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1. ”YH®OOPMAIIMU 3A UHBECTUTOPOT

1.1. Hme u npesume na uneecmumopom
JpymTBo 3a MCKOM Ha PYyIH, MPOMU3BOACTBO Ha MeTanu, TproBuja u ycayru EYPOHUKEIJI MHAYCTPU
J1OO- KaBamapru

1.2, ITowmencka adpeca Ha ungecmunmopom
IMomrencka anpeca: c¢. Bozapuu, 1430 Kasanapuu, P.C.Makenonuja

1.3. TeJle(bOH, d)alcc u adpeca Ha eJ1ICKMPOHCKama nowima HA UHeecmumopom
Tenmedon: +389 43 410 434; +389 43 421 904; E-mail: info@euronickel.com

1.4. Hme u npe3ume Ha HA3HAYUEHOMO AUUE 30 KOHMAKM U He2084 NOWMEHCKa adpeca, menedion, dhakc u
aopeca na e1eKmponCKama nowma

Nwme n pesume: Bukrop Tpajkos

[omrencka anpeca: Eyponuken Munycrpu, Boszapuu, 1430 Kasagapiu, P.C.Makenonuja

Tenedon: +389 43 421 440, E MAIL: viktor.trajkov@euronickel.com

2. KAPAKTEPUCTUKHA HA MIPOEKTOT

2.1. Kamezopuja eéo koja_cnara _npednoxcenuom npoexm (IIpunoz | unu ITpunoz |l 00 Ypeobama 3a
onpeodenyearbe_Ha_NPOeKmume u_3a_Kpumepuymume 6p3 OCHO6A _HA_KOU_ce_Ymepoyea nompeodama 3a
Chpogedysarse Ha NOCMANKAma 3a_ 0UeHa Ha eaujanujama ep3 ycusomuama cpeouna (“Cnyxycoen 6ecHUK
na PM” 6p. 74/05)

Karteropuja Bo Koja crara npeioKE€HUOT MPOEKT

CornacHo YpenOara, nMajku T0 BO TpenBui (akTOT JeKa 00jeKTUTe BO KOHM Ce TUIAHWpA Ja CEe M3BEAyBa
MPOEKTOT ce Beke uarpajaenu, cnopen IIpumor Il

[pwusor Il. Touka 16:

Cekoja U3MeHa WM NPOIIMPYBamke HA MpoekTH HaeneHH Bo Ilpwior | wmm Bo Ilpuior Il, mocrojuure,
07I00peHH, pealn3upaHy MPOEKTH, WIN MPOEKTH BO MpOLeC Ha peaiu3alija Koja ImTo OM MOoXena Ja uma
3HAYUTENHU e(EeKTH Bp3 JKMBOTHATA CPEIMHA, € MPOEKT 3a KOj € MOTpeOHO Ja ce yTBpAW morpedara 3a
CIIPOBEIyBah-€ NOCTAIKa 32 OIIeHa Ha BJIMjaHUETO BP3 JKMBOTHATA CPEIMHA.

Kaxko u Iputor Il. Touka 3. a):
WHaycTprcKn MHCTANAIMK 32 MPOU3BOJICTBO HA €JIIEKTPUYHA CHEPrHja, rapea W ToIula BoAa (MMPOEKTH IITO
HE ce BKJIIy4eHH BO mpwJIor I).

2.2. IIpuuunu nopadu kou ce cmema O0eKa He € HEONX00HA OUeHA HA GAUJAHUEmO 8D3 HCUBOMHAMA
cpeduna;,

AxtuBHOocTa ¢ of Ilpunor 2 om VYpenmbara 3a omnpesaenyBambe Ha NPOEKTHTE, 3HAYM Hema Notpeda ox
cucreMcka OleHa Ha BIMjaHHETO BP3 JKUBOTHATa cpelnuHa. IIpoekToT ke ce peaiusupa BO IpaHULMTE Ha
nocroeykara uHcrananuja Eyponuken Wumyctpu, co koj ce mpeaBuayBa Ja ce NMPOU3BENYyBa EIEKTPUYHA
€Hepruja co MoMoIl Ha TeHepaTopu. BkymHaTa MHCTaIMpaHa MOKHOCT Ha moctpojkara e 42 MW, ox kou 35
ce pabotHu a 7TMW ce kako pesepBa. CtaHyBa 300p 32 MOTOPH CO BHATPELIHO COTOPYBame KOU (padpuyku ce
CMECTEHH BO M30JUpaHu KoHTejHepu. CeKoj 0] MOTOPUTE € ONpPeMEH CO COOJBETHH (QUITPH M CEKOj
MOEJMHEYHO TH 3aJI0BOJYBAa MPOIMUIIAHWTE CTaHAapJd 32 E€MHCHja Ha TacoBH, Oy4yaBa W BUOpaimu.
I'enepatopure ke OupaT mocTaBeHW HAa OETOHCKA OCHOBA W HMCTHTE BO WAHMHA MOXE Ja CE IUCIOLUpPaaT
JOKOJIKY MMa IoTpeda OJHOCHO CTaHyBa 300p 3a MPOEKT Off BpeMeH KapakTep. He ce moTpeOHM HUKaKBU
MPETXO/JHU IOJrOTOBKA OCBEH NOBP3YBamke CO MOCTOCYKHTE MPEKH 3a CHAOMyBame CO Ma3yT U CO
CJIEKTPUYHA CHEPTHja.

I'enepatopure paboTaT Ha Ma3yT U Ha IU3€J1, HO HCTUTE CE MPEIBUACHH J]a MOXKaT Ja paboTaT M Ha rac, Kora
WCTHOT Ke Omzae poctarmeH. Kako ropwmBo Ha MOYETOK K€ Ce KOPUCTH HUCKO CyiadypeH Ma3yT KOj TH
3aJI0BOJTyBa KPUTEPUYMHUTE HA MMOCTOCUKATA 3aKOHCKA PEryJiaTHBa BO JpKaBara.
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Onpemarta Koja ke Ouje IOCTaBeHa € IpOM3BeAcHa oJi aMepukaHckara kommanuja IITPOT'EH u ru
3aJI0BOJTyBa CHTE TIOCTOCYKHU CTAHIap/U 3a 3allITUTA HAa )KUBOTHATA CPEIIUHA.

Ilenta Ha TPOEKTOT € MPOU3BOJACTBO Ha COICTBEHA CJICKTPUYHA CHEPrHja, Kako OeKam BO YCIOBH Ha
eHepreTcka kpus3a. EypoHuken paboTH BO COTJIACHOCT CO A MHTErPUpPaHa €KOJIOIIKA J03BOJIa BO YMH CKJIOM
ce ondaTeHH TOCTaNyBamke, JUCTPUOYIIHNja U CKIAIUpakhe HAa Ma3yT, Kako M IMPOU3BOJCTBO HA Mapea BO
MapHU KOTIH KOHM KaKO IMMOTOHCKO TOPUBO KOPUCTAT Ma3yT. Ma3yT ce KOPHUCTH U KaKO TOPHBO 32 3arpeBarbe
Ha POTAIIMOHUTE TICUKH.

2.3. Kpamok_onuc_na_npeonoiceHuom_npoeKm GKAVUYEAjKU_20 U_NPE)IONHCeHUOM Kanauyumem uiu
20J1EMUHA HA NPDOEeKmom

IIpoexror: ”THCTAJIMPAILE HA TTOCTPOJKA 3A ITPOU3BOJCTBO HA EJIEKTPUYHA EHEPT'UJA,
Ce COCTOHM OJ1 TIOCTaByBambe Ha 12 TOCEOHM KOHTEJHEPH, ITPH IITO CEKOj O HUB COJIPIKHU MOTOP, TEHEPATOp CO
MokHocT ox 3,5 MW, cuctem 3a TpeTMaH Ha W3IYBHU T'aCOBH, €JICKTPO OMpEeMa, U CUCTEM 3a aBTOMATCKa
koHTpona. [Ipensuneno e 10 oq HUB ma paboTar a 2 ma Ommat pe3epBa BO Ciiydaj Ha Ae(EeKT Ha HEKOj Of
paboTHHTE.

NANANNNNNARR R

Cuuka 1: Ilpuka3 Ha exeH KOHTejHep KOj COAPIKUA MOTOP, TEHEPATOP H €JIEKTPO coda

OBoj mpoekT ke ce peajusupa BO TpaHUIUTEe Ha mocroeukara ¢adpuka. Co MPOEKTOT ce IIaHUpa
KOHTEJHEpUTE J]a ce MOCTaBaT Ha OETOHCKA OCHOBA U J1a C€ MOBP3aT CO NOCTOEYKHOT EHEPreTCKU CHCTEM BO
(abpukara 1 CO IOCTOEUYKHOT CHCTEM 3a CKIaJuparme U TUCTpUOyLHja Ha Ma3yT.

Kako roprBo Ha MOYeTOK K€ ce KOPHCTH HHCKO CyI(QYypeH MasyT, KOj T'M 33/JI0BOJyBa KPUTEPHYMHTE Ha
MOCTOEUKATa 3aKOHCKA peryaTHBa BO J{pXKaBaTa.

Crnenudukanyja Ha Ma3yT € ceIHaBa:
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KapakrepHcTHEa MeTog Emooon Pesymrar Mepua .
HeogpegeHoCT

|Property Mathod lUnits Recilt Uncertainty c:cf
raeasuraraent

I'ycrrma na 15°C 5 -

[Density at 15°C ASTM DdO52 [kg/m 980.5 +09

He MOEE ga ce
TouEa Ha NANEEHE B0 3ATBOPeH Caf I OITp 7 & JTH
|Flash Point Closed Cup ASEMERS B can not be :
determineted

KtesaTcEa BHcEo3HocT Ha 100°C .

[Kinematic vissosity @ 100 °C ASTM D445 /s 2532 +0.76

Coppzymia Ha cyndyp

Sulfur Content ASTM Dd204 % mim 0932 +006

Cogp=imHa Ha BoJa H CeHMEHTH

W ater and Sedirnents Content ASTM D1736 % viv 0.80 +005

Cogp=ima

A;;,Rg G ASTM DdE2 % mim 0.066 +0Q.008

ontant
T'opHa TOIDMHA HA COTOpYBalBE
Cross Heat of Combustion 4281 +026
ASTM D4868 |MIfke
oia TOILDHHA Ha COTOpYyBalbe P o
|Net Heat of Corabustion . 208

Bo pamkuTe Ha MpOEKTOT K€ ce co3AajaT yCJIOBM 3a HENPEYeHO OABHMBaE Ha MpPOIECOT Ha paboTa Ha
reHeparopure. ['eHepaTopuTe Ke ce mocTraBaT Ha OETOHCKa OCHOBAa CO JIOKaIMja O3HAa4YeHa Ha CIIMKAara
noaoy, Onu3y J0 MOCTOCYKHOT EHEPreTCKH CHCTEeM HO M JI0 MOCTOCYKHOT CHCTEM 3a CKIIAJUpAme H
muctpuOynuja Ha Ma3yT. Co MOCTOEYKHOT CHUCTEM 3a NpHEM, CKIaJHpame W IUCTpHOylHja Ha MasyT
reHepaTopuTe ke OumaT MOBP3aHU MPEKy HOB IIEBKOBOJ O3HAUCH HA CIIMKATA MOJIOIY.

Lo, S

Y

SlHFO Storage -
il Tanks (Existing) |
/ o 0N A
e !

2 by 55 ]

e WEI Tranformer S
W Station (Existing) 4 W

B

HFO Generators

Transformer
A . ~ Substation
g I Y. e BKV/110KV

Cauka 2: Ilpuka3 Ha JoKanujaTa HA INIAHMPAHHTE TeHEPATOPH KAKO W HOBHUTE JIMHUM 32 NMOBP3yBame HA
HCTHTE CO MOCTOCYKHOT CHEPreTCKH CHCTEM M CHCTeMOT 3a JUCTPUOynmja Ha Ma3yT
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Co mpoeKTOT ce MIaHupa BeIHAII 0 reHepartopure na ce mocrasu 6kV/110kV tparcdopmartop kKoj Beke T0
noceayBame. OBoj Tpanchopmarop ke ce moBpae co ['maBHata Tpadocranuma Bo TonumHMIIaTa TIPEKy HOBA
110 kV nuHuja, K0ja € 0O3HAUCHA HA CITMKATA.

Cammure reneparopu ce ox pupmara [IPOI'EH, co cienanBe cienudukannm, J0OHEHU O] TPOU3BOIUTEIIOT:

I'EHEPATOP

da3za: Tpudaszen

®daxTop Ha MokHOCT: 0,8

lNonemuna Ha kykumreTo Ha 3amaer: SAE 00

Twum na noroH: EnuHedHo nexuiire

I[IMI (ITepmanentern Marderen ['eneparop): He

CrapryBame: 0e3 YSTKHIIH

Ucnopaka Ha MokHOCT: KoHTHHYHpaHO

Bontu: 6KV

MOTOP

20-710

HunusApU, PACTIOPEd...c.evveeereearenen. 20 uunuaapy, 45°V
Hujamerap Ha MWIHHAPH. ............ 230,2 mm (9,1 uH4m)

JomkuHa Ha JBMKEH-e Ha KITUNOT .. 279,4mm(11 uaun)
Bp. Ha BpTEKU MpH [ENOCHO ONTOBapyBame. ....750 rpm
WHcTanpada MOKHOCT Ha MOTOD......cccvervenins 3730 kKW

MoaetanHu crneunduKaumm 3a KOMMIETHUMOT reHepaTopCKM cucTem ce dadeHu Bo [lpuaor Ha oBa

M3BecTyBamse.

o

RENDERING
Lavout
35 MW POWER PLANT HFO

PROJECT NAWE

CUSTOMER

o

enerset’|=.

1080 ELDRIDGE PKWY,Ste 1150|

35 MW EURONICKEL PLANT

& [voavea

QUOTE NUMBER |

2220327

I B

Nickel

: 71, 200
F: 713-861-1985

WWW.ENERSETCORP.COM

DRAWING NUMBER | 2220327-PDB-005
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Cunka 3: TIpuka3 Ha NJIaHHPaHATa MOCTPOjKa 32 MPOM3BOACTBO Ha eJieK. eHepruja Bo Eyponuxen Muaycrpu
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2.3. Hajooopu oocmannu mexuuxu

Eyponuken MHWuayctpu pabotu corimacHo A-HHTerpupana eKOJNOIIKa [O3BOJNA, H3JaJeHA Of
MuHHCTEPCTBOTO 32 JKMBOTHA CpeAMHA M IMPOCTOPHO IUIaHMpame. LlenokynHata MHCTamupaHa ompeMa BO
TONWIHUIATA € OJ CBETCKU IIO3HATH IMPOM3BOAMTENH HA OINpEeMa 3a MPOM3BOACTBO Ha ()EPOHUKEN U € BO
coriacHocT co HajaoOpuTe mocTarHu TEXHUKH 32 POU3BOJICTBO HAa ()EPOHUKET.

PeneBanten moxyment 3a HJT 3a Eyponuxen Mugyctpu e: PedepenteH qOKyMeHT 3a HajaoOpH JOCTaHU
texuuku (HAT) 3a Uumyctpun 3a ob6oenn mertanu, 2017 (Best Available Techniques (BAT) Reference
Document for the Non-Ferrous Metals Industries, 2017), cornacHo koj Bo Touka 8.3.8 Enepruja, ce 3060pyBa
3a TeXHUKH 32 OOHOBYBam-€¢ Ha eHepruja. TexHuKara IITo ja 3eMa BO MPEIBUI OBOj JOKYMEHT € ymoTpebara
Ha €HeprujaTa Ha W3AYBHHUTE racOBH 3a MPOM3BOACTBO HA €JIEKTPUYHA €HEPrHja, TOIUIMHCKA eHepTHja Wi U
IIBETE.

BakoB cuctem 3a 00HOBYBam-€¢ Ha €HEprHjaTa 3Ha4M BUCOKA KalKWTallHA MHBECTHUIIMja, KOja OJ Apyra cTpaHa
3eMajKu TH MpeaBU LEHUTE Ha eJeKTpUUHATa eHeprujaTa U GakToT aeka camo 20% oj oTnagHaTa TOIIMHA
MOJKE Jia Ce IOBPAaTH KAaKO €JEKTPUYHAa CHEpruja, IPUHOCUTE O OBHME HMHBECTUIMM CE HHCKM M HE ja
OIlpaBIyBaaT BakBaTa MHBECTHLMja. 3aTO0a W BO CAMUOT JOKYMEHT € HarjaceHo JeKa MHOTY MajKy Of
KOMITAaHUUTE KOH MPOU3BeAyBaaT (epoyierypd MMaaT MHCTAJIHPAHO BaKOB CHUCTEM 3a MPOM3BOACTBO Ha €Il
Enepruja.

Co mpoeKTOT KOj HUE IO MpeyiaraMe MocTOU MOXKHOCT 3a BO MAHWHA, OTHAJHATA TOIUIMHA Of CUCTEMOT 32
pasnagyBame Ha MOTOPOT Jia CE HCKOPHCTH 3a 3arpeBame Ha padOTHUTE MPOCTOPUU HAa KOMITaHHU]jaTa.

Jlokonky ro pasmiename PedepeHTHHOT mOKyMeHT 3a HajaoOpu nocranHu texnuku (HJT) 3a Tonemu
coropyBauku moctpojku, 2017 Best Awvailable Techniques (BAT) Reference Document for Large
Combustion Plants, Bo mornasje 2.3.2 ce onuinyBa NPOU3BOJCTBOTO HA €JIEKTPUYHA CHEPIHja CO TIOMOII Ha
MOTOpPHY CO BHATPEIIHO COrOpYyBame, KOM KaKO TOPUBO KOpUCTaT Ma3yT. [loHaraMy BO TEKCTOT ce ONHMIITyBa
elHa IEeHTpaja Koja MoOXe Ja OuJe COCTaBeHa O] MOBeke 3aceOHM MOTOPH BO 3aBHCHOCT oOJ OapaHaTa
BKyITHA CHara.

OnHa mITO HUE TO IUIAaHMpaMe BO OBOj MPOEKT € omuinaHo Bo Touka 2.3.2.3 ( HuckomputucHu MoTopu co
BHATPEIIHO COTOPYBame HAMEHETH 3a JIBa THUIAa HAa TOPHBO) — MOTOPU KOM paboTaT Ha MPUPOJAEH rac u
MOJKHOCT 3a paboTa Ha Ma3yT BO CIIy4ad KOra racoT He € JIOCTarcH.

Bo morxnasje 6 e objacHeT MpOIECOT M TEXHUKUTE HAa COTOpPYBamke Ha TeUHW ropuBa. Toukara 6.1.2 ro
OIHUIITYBa TPETMAaHOT Ha Ma3yTOT 3a IOJrOTOBKA 3a KOPUCTEeHE (ropemme). OBOj KOMILICTEH MPOLIEC € Beke
YCTAHOBEH M T'O KOPUCTHME YIITE OJ1 IPETXOAHO OUAEjKH KaKo ITO BEKe CIOMEHAaBME, Ma3yTOT € KOPUCTU
KaKO TOPUBO BO HAILLIMTE KallallUTETH.

Touka 6.1.3.2 Hajq00pO ro ONUIIYBa HANIKOT IUIAHUPAH MPOEKT H 3aT0a Ke ja IUTUpaMme,

,,Combustion engines operating with heavy fuel oil and/or gas oil are cost-efficient solutions for baseload
electricity supplies at remote sites like islands. In areas where gas will be available in the near future,
operating on HFO and/or gas oil is also a suitable solution until the plant is converted to gas operation. After
the conversion, HFO can be used as a back-up fuel.* nu npeBeieHa Ha MakeIOHCKH ja3uK:

“CoropyBavykuTe MOTOPY KOM KOPHUCTAT Ma3yT W/WIIM TaCHO MAcli0 C€ MCIUIATIMBYU PEIIeHHja 3a IPUMapHO
CHa0/IyBame CO EIeKTPUYHA CHEPruja Ha 3JIMXH Ha OJJIAJICYCHH JIOKAI[MH KaKko OCTpoBH. Bo obnactu kaje
IITO TacoT Ke 61/1)16 J0CTallI€H BO oimcka HJHHWHA, pa6OTeH>6TO CO MasyT W/WAIM TacHO MAaclio € HCTO
COOZBCTHO pCHICHUEC J0ACKa HOCTpOjKaTa HE CC IIPCHAMCHU 3a pa60TeH,e co rac. Ilo npeHaMeHaTa, Ma3yToT
MOJKe Jla OuJie KOPUCTET KaKo 3aMEHCKO TOpUBO.

Touka 6.1.4 ja o0jacHyBa KOHTpOJIaTa HA EMUCUHUTE BO BO3yXO0T. M MOKpaj Toa mITO reHepaTOPUTE KOU HHE
TH TUIAaHUpAME MMaaT BrpajeHU CUCTEMH 3a TPETMaH Ha W3AyBHHUTE TAaCOBU KOHKPETHO 3a CYI(PypHU OKCHIU
Haje(peKTHBEH HAYMH Ha HAMATyBamke € CO KOPUCTECHE HAa HUCKOCYI(YPHO TOPUBO CO COAPKIHA Ha CyIdyp
1o 1%.

Bo Touka 6.2.3 e manena tabena 6.4 co paHr Ha TaHUYHU BPEIHOCTH HA TOAMIIHU €MHCHH BO BO3IyX O]l
MOCTPOjKU KOU KOPHCTAT Ma3yT KaKO MOTOHCKO TOPHUBO.
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Table 6.4: Range of yearly emissions to air from HFO- and/or gas-oil- fired combustion plants

Total Abatement technigues Emissions to air (mw‘.\'m“)
Type of rated
- thermal _ _ _ 1 VO
plant input S0, NOx Dust S0. NOx | NH:() | Dust co c
(MWe)
Fuel
Fuel choice/ Fuel
choice/ Aur choice/ 18—
= 100 Flue- stagmg/ Multicy iy NA - 3-85 NA
- 12— 576 0.5-
HFO. gas Fuel clone/ 1676 54
andlor conden staging/ ESP/ :
i ser/ LNB Bag
gas-o T00— DsI LNB/ filter
fired -
b 300 Steam
otler addition/
Fuel |y Fuel | . A 35| Na
) choice/ ) , , 51- 511 0.1-
2300 staging choice/
Wet - N 750 116
FGD FGR/ ESP
SCR
Fuel choice/
fdﬁ: =3 Low-NOy; combustion concept
i1 in diesel engines/ 93— 118— 59 5~ 44— 5-75
Fte SCR/ 604 | 2442 | ° 200 | 200 w
cnoine Al DsU
i Bag filter
Gas-oil- .

Fuel choice/ 102— - 1- .
fired gas Water or steam addition -3 1085 NA =7 680 Na
turbine
(l) Emissions reported by HFO-fired engines
NB
DSI: Duct sorbent injection; Wet FGD: Wet flue-gas desulphunsation; ESP: Electrostatic precipitator: BF: Bag
filter: SCR: Selective catalytic reduction of NOy
NA: Not available.

Source} [3_LCP TWG 2012

Large Combustion Plants

h
=
h

Bo nonnHuor nen Ha Tabenara ce HOTUPaHU KOHKPETHO MOTOPHUTE CO BHATPELIHO COrOpyBame. 3a cya(ypHH
oKcuu panrot ¢ o1 93 1o 604 mg/Nm3 u Toa 3a cuTe HOMHHAIHH MOKHOCTH — 0€3 OrpaHHuYyBarbe.

Criopes1 MpecMeTKHUTE CO KOPUCTEHE Ha HUCKOCYIpypeH MasyT koj € mo MKC cranmapam HammTe eMuCcHu
Ha cyndypHu okcuau 6u 6mie okomy 279 mg/Nm3.

2.4. Pazznedyearve na 10KQUUCKU a/IMEPHAMUCH 30 NOCMPOJKama

3a moTpebuTe 0] JOKalMja 3a MOCTPOjKa 3a MPOU3BOJCTBO Ha €JICKTPUYHA CHEpruja pasrieayBaHu ce 3
alTepHATHBH.

Anmepuamusa 1 — Ynompeba na npedsudenama 1okayuja 60 Kpy2om Ha uHcmaiayujama

[Ipensunenara nokamnuja 3a IOCTaByBalke€ Ha TEHEpaTOpUTe ce Haora BO ONM3WHA HA IOCTOCYKHOT
EHEepTeTCKH CHCTeM, OJHOCHO Jio ['maBHata TpadocTanuna, HO ¥ 10 OCTOGYKHOT CHCTEM 32 CKIIaIuparme 1
IUCTpUOyIMja Ha Ma3yT, Ha HEUCKOPUCTEH MPOCTOP, OOMKOJIEH CO 3€JIeH Mojac.

WHcrananujara, Kako W MpeJBHIEHATa JIOKalKja ce HaoraaT Ha 3eMjUIITE KOe € BeKe JIeN O]l MHIYCTPUCKA
30Ha IITO 3HAYM JieKa Hema Ja WMa Mmorpeda oJ TOroJieMH HMHBECTHUIMM W MEPKH 3a Ja ce 3allTHTH
XKHUBOTHaTa cpeavHa. /lomogHMTENHO, BO MHCTajalMjaTa BEKEe IOCTOM CHUCTEM 3a IIPHUEM, CKIAAMPAmE U
IucTpuOyIja Ha MasyT CO Koj Ke ce IMOBp3aT IeHepaTopuTe KoM ke OupaT BOo Onu3uHa Ha [aBHaTa
Tpadocranuiia BO WHCTaNANMjaTa, OJHOCHO TPOUIOIMTE 32 TPAHCIIOPT, KAKO M MOXKHUTE BIUjaHHja BP3
KUBOTHATa CpelHa MOBP3aHHU CO TPAHCIOPTOT 3HAUMTENIHO Ou ce Hamanumie. [lonaTamy, onepaTuBHHUTE U
TPOLIOLUTE 3a OJPXKYBAamkE UCTO Taka OM Onie MHOTY MOMalH, a UHTEPBEHIMjaTa BO Cliy4yaj Ha JeeKTH U
JPYTH UTHH CiTydau Ou Ouiia HaBpeMeHa u edukacHa.

[Mopanmn mpeTxoAHO HAaBENEHOTO, TpEABUJCHATA JIOKalMja BO KPYroT Ha HHCTajalMjaTa IMpeTcTaByBa
Haj100pOTO pellIeHHe 3a IOCTAaByBamkhe Ha TIOCTPOjKaTa 3a MPOU3BOJICTBO HA €IIEKTPUYHA SHEPTrHja.
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Cauka 4: AarepratuBa 1- IIpenBuaeHa jiokanuja Ha IPoeKTOT Bo ckjon Ha Eyponuxesa Uuaycrpu 100

AﬂmepHamuea 2 — Hosa aoxkayuja Hadeop 00 Kpyeom Ha uHcmaiayujama

BapameTo Ha nokauuja HaZABOp OA KPYrOT Ha MHCTAJALMjaTa 3HAYM OTHOYHYBAE HA IOCTAIKHU 33 OTKYI U
MpeHaMeHa Ha 3eMUjIITe, W JOMOJHHUTEIHN TPOUIOIH 32 TPAHCIIOPT, HO U JOTOJHUTEIHH HCIUTYBamkba BO
OJIHOC Ha BJIMjaHUjaTa Bp3 KMBOTHATA CPEIUHA.

OBaa ajTepHaTHBA € HEMIOBOJIHA OUAEjKu:

- Mako noctpojkara 3a Ipou3BOJCTBO Ha €IEKTPUYHA €HEPIHja, KaKo TaKBa, HEMa Jja UMa 3HAYUTEITHO
BJIMjaHUE BP3 )KMBOTHATA CPEIMHA, K€ CE 3r0JIEMH BJIMjaHUETO KO€ MOTEKHYBA O] TPAHCIOPTOT, KAKO
Ha CYpOBHHH, TaKa M Ha €JIeKTPHUYHA EHEePTHja;

- IlocranmkuTe 3a OTKYN M NMpPEeHaMEHa HA 3€MjUILTE CE JOJIM M HEUCIUIATIMBH, NOCEOHO Kora Beke
[IOCTOM JIOKalMja Koja € JAed O WHAYCTPUCKAa 30Ha M T HCIOJHYyBa CHUTE KPUTCPUYMH 32
HCKOPHCTYBamE Ha MCTATa;

- JIOHOJIHI/ITGJ'IHI/ITC TpomIoUr 3a TPAaHCIIOPT 3HAYAT MCKOPHUCTYBAalkC HAa PECYpPCHU HA HEUCIUIATIIMB U
HCCKOHOMCKH HA4YMH,

- OmepaTUBHHUTE W TPOILIOLUTE 3a OJpKyBame O Onie 3HaYMTENHO HoroyneMu. Mcro Taka, BO Ciry4aj
Ha AeeKTH U APYrH UTHH Cllydad HeMa jJa Ouzie BO3MOXHO HaBPEMEHO Ja ce€ MHTEPBEHUpA U Ja ce
CIIpeyar CUTe HeCaKaH!U IOCIIEIHUIIH.

Anmepuamusa 3 — Hosa nokayuja 60 kpy2om Ha uncmaniayujama

Nako n3Haorame Ha Jpyra JOKalHja BO KPyroT Ha MHCTAJalMjaTa MOXKE J1a TH UMa UCTHTE MPETHOCTH KaKo
Y JIOKallMjaTa IPEeTCTaBeHa BO aJITepHATHBA 1, Toa OM JOBEJNO J0 MOT0JIeMH HHBECTUIIMN M aKTUBHOCTH 3a J1a
ce 3aJioBojaT Oapamara 3a MOCTaBYBamke Ha IMOCTPOjKaTa 3a MPOM3BOJICTBO Ha eJeKTpu4yHa eHepruja. OBa
3HAYM BJIMjaHUE BP3 )KUBOTHATA CPEAMHA U JOMOJHUTEIHN TPOIIOIHM KOU MOXe Jla ce n30ernar co ynorpeba
Ha MpeJIBUIeHaTa JIOKAIlHja BO alTepHaThBa 1.

Hynma anmepramusa

JIOKOJIKY He ce peann3upa OBaa akTHBHOCT, OJIHOCHO HE C€ HajJie COOJ[BETHO PElICHUE 3a MPOU3BOJCTBO HA
EJIEKTPUYHA €HEepruja, Toram OH JIOBEJIO JI0 CTOMHpPAake Ha MPOILECOT HA TPOU3BOACTBO HA (PEPOHUKEI H IO
3aTBapame Ha MHcTanmanmjata, mro O 3Hayeno neka npeky 1000 BpaboTeHM M HMBHUTE CEMEjCTBa Ke
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ocraHar 0e3 MPHOXIU W OCHOBHHM YCIOBH 3a JXUBOT. Eyponuken WumycTpu, co cBoeTo paboTeme,
00e306emyBa pabora 3a oBHe Jyre, ydecTByBa Bo B/II1 m momarmHaTa €eKOHOMHja, B aKTUBHO yYECTBYBa BO
COLIMjaTHUOT W EKOHOMCKHOT pa3Boj kako Bo OmmruHa KaBajgapiu, Taka W Ha Jp)KaBHO HHBO.
Peanuzanujara Ha OBOj MIPOEKT € O/ BUTAIHO 3HAYCH-E, HE CaMO 3a WHCTaNalujaTa, TyKy | 3a 3aeJHHULATa BO
KOja Taa ce Haora.

Kpurepnymu Onena

AntepHatuBa 1 | AntepHaruBa 2 AntepnatuBa 3 | Hynra

aITepHaTHBA

TexHHYKa oLeHa + - - -
Excnnoaranuja u|+ - + 0
coolOpakaj
ExonoMcka + - - -
UCIIATINBOCT
(momomHUTENTHU
WHBECTHIIHH )
XKuBotHa cpeanna * * + 0

+ HO3UTHUBHO
- HCraTUBHO
0 HeyTpanHO

On rope HaBeIEHOTO HAajA00pa JoKauja e AJTepHaTnBa 1.

2.5. Pazznedyearve na opyzu anmepuamueu 3a 000usarve na ei. enep2uja

Kommanujara mma pasriienaHo W Ipyrd ainTepHATUBH 3a J0OMBamke Ha ENEKTPUYHA CHEprHja W Toa
eNeKTPUYHA eHepruja qo0nueHa o (OTOBOITAUIIN, O] TPUPOJICH I'aC U O BETEPHUIIU:

- Co uHcranupame Ha (HOTOBONTAUIM Ke MOXKE JIa ce JOOWBa eEKTPUYHA CHEPryja BO TEKOT Ha ICHOT
U 32 BpeM€ Ha COHYEBUTE JACHOBH, MeI'yTOa MPOLECOT Ha TONEHe Ha (PEPOHMKETOT € KOHTUHYHPaH
Ipolec KOj HE JO3BOJIyBa HaMallyBarmbe WM 3allHpame Ha MPOLECOT 3a BpeMe Ha MEPHOAUTE Kora
HEeMa COHIIE 32 IIPOU3BOCTBO Ha €JIeKTpUYHA eHepruja. [lonaTamy 0BOj IpOeKT Moxe /1a Ouse u3Bop
Ha 3eJIieHa eJIeKTpUYHA CHEpruja, HAuWH 32 3HAYMTEIHO HAMATyBaWke¢ HA CTAKICHWYKH T'acOBH H
HaMaJlyBam€ Ha IIeHaTa Ha YMHEHE Ha IMPOMU3BOACTBOTO, HO HE MOXKeE J1a Ouje Ii1aBeH, Oa3uyeH HiH
€/IMHCTBEH M3BOP HA €JIEKTPUYHA EHEPryja BO HAIIKOT IIPOLIEC.

- IIpon3BojCTBO Ha eNEeKTpUYHA EHEPrrja O MPHUPOACH rac (raCHU TypOUHU) — MOMEHTAITHHUTE IIEHU U
JOCTAIHOCT Ha TacoT BO HaIlaTa 3eMja MOKaXKyBaaT JeKa BO MOMEHTOT JIeTyMHO € HEBO3MOXKHO, HO
U EKOHOMCKM HEOINpaBJaHO NPOW3BOJACTBO Ha €JIEKTPUYHA E€Hepruja oj rac. 3aTroa CO HAUIHOT
Ipe/IoKEeH MPOEKT, BO MOYETOKOT Ke Ce MPOMU3BEAYBa €Jl. €Hepruja o Ma3yT, a BO cieHa (asa xora
[IEHUTE Ha TacoT ke ce HOpMaJIM3UpaaT U UCIIOpaKaTa Ha rac ke ce crabmin3upa, reHepaTopuTe ke ce
KOHBEpTHpaaT Ha paboTa co IIOTOHCKO TOpUBO NMpHpoeH rac. Konsep3ujara € NpuIM4HO €JHOCTaBa
U (pMHAHCHCKM CIIPOBE/UIMBA M MOXE J]a C€ OJBMBAa BO €TalM 3a CEKOj reHepaTrop mnoceOHO, Oe3
IIPUTOA J1a UMa I0Tpeda O] FOJIEMHU 3aCTOH.

- HMHcrananuja Ha BETEPHULM HE € OINIMja OMIEjKM HUBHHUOT POK HA HCIIOpPAKa € €HOPMHO TrojieM U
HalllaTa MUKPOJIOKAIKja HE € COOABETHA 32 KOHTUHYHPAHO M/UIIM PEHTaOMUITHO IPOU3BOACTBO.

3aroa BO TeK € peanu3alyja Ha MPOEKTH 3a MHCTajanuja Ha (pOTOBONTAWIM, 33 IITO BEKE € MOATOTBEH
TEPEeHOT BO IrpaHULUTE Ha dadpukara Ha ABe Jokauu. Ho oBa e cocema Apyr MpOeKT 3a Yhe peau3hpame €
noTpeOeH MOJIONT TIePHOJI, UMajKH ja TIPeIBU KOMIUIEKCHOCTa Ha aIMUHUCTPATHBHUOT JIe O] MOCTAIKATA.
OcBeH WHBeCTHpambe BO (POTOBONTAMIM, WHTEH3WBHO ce pabOTH W Ha TacU(uKalyja Ha KOMIAHHjaTa,
ogHOocHO Bo MoMeHTOT Hanmonannu Eneprercku Pecypeu Beke paboTu Ha mapasieneH NpoeKT 3a MPUKITYyYOK
Ha Eyponumken WHaycTpu CO HalMOHAIHMOT TracoBoja. Meryroa, racudukanujata Ha (abpukara
MIPBEHCTBEHO 3aBUCH OJ] ITyIITamk-e BO paboTa Ha racHaTa MpeXa BO Ap)KaBara.
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2.6. Ilpuuunu 3a npedﬂazarbe Ha npoekmom

[IpoekToT KOj ro mpemIaraMe k€ HU OBO3MOXKH COINCTBEHO KOHTHHYHMPAHO MPOHM3BOJICTBO HA CJICKTPUYHA
eHepruja, BO YCIOBU Ha €HEpreTcka KpH3a, ITO K& OBO3MOXKH HENPEUEHO MPOU3BOJICTBO Ha ()EPOHUKENT BO
uaHuHA. ['eHepaTopuTe Ke ce KOpUCTAaT BO YCJIOBH Ha MOBHCOKA IIEHA HA CTpyjaTa Ha CBETCKHUTE Oep3H,
OJTHOCHO Ke ce KOpPHCTAT caMoO BO MEPUOJOT Kora MPOU3BOJCTBEHATA LIcHA Ha eJIEKTPUYHA eHepruja JooneHa
0J1 OBaa 1ocTpojka Ou Onjia MOHKMCKA OJ1 IIleHaTa Ha elleKTpHuYHaTa eHeprija Ha Oep3arta.

Co 0BOj MPOEKT J0OUBaME:

CurypHO ¥ HENPEeKWHATO cHaOyBame CO eNEKTPUYHA CHEepPryja BO YCIOBH Ha EHEPreTCKa KpHU3a;
WHcTanupame Ha TOTOB THUIU3UPAH MPOU3BOJ, KOj C€ KOPUCTH HA MHOTY JIOKalluM BO CBETOT U KOj
T'Yl 33JJ0BOJTyBa MOCTOCUKHUTE CTAHAAP/IU 32 KUBOTHA CPEAMHA CO EMUCHH KOH C€ IBUKAT BO PAMKHUTE
Ha HallMOHAJTHUTE TPAHUYHHU BPEIHOCTH Ha EMUCUH Ha U3yBHU racoOBH;

bp3 HaunH Ha TpaHCcOpT M Op3a MHCTANAIN]a,

Enepruja co 3Ha4ajHO MOHMCKA [IeHA 07 Oep3aHTCKaTa BO MOMEHTOT;

HuBep3udukanyja (pa3iuyHd W3BOPU Ha CHEpruja), A0OWBame Ha EIEKTPUYHA CHEprHja U BO
JICHOBHU KOT'a HEMa COHIIE, CO IITO K& C€ MUHUMH3HPA HENPEIBUIITHBOCTA;

O0jexT o1 MOHTaKEH KapakTep KOj BO HIHUHA MOJKE J1a Ce TUCIIOIUpa JOKOJIKY MMa MoTpeda.

On nmpyra crpana, ¢abpukara ' TIOcelyBa CHTE yCJIOBU 3a HEMPEUYCH MpHEM, CKIaTuparme U BHATpeIIHa
MUCTpUOyIMja Ha Ma3yT. Ma3yToT Kako M Jlocera uMa MOYKHOCT Jia C€ HOCH CO KaMHOHCKH IHCTEPHU, HO U
co xene3Huna. Mctuor ke ce npuma Bo McroBapHa cTaHMIa 3a Ma3yT U Ke Ce CKJIaJupa BO MOCTOEUKHUTE
pe3epBoapH 3a Ma3yT oA Kajie ke ce JUCTpUOyHupa 10 FeHepaTopHTe.

0
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Cauxa 5: HaunH Ha TpaHCIOPTHPamke HA TeHepaToOpuTe
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BaxBu reneparopu ce moctaBeHnm Ha MHOry Mecta HH3 CAJl Bo ®nopuma, by Opneanc, Oxmaxoma,
MoHTaHa Kako ¥ Ha MHOTY IDYTH MECTa HU3 CBETOT.
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Cunka 5: MHcTannpana nocTpojka 3a MPOM3BOACTBO HA eJ1eKTPHYHA eHepruja Bo JeMeH

Canka 5: UHcTaqupaHa nocTpojka 3a NpoM3BO/JICTBO HA eJ1eKTPUYHA eHepruja Bo Ynie

JIOTOTHUTETHO, BAKBH MOCTPOJKH 3a MPOU3BOJCTBO HA CJIICKTPUYHA CHEPrHja ce MOCTABEHHW M Ha OpOjHU
Jokaru Hu3 EBporna, HO o1 ApyTry IPOU3BOAUTENH U Toa Bo Asibanuja, Typuwyja, [Topryranuja.
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3. JOKAIIJA HA TIPOEKTOT

3.1. Onwmuna 60 Koja ce naranupa d0a ce u3zpadu NPOEKMom

[IpoexToT ke ce peanusupa Bo Onmtrna KaBagapiy, Bo pamkute Ha nokauujara Ha Eyponuken Uuayctpu
J1OO, noumpana 7 kM 3amagHo oxa rpagot KaBagapuu. Jlokanujara Ha mpoekToT e Ha Kat. napuena 1290/1 Bo
KO Iugemn, concreeHoct Ha Eyponnken Muamyctpu.

- ! ./;.’ [ *
Eyponuken y
Unpycrpu 100 y'r

Cuamnka 1: Jlokanuja na Eyponuken Huaycrpu 100

[IpenBunenara mnokanuja 3a IMOCTAaBYyBalk€ Ha TIEHEPATOPUTE C€ Haora BO ONM3MHA HA IOCTOCYKHUOT
CHEPreTCKH CUCTeM, OIHOCHO 10 I'maBHata Tpadocranuna, HO U JO MOCTOSUKUOT CUCTEM 3a CKIAIUPABE U
JucTpuOyiuja Ha Ma3yT, Ha HEUCKOPUCTEH MPOCTOP, OOUKOJIEH CO 3€JIEH I0jac.

1. ITocroeuka McToBapHa cTaHUIA U
Pe3epBoapu 3a mazyt

2. Iloctoeuka Tpadocranuna

3. IlpenBuzieHa JOKalyja 3a NOCTaByBabe
Ha TeHepaTopuTe

Ciuka 2: Ilpeasuaena Jokanuja Ha NpoeKkToT Bo ckJon Ha Eyponuken Unxycrpu 100
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3.3. Kapmu u_chomozpadhuu_wimo_ja_nokajycysaam noKauyujama Ha_npoeKnom 60 00HOC HA_hu3uuko-
2eozpadyckume KapaKmepucmuKu
Kaptu, urypu u potorpaduu ce HaoraaT Bo 0BOj JOKYMEHT.

3.4. Ilpupoonume u__anmponojowKume KApPAKMeEPUCMUKU _KOU 20 _ONKDYICY8aam; HAMEHA _HaA
3emjummemo Ha Uiy geonaul 00 JOKAUUJama u e6eHmyainu UOHU NAGHUPAHU HAMEHU HA 3eMJULmemo

3.4.1. I[lpupoonume u anmponosouKume KapaKkmepucmuKu Kou 20 ONKpyiCye8aam npoexmom
Bo Onu3nHa Ha IPOGKTOT HE ce Haoraar OWJI0 KakBW IpajOu (KykH) T.e. THE CE Ha IMOrojieMa JlajieuyuHa OJ1
500 metpu.

3.4.2. Hamena Ha semjuiumemo Ha uiu 6eOHAWl 00 JOKAYUAMA U e8eHMYAIHU UOHU NAAHUPAHU HAMEHU HA
3emjumimemo

OBoj mpoeKT ke Ome JOMpaH BO IMOCTOSUYKHUTE TPAaHUIM Ha (abpukaTa — MOCTOSYKOTO 3€MjHUIITE BEKe ce
KOPHUCTH 3a HHyCTPUCKA HAMCHA.

3.5. 3onuparme unu namena 3a ynompeoda na zemjuuimemo
[IpoekToT ke Oue JTOIUpaH Ha MOCTOSYKOTO 3eMjUIITE (MHIyCTPUCKA HAMEHA).

3.6. Kapakmepucmuku Ha 3auimumeHnu noopayja
Beke mocToeukara nokanyja Ha Koja Tpeba /a Ouje u3BeIeH MPOeKTOT He ce Haora Ha 3aIllITUTEHO MoJpadje.

3.7. Uyecmeumennu odaacmu
OBa He MpeTcTaByBa CEH3UOMITHO MeCTO. [IpoeKTOT OU ce pean3upai Ha MOCTOeUKaTa WHIyCTPHUCKA 30Ha.

3.8. Ilodamouu 3a esenmyannu anmepHamueHu J10KAUUU KOU 0u duie 3eMenu 60 npedsud

[IpoekToT ke ce peanm3mpa BO paMkuTe Ha sokanujata Ha Eyponuken Mumyctpu JOO, mro e MOXKHO
HajOIM3y 10 TOCTOEYKHTE CHUCTEMH 3a JUCTpHOyNHja Ha Ma3yT M elleKTpudHa eHepruja. lloBeke
QITEPHATUBY CE pasrieZlaHu BO Touka 2.4 0] 0Ba U3BECTYBAEC.
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4. KAPAKTEPUCTHUKHU HA MOXHOTO BJIMJAHUE
4.1. Bogeo

[Ipoexror: UTHCTAJIMPAILE HA TIOCTPOJKA 3A ITPOU3BOJCTBO HA EJIEKTPUYHA EHEPI'UJA,
CE COCTOM O] TIOCTaByBame Ha 12 MOCCOHM KOHTEJHEPH, IIPU IITO CEKOj OJ1 HUB COJPIKU MOTOP, TEHEPaTOpP CO
MOKHOCT ox 3,5 MW, cuctem 3a TpeTMaH Ha M3IyBHHU TaCOBH, €IEKTPO OMpeMa, U CHCTEM 3a aBTOMAaTCKa
kouTpona. [Ipensuneno e 10 oxq HuB ma pabotar a 2 ma OmmaTt pesepBa BO ciydaj Ha Ae(eKT Ha HEKOj Of
pabotHute. OBaa ompema € mpousBeleHa off amepukanckara kommanuja [IPOTEH wu ru 3amoBomyBa
MOCTOCUKUTE CTAHJAp/IM 32 3allITUTA HA )KUBOTHATA CPEIUHA.

4.2. llomenyujannu emucuu 60 6030yX

4.2.1. DyruTUBHU EMUCHUH.

OdyruTrBHA eMHCHja O]l CKJaIupame WIM NpeHecyBame Ha Ma3yT BO camara ¢abpuka Eyponwmken
WUnnyctpu He ce ouekyBa, OWAEjKM TOPUBOTO M cera ce KOpWUCTH BO ¢abpumkarta. Mcroro ce HOCH CO
IUCTEPHU U CE CKJIAJUpa BO PE3€PBOAPU 3a Ma3yT, OJ KaJie CO IIEBKOBOJ CE€ TUCTPYOyHnpa OHaMy KaJie IITO €
moTpeOHoO.

4.2.2. IUpEKTHU EMUCHUU BO BO3IVX:

Cekoj KOHTEjHEp MpeTcTaByBa 3ace0Ha ICJIMHA CO BIPaJICH MOCEOCH CHCTEM 3a peAyKIHja U OJBOJ Ha
M3JIyBHUTE TaCOBH BO aTMocdepara.

Co 0BOj IPOEKT HE Ce OUEKyBa HAIMUHYBambE Ha IPAHMYHHUTE BPETHOCTH HA CMUCHH.

CornacHo cnenuukanuute oj 100aByBadoT, KOU ce AafieHu Bo [Ipuior, MakCHMalTHUTE EMICHU Ha TaCOBU
ke OumaT BO pamMKuTe Ha [ paHHMYHHTE BPETHOCTH, COMIACHO [IpaBMIIHMKOT 3a TPaHWYHU BPETHOCTH 3a
JIO3BOJICHUTE HHBOA HA EMHCHU U BHUJIOBH HA 3arajyBayky CYTCTAHIHMH O] OTIAJHUTE TaCOBU U Mapeu KOU
T eMHUTHpPAaT CTAllMOHApHUTE M3BOPU BO BO3AYXOT, U Toa Touka IV, Unen 25 on I[IpaBumHuKoOT, a TOA Ce
I'pannvHM BpeAHOCTHU 32 CTAIIMOHAPHU MOTOPH CO BHATPEIIHO COTOPYBam-€, BO JICJIOT 3a IPYTU JBOTAKTHU
MOTOpH.

OuekyBaHU €MUCHH CIIOPE]] TPOU3BOIUTEIIOT, KAKO MOTEHIMjajTHa MaKCUMaJTHA €MUCH]ja Ha TaCOBH C€!

NOx 6.1 g/kWh

CO 0.22g/kWh

PM 0.1 g/kWh

OuekyBanute emucuu Ha SO2 3aBUcaT 0]l MPOICHTOT Ha CYJI(Yp BO TOPUBOTO Koe ce Kopuctu. Kako miro
Beke CMOMEHaBME BO Jp)KaBaTa, UCTO Kako M BO EBpoma ce kopuctu HHUCKoCcyndypeH mazyt no 1% Ha
cyndyp. Co mianupana norpouryBadka ox 212 kr mazyt no MWh, co 1% cyndyp Bo mMa3yToT, ce oueKyBa
emucrja Ha S ox 2.12 xkr mo MWHh, oxrocHo ce odekyBa emucuja Ha SO2 ox 4.2 kr mo MWh, oxHocHO
4.2g/kWh.

HOTGHHI/Ii aJJHU EMUCHHU KYMYJIATHUBHO

OBaa reHeparopcka IIeIMHA € COocTaBeHa ojf 12 3ace0HU arperatw KOW IOCEAyBaaT COIICTBEHU BIPaJCHU
CHCTEMH 3a pelyKIrja Ha M3IyBHHTE racoBu. Bo pabora egHoBpeMeHO MoXkaT Jqa Ouzpat camo 10 arperatu
Jo/ieKa 2 ce pe3epBHH. (0Ba OrpaHUYyBam-E € OJ1 IIPOCTa IIPUYHMHA IITO caMaTa eIeKTPO TPapOCTaHHUIA MOKE
na mpuMH cHara on 10 reHepaTopu U He € BO3MOXKHO Aa paboTar moseke ox 10). He e nmpenBuaeHo HUBHO
TpYNHpame U IMOBP3yBamkhe Ha CHCTEMOT Ha M3JyBHH I'aCOBH BO €IHA IIEIMHA OJf CAMUOT NPOM3BOAUTEN Ha
omnpemara.

Bo Tabenarta mozony e JajqeHa TeopeTcka MpecMeTKa Ha KyMyJaTHBHATa €MHCHja Ha M3IyBHU TacoOBH Ha
TeHepaTopcKara CTaHUIIa Kako [eJIMHA, KaKO IMOTEHIMjalHa MaKCHMaJTHA eMUCH]ja Ha TACOBH.
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MpecmeTKa Ha NOTeHUMjaHa MAaKCMMaHa EMIUCHja Ha racoBM OZ, BKyMHaTa NOCTpojKa (BKynHo 10 eauHWLM) 33

NPOM3BOACTBO Ha €/1. eHepruja Co NOroH Ha MasyT

Emucmja no , . MNpoToK Ha BkynHa BKynHa
. |MokHocT| Emuncuja . . I'BE 3a moTopM
cneundmkaumja (kw) (&/h) n3gyBHU racosun | Emucmja Emucuja (mg/m3)
(8/kwh) (m3/h) (8/m3) (mg/m3)
NOx 6.10 35000 213500 526 750 0.405 405 800
CcO 0.22| 35000 7700 526 750 0.015 15 650
PM 0.10] 35000 3500 526 750 0.007 7 130
THC (VOC/UHC) 0.11] 35000 3850 526 750 0.007 7
SO2 4.20| 35000 147 000 526 750 0.279 279 604*

* cnopen HAOT (BAT)

Op TabemapHUOT MPHUKAa3 MOXKE Jace KOHCTaTHpa AeKa KyMyJaTHBHHUTE BPEIHOCTH Ha €MHCHja Ce€ MHOTY
MTOHKUCKH O] TPAHUYHHUTE BPEAHOCTH COTJIACHO HammoHamHuTe cTannapau. Bo IIpmror Ha oBa M3BecTyBame
ce NajJcHU crelr(UKaIMUTe Ha TPEIBUACHUTE CMUCUOHH BPEIHOCTH O] CTpaHa Ha IPOU3BOJIUTEIIOT.

Hcto Taka Tpeba 1a ce crioMeHe U ieKa co HopManu3alyjara Ha 1ma3apoT co IPUPOJICH rac OBUE TeHepaTopu
Ke paboTaT Ha MOTOHCKO TOPUBO MPHUPOJIEH Tac, CO MITO ce OYeKyBa eMICHjaTa Ha M3IYBHHU T'acOBU Ja Ouie
yLITE IIOHHUCKA.

Bo Momentor Hammonannu Eneprercku Pecypcu Beke paboTh Ha mapajieiieH IMPOCSKT 3a MPUKIYYOK Ha
Eyponuken Uuamyctpu co HammoHamHHOT racoBoi. Co oBa HHe ke JoOMeMe CUTYpHA M HellpeueHa JT0CTaBa
Ha MPHUPOJICH rac BO KOMIAaHMjaTa M K& MOXKE Ja OTIHOYHE MPOIECOT Ha KOHBEp3Wja Ha T€HepaTOPHUTE OJ
Ma3yT Ha IPUPOJIEH rac.

4.3. Emucuu 60 600a

Co MpOEKTOT HEe ce 0YeKyBaaT €MUCHU BO BOJA, OJJHOCHO CO OBOj MPOSKT HE CE TeHEePUpaaT JOMOJIHUTESIIHU
OTIAJHYU BOJM. YIITE MOBeKe MTO Bo (pabpukara mocron CUCTEM 3a pEIUPKYyalvja Ha OTHAJIHH BOAHM CO
BIPAJICHU cenapaTopy 3a MacJIo.

4.4. Ilousa
He ce ouekyBaaT HWKaKBHM HCTEKyBama BO IMOYBA, OMIEjKH TeHepaTOPUTE ke OMAaT MOCTaBeHH Ha OeTOHCKa
HOZJIOTA.

45. Byuasa u eudbpauuu
KontejHepuTe ce co BrpaJieHd aHTUBHOPAIMOHU TOTHOpH. McTUTe ce co n3oalyja u co BIPaJICH CHCTEM 3a
MpUryIIyBame Ha OyuyaBata 10 70 dB ma 30m pacTojanue oj HUB.

4.6. Baujanuja ep3 nHacenenuemo u 406eK080mMo 30pagje

Jlokanmjara 3a u3BeqyBame Ha MPOEKTOT CE€ HAOla Ha 3HAYMUTEIHO PAcTOjaHHe OJ] PE3UICHIINjATHA 00jeKTH.
Bo 0BOj KOHTEKCT, MPOEKTOT HE IOCEAyBa IMOTCHIMjal 3a BIMjaHUE Bp3 Jyfero, HUTY BO (pa3ara Ha
n3rpanda, HUTY BO OmepaTHBHATA (haza.

4.7. Baujanuja ép3 ocmanamu 001acmu_Ha 3cU60MHAMA CPeOUHa

Co oBoj IIpoekT HeMa Ja ce Mpou3BeayBa LBPCT OTMAJl 32 BpeMe Ha PabOTEHETO HA MHCTAjalMjaTta, HUTY
naKk Ke JIOBeJie /IO PU3WIM OJ] KOHTAMUHAIIM]ja HA 3eMjHIITETO WM BOJATA O] UCIYIITAmha HA 3arayBauku
MaTEepHH BP3 3€MjUIITETO WM BO MOBPIUIMHCKUTE BOJIH.

OxoJly JIOKQJIUTETOT HE IMOCTOjaT 00JIACTH HAa KOU MJIM KOM CE€ 3aIlITUTEHU CO MEI'yHapOIHO, HAIIMOHAIHO WU
JIOKAJTHO 3aKOHOJIABCTBO MO HUBHHUTE CKOJIOIIKH, MPEACICKH, KyATYPHU WIH IPYTH BPEAHOCTH, a KOU
Ou Mo>kesie a OuaaT 3acerHat oJ] IPOEKTOT.

Ha noKaquTeTOT WM OKOJY JIOKAJUTETOT Kaje IITO Ke Ce M3BEle OBOj MPOEKT HE IOCTOjaT 00JACTH HIIH
KapaKTEPUCTUKU OJT BUCOKA IpEJIeicKa MM JKUBOIKCHA BPEIHOCT KOU OM MoOKene fa OWaaT 3acerHatu of
MMPOEKTOT, HUTY IaK IOCTOjaT OOJIACTH T'YCTO HACENIeHHW WM W3TPaJIeHH, a IITO OW MoXKeie naa Owmaar
3acerHaTH OJI IIPOCKTOT.

4.8. Baujanuja 00 necpeku u xasapuu

[NoTeHMjaTHA PU3HUIIM U ONTACHOCTH MOBP3aHHU CO IMPOSKTOT BO I'Pajie)kHAaTa M OliepaTUBHATa (pasa ce: mojasa
Ha II0’Kap, METEOPOJIOIIKM II0jaBH CO KapaKTEPUCTUKH HA CJIEMEHTAPHU HEMOTrOJH, IOIUIaBH, KakKo M
WHIUICHTH W XaBapuu TMpPeIu3BUKaHW O] Hajpadnmuuyau nedekrn. Ho co orienq Ha rojremmHara Ha
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MIOCTpOjKaTa, BUAOT HA JIGJHOCTA W OpPTaHM3aIlfjaTa Ha padoTa, pU3MKOT 3a I0jaBa Ha HECpeKa WM XaBapHja
€ MHOTY Mall.

3a HaMmanyBame Ha MOXXKHUTE BIIMjaHUja, MPEIU3BUKAHU OJI HeCpeku M xaBapuu Eyponmken UHaycTpu, ce
NpUAPKYBa KOH TPOMHUCHTE OFf UMIUIEMEHTUPAHHOT cuUcTeM 3a 0e30eTHOCT M 37paBje MmpHu padoTa Koj €
cepruduiupan cormacao Cranmapaor MCO 45001.

3a emTuMHUHHpak-e Ha PU3UIATE OJT TTOYKap BO TEKOT Ha ornepaTuBHaTa (pa3a Ha 00jeKTOT, KaKO OCHOBHA MepKa
ce MpeJBUIyBa CIIPOBEIYBAhe HA MEPKHUTE 3 MPOTHBIIOKAPHA 3aILUTHTa, KOU BayKaT BO KOMITaHHUjaTa.

Jo camaTta nmokanmja 06e30eieH € HelpeyueH MPUCTAIl CO MPOTHUBIIOKapHO Bo3nino. Bo Eyponuken MaaycTpn
nMa rmoceOHa MPOTUBIIOXKAPHA CITy’KOa CO CONICTBEHU MPOTHBIIOKAPHU BO3MIIA.

4.9. Kapaxmep, pazmep u gepojamuocm_Ha enujanujama

CriopenieHo co octaHatute mporiecu Bo Eyponnken MHIycTpy v co TOIEMHHATA HA MMOCTOCYKUTE TPOCKTH,
OBOj MPOEKT ce cMmeTa 3a ymepeH. Co CHpOBEAYBamETO Ha MPOCKTOT HE CE OYEKyBa I'eHEPUPAHmE Ha
HETaTUBHU BJIMjaHUja BP3 )KUBOTHATA CPEIMHA.

3axnyuok: 1IpoeKToT T 33/10BOJTyBa TIOCTOCUKUTE CTAaHAAP/IU 3a 3allITUTA Ha )KUBOTHATa cpeanaa. Co Hero
HE CC OYCKyBa TIeHEpUpamke Ha JOTOJHHUTCIHH HETAaTHBHU S(PEKTH Bp3 JKUBOTHATA CpeluHA, a Ke Ce
OBO3MOXXH COTICTBEHO MPOM3BOJICTBO Ha E€JIEKTPHYHA €HEeprhja BO YCIOBH Ha €HepreTcka Kpu3a, IITO Ke
OBO3MOXXH HEMPEYCHO IMPOU3BOJACTBO Ha (DepOHWKENT BO HMIHWHA. YIITE MOBAXHO € TOa INTO MOJOIHA,
MOTOpPHTE K€ MOXKaT Jia padoTaT U Ha rac, Kora ICTHOT Ke OMJIe ToCTaIleH.
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5. IOIIOJIHUTEJIHU UOOPMAIIUU

5.1. Hageodysarmwe Ha opzanom Ha OPHCAGHAMA YRPAGA HAOJIEHCEH 34 U30aA8aIbe 00360.14 00HOCHO peuieHue
34 Cnpoeedyearve Ha NPOCKmom

Hannexxen opraH 3a U3BeyBame Ha JJO3BOJIA-PEIICHHIE 32 OIEHKA Ha BIMjaHUETO BP3 KHUBOTHATA CPEIMHA €
MUHHUCTEPCTBOTO 3a )KUBOTHA CPEMHA U IIPOCTOPHO IUIaHUpak-e, YTIpaBa 3a )KHUBOTHA CPE/IMHA.

5.2. lamym na uzgeecmyearve
Harym: 01.11.2022

5.3. Bo cayuaume Kade e paziuyen_ 00 UHEECCHIUMOPOM — UMEHO, npe3umemo, aopecama_u
menegonckuom 0poj Ha Auyeno Koe 20 u32omeyea u3eecmysareno U Ha Juyama Kou y4ecmeysaant 60
HE2060MO U320MEYedarve

Hewma.

5.4. Illomnuc na 1uyemo Koe 20 u320meyea u3eecmysaremo co Koj ce nomepoysa _agmeHmuyHoCma _Ha
uu_clmp.fuauuume COOPIHCAHU 80 HE20

IMotmuc:

I'epacum Kyjynuues
I'enepanen aupekrop —
Eyponuken Unayctpu OO

6. ITPNJIO3HN

[Tpustor 1. JIucta Ha IpoBepKa 3a yTBp/AyBambe Ha MoTpedaTa 0] OlleHa Ha BIMjaHUETO HAa MPOEKTOT BP3
XKHUBOTHATa CPEIUHA

[Mpunor 2. Texanuka crieruduKaiuja oJi MPOU3BOAUTENOT 32 TEHEPATOPOT U MOTOPOT

[punor 3. Crneundukanmja o MPOU3BOTUTENOT 32 TPEABUICHN EMUCHOHH BPETHOCTH 0€3 BKIIyYeH CUCTEM
3a TpETMaH Ha TaCcOBU M CO BKJIYYEH CHCTEM 3a TPETMaH Ha W3yBHUTE TaCOBHU, KAaKO U 3a IPOTOK
Ha U3yBHU racoBH 01 MOTOPOT

[Mpunor 4. U3Bagok ox PedepenTHroTr okymeHT 3a HajaoOpu nocranau texauku (HAT) 3a [onemu
coropyBauku noctpojku, 2017
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ITPAJIOT 1. JUCTA HA ITPOBEPKA 3A YTBPAYBAIBE HA IIOTPEBATA O/ OIEHA HA
BJIMJAHUETO HA ITPOEKTOT BP3 )KUBOTHATA CPEJUHA

KpaTok onuc Ha npoeKkToT:

Mpoektot: WHCTAIIMPAHKSE HA TIOCTPOJKA 3A TMPOMU3BOACTBO HA EJNEKTPUYHA
EHEPIMJA ke ce peanusnpa BO rpaHMuUMTE Ha nocroeykaTta uHctanaumja EypoHuken NHaycTpu,
CO KOj ce npedBuayBa [a Ce NpousBenyBa €NeKkTpuyHa eHepruja co MoMOLl Ha reHepaTopw.
BkynHaTa nHCcTanupaHa MOKHOCT Ha nocTtpojkata e 42 MW. CtaHyBa 360p 3a nocTaByBawe Ha 12
NocebHN MOHTaXXHU KOHTEjHepU, NPW LLITO CEKOj Of, HUB COOPXM MOTOP U reHepaTop CO MOKHOCT o,
3,5 MW. OBaa reHepaTopcka LenuHa e coctaBeHa of 12 3acebHu arperatm kowu nocegysaat
COMNCTBEHWN BrpajeHu CUCTEMU 3a pedykumja Ha u3gyBHUTEe racosu. Bo paboTta eaHoBpemeHO
Moxat ga bugat camo 10 arperatu gogeka 2 ce pesepBHU. KOHTejHeEpUTE BO MOHUHA MOXe ada ce
aucrioumpaat OOKONKy uma notpeba. He ce notpebHM HWMKakBM MPETXO4HM MOArOTOBKM OCBEH
NnoBp3yBaH-€ CO NOCTOEYKNTE MPEXM 3a CHabayBawe CO Ma3yT U CO eNeKTpUYHa eHepruja.
"eHepaTopuTe paboTaTt Ha MasyT 1 Ha Au3en, HO UCTUTe MoXaT Aa paboTaT v Ha rac, kora UCTMOT
ke 6uae poctaneH. Kako ropMBo Ha MOYETOK Ke Ce KOPUCTU HUCKO CyndypeH MasyT Koj u
3a0BONyBa KpUTEPUYMUTE Ha NOCTOEYKaTa 3aKoOHCKa perynaTuea Bo Ap)aBaTa.

OnpemarTa Koja ke buge noctaBeHa e npovsBedeHa o4 amepukaHckaTta komnadmja NMPOIMEH u mm
3a0BOMyBa CUTE MNOCTOEYKN CTaHOapAM 3a 3aLliTUTa Ha XUBOTHaTa cpeanHa.

LlenTta Ha NpoeKkToT € NpoM3BOACTBO Ha COMNCTBEHA eNeKTpuYHa eHepruja, kako 6ekan BO yCrnosu
Ha eHepreTcka kpusa.

Mpawatba WTo Tpeba Aa ce emat
npeasua

Ha/He /? /HecooaBeTHO

(HA) (HA — gokonky

npallaweTo He e

peneBaHTHO 3a KOHKPETHUOT MPOEKT)
Hakpatko aa ce onuwe.

[anun oBa Ke goBeae OO 3HAYUTENHU
BNujannja? da/He/?
— 3owTo?

1. Janu usrpag6aTta, paboTereTo
UK 3aTBOPaHETO HA NPOEKTOT Ke
COLPXW aKTUBHOCTM KOU Ke
npeaunssukaat puanykm

NPOMEHM Ha foKanuTeToT
(Tonorpaduja, kopucTere Ha
3eMjULLTETO, NPOMEHN BO
BOAHWUTE Terna WUTH.) ?

[a. leHepaTopuTe Ke ce nocrtasaT
Ha 6eToHcKa ocHoBa.

He. CtaHyBa 360p 3a nocraByBahe
Ha MOHTaXHU KOHTEjHEPW, NMpU LUTO
UCTUTE BO WAOHMHA MOXe da ce
penouupaar no notpeba.

2. Nanv npu narpagbara unm
paboTeH-eTO Ha

NPOEKTOT Ke ce KopucTaT NpUpoaHU
pPEeCypcH Kako LUTO ce 3emMjulTe,
BOAa, Matepvjanu nnu

eHepruja, a 0cobeHo pecypcu WTo
He ce OOHOBNMBU UNN Ce OCKYAHU?

[a. 3a Bpeme Ha wusrpagbata ke
6une noTpebHa ogpedeHa KonuymMHa
Ha ropyMBO U enekTpuyHa eHepruja.

He. [llo 3aBpwyBakeTo Ha OBOj
MpoekT, BOo TekoT Ha paboTereTo
He ce o4eKkyBa 3rofiemyBawe Ha
noTpowyBaykata Ha BOOa HWUTY Ha
ernekTpuyHa eHepruja.

3. danu npoekToT ke ondatn
ynoTtpeba, yyBare, TPaHCMNopT,
nocranysan€e CO UM NPOVN3BOACTBO
Ha cyncTaHuum unu MaTepujanu WwTo
Oou moxene aa 6uaaT WTETHU No
34pasjeTo Ha nyreTo unm no
KMBOTHaTa cpeavHa, Unu LwTo 6u
npeansBukane 3arpueHocT BO
BpCKa CO peasiHu Unu nepuenvpaHu
pu3num no 3apa.jeTo Ha nyreTo?

He

He

Eyponuken Uunyctpu JJOO
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Mpawara wro Tpeba aa ce semat
npegsung

Ha/He /? /HecooaBeTHO
(HA) (HA — gokonky

[anu oBa ke goBeae A0 3HAYNTENHU
Bnujannja? Oa/He/?

npaLlaweTo He e — 3owT0?
peneBaHTHO 3a KOHKPETHNOT MPOEKT)
HakpaTko ga ce onwe.

4. fanun npoekToT Ke npou3seayBsa He. Hema pa npousseaysa | He

LBPCT OTNaj 3a BpeMe Ha
n3rpagbarta, paboTereTo nnm
3aTBOPaHETO Ha MHCTanauujata?

JOMONHWTENEH OTnaj 3a BpeMe Ha
paboTereTo.

5. [lanu npoeKToT ke ucnywTa
3aragyBayku MaTepun U HeKou
OMacHW, TOKCUYHW UMK LUTETHU
CyncTaHuMmn BO BO3QYXOT?

Oa. TleHepanHo, ce o4ekyBaat
eMucuM BO BO34yX, HO WCTUTEce
oyekyBa fa 6Gupat BO pamkuTe Ha
BE.

He, 6ugejku cnopepn cneumndukaumja,
eMmmcumTe Ke buaat Bo rpaHMumuTe Ha
[03BONIEHNTE BPEeQHOCTH.

6. [lanu NpoeKToT Ke npean3Buka
Oy4aBa n BMbpaLum unu
ocrnoboayBare Ha CBETNWHa,
TOMMMHCKa eHepruja unm
ereKkTpoMarHeTHU 3pavera?

[Ja, ce oyekyBa emucuja Ha GydaBa.

He, ©Oupgejkn KOHTejHepuTe ce co
BrpaieHn aHTMBMGpaumnoHn NoTnopu.
Wctute ce co wusonauuwja u co
BrpajleH CMCTEM 3a NpurywlyBame Ha
OyyaBata pgo 70 dB Ha 30m
pacTtojaHve o4 HUB.

7. Janvn npoekToT ke gosene Ao
pu3nUmM o4 KOHTaMUHauumja Ha
3eMjuwTeTo Unun BogaTa og
ucnylTaka Ha 3aragyBadku
MaTepum Bp3 3EMjULUTETO UMK BO
NOBPLUNHCKNTE BOAW, KpajOpexHuTe
BOAW UK MOpeTo?

He, He Ce o04YeKyBaaT HUKaKBU
ucTekyBaka BO MoyBa, OGuaejkun
reHepaTopute Ke Ouaat noctaBeHu
Ha GeToHcka noanora. YuwTe noseke
wTo BO chpabpukata noctom Cucrtem
3a peuuvpkynauuja Ha oTnagHu Boau
CO BrpafieHun cenapatopwu 3a Macrio.

He

8. lanu noctom pusnk og Hecpekn 3a | la. 3a Bpeme Ha rpagexHuTte | He. [okonky ce noctanyBa cnopej
BpeMe Ha usrpagbata nnm aKTUBHOCTWU. cuTe npegBuaeHu craHgapau  3a
paboTer-eTo Ha MPOEKTOT KOU 61 BesbeaHocT v 3gpasje npu paboTa.
MoXere Aa BnujaaT Bp3 YOBEKOBOTO

34pasje Unu XMBoTHaTa cpeanHa?

9. lanu npoekToT ke foBene oo He TekoBHOTO paboTene 7

coumjanHu NpoMeHM, Kako Ha npumep
BO OAHOC Ha AemorpadwmijaTta,
TPaAMULMOHANHMOT HAYMH Ha XXMBOT,
BpaboTeHocTa?

0OpXXyBakETO Ha OBaa MOCTPOjka Ha
6a3a Ha 24/7 npepsugysa Hosu 30
paboTHu mecTa.

Eyponuken Uunyctpu JJOO
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Mpawatba WwTo Tpeba Aa ce emat
npeasua

Ha/He /? /HecooaBeTHO
(HA) (HA — gokonky

[anun oBa ke goBeae A0 3HAYUTENHU
Bnujannja? Oa/He/?

npaLlaweTo He e — 3owT0?
peneBaHTHO 3a KOHKPETHUOT NPOEKT)
Hakpatko aa ce onuwe.

10. Oanun nocTojat n apyrn daktopu He He

wTo Tpeba ga ce 3emart npeasung

Kako Ha npumep

nocrnegoBaTeNHMOT pPasBoj Koj LUTO

6u Moxen aa gosene [0 BrvjaHvja

Bp3 XMBOTHAaTa CpeaunHa unm 4o

MOXXHOCT 3a KyMynaTvBHMW BMvjaHuja

CO ApYrvi NOCTOEYKM UMW NNaHnpaHn

aKTMBHOCTMW Ha NOKanuTeToT?

11. Janu noctojat obnact Ha unu He. lMoctoeukaTa nokauuja Ha koja | He

OKOMy NOKanuTeToT Kou ce Tpeba na Guae n3BeneH NPOEKTOT He

3aLUTUTEHM CO MEFyHapPOaHO, Ce Haora Ha 3alITUTeHOo nogpavje.

HaLMOHAaIHO UMK NoKarHo

3aKOHOLaBCTBO Nopaan HUBHUTE

€KOMMOLLKW, Npeaernckun, KynTypHU Unm

Apyrn BpeaHoCTH, a kon bu moxene

pa bupar 3acerHati o,

NpoeKToT?

12. lanu noctojaTt Hekou apyrn He. MpoekToT 61 ce peanusvpan Ha | He

obnacTv Ha Unun oKorny NoKanuTeToT | MOCToeYkaTa MHAYCTpUCKa 30Ha, Koja

KOW Ce BaXKHW WUIn YyBCTBUTENHU O He  npeTcTaByBa  YyBCTBUTENHO

E€KOJIOLLIKM aCnekT, Kako Ha npumep MecCTO.

BOJHM XMBeanuLita, Bogoteum nunm

Opyrv BoOHM Tena, KpajopexHa 30Ha,

NnaHuHK, Wymu, a kom 6u moxene

na bupat 3acerHaT o4 NPOEKToT?

13. Oanwn nocTojat Hekou Apyrn He. OBoj npoekT ke buge noumpaH He

00nacTv Ha M OKOMy NOKANUTETOT | BO MOCTOEYKUTE rPaHMUM Ha

LUTO M KOPUCTAT 3aLUTUTEHU, BaXKHN ¢abpwukaTta EypoHuken NnaycTpu,

UNN YyBCTBUTENHU BUOOBU Ha KaZile NOCTOEYKOTO 3eMjuLTe Beke ce

dayHa v cnopa, Ha npumep 3a KOpPUCTY 3a MHOYCTPUCKA HaMeHa.

pa3MHOXyBake, rHe3aewe, bapane

XpaHa, oAMOop, Npe3vMyBah-e Unm

npecenba, a kon 6u moxene ga

OuoaT 3acerHaTv of NPoOeKToT?

14. Janu noctojat KOMHeHW, He, He ce odyekyBaaT HuKakeBu | He

KpajopekH1, MOPCKM UMy NOA3EMHU
BOZAM Ha UK OKOIy NTOKanuTeToT Kou
Oou moxene Aa 6uaaT 3acerHaTn of
NpoeKToT?

ucTekyBaka BO Boga, Ouaejkm
reHepaTopute Ke OuaaT nocTaBeHu
Ha ©eToHcka noanora. YwTe noseke
wTo BO chpabpukata noctom Cucrtem
3a peuupkynauuja Ha oTnagHu Boaum
CO BrpaZieHn cenapaTopu 3a macro.
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Mpawatba WTo Tpeba Aa ce emaTt
npeasua

Ha/He /? /HecooaBeTHO

(HA) (HA — gokonky

npallarweTo He e

peneBaHTHO 3a KOHKPETHUOT MPOEKT)
Hakpatko aa ce onuwe.

[anu oBa ke goBefe A0 3HAUYUTENHU
BNujannja? Oa/He/?
— 3owTo?

15. [lanu nocrtojat obnactu unm
KapakTEePUCTUKN Of BUCOKA
npepesicka unum XxX1BonucHa
BPEAHOCT Ha Unn oKony
NoKanuTeToT Kou 6u Mmoxene aa
6uaaT 3acerHaTu og NPOEKToT?

He

He

16. Janu nocTojaTt naTuwiTa unu
06jeKTn Ha unu okony nokanuTeToT
LUTO jaBHOCTa M KOPWUCTKM 3a npucTan
00 pekpeaTUBHW Unu

apyru objektn, a kon 61 moxene aa
6uaaT 3acerHaTv og NPOeKToT?

He

He

17. Janu noctojat TpaHCNOpPTHU
naTuLLTa Ha UKW OKOMy NoKanuTeToT
LUTO Ce MOANOXHM Ha 3aKpyyBaHe
WIU LITO co3aBaaT eKOJOLLKN
npobnemu, a ko 6u moxene aa
6uaaT 3acerHaTu of NPOEKTOT?

He

He

18. [lanu NpoeKToT e Ha nokauuja
Kage nocToun BepojaTHOCT Aa buae
BUANMB 3a ronem 6poj nyre?

He

He

19. [lanu nocTtojaTt peoHn unm
KapakTEPUCTMKN O UCTOPUCKA UMK
KyNTypHa BaXHOCT Ha UIn OKony
nokanuTeToT WTOo 61 bune
3acerHaTtu og NpoeKkToT?

He

He

20. Janu NpoekToT e noumpaH Ha
npaseH NpocTop (Ha Koj HMKoralu
Hemarno rpagba), co WTo ke Jojae oo
3aryba Ha npasHo(,rpuHcdung’”)
semjuite?

He. OBoOj npoekT ke Guage noumpaH
BO  MOCTOEYKUTE  [paHMuM  Ha
dabpukata EypoHuken WHaycTpw,
KaZile NOCTOEYKOTO 3eMjuLITE BEKE Ce
KOPUCTY 3a MHOYCTPUCKa HaMeHa.

He

21. lann BO MOMEHTOB MMa HEKOU
ynotpebu Ha 3emjuLLITETO Ha Unu
oKony nokauujata (Ha npumep 3a
XvBeanuLiTa, rpaguHu, apyr
npuvBaTeH MMOT, NHAYCTpWja,
TProeuja, pekpeauuja, OTBOPEHU
jaBHM NOBPLUMHWK, 06jekTH BO
3aegHuuaTa, semjogenue,
LUyMapCTBO, Typu3am, pyaapcTBo
UK KamMmeHonomMm) Wwrto 6u moxene
na bupar 3acerHaT of NPOeKToT?

He

He
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Mpawara wTo Tpeba aa ce semat Ha/He /? /HecooaBeTHO [anu oBa ke noBeae A0 3HAYUTENHU
npeaBsug, (HA) (HA — gokonky BNujannja? Oa/He/?

npaLlaweTo He e — 3owT0?

peneBaHTHO 3a KOHKPETHUOT MPOEKT)
Hakpatko aa ce onuwe.

22. lanu nocTojaT nNfiaHoBW 3a UAHU He He
ynotpebu Ha 3emjuLLTeTO Ha Unu

oKony nokauujarta wTo 6u moxene
na bupar 3acerHaT oa NPOeKToT?

23. [lanu nocTojat obnacTtu Ha unu He He
OKOINy MOKanuTeToT LUTO Ce rycTo
HaceneHv unu nsrpageHu, a Wro om
Moxene Aa buaat 3acerHati of
NpoeKToT?

24. flanv nocTojat obnacTtu Ha unu He He
OKOMy NOKanuTeToT LWTO ce
3ahaTeHn o HEKOW YyBCTBUTENHM
ynoTpebu Ha 3eMjuULLTETO, Ha
npumep 6ONHULM, yYUnuMLITa, BEPCKM
06jekTu, 06jexkTn BO 3aegHuLaTa, a
wTo 61 moxene ga bugart 3acerHatm
oA NpPoeKToT?

25. lanv nocTojaTt obnacTtu Ha unu He He
OKOMy NOKanuTeToT LUTO coapXaT
Ba)XHW, BUCOKOKBANMUTETHN UMK
OCKy[HM pecypcu Kako Ha npumep
noA3eMHV BOAM, MOBPLLMHCKM

BOAW, LUYMM, 3eMjOOENCKO 3eMjULLTE,
pUBHULN, TYPUCTUYKM PECYPCU UNN
MUHepanu, a Wwro 6u moxene ga
6uaaT 3acerHaTv of NPOEKTOT?

26. [lanv nocTojaTt obnactv Ha unu He He
OKOJy JTOKanuMTeToT LUTO Ce BeKe
npeaMeT Ha 3aragyBahe UInn Ha
LITETN BP3 XXMBOTHaTa cpeanHa, Ha
npvMep Kage NnocTojHUTE 3aKOHCKM
cTaHgapau 3a XMBOTHaTa cpefuHa
He ce noynTyBaar, a WTo 6u Mmoxene
na bupat 3acerHaT o4 NPOEKToT?

27. Janu mecToTOo Kage e noumpaH He He
NPOEKTOT € NOANOXEH Ha
3emjoTpecu, cryliTawe Ha
3eMjULLTETO, NU3rake Ha
3emMjuwTeTo, eposunja, Nonnasu unu
E€KCTPEMHW/NOLLUN KNUMATCKN YCIOBY
KaKo Ha Npumep ronemm
TemMnepaTtypHuU pasnukn, Marnu,
CWUINHW BETPMLUTA, a WTOo 61 Moxerne
Oa goBenaT Ao Toa NPOeKToT Aa
npeamn3Buka eKkonoLLKu npobnemmn?

Eyponuken Uunyctpu JJOO N3BecTyBame 3a HamMepa 3a CIIPOBETyBakhEe HA TPOEKT 22/22
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DIESEL GENERATOR SET SERIES

TITAN
3700

DESIGN CRITERIA

* The generator set accepts 100% rated load in one
step per NFPA 110 and meets ISO 8528-5 transient
response.

FULL RANGE OF ATTACHMENTS

* Wide range of bolt-on system expansion
attachments, factory designed and tested

» Flexible packaging options for easy and cost effective
installation

SINGLE-SOURCE SUPPLIER
» Fully prototype tested with certified torsional vibration
analysis available

WORLDWIDE PRODUCT SUPPORT

* Progen provides extensive post sale support
including maintenance and repair agreements

* Progen cost effectively detects internal engine
components condition, even the presence of
unwanted fluids and combustion by products

PROGEN DIESEL ENGINE

* Reliable and durable

» Two-stroke diesel engine combines superior
performance with excellent fuel economy

» Advanced electronic engine control

* Low installation and operating cost

3730kw DIESEL POWER MODULE

PROGEN GENERATOR

» Matched to the performance and output
characteristics of almost all industries engines

* Industry leading mechanical and electrical design

* Industry leading motor starting capabilities

» High Efficiency

PROGEN CONTROL 2100 SYSTEM

« Simple user friendly interface and navigation

» Scalable system to meet a wide range of customer
needs

 Integrated Control System and Communications
gateway

SEISMIC CERTIFICATION

» Seismic Certification available

* Anchoring details are site specific, and are dependent
on many factors such as generator set size, weight,
and concrete strength. IBC Certification requires that
the anchoring system used is reviewed and approved
by a Professional Engineer

» Seismic Certification per applicable Building Codes:
IBC 2000, IBC 2006, IBC 2009, CBC 2007

NANANNNN

©2022 PROGEN
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FACTORY INSTALLED STANDARD EQUIPMENT

TITAN
3700

System

3730kw DIESEL POWER MODULE

Standard

Lube Oil System —
Skid Mounted

Cooling Water System

Air Intake System

Exhaust System

Air Start System

Control System

Auxiliary Systems

Switchgear

Metering and Relays

- Engine driven lube oil pump

- Pressure relief and regulating valve

- Automatic lube oil filter with integral centrifuge. Includes by-pass,
safety net, counter flanges and pressure drop indicator, with centrifuge, installed in
accessory rack

- Plate and Frame type Oil cooler

- Preheat system

— Expansion Tank, dual chamber, site glasses and level detection switches
- Engine Cooling Radiator (one per gen-set) sized for
- 40°C (104°F) ambient
— Integrally mounted in Container
- Forced draft design
- Electric motor and motor starters
- Vertical air discharge
- High Temperature (HT) Cooling Water System
- Engine-driven fresh-water pump
- Pre-Heat System installed in accessory rack
- High temperature cooling circuit thermostatic valve installed in accessory rack
- Low Temperature (LT)Cooling Water System
— Engine driven fresh-water pump
- Low temperature cooling circuit thermostatic valve installed in accessory rack

- Intake air filter housing, two stage for baggie and spin type filter switch differential
pressure gauge installed in accessory rack

- Inertial filter elements, qty as required

- Baggie type air filter elements as required

- Flexible air inlet duct and clamps, air filter to turbocharger inlet

- Exhaust manifold blanket

— Exhaust stack transition section-rectangular to 22” diameter round

- Exhaust stack, duct work and required supports

— Exhaust silencer, 25 to 30 dba noise reduction design

— Expansion joints — two (2) — 300 series stainless steel-24” nominal diameter

- Engine air starter motor — turbine type

- Air start solenoid

- Pressure switch for start/stop functionality
- Pressure regulator

— Engine Control System

— Control System 2100

- Gauges Digital and Mechanical

— Operator HMI Touch Screen Display
- Engine, Generator and Bus

- Auxiliaries installed on a fully fabricated and assembled. Accessory Rack that
includes lube oil cooler, lube oil filtration, fuel oil filtration lube, water temperature
regulating valves, system piping, control panels with motor controls, lube oil, fuel oil,
and/or gas and jacket water pressure and temperature regulating valves and
gauges.

— Generator Circuit Breaker
- Low voltage

- CT’s(3)

- PT’s (3-phase Delta) — generator

- PT’s (1-phase Delta) — Bus—for synchronizing

- Voltage regulator

- Manual Paralleling

- Auto Paralleling / Synchronizer with Sync-Check

- Utility Grade Protective Relaying and Metering

- Master Control System 21000 w/touchscreen HMI Engine/Generator Controls and
full function local/remote controls, protection and monitoring system

©2022 PROGEN

www.PROGEN1.com
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TITAN TECHNICAL SPECIFICATIONS
5700 3730kw DIESEL POWER MODULE

PROGEN CONTROLS

The Progen engine control system is based on a PLC or other micro-processor based system for engine manage-
ment. We currently utilize a Basler DGC-2020-HD controller, linked via can bus to 4 AEM’s (analog input modules)
and 2 CEM’s (contact input modules).These add-on expansion modules increase the total number of analog and
digital I/0O dramatically, resulting in our ability to closely monitor and control our engines, far superior to the competi-
tion. We currently monitor/ control the following:

Analog pressure inputs: Analog temperature inputs (RTD):
- Main oil pressure - Generator stator temperatures (6 in total)
- Rear main oil pressure - Generator bearing temperatures (2 typically)
- Scavenging oil pressure
- Main oil filter differential pressure (for maintenance Digital inputs monitored (typical)
purposes) - Battery voltage (control power)
- Main fuel pressure - Pre-lubrication pump status (both contactor and breaker)
- Main fuel filter differential pressure (for maintenance - Radiator motor status (both contactor and breaker)
purposes) - Radiator expansion tank level status
- Jacket water pressure right bank - Engine room exhaust fan (both contactor and breaker)
- Jacket water pressure left bank - Fuel control automated valves (activation and position
- Crankcase pressure indication)
- Air box pressure right bank - Generator strip heaters (both contactor and breaker)
- Air box pressure left bank - Control power main breaker status
- Aftercooler differential pressure (for maintenance - Output power main breaker status
purposes)
- Starting air pressure Electrical parameters monitored:
Analog temperature inputs (thermocouple): Every parameter that we monitor is available for display,
- Exhaust temperatures on all cylinders and generally is displayed via a color HMI touchscreen
- Main bearing temperatures, crankshaft (all main panel.
bearings individually)
- Accumulative exhaust temperature (at turbo) Our control system is of the automatic type, so generally
- Exiting exhaust temperature (for use with SCR speaking, the operator simply selects the desired mode of
systems or HRSG) operation and activates the start function, via the digital
- Jacket water temperature entering the engine start button. It's as simple as that.

- Jacket water temperature exiting the engine
- Main oil temperature entering engine

- Main oil temperature exiting the engine

- Air box temperature right bank

- Air box temperature left bank

- Main fuel temperature (if requested)

GENERATOR DIESEL ENGINE
Phase: Three Phase 20-710
Power Factor: 0.8 Cylinders, Arrangement................ 20 Cylinders, 45° V
Flywheel Housing Size: SAE 00 B.ore Diameter........ccccccovvieieenne 230.2 mm (9.1 !n)
Drive Tvbe: Single Bear Piston Stroke........cccceeeeveiiieineinn.. 279.4 mm (11 in)
rive Type. single Bearing Full Load Speed.........cccoovmveeieiiiiiiiiiiiine, 900 rpm
PMG: No POWET RAUNG....eveoeveeeeeeeeeeeeeeeeee e eeeeeee 3730 kW
Excitation: Brushless LeNGth.....coueeeeieeeeeireeeceneene. 6,426 mm (253 in)
Rating: Continuous Width. .o 1.75m (68 in)
Volts: Various Options Helght ................................................. 2.75m (108 |n)
Weight......ooooiiiiiiieeeeeee 21,000 kg (42,297 Ibs)

Amps: Various Options

©2022 PROGEN www.PROGEN1.com
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ENGINE TECHNICAL SPECIFICATION | US

TITAN

3700 3730kw DIESEL POWER MODULE
Engine Model 20-710 @ Fresh Water System - Water Jacket Cooling Circuit 20-710
Number of Cylinders 20 Cooling water Flow Rate (min-max) GPM 1155-1200
Number of Main Bearings 12 Pressure Rise Across Fresh Water Pump
Power rating - Continuous BHP 5000 (Total System Pressure Drop) psi 64-66

kW 3730 Temperature - Into Engine °F 175-185

BMEP - Nominal psi 155 Temperature - From Engine °F 185-196
Total Displacement Cu.In. 14,200 Temperature - Rise Across Engine °F 10-12
Air Supply System Jacket Water Heat Rejection BTU min 98400
Intake Air Volume (@ 14.7 psi - 115°F) CFM 15000 Fresh Water System - Aftercooler Circuit

Cooling water Flow Rate (min-max) GPM 200-300
Lube Oil System Pressure Rise Across After cooler Water Pump
Pressure (@ Normal Operating Temperature) psi 60-100 (Total System Pressure Drop) psi 52-61
System Temperatures Temperature - Into After cooler °F 130
To Engine (From Cooler) °F 170-195  Temperature - From After cooler °F 152-162
From Engine (To Cooler) °F 190-215 = Temperature - Rise Across After coolers °F 22-32
Differential (Across Engine) °F 17-23 Aftercooler Heat Rejection BTU/min 50060
Oil Pump Capacities Fresh Water System - External System
Scavenging Oil Pump GPM 500 Temperature in Lube Oil Cooler °F 170-180
Main Lube Oil Pump GPM 281 Temperature Rise Across Lube Oil Cooler °F 3-5
Piston Cooling Oil Pump GPM 109 Lube Qil Cooler Heat Rejection BTU/min 30050
Turbo Bearing Priming & Shutdown Cooling Pump GPM 35 Design Water Temperature to Raw Water
Lube QOil Consumption Rate (Nominal) Gal/Hr  0.45 or Keel Cooler °F 180
Alarm Settings Heat Load To Keel Cooler - Jacket Water and Lube
LOS - Lube Oil Switch (@ Rated Speed) psi 25-29 Oil Cooling BTU/min 128450
LOS - Lube Oil Switch (@ Idle Speed) psi 8-12 Fresh Water System - Alarm Settings
HOS - High Oil Temperature (Into Engine) °F 230 ETS - Engine Water Temperature (From Engine) °F 208 (with Accessory Rack)
TOS - Turbo Lube Pump Low Pressure Switch psi 8 190 (With Loose Accessories)

Air Starting System
Exhaust System Air Starting Motors 2
Exhaust Back Pressure - Maximum Allowance 6 inches H20 Starting Air Pressure psi 150
Exhaust Gas Volume CFM 31,000 Average Free Air Flow Rate - Starters Cranking  ft 3/s 26
Exhaust Gas Temperature °F 660 Air Starting Control Solenoid Voltage 120 VAC (Basic)

Engine Radiation

Radiation (Approximate) BTU/min 24,000

PARTIAL LOAD CONSUMPTION

Diesel
Power (bhp) Power (kW) Load Consumption (gal/hr)
5000 3729 100 224
3750 2798 75 168
2500 1865 50 126
1250 933 25 81

©2022 PROGEN www.PROGEN1.com
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ENGINE TECHNICAL SPECIFICATION | METRIC

TITAN
3700

Engine Model
Number of Cylinders
Number of Main Bearings
Power rating - Continuous

BMEP - Nominal

Total Displacement

Air Supply System

Intake Air Volume (@ 101.4 kPa - 32.2 °C)

Lube Oil System

Pressure (@ Normal Operating Temperature)
System Temperatures

To Engine (From Cooler)

From Engine (To Cooler)

Differential (Across Engine)

Oil Pump Capacities

Scavenging Oil Pump

Main Lube Oil Pump

Piston Cooling Oil Pump

20-710
20
12
BHP 5000
kKW 3730
kPa 1068

Cu.Cm. 232,696

L/Sec 7079

kPa 414-689

°C 77-91
°C 88-102
°C 5-8
L/Min 1893
L/Min 1064
L/Min 413

Turbo Bearing Priming & Shutdown Cooling Pump L/Min 13.2

Lube Oil Consumption Rate (Nominal)
Alarm Settings

LOS - Lube Oil Switch (@ Rated Speed)
LOS - Lube Oil Switch (@ Idle Speed)
HOS - High Oil Temperature (Into Engine)

TOS - Turbo Lube Pump Low Pressure Switch

L/Hr 1.7

kPa 172-200

kPa 55-83
°C 110
kPa 55

3730kw DIESEL POWER MODULE

Fresh Water System - Water Jacket Cooling Circuit

Cooling water Flow Rate (min-max) L/Min 4372-4542
Pressure Rise Across Fresh Water Pump

(Total System Pressure Drop) kPa 441-455
Temperature - Into Engine °C 79-85
Temperature - From Engine °C 85-91
Temperature - Rise Across Engine °C 6-7
Jacket Water Heat Rejection kg. Cal. /Min 24800
Fresh Water System - Aftercooler Ciruit

Cooling water Flow Rate (min-max) L/Min 757-1136
Pressure Rise Across After cooler Water Pump

(Total System Pressure Drop) kPa 359-420
Temperature - Into After cooler “C 54
Temperature - From After cooler °C 67-72
Temperature - Rise Across After coolers “C 12-18
Aftercooler Heat Rejection kg. Cal. /Min 12620
Fresh Water System - External System

Temperature in Lube Qil Cooler “C 77-82
Temperature Rise Across Lube Oil Cooler °C 2-3
Lube Oil Cooler Heat Rejection kg. Cal. /Min 7575
Design Water Temperature to Raw Water

or Keel Cooler °C 82

Heat Load To Keel Cooler - Jacket Water and Lube

Qil Cooling kg. Cal. /Min 32375

Exhaust System

Exhaust Back Pressure - Maximum Allowance 1.24 kPa
Exhaust Gas Volume L/Sec 13735
Exhaust Gas Temperature “C 352

—_— —_— e ———
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PROGEN Dimensions & Raw/uncontrolled emissions; controlled by Emissions Control System (ECS) IIPWJIOT 3
ENERGY SIMPLIFIED

UNCONTROLLED EMISSIONS 8-cyl 12-cyl 16-cyl 20-cyl| |UNCONTROLLED EMISSIONS 8-cyl 12-cyl 16-cyl 20-cyl
Specific EMISSIONS at 100% output; per power output Specific EMISSIONS at 100% output; per power output
NO g/bhp.hr 455 4.55 4.55 4.55 NOx g/bhp.hr 4.55 455 4.55 455
Cco g/bhp.hr 0.16 0.16 0.16 0.16 Cco g/bhp.hr 0.16 0.16 0.16 0.16
PM g/bhp.hr 0.07 0.07 0.07 0.07 PM g/bhp.hr 0.07 0.07 0.07 0.07
THC (VOC/UHC) g/bhp.hr 0.08 0.08 0.08 0.08 THC (VOC/UHC) g/bhp.hr 0.08 0.08 0.08 0.08
UNCONTROLLED EMISSIONS UNCONTROLLED EMISSIONS
Specific EMISSIONS at 100% output; per power output Specific EMISSIONS at 100% output; per power output
NOx g/KWh 6.10 6.10 6.10 6.10 NOx g/KWh 6.10 6.10 6.10 6.10
Cco g/KWh 0.22 0.22 0.22 0.22 cOo g/KWh 0.22 0.22 0.22 0.22
PM g/KWh 0.10 0.10 0.10 0.10 PM g/KWh 0.10 0.10 0.10 0.10
THC (VOC/UHC) g/KWh 0.11 0.11 0.11 0.11| | THC (VOC/UHC) g/KWh 0.11 0.11 0.11 0.11
UNCONTROLLED EMISSIONS UNCONTROLLED EMISSIONS
EMISSIONS at 100% output; per MMBtu fuel input EMISSIONS at 100% output; per GJ fuel input
NOy Ib/MMBtu 1.56 1.56 1.56 1.56 NOx Kg/GJ 0.67 0.67 0.67 0.67
Cco Ib/MMBtu 0.06 0.06 0.06 0.06 co Kg/GJ 0.02 0.02 0.02 0.02
PM Ib/MMBtu 0.03 0.03 0.03 0.03 PM Kg/GJ 0.01 0.01 0.01 0.01
THC (VOC/UHC) Ib/MMBtu 0.03 0.03 0.03 0.03 THC (VOC/UHC) Kg/GJ 0.01 0.01 0.01 0.01
UNCONTROLLED EMISSIONS UNCONTROLLED EMISSIONS
Maximum Potential to Emit (PTE) at 100% output; tons/year Maximum Potential to Emit (PTE) at 100% output; tons/year
NOy tons/yr 74 121 156 206 NOXx Metric tonne/yr 67 110 142 187
co tons/yr 3 4 6 7 co Metric tonne/yr 2 4 5 7
PM tons/yr 1 2 3 3 PM Metric tonne/yr 1 2 2
THC (VOC/UHC) tons/yr 1 2 3 4 THC (VOC/UHC) Metric tonne/yr 1 2 3
NOMINAL WEIGHT Ibs 100,000 115,000 125,000 140,000| |NOMINAL WEIGHT Kgs 45,455 52,273 56,818 63,636
Nominal Frame dimensions Nominal Frame dimensions
Length inches 286 321 363 474 Length mm 726 815 922 1,204
Width inches 73 82 76 77 Width mm 185 208 193 196
Height inches 116 116 116 187 Height mm 295 295 295 475
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Estimated DEF32 / AUS32 reqd. for NOx control and Part-Load Emissions: NOx, CO and PM

EFFECTIVENESS of EMISSIONS CONTROL SYSTEM (ECS): 8-cyl 12-cyl 16-cyl 20-cyl
NOy, % emissions reduced 90% 90% 90% 90%
co % emissions reduced 70% 70% 70% 70%
PM % emissions reduced 10% 10% 10% 10%
THC (VOC/UHC) % emissions reduced 10% 10% 10% 10%

DEF32 reqd. 2.5% ‘of diesel

Engine load % load AUS32 used

100% load 100% gallons/hr 1.9 3.2 4.1 5.4
75% load 75% gallons/hr 11 18 23 3.1
50% load 50% gallons/hr 0.5 0.9 1.2 15
25% load 25% gallons/hr 0.2 0.3 0.4 0.5

EMISSIONS DOWNSTREAM of EMISSIONS CONTROL SYSTEM (ECS) 8-cyl 12-cyl 16-cyl 20-cyl

NO, % load

100% load 100% g/bhp.hr 0.46 0.46 0.46 0.46
75% load 75% g/bhp.hr 0.46 0.46 0.46 0.46
50% load 50% g/bhp.hr 0.46 0.46 0.46 0.46
25% load 25% g/bhp.hr 0.46 0.46 0.46 0.46

NO4 % load
100% load 100% tons/yr 7.4 12.1 15.6 20.6
75% load 75% tons/yr 55 9.0 11.7 15.4
50% load 50% tons/yr 3.7 6.0 7.8 10.3
25% load 25% tons/yr 1.8 3.0 3.9 5.1

co

100% load 100% g/bhp.hr 0.05 0.05 0.05 0.05
75% load 75% g/bhp.hr 0.05 0.05 0.05 0.05
50% load 50% g/bhp.hr 0.05 0.05 0.05 0.05
25% load 25% g/bhp.hr 0.05 0.05 0.05 0.05
co
100% load 100% tons/yr 0.8 1.3 1.7 2.2
75% load 75% tons/yr 0.6 1.0 1.3 1.7
50% load 50% tons/yr 0.4 0.7 0.8 1.1
25% load 25% tons/yr 0.2 0.3 0.4 0.6
PM
100% load 100% g/bhp.hr 0.07 0.07 0.07 0.07
75% load 75% g/bhp.hr 0.07 0.07 0.07 0.07
50% load 50% g/bhp.hr 0.07 0.07 0.07 0.07
25% load 25% g/bhp.hr 0.07 0.07 0.07 0.07

PM
100% load 100% tons/yr 1.1 1.8 2.3 3.0
75% load 75% tons/yr 0.8 1.3 1.7 23
50% load 50% tons/yr 0.5 0.9 1.2 15
25% load 25% tons/yr 0.3 0.4 0.6 0.8

EFFECTIVENESS of EMISSIONS CONTROL SYSTEM (ECS): 8-cyl 12-cyl 16-cyl 20-cyl
NOx % emissions reduced 90% 90% 90% 90%
co % emissions reduced 70% 70% 70% 70%
PM % emissions reduced 10% 10% 10% 10%
THC (VOC/UHC) % emissions reduced 10% 10% 10% 10%

DEF32 reqd. 2.5%

Engine load % load AUS32 used

100% load 100% liters / hr 7.4 121 15.6 20.6

75% load 75% liters / hr 4.1 6.8 8.8 11.6

50% load 50% liters / hr 21 3.4 4.4 5.8

25% load 25% liters / hr 0.7 11 14 18
EMISSIONS DOWNSTREAM of EMISSIONS CONTROL SYSTEM (ECS) 8-cyl 12-cyl 16-cyl 20-cyl
NOx % load

100% load 100% g/bhp.hr 0.46 0.46 0.46 0.46

75% load 75% g/bhp.hr 0.46 0.46 0.46 0.46

50% load 50% g/bhp.hr 0.46 0.46 0.46 0.46

25% load 25% g/bhp.hr 0.46 0.46 0.46 0.46

NOX % load
100% load 100% Metric tonne/yr 6.7 11.0 14.2 18.7
75% load 75% Metric tonne/yr 5.0 8.2 10.6 14.0
50% load 50% Metric tonne/yr 3.3 55 7.1 9.4
25% load 25% Metric tonne/yr 1.7 2.7 3.5 4.7

co

100% load 100% g/bhp.hr 0.05 0.05 0.05 0.05
75% load 75% g/bhp.hr 0.05 0.05 0.05 0.05
50% load 50% g/bhp.hr 0.05 0.05 0.05 0.05
25% load 25% g/bhp.hr 0.05 0.05 0.05 0.05

co 0
100% load 100% Metric tonne/yr 0.7 1.2 15 2.0
75% load 75% Metric tonne/yr 0.5 0.9 1.2 15
50% load 50% Metric tonne/yr 0.4 0.6 0.8 1.0
25% load 25% Metric tonne/yr 0.2 0.3 0.4 0.5

PM

100% load 100% g/bhp.hr 0.07 0.07 0.07 0.07
75% load 75% g/bhp.hr 0.07 0.07 0.07 0.07
50% load 50% g/bhp.hr 0.07 0.07 0.07 0.07
25% load 25% g/bhp.hr 0.07 0.07 0.07 0.07

PM
100% load 100% Metric tonne/yr 1.0 1.6 2.1 2.8
75% load 75% Metric tonne/yr 0.7 1.2 1.6 21
50% load 50% Metric tonne/yr 0.5 0.8 1.0 14
25% load 25% Metric tonne/yr 0.2 0.4 0.5 0.7
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Engine Exhaust Gas (EEG) part-load flow and temperature

PART LOAD: ENGINE EXHAUST GAS FLOW & TEMPERATURE 8-cyl 12-cyl 16-cyl 20-cyl PART LOAD: ENGINE EXHAUST GAS FLOW & TEMPERATURE 8-cyl 12-cyl 16-cyl 20-cyl

EEG flow % load EEG flow % load
100% load 100% cfm 11,585 19,000 25,000 31,000 100% load 100% m3/hr 19,686 32,285 42,480 52,675
75% load 75% cfm 8,689 14,250 18,750 23,250 75% load 75% m3/hr 14,764 24,214 31,860 39,506
50% load 50% cfm 5,793 9,500 12,500 15,500 50% load 50% m3/hr 9,843 16,142 21,240 26,338
25% load 25% cfm 2,896 4,750 6,250 7,750 25% load 25% m3/hr 4,921 8,071 10,620 13,169
100% load 100% pph 24,290 39,835 52,415 64,994 100% load 100% Kg/hr 11,041 18,107 23,825 29,543
75% load 75% pph 18,217 29,876 39,311 48,745 75% load 75% Kafhr 8,281 13,580 17,869 22,157
50% load 50% pph 12,145 19,918 26,207 32,497 50% load 50% Kg/hr 5,520 9,053 11,912 14,771
25% load 25% pph 6,072 9,959 13,104 16,248 25% load 25% Kg/hr 2,760 4,527 5,956 7,386

EEG Temperature EEG Temperature
100% load 100% F 660 655 650 645 100% load 100% C 349 346 343 341
75% load 75% F 605‘ 605 605 605 75% load 75% C 318 318 318 318
50% load 50% F 555‘ 555 555 555 50% load 50% ¢ 291 291 291 291
25% load 25% F 505‘ 505 505 505 25% load 25% C 263 263 263 263
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2.3 Direct conversion

2.3.1 General

The expansion of hot pressurised (flue-) gas in gas turbines and in internal combustion engines
allows the generation of mechanical and, subsequently, electrical energy. Such systems have
been developed from mobile systems and are often applied in remote sites, like islands, or in gas
transmission networks. The transfer of combustion heat at a high temperature to steam with
exergetic losses caused by temperature limitations is avoided in these processes. For this reason,
interest in direct expansion methods is increasing. These systems can be started very quickly
and so can meet peak demands. Additionally, these technologies do not necessarily need water
for cooling. Nonetheless, they can be coupled to steam processes to increase the overall
efficiency, i.e. in a combined cycle.

23.2 Combustion engines

Combustion or reciprocating engines have one or more cylinders in which fuel combustion
occurs. Engines convert the chemical energy of fuels into mechanical energy, in a design similar
to a marine engine (HFO and/or gas oil engine type) or automotive Otto (lean-burn gas engine
type) engine. To produce electricity, the moving piston transfers the energy from the
combustion to a generator connected to the rotating engine shaft.

Reciprocating engines for power plants are typically designed to operate on either four- or two-
stroke cycles. Both larger baseload engine-driven power plants with an output of up to about
600 MW, (formed by a number of single engines) and decentralised smaller simultaneous heat
and power (CHP) production plants are common worldwide. High-efficiency medium- and low-
speed engines are suitable for baseload operation. Medium-speed diesel engine units with a fuel
input of up to 50 MWy, or more and gas diesel engines (‘high pressure’ and ‘low pressure (dual
fuel)’ types) with a fuel input of up to 40 MWy, are available on the market. Low-speed diesel
engine units have a fuel input of 130 MWy, or more. Four-stroke spark-ignited lean-burn gas-
type engine units have a fuel input of up to about 45 MWy,. [ 135, Wirtsild 2000 ]

Compared to gas turbines, combustion in reciprocating engines is not continuous and takes
place in closed combustion chambers. During combustion, the pressure and temperature
increase is very high and this allows a high conversion efficiency for small units. Most systems
use gas oil or heavy fuel oil as liquid fuel, but gaseous fuel use is also possible. Often special
measures are necessary to reach current emission standards.

In Europe, few such plants exist in interconnected systems for power generation with liquid
fuels. The applications with liquids are mainly limited to isolated systems (e.g. operated on
islands) where a natural gas grid is not available. Gas-fired stationary engine plants are common
today, such as medium-sized CHP plants and large peaking plants for grid stabilisation.

The advantages of the reciprocating engine for this kind of application are many, e.g. high
thermal efficiency (low fuel consumption), optimum set-up for matching different load
demands, short construction time, easy maintenance and robust design. The best electrical
efficiencies (at alternator terminals) range from about 38 % to 48 % (depending on the engine
size, and depending on whether it is a new engine and/or whether it is single or combined
cycle), calculated on the lower heating value of the fuel.

Other attractive advantages of the engine-driven combustion plant are that these combustion
plants can be located in urban areas or in industrial areas close to the consumers of the heat and
electricity. Less transmission lines are then needed and the associated energy losses and land
demand can be minimised. Engine-driven CHP plants are well suited for industrial applications,
local utility companies, residential and commercial buildings, etc. Heat can be recovered as
steam, hot water, hot air, etc. Possible options for using the recovered heat include:
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° district heating/cooling;

° desalination processes;

. air preheating for some processes.
2.3.21 Diesel engines

Diesel engines are flexible in terms of fuel and can use fuels such as gas oil, heavy fuel oil, gas,
crude oil, biofuels and, in a few cases, even emulsified fuels. In a diesel engine, air is forced
into the cylinder and is compressed by the piston. Fuel is injected into the cylinder and is ignited
by the heat of the air compression.

The optimum heat to power ratio for a reciprocating engine plant is typically about one (in a
high-grade heat plant), compared to a low-grade heat system which typically has a heat to power
ratio of 3/2 or higher.

Liquid fuel pressure can be boosted to about 1 100—1 800 bar (dependent on engine type) to
achieve a droplet distribution small enough for fast and complete combustion. The nozzle
design for the fuel inlet is one of the key factors for the combustion process. Combustion is
realised partially at constant volume with an increase in the pressure, with the main combustion
process occurring at constant pressure. Combustion is not continuous but occurs only during
one part of the cycle. End-of-compression pressure and temperature are important parameters to
ensure good combustion. The maximum pressure must be limited to prevent damage. The
engine materials can bear temperatures of about 1200 °C, which allows a maximum cycle
temperature of 2 500 °C. Thus the efficiency of this kind of engine is around 40-50 %.

2.3.2.2 Spark-ignited (SG-type) engines

A spark-ignited gas Otto engine often works according to the lean-burn concept. The expression
‘lean-burn’ describes the ratio of air-combustion/fuel in the cylinder, which is a lean mixture,
i.e. there is more air present in the cylinder than needed for combustion. In order to stabilise the
ignition and combustion of the lean mixture, in larger engine types, a pre-chamber with a richer
air/fuel mixture is used. The ignition is initiated with a spark plug located in the pre-chamber,
resulting in a high-energy ignition source for the main fuel charge in the cylinder. This engine
type is designed for use with low-pressure gas as a fuel. Spark-ignited engines with a fuel input
of up to 40 MWy, are on the market.

2.3.2.3 Low-pressure dual fuel (DF-type) engines

The dual fuel (DF) engine is an engine type that recently became available on the market,
developed for countries where natural gas is available. This engine type is versatile with regards
to fuel, it can be run on low-pressure natural gas or liquid fuels such as gas oil, heavy fuel oil,
bio oils, etc., and it can operate at full load in both fuel modes. In the gas mode, the engine is
operated according to the lean-burn principle, i.e. there is about twice as much air in the
cylinder compared to the minimum needed for complete combustion of the gas. This allows a
controlled combustion and a high specific cylinder output without immediate risk of knocking
or self-ignition when the process is well controlled. In gas engines, the compression of the
air/gas mixture with the piston does not heat the gas enough to start the combustion process, and
therefore some additional energy needs to be added, which is done by injecting a small pilot fuel
stream (e.g. gas oil). A liquid fuel such as gas oil has a lower self-ignition temperature than
natural gas and the heat in the cylinder close to the top position is enough to ignite the liquid
fuel, which in turn creates enough heat to cause the air/gas mixture to burn. The amount of pilot
fuel ranges from 1% to 2 % of the total fuel consumption at full load. The engine works
according to the diesel process, in the liquid fuel mode, and according to the Otto process in the
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gas mode [ 136, EUROMOT 2001 ]. In view of the different thermodynamic cycles when
operating a dual fuel engine, the engine cannot be optimised for each fuel and a level of
compromise is inherent. The DF engine is primarily optimised for gas operation. Thus the
compression ratio possible for a DF engine will be lower than for a modern diesel engine and, as
a consequence, the NOyx emission is higher for the DF-type engine in liquid mode than for a
modern optimised diesel engine if there is no NOy abatement technique.
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Source: [ 277, Wirtsild 2001 ]

Figure 2.11: Natural gas-fired engine

2.3.24 High-pressure gas diesel (GD-type) engines

High-pressure gas injection engines operate according to the diesel process in both liquid and
gas fuel modes. In the gas mode, a pilot fuel oil (e.g. HFO) (typically 3-5 % of the total fuel
heat input) and a high-pressure gas at about 350-400 bar pressure are needed. The engine can
operate at full load, both in liquid and gas fuel modes. High-pressure gas diesel engines up to
about 40 MWy, or 20 MW, are available on the market.

2.3.3 Gas turbines

Gas turbines are used for the transformation of chemically bound fuel energy into mechanical
energy. They are applied for the production of electrical energy and to drive pumps and
compressors. The number of gas turbines used worldwide has grown significantly over the last
decades, and nowadays gas turbines are increasingly used for electricity production in base and
intermediate loads, and can also be used for emergency and peak demand, in large grids. In the
case of islands, gas turbines operate with liquid fuel, mainly gas oil in medium or baseload
operation. This increase may be explained by the abundant supply of natural gas at a favourable
price in the past and by the development of a new generation of gas turbines with higher output,
efficiency, and reliability.

Stationary gas turbines are classified into three groups according to their design characteristics
and thermodynamic parameters:

° heavy-duty gas turbines;
° aero-derivatives (gas turbines derived from aircraft engines);
° small and micro-gas turbines for a decentralised power supply.

[ 1, Eurelectric 2012 ]
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6 COMBUSTION OF LIQUID FUELS

6.1  Applied processes and techniques

6.1.1 Fuel characterisation

Definitions of the liquid fuels referred to in this chapter are based on the definitions given in
Directive 2012/33/EU of 21 November 2012 amending Council Directive 1999/32/EC.

Therefore, gas oil is used in this document to denote any petroleum-derived liquid fuel falling
within CN code 2710 19 25,2710 19 29,2710 19 47,2710 19 48,2710 20 17 or 2710 20 19. Or
any petroleum-derived liquid fuel of which less than 65 vol-% (including losses) distils at
250 °C and of which at least 85 vol-% (including losses) distils at 350 °C by the ASTM D86
method.

Heavy fuel oil (HFO) is used to denote any petroleum-derived liquid fuel falling within CN
code 2710 19 51 to 2710 19 68, 2710 20 31, 2710 20 35, 2710 20 39. Or any petroleum-derived
liquid fuel, other than gas oil, which, by reason of its distillation limits, falls within the category
of heavy oils intended for use as fuel and of which less than 65 vol-% (including losses) distils
at 250 °C by the ASTM D86 method. If the distillation cannot be determined by the ASTM D86
method, the petroleum product is likewise categorised as a heavy fuel oil.

Further information about composition and properties of liquid fuels is given in Section 6.2.1.

6.1.2 Pretreatment and preparation of fuels
6.1.2.1 Pretreatment of fuels used in conventional boilers

Petroleum-derived liquid fuels, such as heavy fuel oil and gas oil, used as fuel for large
combustion plants are processed in a refinery so that they comply with national and
international fuel specifications. The different oil qualities used for different types of LCPs are
described in Table 6.1. An important impurity in the combustion of liquid fuels is the amount of
sulphur present in the fuel. Although fuel oil can be processed in the refinery to reduce the
sulphur content, techniques to reduce the sulphur content of oil are not within the scope of this
document and are covered in the BREF for the Refining of Mineral Oil and Gas.

6.1.2.2 Pretreatment of fuels used in diesel engines

In order to ensure correct pumping and operating conditions, diesel engines need a continuous
supply of cleaned and filtered fuel oil at the correct flow and viscosity (for HFO, typically
below 730 ¢St at 50 °C). For heavy fuel oil, HFO treatment plants similar to those for gas
turbines (see Section 6.1.3.3) are applied, but with the following differences:

e only centrifugal separators are used;
electrical or steam coil-type heaters for heating up the HFO to the appropriate temperature
are used in order to achieve the required injection viscosity, typically 12—-20 ¢St for a good
atomisation at the nozzle;

e in normal cases, de-emulsifier dosing systems for breaking up the oil emulsion are not used,
and neither are additive-dosing systems for raising the melting point of vanadium products.

When operating with gas oil, no preheating or separation of the fuel is usually needed.
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6.1.2.3 Pretreatment of fuels for gas turbines

If heavy fuel oil (HFO) is to be used as a fuel in gas turbines, a special treatment procedure is
required. In this case, the fuel treatment plant comprises:

° heaters, for heating the untreated HFO (electrical or steam coil type);
o de-emulsifier dosing systems, for breaking up the oil emulsion;
o separators (centrifugal or electrostatic), for removing the solid impurities in the HFO,

particularly for fuels with a high ash content;

° additive-dosing systems, for raising the melting point of the vanadium oxidation
products; and

o all the necessary pumps and piping equipment.

Gas oil, when used as a fuel in gas turbines, needs to be treated in order to reduce its sodium,
potassium, and calcium concentrations and to remove solid impurities, which are otherwise
detrimental to the turbine blades. Gas oil is treated at the fuel treatment plant, which comprises
gas oil-cleaning units, either a self-cleaning centrifuge unit or an electrostatic-type unit, and all
the necessary pumps and piping equipment.

6.1.3 Combustion technologies

6.1.3.1 Design of oil-fired boilers

See Section 2.2.2 for a general description of combustion in boilers.

When heavy fuel oil is combusted in boilers, a low viscosity is needed at the burner in order to
ensure correct atomisation of the fuel. To obtain this viscosity, the heavy fuel oil is heated to

around 120-140 °C. Additives are used to improve the combustion of heavy fuel oil.

Three major technical issues need to be taken into consideration when firing heavy fuel oil:

° the need for heated storage, transportation, and additional heating before atomisation, due
to the high viscosity of the HFO;

o its tendency to form coke particulates;

° the formation of corrosive deposits.

The first two points are due to the high molecular weight and the asphaltene nature of some of
the constituents. The third point stems from the presence of sulphur, nitrogen, vanadium and
other metals in the fuel.

With emulsions, the physical effects of the addition of water lead to better combustion
properties by improving the atomisation. Micro-explosions occur as a result of the formation,
growth and bursting of vapour bubbles within the superheated droplets. As the oil can sustain
very high temperatures during combustion, the water droplets can be superheated. The emulsion
droplets are eventually shattered by the internal formation of water bubbles and their rapid
vaporisation. This process is called secondary atomisation; it increases the evaporation surface
area and the mixing of the burning species in air. The amounts of particulates and smoke formed
are minimised [ 157, Molero de Blas 1995 ]. This technique does not provide additional benefits
for modern oil boilers.
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Auxiliary steam boilers are generally fuelled with gas oil. Such boilers often operate only a few
hundred hours per year, are usually not equipped with specific abatement techniques and
discharge their flue-gas through the stack of the main unit.

Heavy fuel oil and/or gas oil is sometimes used for additional firing in heat recovery boilers or
as a supplementary fuel in natural-gas-fired plants, where it can also be used as back-up fuel.

6.1.3.2 Compression ignition (diesel) engines
For information on combustion engine processes, see Section 2.3.2.

Combustion engines operating with heavy fuel oil and/or gas oil are cost-efficient solutions for
baseload electricity supplies at remote sites like islands. In areas where gas will be available in
the near future, operating on HFO and/or gas oil is also a suitable solution until the plant is
converted to gas operation. After the conversion, HFO can be used as a back-up fuel.

6.1.3.3 Liquid-fuel-fired gas turbines
For general information on gas turbines, see Section 2.3.3.

Two types of liquid-fuel-fired gas turbines are currently used: heavy-duty gas turbines and gas
turbines derived from aeroplane engines, so-called aeroderivative gas turbines.

Gas turbines in general and aeroderivatives in particular usually run on gas oil or on kerosene.
In Europe, there are both large and small gas turbines powered with liquid fuels (not just as the
back-up fuel).

The use of heavy fuel oil and naphtha in gas turbines can be decided only with a plant-specific
assessment. Additionally, for units that accept these fuels, the turbine inlet temperature must be
reduced, which has consequences on the performance. For these reasons, the use of such fuels
for gas turbines is rare.

For recent designs of turbines with high turbine inlet temperatures, the manufacturers’
specifications for fuel supplies are very stringent. They stipulate the physical and chemical
properties needed in order to meet both the equipment demands and the environmental
standards, particularly with regard to metal contaminants (sodium, potassium, lead, vanadium
and calcium), sulphur and ashes.

The cost and availability of gas oil and the stress imposed on gas turbine blades and on the other
parts of the turbine when firing gas oil compared with natural gas, play a significant role when
selecting a combustion process.

6.1.4 Control of emissions to air

When using heavy fuel oil (HFO) and/or gas oil, emissions of SOx and NOy arise respectively
from the sulphur and, besides thermal NOx formation, to a certain extent from the nitrogen
contained in the fuel. Dust originate mainly from the ash content and marginally from heavier
fractions of the fuel [ 158, UFIP 2001 ]. The presence of dust can also give rise to economic
costs for the operators, from losses due to unburnt fuel and from deposits in the combustion
hardware, if the equipment is not well maintained.

Particulate emissions from the combustion of HFO may contain two major fractions [ 157,
Molero de Blas 1995 ]:

Large Combustion Plants 495



Chapter 6

1. material arising from the organic content of the fuel and its incomplete burnout:

° unburnt hydrocarbons (smoke),
o dust formed via the gas-phase combustion or pyrolysis (soot),
° cenospheres produced from cracked fuel or carbon along with ash (coke);

ii. ash from the inorganic and sulphur content of the fuel.

Smoke may arise from unburnt fractions of hydrocarbon fuel exhausted in the form of a fine
spray. Such hydrocarbon fractions are the remainders of reactions frozen by thermal quenching.
Emissions of unburnt hydrocarbons are highest at high equivalence ratios (fuel-rich conditions).
Their main environmental effect is their reactions in the atmosphere with NOx and sunlight to
form photochemical smog.

Soot is formed in gas-phase reactions of vaporised organic matter in a complex process
involving fuel pyrolysis, polymerisation reactions, nucleation, particulate growth, and burnout.
Fuel droplets burning in envelope flames are subjected to very high temperatures, leading to
fuel evaporation and thermal cracking of the large molecular structures, thus resulting in species
with a higher C/H ratio than the fuel source. Soot is most likely to be formed in fuel-rich
conditions, and is normally fully burnt as it mixes with air at a very high temperature in highly
oxidising zones, e.g. as secondary air is injected into the combustion chamber of a gas turbine.

Cenospheres are formed in liquid-phase processes and contain all the non-soot carbon and part
of the ash material. Such particulates are, hollow, porous and nearly spherical, and they range in
size from 1 um to 100 pm.

Ash fouling and corrosion are major problems when burning heavy fuel oils. Vanadium and
sodium are the most harmful elements, forming vanadium pentoxide (V,0Os) and sodium
sulphate (Na,SO,) respectively. Ash deposits jeopardise heat transfer to metallic surfaces and
cause corrosion of the combustion hardware, thus decreasing the equipment lifetime. Values
given in the literature [ 157, Molero de Blas 1995 ] show that a mere 0.32 cm thick deposit can
cause a 10 % decrease in turbine power.

Optimal combustion conditions are therefore important for the minimisation of dust and ash
production. Viscous fuel must be preheated before atomising. Additives combine with fuel
constituents and combustion products to form solid, innocuous products that pass harmlessly
through the combustion equipment. Additives could largely reduce the amount of unburnt
carbon to a value as low as 5 wt-% in the collected ashes. A low content of unburnt carbon-in-
ash is desirable as optimum burnout allows an optimum efficiency or fuel utilisation. However,
depending on technical and fuel characteristics, the content of unburnt carbon-in-ash may be
higher when firing HFO. Ashes with a high carbon content are black, while those with a low
carbon content are yellow or grey.

When burning gas oil, the dust mainly consists of soot and hydrocarbons.

At the high temperatures typical of combustion, sulphur combines with carbon, hydrogen and
oxygen to form SO,, SOs3;, SO, CS, CH, COS, H,S, S and S,. Under such conditions and
sufficient oxygen concentrations, virtually all the sulphur is converted to oxidised forms, with
SO, as the predominant sulphur compound formed in combustion. Even with a 20 % air
deficiency, 90 % of the sulphur is in the form of SO, and as little as 0.1 % is as SO, with SO
accounting for the remainder of the sulphur.

At a lower oxygen concentration (40 % air deficiency), H,S, S, and HS are also present in
significant proportions, while SO; is negligible. During combustion, these species are in super-
equilibrium concentrations. As the gases cool, their rates of consumption decrease and
equilibrium may be ‘frozen’ before the products reach room temperature. [ 157, Molero de Blas

1995
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In oxygen-rich and stoichiometric flames, which are very close to normal operations in boilers,
SO, and a very small amount of SO; are present. SO; has to be as low as possible to minimise
H,SO, (sulphuric acid) formation, which is responsible for corrosion in the coldest sections of
the boiler.

Cost-effective and technically suitable primary and secondary flue-gas cleaning techniques are
the focus of current product development. The application of primary methods to reduce
emissions to air at source is generally preferable to end-of-pipe abatement, also for cost-
effectiveness. Typically, combinations of primary and end-of-pipe techniques are implemented
for the control of the key pollutants.

The emission of sulphur oxides is proportional to the sulphur content of the fuel, unless
secondary abatement techniques are in place. The primary method to reduce SOx emissions is to
use a fuel with a lower sulphur content, whenever commercially available. Switching to low-
sulphur oil can make a significant contribution to reducing SOx emissions. A decrease of 0.5 %
in the oil sulphur content leads to a decrease in the SO, emission value of about 850—
880 mg/Nm’ at 3 % oxygen in the flue-gas. The sulphur content of gas oil is regulated by
Directive 2012/33/EU amending Directive 1999/32/EC, and since 2008 should be below 0.1 wt-
%. Such a low sulphur content ensures that SO, emissions from gas-oil-fired boilers, engines
and gas turbines oil are limited. Directive 2012/33/EU also amends the provisions of Directive
1999/32/EC relating to the maximum sulphur content of heavy fuel oil. The Directive states that
heavy fuel oils with a sulphur content exceeding 1 % by mass are not to be used within the EU.
Combustion plants using heavy fuel oil with greater sulphur concentrations are required to limit
their SOx emissions to within the limits set by a permit issued by the competent authority. The
directive also contains provisions for marine fuels, e.g. those limiting the maximum sulphur
content of marine fuels used within the EU Member states' territorial seas, exclusive economic
zones and pollution control zones to 0.5 % as from January 2020.

Multi-fuel firing, i.e. simultaneously burning liquid and gaseous fuels or liquid fuel and
biomass, could also make significant contributions to reducing SO, emissions. Multi-fuel firing
can take place in the same burner or in different burners located in the same combustion
chamber.

With conventional fuels, the NOx formation rate depends on the gas temperature and on the
amount of nitrogen in the fuel. Both characterise the most important routes for the formation of
NOx. Thermal NOx can be controlled by a reduction of the peak flame temperature (e.g. limited
combustion chamber load).

6.1.4.1 Primary control techniques for emissions to air from boilers

Highly viscous and high-sulphur oils are combusted in boiler-based LCPs. In older oil-fired
boilers, burners with mechanical atomisation were installed. Newer improved burner designs
include steam atomisation, which gives a more efficient combustion of HFO, and results in
lower dust emissions. Dust emission concentrations in the raw flue-gas (before dedusting) lower
than 100 mg/Nm® may be achieved, depending on the ash content of the HFO. Dust emission
concentrations of 50 mg/Nm’ in the raw flue-gas may be achieved for low-ash HFO (e.g. ash
<0.02 %, asphaltene <2 % and Conradson residue carbon content < 8 %), regardless of the
burner type. [ 93, Eurelectric 2011 ]

The NOx concentration in the flue-gas of an oil-fired boiler decreases with excess air. The
boiler size and burner and oil atomisation design play an important role in the concentration of
NOyx in the flue-gases.

For oil-fired boilers, the usual excess air is in the range of 1.5-2.5 % O, (in flue-gas). Low
excess air combustion is characterised by 1-1.5 % O,. This technique is rarely used alone, but is
very often used in combination with low-NOx burners (LNBs) or overfire air (OFA).
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Another aspect that influences LCP efficiency is the energy consumption of auxiliary
equipment, which depends on a number of parameters:

. Level of pollution control: advanced FGD consumes more energy, and pollution control
generally has a penalty on energy efficiency.
. Design of auxiliaries: boiler auxiliaries have to be overdimensioned to withstand all the

variations in parameters in comparison with design values (possible leaks, alternative
fuels, start-up needs, redundant systems, etc.). These technical options lead to non-
optimum auxiliary energy consumption under nominal conditions and design fuel.

Typically, the specific fuel consumption is 0.242 kg/kWh, for HFO-fired boilers and 0.205—
0.225 kg/kWh, for HFO-fired engines.

6.2.3 Emissions to air from liquid-fuel-fired combustion plants

The range of emissions to air from HFO- and gas-oil-fired combustion plants (boilers, HFO-
and/or gas-oil-fired engines and gas-oil-fired gas turbines) are given in Table 6.4. Reference
conditions are dry flue-gas, 3 % oxygen for boilers, 15 % for engines and gas turbines, and
normal operating conditions. Unless stated otherwise, data represented are yearly averages of
short-term values, and averages of samples obtained over one year without subtraction of
uncertainty or long-term estimates. Ammonia emissions are associated with the use of
SCR/SNCR.

Table 6.4: Range of yearly emissions to air from HFO- and/or gas-oil- fired combustion plants

Total Abatement techniques Emissions to air (mg/Nms)
Type of rated
plant | thermal g NOy Dust | SO, | NOy | NH;(Y | pust | co | TVO
input C
MWy)
Fuel
Fuel choice/ Fuel
choice/ Air choice/ 182—
<100 Flue- staging/ Multicy NA 3-85 NA
gas Fuel clone/ 12- 376 0.5
aHnlii(/)-r conden staging/ ESP/ 1676 >4
as—(())il— ser/ LNB Bag
& 100- | DSl LNB/ filter
fired
: 300 Steam
boiler o
Fuel addition/ 46—
ue Air Fuel <3 3-52 | NA
choice/ . . 51— 511 0.1-
2300 staging/ choice/
Wet 750 116
FGD FGR/ ESP
SCR
HFO- Fuel chmge/
and/or Low-NOx combustion concept
25-0il- in diesel engines/ 058 118— 5.9 5— 44— 5-75
e SCR/ 604 | 2442 200 | 200 | @
nein All DSI/
— Bag filter
Gas-oil- Fuel choice/ 102— 1-
fired gas Water or steam addition =S 085 NA =71 680 NA
turbine
(") Emissions reported by HFO-fired engines.
NB:
DSI: Duct sorbent injection; Wet FGD: Wet flue-gas desulphurisation; ESP: Electrostatic precipitator; BF: Bag
filter; SCR: Selective catalytic reduction of NOy.
NA: Not available.
Source: [ 3, LCP TWG 2012 ]
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