation air must ne adapted to the gas salety concept

14) All sound pressure levels at nominal load COP 16.01.2012)

15) Powsr consumption of all electrical consumer, which are mounted at the module / aggregate OAGT / DAGS
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