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3.0 TENLARAL Dy VBIFOBRRERIZHIT BRI L OB
XEEDORE

3.1 TEBANAL VU DIRIRFE - PLRFBIZMIT 72 B A

TR TV R, 1995 AR RBRZEEISHASK) (UNFCCC) . 2000 41 5t ERaHE
EEEPUEL TWD, £7o, 2016 4 4 AIZ U BRI L, BIfE, Fiftrlfe7
O FEBUTET, [EH A2 2P CHIERIRBE (LB 3R ~ DO B A & D T\ 5,

F7-. TEARL Dy . NUBEICESE . ERENARBELE A = T F 7
~DERLE LT 2030 FF TITIREZFE A AHEH &% 1990 41T 35% I+ 2 = &
Z HEEIZHIT T\ 5,

The Intended Nationally Determined Contribution of Azerbaijan

Base year 1990

Emissions per base year Total emission 73.331 Gg CO, equivalent (excluding LULUCF):

Net emission 69.641 Gg CO, equivalent (including LULUCF)

Time framework 2030

Covered sectors Energy. agriculture. waste, LULUCF

Covered gases C0O,. CHy. N>O. HFC. CFE,y

Considered emissions reduction 35% reduction at total emissions level compared to the base year.

Total emissions reduction for 2030 compared to the base year:

5.666 Gg CO;, equivalent (excluding LULUCF)
4.37

-
24.374 Gg CO, equivalent (including LULUCF )

Methodology used for GHG | In the course of GHG mventory. the revised 1996 IPCC Guidelines for
inventory National Greenhouse Gas Inventories were used.

Adaptation element In order to reduce vulnerability of Azerbaijan towards climate change
impacts. it is considered to develop relevant adaptation measures for
decreasing or minimizing the losses that may occur at national. local and
community levels per sector.

X 3.1.1 7 ENANRL Uy v O EFHEHEI BE
H B UNFCC, Azerbaijan First NDC, 2017

ttps://www4.unfccc.int/sites/ndcstaging/PublishedDocuments/Azerbaijan%20First 620Azerbaijan.p
(h // 4.unfccc.int/sites/nd ing/PublishedD /Azerbaijan%20First/INDC%20Azerbaij df)

S 5122021 F 11 A ICBE S - EEAUE A B S 26 Bl E S (cop
26) IZBWT, TEAASAL Dy lE, 2050 FF TITIREZNE A A D 40% % Y L .
BHAC IR IZ %~ P Y —> (zero-emission zone) ZAESETAHAEZIRFL TV 5D,
[1]
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2005 7225 2019 FE TOT LI AL Ty U DIREDRAT AP EIT T RO Y
Lo TN D,
Greenhouse gas emissions (CO2 equivalent, million ton )
2005 2010 2015 2017 2018 2019
Carbon dioxide (CO2) 26.8 22.6 26.6 32.6 327 326
Nitrous oxide (N20) 1.7 1.9 2.2 1.3 1.3 0.8
Methane(CH4) 10.3 15.0 16.4 18.3 18.7 19.9
F-gases 0.8 1.0 1.9 1.1 0.9 0.8

X 3.1.2 7 EANL D L DREFREN APEHE
Ht . 7SS U VEFEREEE, Greenhouse gas emissions, 2021

(https://www.stat.gov.az/source/environment/?lang=en)
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Hi . : UNFCCC, Azerbaijan. National Communication (NC). NC4., 2021
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(2B DA RS XL — ORI IIES 2 AT 2 BN 21 A 2T L TE 22
EITEBRIMET 5,

2009 H-IZ FAE A HE R L X —JT (State Agency of Alternative and Renewable Energy
Sources (SAARES)) 23 BXSLS 7o, D%, 201342 A 1 HFKFEHESIZ L - TRIT
TR SN, BAETED LS —SHOEHEY 2T Al LD, & FIC
Azeralternativenergy fL233% 3. AL TV 5, SAARES (X7 B/L A U » OFAFRET
FX— BT HBORE FATT 5720 O IATEHRER L E T BT s,
ZOHEEIE LTI, BAETRT LT —RET 07T LAOKREL LOFET, FEN
RETARNLF—DRT ¥ ¥ )V DIRERTEMRIBEOIER R LN b,

FEOHEANET RNV —DOFHE Y 2T AKEDOZD, HAEET R L —OF
FIZBET % [EFEEE (2012~2020) AFRITIZE > TEREINLTW D, [RIEEES TIE,
RBRB L OHAE TR VX —DJLFHHEICOT 2RI L 2E ) EBOAE, =%
X —WROF & EIF, Fiirlae7e 7 ) — o b X — G723, EREEE LTH
FTns,

3.2 BWEHEOCT-DOBSERB L OEBHE

TENNA D VEFIT., EREDOT- DA A BT 4 TERITCE
D, EEARLDOIETEOEY Lo Tn5,

(@) RAAHA MbZEIEMH#

ALHA MuSFT MR N OO TEMMO NEE L, IEAFERH. BEE
PERL, THOBL. WONCHERE « 3Rl - 7T > MK Al VAT 28 10 AR EE Y fuld
SND, £ AEFIZIT7ERM. @A S DSR2 BEBN RS 5,
(3]

(b) TEREDZDDHIE

2016 4= 1 A 18 AT RLiES [HEMRMEICEET 2 BRE ] ([ LiuX, @A
(EHDOVITENT - EOREMEL - U REFRZEZRFEICRE L, R4
T AREORER., BITEND [REEETFE] (Investment Promotion Certificate

(IPC) N X o T, YEAFEEDH L WVIXENT FreEEEE L IPCRITHNS 7
E, ZITHZENARETH D,

Page 26 of 143
This information is proprietary to JGC.
All rights are reserved. Uncontrolled when printed



SH3FE [EOBVIFILF—+ > I SOBHNERICHE BERMTMEERAESE]
FEWNAZv U ECHITD [TU-aEOER] SEg UL
DU—2KE - PR TEACEII LA > I SERBLTEIHETE Han
O EAFTEBE L OME AT D 50% 505k
@ Bt - B0 O ABIBLO bR
@ [EEE PER K O B D SR
@ HEEFOUIFERFE O H BT LM OF /A~ L — Z — AEAETITEADA
JEAEDIHENK - B 2 AT D BROBIBL O S i [4]

|m£ BAADOXMGRE 25 32 I EOTEDSBHFNED LN TEY, (B R/ F—
EPEIZRBIT D IPCRRED M E IR EFIL Freo@m L7g-> T 5,

# 3.21 RB= XNX—AEIZEBIT 5 IPCRED T2 D VLER K EHE

IPCHREZH: L TOXREREREE (AT H)
BENEF
-1 =2 | =3 | J=v4 | J—=5
RET XX —4E 5.0 3.0 2.0 1.0 0.5

V=1 7= (N7 =IO Z2R<)

=2 N OR], T v xm R

V=3 ALTA M, ¥y oYl

V=4 V=1, 2, 3, 5ICEERVIEREO

Y—r5 e FaUy oBRIEME, TXVR Ry XU R 77X LR,
TNTNVE, 7T X_XT 4B/ ST R AT URAB, Fada
Xallk, TEXAR FoarhrR] 7R RNOXR 772
277 R VIR YT VR RNT R T R

Hi . 1.2016 45 1 H 18 A KHEAES (http://e-ganun.az/framework/31870)
2.2016 4E 4 H 20 B AT RHEGES (http://www.e-ganun.az/framework/32606)

() BEWVEZRXAVX—FIHE

2021 4+ 5 A 31 AT 339-viQ 5 (A RTRE= /L —F|HiE)  [5] Tl ﬁéT
BET RV X—REOFEEF TR L, AFLIZ LV IRE S5 EIliks 2 20 HIR I
t@%ﬁ?é%W‘@mmM%Mmm)%ﬁﬁﬁ“@ﬁﬁ%@%mﬁﬁﬁ'Eﬁ é

WZIENRAE N DD DA FIEE ) B IS A 77 = X 2 (Active Consumer Support
Mechamsm)iﬁ& BA AR 2L —OFHOT= D OIER) . RRER), LR FEAE 7
LBWNNCYR—= M A =X LPHESI, 7V — =R T —OHEEIC EE R E %
REELTWD, o, SBENN, ERCICR2 BN Bl ORHE, L—uil
EREL TN Z LT TN D,
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3.3

D 3FE [BOBVIRILF— > ISOBHNERCHEIF=BEERE M REEE]
FEWNAZv U ECHITD [TU-aEOER] SEg UL
DYU—2KER - POEZTVEALCENT A > D SEMREMEMAEEE REE

BAFWRT R X —E AR X OBRR T 72 ERE

TRNASA Ve AFEEWRET R X —F A TOEER R Ak L. AR
OGRS 5720, EERR BB K UMEZE L o2 D TN D,

BN 16 BLBH TS $RFT(EBRD)IL. BAE., [T EBANA Dy BT HHAERRET R
X—DALUIARDL IR Yo v= 7 NEZTLTEY, BAEMRT L —0DEE
BHIDFMCANFLTFRE ORER ENED BN TW5D, F72. EBRD (L., XU HEIF
NZEPRET 2 EHNDC)IZ HD < IREZ R T AHI D E ZT 5729,
KIRFZEE 7 X —0DFE (Low Carbon Pathway) ([ZBWTH T BN A Uy VB
EXREL TN ZEEmFT LTS, [6]

2021 %3 A, =R AX—4E L BP & DM Tk, MAFLETICE T 2 HA T
FNX—T vl FNOEEEET, THXRAXT—PHBIORE Y AT L0
T B BURFACOBGIZ AT 7= W BT 2 RED KRS SNz, ZO0EERES
LU= T TN —TRRE S, TEANA Dy O BB E 71X BB O iR
RIZBT 2 2EEHIOREN SN TWD, 2FFHETIE, 7V —rz ¥ —7n
V7 M ARRFERE, TV ENAT 47 BEEWLE, 7V — ¥ B
RfEY ) a—a R ERRRERD, (7]

2021 -5 A, =X —4 L EEEBR@EEE EOM T, 7 —rZRx X — K7
YUV A ANIBIFAMANCET ARENE I T\, CEIICLAUE, FHAERE
T RF—, TRVFX R RRBHIN, =2 X150 BB b~OBITOE
DT D 10T D, [8]

2021 %4 A, =R AX—F L {HRIRIT 7 NV —T 04 T H B [E AR (IFC)
. TEAANS Oy DA T > a 7 EIIEEORBIZET D3I LR &2k
fh. FENCBT APE RN EORT > v Vi, W ONCEE ERSFEEOIRED
n— R~y 7RERETHAIBPED SN TWD, £, RFEEFHABRI T RLF
—ky Z—EHTE 0 75 A (ESMAP) OE&EHUHAZ 5 1T FEESN S, [9]
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D 3FE [BOBVIRILF— > ISOBHNERCHEIF=BEERE M REEE]
FEWNAZv U ECHITD [TU-aEOER] SEg UL
DYU—2KER - POEZTVEALCENT A > D SEMREMEMAEEE REE

4.0 BHICKIT SHEFRT RV —EERE

4.1

TEBNNRA DX ATBT DX —FE, HARRT XL X —ITx T D EFD
Fet - IEHIFE . FAETTRET R L — D AR IIZ OV T EEEA A LT,

TEANL D v DTN —EEER

2010 FEN D, TENANA DX U EKROEER MR EITIE 2T T2 oD,
NU&MBMWnkﬁ%$ﬁ®V?/F§?/uﬁW PROFEEREITTFH LT
W5, 2020 FEITBIT DB ERMEEIL7.6GW TH Y . A KSIFREIN 83%%
H, KIPEEITN 15% L VT b, BITE, 7EANSAS Ty OFAREET RV
XF—T—FEX v XU T A DREZVDITKIIFEE (89%) (Z78-5TWDHD, /INEFRE
FBATNCR S0, BADORHMAR LN TS, £ 2T, KEE - BAZEOE AT
DHILTWD, X4.1.2 2010 FF£~2020 F- DK FERRE= R /L X — D FH Rk R
RO E, KB - BB EOMONZEINEN 48.9%, 53.7%L 72> TR, EAMN

EATND Z EDbn%,

Installed Capacity (by source)

|:| Fuel (Ol & Gas) |:| Hydro - Other Renewabla

7807 1,910 7942 73559
ECERRELER. 1 st 1% 1%, ::::JEE.-_;::EEZ___ f&f
xm T laod 2% [14%

6398 6350 6420/ liseel fiseel L | . || |9 f15%

16%| |16% [16%]

85%) 859 85% 849

85%| [B85%, 83%| [83%

84%| (B4%| [84%

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Source: The State Statistical Committes of Azerbaijan

K 4.1.1 TEANL Dy BT ARER MR BEDEE (2010 4F~2020 4F)
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SH 3 FE [EOBVIRIILFE—1 > I SOBINEHCalT B LR A RESE ]
TEWNASv D ECHTD [TU-REDOERR] SEEUE
PTU—2KsR - POEZFEANCEEA > I SRIEBEAEAESE ®E

Renewable Capacity (by source)

[J Hydre [ wind [] solid domestic waste [l solar [] Biogas

CAGR (2010-20)

0% Biogas
w— — —C) = Only Gobustan Hybrid plant produces
3 i ;

1 MW along with it's solar & wind
capacities

Solar
* Highest growth potential
* Mew investments made to add capacity

Solid Waste
* Poor supply chains to divert industrial
wastes from mega cities like Baku

=

n
* Fastest growing segment

\ Hydro
* Low potential to grow compared to

C) other sources

» Growth possible for small HPPs

89%

2020
X 4.1.2 2010 %E~2020 “EDEFAEFRET RV X —DRfE

T ENINA T UAERD 2010 H~2020 FOESNHEEE D &, FTHRER

DA% THY, X412 TRTED, FRICLEDH TOMPREEFI/R>TWND, =
N DOIERKAREEICZ _x6«< TEBNNRA VxR TORERE B 2 FET,
X413 L0, zozo$ FEED B% A A « TATH->TW5D, KIFEIZD
WL, ZHilc 67@175%% <. 2010 ED 18% /15, 2020 LED 4% ~EE M3 ED
LTwW5b,
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SH3FE [EOSVWIRILF—1> I SOBINEHICHI =B ERERI AT
TEIWNASv U ELCHIFD [TU-REDER] SEEHUE
TU—2KER - PTOEZFEBACEEA > T SEGBETRMEATEE RES
Electricity consumption by sector (GWh)

[ industry M construction
[ commercial & Public Services [l Transport
[ Household Wl Aariculture, Forest & Fishing

CAGR (2010-20)

21560 21583 677 - Agriculture Forestry. Fishing
20915 .. 20, - : = 2;& — = Supported by the government funding, agriculture
/ ; sector grew resulting in increased electricity use

Transport
= Electricity use declined due to the reduced use of rail
transport for freight and passenger transport

Residential

= 2rd Jargest segment

= Growth due increased per capita electricity
consumption

= Despite the pandemic, electricity consumption
increased from 2019 — 2020 as citizens moved indoors

28% Commercial
= 3 fastest growing segment; electricity consumption
grew in line with the growth in services sector
= Growth declined in 2020 due to the decline in sector
like tourism

Industry

= Largest segment and the fastest growing user
segment

= Growth in energy intensive industries such as oil &
gas, metals & mining, steel, cements, chemicals

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

X 4.1.3 7T BN, Py BT EE RS F—0EIEEE

Total Electricity Generated (GWh)

[ Fuel (0il & Gas) [ Hydroelectric plants [ Wind plants [l Solar plants Il Solid domestic waste plant

24728 24688 24953 24321 25220 7o
22,088 23354 0.70% 0.74% 0.70% oo 0.64% o
0.00% 0.57% 0.01% 0.02% 0-14%ﬂ 015% 8.;%1 0.40% 25830
20294 go0% 0.00% 0.01% 0.02% 0.09% P : e I
' - 0. - 6.00% F212%] -
18700 0.00% 0.00%) 000%| | . ~Taoe " Tene — - TTare] . ore
0.00% 0.00% o 7 e - o1
0.00%1 0.00% f o
0.00% 1319%|
1842%|
92.08% 93.04% 94.02% 92.59% 91.22% a1.88% 91.87% 92.67% 94.53%
8.81%
81.58%
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

3>

X 4.1.4 7 ENANRSL VX IR DHRRER L SEREOES

32

2016 FFICERB LT BANRAL Dx - b a-Ua —U T OXEER (AGT Power
Bridge) (2L V., &AL LT6.2% (2020 4) OENZE/MEHEEL TBY, £
W2V a—U7 « RMLa~OREMTOILTND, FRZYa—TU T, TEARLY
¥ U DIEED 60%LL EEEDTWBT2d, ¥ a —U T B O 3L X —i AJECOR
. TEANRAL D U BRIRO TRV F —FIFI L LT T RN D D,

T, BIRELT0.6% (2020 F) OEHZENNLEAEE L TEBY, B
HIEEEICH L TR 10%i N IEEEL ED TV D, ECa v 7nb0EEN CS Ba
FAEBAEIZES W TIThb TR, BAMBICEAL UIbel tbrns 7o
BEINFR D,
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Electricity Trade (MWh)

SH3FE [EOEV\IRILE—7 > ISOBNNERICH EB XM RaEE ]
TEWNASv D ECHTD [TU-REDOERR] SEEUE
TU—2KEk - POEZFEANCEEA D D SRIGEEAGEMRAEEE RES

Exporting Countries & Share (2020)

|:| Import |:| Export

794,497

In 2020, Azerbaijan was
Georgia's largest
supplier (45% of total
electricity import)

1,770,647

Exports increased in
2016 due to renewal of
exports to Tukey

In 2017, exports
increased as exports to
Georgia grew from
68MWh — 891 MWh

1,397,323
] 1323516

1,160,197

Georgia

Importing Countries & Share (2020)

646,758
595,673 588,317

Georgia

14%

B Azerbaijan import is
10%-20% of export and

is the 53" largest

482,697

392,039

169,726

83,924 ‘ H

2 [l

electricity importer

B Electricity is imported as
part of the CIS
emergency mutual
assistance agreement

293 757

113,555 150,363
161,548
136275‘ ’_Hnms? 108,421 115,858 128,933

|1 e T O

Iran

65%

2010 2011

2012 2013

2014 2015 2016 2017 2018 2019 2020 Russia

X 4.1.5 7 ENNAL Dy BT HEIBRHAR

2010 FDOHEF T, TENLARAL U OEERFOENERIL 20.3% & EHEFEETH

AH6~7% LD HEmWIKIEICH - 7203,
2019 H12 1% 6.9%!

I

TEBNNA T ENIVE M O SR ORE
IEINT,

T&D Losses
20.3% .
. One of the plausible reasons
19'.2% behind this spike is the recent
infra destruction due to
Nagorno-Karabakh war
between Armenia & Azerbaijan
14.8%
. \
l
BI% 1275 12.6%
. L]
10.9% 10.8%
L -
9.3%
e 85%
L]
6.9%
L
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

X 4.1.6 TENANRL Dy LICBITAEER T ADEE
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4.2

SH3FE [EOBVIFILF—+ > I SOBHNERICHE BERMTMEERAESE]
FEWNAZv U ECHITD [TU-aEOER] SEg UL
DYU—2KER - POEZTVEALCENT A > D SEMREMEMAEEE REE

TEBNNNA V¥ VBN OBAEFRBT R AVX—ITHY D 5 # - Il
-3

3ETRELTWDEY, TEANL D VEIFIEL, 23V HE T GHG HEH % 2030
FEF TIZ 1990 L 35%HIET 5 Z L&A E L TR Y, 2030 FFF ClICHARET X
X —DEE ZBIRE R D 17%0° 5 30%I125| % B2 BEZEIT Cnb, 78 A
VX OHFECRANEHREL D, FFHAEFREZRLX—DORT X LEE L, £
421 28T 5BV . KL - ASIEEONTNEEWRT Vv v LRED HALT
Do

F 72, 2030 FEIZBIT B HAFRET R LF—DOWIRIL, KIZEE T 58.0%, K
FEFE T 12.6%, B E T 27.4%% 5, K8 ERE L LT292MW Z KT 5
ZLEHEHBRTILINRENTWD, TD2030HET T NCHEDETENTY v Ra—
ROEfEAEA TE Y, 2022 FHITITFITIND HIAALTH 5,

RA21EFAEARET RV —DRT ¥ IV

Installed Capacity Potential Capacity
Energy Source
- (MW)

Solar Energy 35 23,000
Bicenergy 45 380
Onshore Wind 6o 3000
Off-shore Wind 0 157,000

% share of RE and future target

Govt.
target

30%
16% 16% 16%  16% 1595  15%  15% 15% 16% 17%  17%)
1
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2030

Forecasted Solar Capacity (MW) & Breakdown of 2030 RE share, source wise

Other Renewables
Solar

292

C+211% )

/ 122
97 Wind

o 62 72

] )

2021 2022 2023 2024 2025 " 2030

Hydro

X 421 T EBANRAL Do v D 2030 FBI2BIT AFAARET XN —HR TS v
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D 3EE [BOSVIFRILF—+>ISOEINEHCE ZBERErIE S RESE ]
FENNAS v EICHITDB [FTU—HEDER] CEs Uk
DU—=2KEk - POEBZTZEBACET A > I SEBEREVEEARSE HRES

TEBNANRA T VBUMIE, 2010 LA O MRS O TR OB LT MBCRIT
EEASHETEY, T4 V&I AR B IRWHEIMEE DFIE % GDP D 4%I25]1 & |
FTHZEERELTWS,

X422 ([R95EYD . TEANRL, V¥ r « TRV —ENEEAET 2L X — (2R
LTI EEELTEY ., 240EERZE (Azerenerji £ & Azerishiq £5) 238 JEIZES L
T, MEMRZRMEREZE > TV D, TEALSL Vv VEUFIL. 2016 FEICHISHI 0 — <
Yy T EREL, BAEFTRT XL —FHET~DOAL BT 4 TH2E LTS,

Energy Regulatory Structure in Azerbaijan

W ..

k1] Ministry of Energy

_S Set policy & regulation | Control state-owned enterprise | License power generation, transmission, distribution & sale | Sets MInIStFy of ECOHDI‘I‘I)’

£ energy efficiency. renewable energy policy

€ | l

£ y v

£ | 1.5tate Agency on Alternative and Renewable 2. Energy Regulatory Agency (AERA) Tariff Council

% EnE‘fg}' Sources Regulates the utility sectors - electricity, natural gas and Determines ant‘Tl regulates .

[G] Develop renewzble energy resources district heating ;':: I:;:LT;;E“” price for electricity.

o
Generation Transmission Distribution Consumers
| Azereneni QJSC | Azerenerji QJSC Azerishig * Households
- = Mational transmission = National power distribution * Construction
| Azaltermativenergy LLC | « Conduct energy exchange company . Trapsport
operations with foreign countries * Agriculture, fore;try
| Auto-producers (B8P, SOCAR etc) | * Other commercial
| Private wind, hydre power plants |
Trading
State Ener ency of the Nakhchivan Autonomous Republic of Azerbaijan -
gy Agency P ) » Electricity export to
= Electricity ge-ner.ation.ltransmission, supply and distribution in Nakhchivan Autonomous Republic of Azerbaijan Georgia, Turkey etc.
= Energy exchanging with Turkey and Iran
I I

X 422 7TENANL Ox VET - BESH—E

Azerenerji fLI%, /IR BARED RV X —EATE —HOEEH B FZREN %
FRWLNTC, TXCOREFZITA - EZE L TWD, £/, BEVATLOA - #EE
HITH-> TV D,

—J5. Azerishiq f: (IH Bakielektrikshebeke . 185 : Baku Electric Company) (&,
2015 FFICTHGWEEDFH S & LT, BUNN Azerenerji fLDOBCEE FE & HERE 2 R HT =
L L7 Z & THEA L=, Azerishiq f1:iZ. Aran, Baku, Canub, Garb, Markazi Aran,
Shimal, Shimal Garb D HIK 1 v b U — 2728\ C, BEEMEZFTA L, BE, MG,
TOMOBER—E A (B, FHl. 7K 2i7-oTWb, TeTF=Ur ARl
FETIX, ZREVATAITETF = U7 0 s TR VF—FIC L o> THEHEEE S
W5,

BAFRET RV —FET~DL T 40 7OH & LTiE, MEBm ClEhpii
B (0~15%) . VAT %k, EEEEMOGRRENFT LD, 72, 150kW BLED 3
EATICR U Cldfkx 7efubr, EHIFEEZN R ENThIl T3,

1996 4E D T %)L X —&HIL H#E (The Law on Energy Resources Utilization) il &% .
TEBNAA D v VBT RV DIERAHIE L TEB Y, 2004 FORE K
OEHARBE 2L X — i ICBI4 5 7 1 77 L (State Program on the Use of
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SHIEE THOBOTHLFE— > I SOBINERICH - BRI A S
TR A S UECHIB [FU—HEOER] SE8 Uk
DU—=2KEk - POEBZTZEBACET A > I SEBEREVEEARSE HRES
Alternative and Renewable Energy Source) (2L V. FHAER[RET R /L —DE A D VR
— IBEEND L LT,

T IRA ¥ BT D PPA (Power Purchase Agreement., 5 771HR7252K)) |
BEENC T HEL . il 213 UAE D2 TH 5 Masdar 23 A 7-E & 7‘79&73?%#’]
1L 3.4cent/kWh &, TV A =T TORIEEOZHK (4.19 cent/kWh) & bl L C 4 2l
Lo TWA,

Fz, X423 RSN MIGITERIZH U CRARRE= R /L X — 0 KI5 8T
ROWIRNREFTZERLT VY —r o ¥—y—" EFLELT5H5Z L%
TN VX VKEBELVBEVIRLESIN TS, TRALXF—EEELIND
DOHGTITEIXIZIB W T, KBE3HE L LT 4,000 MW, E3EE L LT 500 MW DR
TUVXNANRBHHEERS LTINS, ZTHOWVomEEICLY, YT TEXIC
BWTHAEMRT RLX —IEEFTORF OIREN I TV D

Type of RE Region Districts Identified
Kalbajar,

Wind Energy
Lachin

Eastern Zangezur Gubadli

Zangilan
Solar Energy

Jabrayil

Upper Karabakh Fuzuli

X423 T EBNNNRAL T NIRBITFD TV =X 7

43 TENURAL T BT ABAEMRET XL —E AR,
BITE 4.1 B2 T, AMREME L RMMACEENTNS D, TEAAL Uy

VNEEARRET AL —DRT U VBN TTWD EEE L, 2T, K
KB LR ERSIBEEBEORT 2 v MZHOWTCLLTICEH#HT 5,

KEDEHE

TEBNNRA VX DKRGHIEEDOHIMNTI R T > 2 v /L1 23,000 MW TH
%, [RIEOERM A REFFIE 2,400~3,200 B, ARKB 2 &1 1,500 kWh/m2~
2,000 kWh/m2 EHEE &L, WL B MENCHE X TEVME & 72> T 5,
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S 3FEE [BOBWIRILE—1 > ISOMBINERICHIT - BRI AEEE |
FEILNASv U ELCHITD [TU-—HEOERR] &EFHUE
DU—2KF - POEZTEACETTEA > I SRIGBEAGEUERESE RES

BT e
W ko v a0
[ -y

Long term average of GHL period 1999-2018 — T

e .2 Lo 50
. Whim

Yoarly totale: 1249 sy 1 Wa0 we

X 431 2KAH®E (GH) v v

X432 BE#EAHE ON) v 7
HH : SolarGIS
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SH3FE [EOEV\IRILE—7 > ISOBNNERICH EB XM RaEE ]
TEWNASv D ECHTD [TU-REDOERR] SEEUE
DU—=2KEk - POEBZTZEBACET A > I SEBEREVEEARSE HRES

- BEERJIFEE

TENNRA D L DOFMEIRSIFREDORT 2 % /LIEHT 3,000 MW, R 7Y JEL
TIFEDORT ¥ /LK 800 MW 8 5, RRIFMIBIEN ZIEHT 52 & T, 4
59 2.4 TWh OFENAREL 72D . FI5{E mecm OKAFT A ZHFI L. 1 Mega b
YO CO2 P ZMBEET H 2 LN TE 5, kb EERERITT A EHHRV, FFIC
Absheron 5T, A E LT E Wb 2 EHEE FF 6 m BSRNTW 5D,
FoL 1A B 4L 9 ANE 12 Ak v ENKL,

>9.75 mis

X 433 7 BN A Uy VHFIEORDIEERT Vv v

Hi #: World Bank (2020a), Global Solar Atlas: Azerbaijan, https://globalsolaratlas.info/download/azerbaijan.

A 4.2 T2 K510, FEMRRT RV —REIEA B T4 703525
NTEY, N7 =BT KEFEERPZ @b LATRRTELR>TND
(431, M434ZH)
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SH3FE TEOBVWIRILF—1 > I SOBINEHCalT B LR REEE ]

JU—=>K&k - T7>E

431 TEALNRAL Dy T

FEIWNA Sy ECHITD [TU-REORR| SEFH L
ZFEBACATTEA > T SREBEAIREHEREEE S
B 5 AL RIS - S

n Project Name Type of Plant m ((MF\’:,)C'W Stakeholders

Karabakh Power Plant Solar Karabakh British Petroleum
2 Masdar Solar Plant Solar Baku, Absheron 2022 230 Masdar UAE & Azerenerji
3 Nakhchivan Solar Power Plant Solar Babek district 2015 20 Nakhichevan State
4 Samukh Agro Residential Project  Solar Samukh Region 2013 10 SAARES
5 Siyazan Solar Siyazan District 2018 4.5 SAARES
6 Pirallahy Power Plant Solar Pirallahy Island 2017 2.8 SAARES
7 Surakhany Solar Power Plant Solar Surakhany district 2014 28 SAARES
8  Sumgayit Solar Power Plant Solar Sumgayit district - 28 SAARES
9 Sahil Power Plant Solar Baku 2018 238 SAARES
10 Gobustan Hybrid Power Plan Hybrid Qabustan, Baku 2011 1.8 SAARES
11 Yeni Yashma Wind Park Hybrid Khizi 2018 10 Berlin Wind (Reconstruction)
12 Absheron Hybrid Power Plan Hybrid Absheron 2018 10 -
13 Social Facilities - - - 0.6 SAARES
14  Lake Boyukshor, Floating FPV Solar - FPV Baku By 2023 0.1 ADB
15 Ecology Park - Baku 2010 0.02 SOCAR
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DYU—2KER - POEZTVEALCENT A > D SEMREMEMAEEE REE

JE 138D R ER S TRIRT,

3 432 TENRL D BT BESIBEEIT R ER

. e -- Stakeholders

1 YeniYashma Wind Power Park Wind Power 2018 Azerener)i JSC state
2 Yashma Baglarn Wind Power Park Wind Power 2019 36 Azerenerji JSC state
3 Surabad Wind Power Park Wind Power 2019 17 Azerenerji JSC state
4 Hokmali WEP Wind Power 20M 8 Alten Group Private
5  Gobustan WPP (hybrid) Wind Power 201 27 SAARES State
6 Ecology Park Wind Power 2010 0.04 SOCAR State

KIGHFEEINZ I T 2 FEREENZ BT, SBO M Z RO 0D F] 2 21T

Do

ADB 7 7 A F > A Td % Boyukshor 1T D 100 kW Rk DVFIAR KL I B (F
431, X43414%) (X, Moy b TT2 NENEMT I, 5%OT LR
A ¥ NTBITD PV OEERNEEINS,

HIiTH 4.2 THaR-X7= Masdar O HE D317 TV % Masdar Solar Power Plant (%
431, [X4.3.423F) X230 MW O KRBT TH Y . 2023 FIHD P EEEL &
HfsL T3,

TV = TR FX—Y — U EHE LTZIES M 2021 455 A 3 HICKHHEIZESA S
., ZOx YT D1 ->CTh 5 Zangezur X° Karabakh [Z 240 MW D K56 F BT
(431, K4341%F) OFEMNBPIZL-TEDLNTWVD

JRS)FEEN 1T D R EHE G AR Bl 2 2510 %,

PP F T BT D ACWA Power £, 240 MW DR 388 & Jik - T - 12

Rzfims Uz, BAREITL. £ 6MW O X —E L 40 FE TS 1, 17 X
(102 MW) X Absheron H#iifik @ Pirakashkul (2. 789 @ 23 £ (138 MW) |

Khizi Hged [LIFEICER SND TETH D,

F 43212 TN TWA X 912, Khizi HIIEIZ 50 MW O Yeni Yashma JE\ ) 38 & T
73 2018 AEIZHE L T\ D
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FEWNAZv U ECHITD [TU-aEOER] SEg UL

DU—2KE - POECTEACEIT A S T SREELTMEIEAEEE REs
50 U —rKFE T UE=TREREOHME
51 ZU—VKR - TUE=TDEDRLBIEHE
T — KRBT OW UL, A OFRGERIEE IR TZMENT STV VWS, kR
eREBRIZ B NT C02 7 U —KFEDEFRD T LFRGEA F— LA DHUE L L Oiam H
ATWD, 51112, ERBEEEICEITA C02 7Y —/KFBOIRIET L & ZDERHEIC
OWCRt#ET 5,
7 5.1.1 EEICRIT 5 co2 7 U —KEDE
R4 PRGRET ~L RERA AP ED | IRERhF T 25 P HE
il
CertifHy @) Green hydrogen | < 36.4 gC02cq/Miz JEUB R H ~ L i KR AENT K B /KFZ RGN
Low Carbon DIRENR T AP &
hydrogen Benchmark[91 gCO2eq/Mli2] 5> 5
60% HIlJk
TOV SUD @

Green hydrogen

< 28.2 gC02¢q/Mli2

R ESE~ A T A
~OHLE T

Renewable Energy Directive (RED
)OI THLE S Mol A
BREFOIREN IR AT A P B[94

gC02eq/ M2l 5 &5 70% HIIR

EU Taxonomy )

< 258C02¢q/Mli2

s LA IREF DR RN R AT A

PEHE[94 gCO2eo/MI] 0> B

73.4%H I8

BEIS (4)

JEUBHER S~ S dn e

Low carbon
hydrogen

< 15-20 gCO2¢q/Mln2

JGC

1. CertifHy, Developing the 1st EU-wide Guarantee of Origin scheme for Premium Hydrogen.
2. TUV sSUD, TUV SUD Standard CMS 70, Version 11/2021, 2021.

3. European Commission A~ — A~— 7 1 U {Ejk (https://ec.europa.eu/sustainable-finance-
taxonomy/activities/activity _en.htm?reference=3.10)

4. BEIS, options for a UK low carbon hydrogen standard, 2021.

5. European Union, DIRECTIVE (EU) 2018/2001 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL
of 11 December 2018, 2018.

“7 ) — KB DFRGERIE O —fF] & LT CertifHy (2 DWW CRtah 35, CertifHy Tl
X 5.1.1 12/ X 912, AKEREBRRE COREDE ST AHEH &7 Benchmark [91 g-
CO2eq/Mina] 205 60% LA EHI &AL, FAERTRE= RV X —HRDE % v il X
NT=KFHE"T ) —kFE"E LTRIET 5, A i%w% HkDE T & KT)

FEHROENNBIET D EBRZME LI2Ea. 20BN+ 5 H4ATiED X
X —OEEGIZS LT, WETHKIFEO—HN Y — /m+&w£éhé 51l 2.
X, 60% N FHAFRET RV —HKOERZFEH LG, iE SN D KED 60%
W7 U ‘_“\/7k$&munﬂzéhéﬁfﬂ%’~f§)é

Benchmark & 72 2 RS2 A A HEH & [91 8-CO2e0/Mina] 1. BAITED KR BLIED i
ThHHKERAZ L BEIZL D, RRH A kFE A BET 55 OIRENFH A
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SH 3FEE TBOBS\WIRILF—1>ISOMEINERICHIT - BERMErIsE I RAEEE ]
FENNAS v EICHITDB [FTU—HEDER] CEs Uk
DU—2kE - PUESTEACEI A > I SEFBLARERESEE REE
HEHEAZ/RLTWA, 7o, BREHR T AYHEDOR ﬁ EQOVTWDMMm-
gate” (FEMBIAFNLRIGHMTET) LERLTE Y, KERERMEOERCZED
Mﬂwﬁﬁmﬁﬁéﬁiﬁﬁﬁxwm%homfi%ﬁbfw&mo

@,@Certiny What is Premium Hydrogen?

* Premium Hydrogen is hydrogen produced with low carbon emissions and includes
CertifHy Green Hydrogen and CertifHy Low Carbon Hydrogen.

+ For Green Hydrogen, renewable Feedstock and GHG Emissions of hydrogen
producers are addressed: similar trend in renewable electricity GOs.

A‘

__Benchmark emissions
intensity threshold

(=91 g CO, o/ Myp)* 0 9/ g?
I - 60%**
- Low-carbon threshold

CerlifHy (= 3649 COMhy)| 10%

Low Carbon In electricity markets, there is no
H; societal acceptance any longer

e —— of plants that have GHG to emit
renewadble GO's; e.g. biomass co-
i . fired coal power plants.

—_—

Low-
carbon

{

* Best Available Technology = Natural gas steam methane reforming >25% of H2 merchant mque’r
** ¢fr RED reduction requirement for biofuels in 2018

X 5.1.1 CertifHy IZ331F % Green Hydrogen D E#%

Hi 8 : CertifHy, Developing the 15t EU-wide Guarantee of Origin scheme for Premium Hydrogen

F72, U= T UE=TITOWTIE, Ammonia Energy Association (AEA) 7> 5 Low—
Carbon Ammonia Certification (Z 49 % Discussion Paper [10]13FITIN 572 L. i

FRGES LTV DM, 7 U — U KRFBORMERBIEZ ELZ LT H O iiﬁtﬁﬁiéh
-([/\f;:[/\o
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52 'V —rkFE T U7 RERIEER
52,1 Yukvzxr7u—H

BUERH CRIEESNTWD T U E=T1E, KFELERELFEEE LT HA—— - K
vVl ko THREE SN D Z N TR & o T D, JFECTH HKFEOREEN
BIZOWTIE, 2 X FOBRN D, ARETIZEEIMON AL, BEME 2
KR ADKERA L VBBEIZ L D2/ EFERERTH D, —Hle LT, RERTA
DARKZAZ B EAWET ve=T /E T 2O E 4K 5.2.1 (7T, BB
DRIRIT ANIKRER E BT EOL S/ B, BEIITKFE L BILRF 2G5, B
1& L727K58 &, Secondary Reformer CYEA SN2 LEXUTEH FNTWDHERIL, H—N

ARy VAR T UEREETICAKR SN D, O XD, KEKA X L WEEH
“t7y%:7ik7utzf T, CEMERESHEH S, BiESNET vE=T
T V=T =T EMEING, £, BET n R R T S v R biRFEE
[EIY L, CCS,EOR 7R PICIEHT A7 u A& BML-bDIE, 7V—T =T L
FEEAL TV D

Blue Ammonia

/ Gray Ammonia \
N

_____________________________________________________________

e

Ammonia
Storage

Pre
Treatment
Unit

Natural
Gas

Primary
Reformer

Secondary 4 Ammonia

€O Shift AGR Methanation % Ammonia
Reformer Synthesis

_____________________________

Flue Gas €O o
CO:2 Compression P dz - CCS / EOR
\ Recovery /Dehydration ekt /

X 5217 L—/FN—T e TRERMED T nE A7 0 —X

—J, WET e RACBWC OB LREE PN LW Y — o7 o= T
0 ADOMELK 5.2.2 (TRT, %L&ﬁi LITokFERE, ER%7E, 7 oE=
TARD 3 DICKRIE, KEMEEICLVEESHIZKEL, Kb EHEUE
TWEAZHOTRESNEEEN, N—NN—Ry v alBIlTT U E=T I8 EN
Do

K HE

AT R —Z2HWCKEMRT L LICk Vv AZENRRES NS, KR
SN AKIE, RENC CREM 2 SRd 3 2 KBS E 418 U CKE LR ICEM S
N5, KELMT L AHATRED L —DH HEINEVKZEOAER
;I 5, —H, TUVE=TARRIBIIZEN BB SIS LERL L0, E
WHNOKFE AT D MEN DD, T 2T, KEREEL T T =T B
DORNZK T — TR0 2 5% . LB Z2WIT 5,

EE 0
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FENNAS v EICHITDB [FTU—HEDER] CEs Uk
DU—=2KEk - POEBZTZEBACET A > I SEBEREVEEARSE HRES
TVL—[TN—T =T TlE, 70 AR THEASNDIEKICERZNEG EN
TV, BRUERMERT DLENRVR, 7V —r T E=7 TEE
FHERM AR T D0EN D 5, BREELEE TIIEK[E TR E LTERT A
BRI 5, —RITIRM 22K EEE & PSA(Pressure Swing Adsorption)i573 %
SHWHRTWD, EMEKTBREL, ERaffEEMTE THRAIL, EX
HOERBROLTNENOWROEEZFIH L TR EZSTHHETH S, PSATE
1L, BHROMBHREOWAEFN~OWEFRHEDEWEFIH LT, NEEBIEEZRZAIC
MR LN EFEIET L HETH D,
TUE=T AR

EHR EKFITEN 1.3 TRAE I, IBRAETAIEKEE TEMECHIES
%o DS TESR O R T T 1007350 XU+, 400~600°C Tt &
n, 70oF=7%WET S, TUoRE=TARREL Tekt AT =0
Bt o TRV, 708274 v —TCHE ORI ThIL T
Do

Power generation

PV &
Wind Farm

Ammonia production

———

Water Water Ammonia

Purification Compressor Synthesis
Unit Unit Unit

Ammonia

Electrolyzer Storage

Storage Unit

\_Hydrogen production

Nitrogen production

Air Nitrogen
Separation Storage Nitrogen
Unit Unit

X522 7Y —rT7 vrE=TREREO T o A7 0 —X
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5.2.2 KEMEE

IKBIFEGEL, BT RV —IC X W KEBEXDHET D 2 L TRELMRHAE LG
THEBETH Y, KEERESCENFEE TR-HFETRET L —2 LT RLF
—THLOKRBIEMS 52 LN TE D, AETIIARZRT L VAL PEM BLDIK
BIRIEEIZ OV TN T 5,

5.2.2.1 7)Vh Y BKEREEE

T VT U BUOKERRIEE ClX, TV U IR DMEER L T 2 FEARLEE 0O [ R |
KM LERORT 52 8T Y — FAIT/KAkFEE, 7/ — FMUITEESHE %2 Ui
HHDTHD, —FRICEMEIZIE 20~30%KOH IBEIMER S, 7/ — Ficii=v
TR =y T IVREA. B =y v as L ks, B Y — RICI3Eo8k-A +
H, Bh-=o T VEEEPHVLNTWD, —i7e T v ) BDKEMIEE O 24
X1 5.2.3 |Z/”"97, AKEMEEICCRE S KRIL, [URDBEEE ., BEeREE, R
RAEE A U CieR, Ko EORMP ZREIND, thilkd 5 PEM BUKEMAEE
G LU CHEENEE THY . MEPENZ S, KAUKIZE L TWAD Z & M HFE
NEWZ ENRFHE L TETOND,

Figure 7. Typical system design and balance of plant for an alkaline electrolyser.

High pressure

Buffer tank _ compressor

Gas/water separator

Feed water supply Vented oxygen

- P { ]
/I
> <
- E
’ High pressure
‘ buffer tank
| \:; ]
Gasholder t“l?\r_fl’l:g "FL To process
’ compressor
A v
1 R I Hydrogen
High voltage L/ AN N ‘ ’ 4 Water/KOH Y
supply —o-o—] N\, | Electrolyte Tank , Oxygen
o@D - [~ Lye Fiter - -
oo 1 I \Vater/KOH
Rectifier =
Transformer Water

Note: This configuration is for a generic system and might not be representative of all existing manufacturers.

Based on IRENA analysis.

X 5.2.3 7 U RDK EREERE
H{ L : IRENA, GREEN HYDROGEN COST REDUCTION, 2020.
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5.2.2.2 PEM BUKEfEILEME

PEM UK EfiFHE & OB E % [X] 5.2.4 {273, PEM & X Polymer Electrolyte Membrane

(B &S FEMER) OIS THY . KFEA A LB T HERILE S 22V AT
bbH, —IZ, PEMITIXT v HBRA TR ENMEH ST, 7/ — Rl
FefbA ) O DRETF Z oA ) D LT =7 h-a NV N B S . Y — R
IIXASEET ¥ AR — R VU ERHNLI TN D, 7 ) BUK SR
ELHET 5 &, BIEERDEMTH D . 7B U B O PR 4 5% 1T 2 2B
72, BIETOEERN AR Z ENFLR E L TR oS0, EMICESREZHEH
LTWND78, Hasa A PREWNEWI RENH D,

Figure 8. Typical system design and balance of plant for a PEM electrolyser.

: Deoxo
Vented oxygen Low | High
pressure | pressure
side | side

Gas separator

Hydrogen

:: Condensate

Condensate

reservolr

Feed water
supply

Compressor |

Electrolyser

I ydrogen
—o-o—0)- —N Oxygen
—0-0— — v
Rectifier = I Water

Transformer
Note: This configuration is for a generic system and might not be representative of all existing manufacturers.

Based on IRENA analysis.

X 5.2.4 PEM Bk BB fRSE B e
H{ L : IRENA, GREEN HYDROGEN COST REDUCTION, 2020.
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5.2.2.3 T7)Uh YA L pEM BIKEBREIER O Hk

VI DY e A

& PEM BRUKEEAFEEE O bhi 2 [X] 5.2.5 (27~ 9, [XHZ 1L SOE

(FERER L) ROKEMISE B EN TN D0, RIEVFERTE - FZREERRE O I T
DO, KAFEETIIHMFNHEBIZEO RN L L LT,

Parameter

Alkaline

Electrolyte Liquid alkaline KOH Proton exchange Ceramic metal compound
membrane

Electrode MifFe electrode Moble metals (e.g. Pt Ir)  Ni-doped ceramic

Temperature 50-80 *C RT-80 *C 700-1,000 °C

Pressure <30 bar <165 bar Almosphere

Unit size (commercial) 3.2 Mie 1.5 MWe kW range

Hydrogen production 760 Nmifh 285 Nm*/h ~1 Nmih

Size (current operation) 10s to 100s of MW <10 MW N/A

Current densities 0.2~0.6 Alem2 1.0~2.0 Alem2 NIA

Energy consumption 50-78 KWhikg 50-83 kWhikg Energy 35.1 kWhikg +
Heat 11.5 kWhikg

Lower partial load range 20-40% 0-20% /A

Gas purity 09.5-99.9998% 99.9-99.9999% NIA

Lifetime of system 20 years or more <20 years (?) N/A

Lifetime stack <90,000 hours <80,000 hours N/A

Capital investment cost  US3850-1,500 per kW US51,500-3,800 per kW M/A

Compiled from: (Ainscough et al., 2014; Bertuccioli et al., 2014; IEA, 2015a)

X 5.2.5 7V ) BUKEREER & PEM BUKEREER O

Hi 8 : CSIRO, Cost assessment of hydrogen production from PV and electrolysis, 2016.

T LA ) BOKE MR E L PEM BUK B iRk

EOEBEREBRGFIHEE IOV T, LIF

Lb ﬁaﬁ‘a—é o

JGC

IKFZDKEMIEENSOH AT

TV ) ROKEMREE T, 34 LT-KE LB IR D RiEIC 2L
Tﬁﬁﬁ%éﬂfwétw R 2 5 < 775 SR ERE L a7 R
EDKFELEMBORBLVDNER[11ILTLE D, TiUIx L, PEM AKE
L E IR PEM (B E S FEMER) ZMH LTk, 7 VAR
LG U CEE COEERN R RETH S, HAEE W D HA T, PEM ALK
EARAEE BTN 2 A N OIREA FTRETH D20, BN D EE 2
Do
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S 3FEE [BOBSVIRILE—1>ISOBINERICHET = BEEMr e RHEEE)
TEIWIASv ECHITD [TU—-REDRERIR] SEEUE
DU—2KER - POEZFZEAICET A>T SRGEBEOREERAESE REE
EERE- Y5
TovA VAL PEM B LLEG T 5 & PEM UK EE AL E D I S BRI
PELTAHZENARETHDH, FD-D, PEM BUKEMIERE T2 37 |
{ENTFRETH B &\ 5 RIS 2+,

K B HLE

7oA VAL E PEM B A LLEG T 5 &L PEM BUOK EEARAE E D J7 S KSR AL
D SIEMMEN S 5, TIVh ) ADKEMERE TIX, H2 BAEME 02 34
D EARE P INEIR TN D726, H2 & 02 Z45EfE L 72 O KR
RERE L CHERT DMLERD D, ZOB, B0 ARG S
Dz, PEM L L LG L CE T OMEOIKR T4 L TV 5,

1S FH A4k

CSIRO D LAR— k [12lIc kB &, Tovh U RDKEMEE IR S
FHETHY ., 70EFEDRA T F U AR{TH 2T, BHEICHhE VB
BARETH D L WME SN TWD, FD—J T, PEM BU/KEMEEE O Stack
DFAniL 80,000 FEILLFCTH Y, AT LT —%2ERE L THWD
BEzid, HAOEENC XY Stack OBEBER, I HICHEMPEL 2D &
wEIN TS,

BB IEE

“ U — kB HEEETDICHTZY, HETREZRLY —DOREBEEDE
NI U CKEBMIEEDOARMATETH L NNEL D, IEA DL R—
MI3NT kB & T U RKEMEEE T E R /T%E L 10-110% 0D i B
THTFREE N ATRETH 578, PEM BUKTEAFLIEE L 0-160% D FEFH T Hi ) 0
HENAEETH L ERESNTEBY, ZORIZBWTH PEM B/K B
EIZEBNER DD EE 2D,

M= 2 Moo T

IKEBMREE 2 A ORI &2 5.2.1 (2t BIRTlE, 7uh )Rl
IKEBARAEE S 2T D =1 A % 500-1000 USD/KW., PEM Fi /K BB it & (2o
UNTCIE 700-1400 USD/KW EfI2 (5D a A RENRHH N, T4 VAL PEM
L HIZHIN O SR & OB RS E 1w I X 0 Rk = 2 MEJDS A
FNTWD, 2050 4FF TIZT7VH Y ADKEMER, PEM BUKEMRIEE &
H1Z 200 USD/KW LA FE T A FMEET 5 & TAEIILTWVD,

S BT, AKEMAEEIIIAULIC L D 2 2 MERRHIGTX 5, [X5.2.6
R T RKIAURIC LB KEMIEED 2 2 b FRITIE, FFIZ 0-20MW OFiFH T
a2 MEOMBEREA RSN 5, Ziuk, EEOKRAUKIZE Y, KEMFLEE
BTN 225, B0 8 OB EI0 K FERE IR 72 & Off
Haxfi X Bt cEx 5700, KEMEESKETO I A MIERINH 2D
Th b,
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7= 5.2.1 KEMIEE = X b OYFETHI

PEM Alkaline
2020 Target 2050 2020 Target 2050
Capital costs (stack) 400 <100 270 <100
Minimum 1MW uUsSD/kw uUsSD/kw UsSD/kw UsSD/kw
Capital costs (system) | 700-1400 <200 500-1000 <200
Minimum 10MW UsD/kw USD/KW UsD/kw USD/KW
Hi #: IRENA, GREEN HYDROGEN COST REDUCTION, 2020.
1400
1200 en
g 1000
S
=
= 800
8 . —
E 600 e T o S
= 400
200
0
0 10 20 30 40 50 60 70 20 90 100
Module size (MW,)
== PEM - 2020 (This report) Alkaline - 2020 (This report)
Alkaline 1 atm - 2004 (Saba et al, 2018) Alkaline (Proost, 2020
B4 5.2.6 KEMIEBD = R ~FHI
HiH# : IRENA, GREEN HYDROGEN COST REDUCTION, 2020.
ER:)
PLEIGER AR L7 v VAL PEM BUKEMRIEE IZIXE N ENORER H 5,

B ClIIKREOKEMIEENS OHOEREH W &
PDSATRE & W9 ARUCZEE L C PEM BUKEMRILE BN S 5 —F, T HAESOHE =
A NMZOWTIE T Vv U ARDKEMREE ITENERH D E 425D, C02 7Y —/KED
FRbicHmoORE S L, ABiEEom . MHEROm ., s a 2 ol
BN 72X ETH D B HIVD,

b\ SR, HEEO T ME
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Case | Case Description | Power Source ID PV WF BESS
Capacity | Capacity | Capacity
(MWdc) | (MW) (MWh)
1 Daily Balanced Green Power Generation System
1A | Average 60MW PV72+BESS50_200+WF60 72 60 200
power sources
[PV/WF]
1B | Maximized PV power sources
1B-1 PV84+BESS50_210+WF50 84 50 210
1B-2 PV96+BESS50_240+WF40 96 40 240
1B-3 PV108+BESS50_240+WF40 108 40 240
1B-4 PV120+BESS50_360+WF30 120 30 360
1C | Maximized WF power sources
1C-1 PV60+BESS50_190+WF70 60 70 190
1C-2 PV48+BESS50_170+WF80 48 80 170
1C-3 PV36+BESS50_150+WF90 36 90 150
1C-4 PV24+BESS50_140+WF100 24 100 140
2 | Green Power Generation System with Hydrogen buffer system
2A | Average 90MW PV108+BESS50_240+WF90 108 90 240
power sources
[PV/WF]
2B | Maximized PV power sources
2B-1 PV120+BESS50_420+WF70 120 70 420
2B-2 PV135+BESS50_420+WF70 135 70 420
2B-3 PV144+BESS50_550+WF60 144 60 550
2C | Maximized WF power sources
2C-1 PV96+BESS50_190+WF100 96 100 190
2C-2 PV84+BESS50_170+WF110 84 110 170
2C-3 PV72+BESS50_110+WF120 72 120 110
2C-4 PV60+BESS50_100+WF130 60 130 100
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Electrical Demand (Hydrogen & Ammonia units)
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(a) Case-1A

Electrical Demand (Hydrogen & Ammonia units)
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(b) Case-1B-2

Electrical Demand (Hydrogen & Ammonia units)
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(c) Case-1C-4
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Green Power Generation Composition
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(c) EEM AR vs CAPEX
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Case-1: PV 72MWdc + WF 120MW + BESS 50MW/110MWh

Case-2 : PV 108MWdc + WF 90MW + BESS 50MW/240MWh
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KT S 7 2,000 | 3,300 | 2,000| 1,500 | 1,500 | 1,500 229 | [m3]
KFEar 7L yH— 13,700 | 8,200 | 13,700 | 15,500 | 13,000 | 15,500 | 5,500 | [Nm3/h]
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KB« T UE =T BERE OB E HE DORET

6 DRI B LRI B W TRO B EEDO T v /8T 1T E . K
ﬁ « T U= T BIAERAE OBCERHE 2 RE LTn, B EERMEICOWVWTIE, LT X
*ﬁﬂi%'fifo 71:—0

IKBH AR Y

REFE R R LR OFE . Case-A & Case-C IZBWTIX, HAFREZ XL —D
ﬁﬁ%%ﬂ?ét@@ﬁﬁ%@%%ﬁz&Viﬁ%%k@é:&ﬁ%otoﬁE%
L< iﬁrf@éﬁ%‘ﬁﬁ?ﬁjﬂiz’f%i SBHN, AL, BEmEoOR/IMEE2 X 5 7=

DIZHE L CEES > 7 17T 5 = k%ﬁmbto% S OB M T D HERERORD
(=R B /N e ﬁéﬂﬁﬂ%é e, B— 1 —ToOER ETHIEH I
HF2—TAFy K (X7158) 2EEMNO—FRIPERY 7 & UCTEHT % 5k
AEZT, Flo. 2oV N0 EHREREL ZE LT,

T U =T AR

a7y b =RmARE RS T U =T AT 2 O L DD AF y FE
[ZiID D Z EIC KD B O R/ MEEZRET L7c, A%y Med o2 &icky, B
HTORER LHEEZR/NMNITHFR LD D,

KR E

TNA VBT OR—2 L Uiz, —RIICENREE COBIRASRME D7
W, KEMEEZHY) D 2V EZ—RFRA T F U AL E IR AR— 22 EE £
77, KEMEE Y = V2 —NIZ, B KEBRBRERE D & D7,

Case-Al & Case-B IZOWTHFT L fEl a3 7.2.1 10577, KEMEBENEDOK
Da—7 4 VT 4 DFERMHERMEL 20, HSAEBELRENI L5 \mﬁww
BEICESERORBEEZRD L ZENFEER2D, TUE=T AT, AxFy R
fbZemat LR, 5AmEE/ NS THZ N TEZ, Case-Al & Case-B % Lhiik
T Case-ALICBWNTIAKRA A 2 7 PO TCIERICR S IREIG & LD 5
Z &b, Case-B (Zxf L TEKDMERMEFEIK 70% K& < RHENELT, Z

DGR | @mA%mmcme%&f A ATRE = %L 26— O 1 5B S
T57Y =27 e T RIERMICE O T, BRI RS T AL ER S D
Z DT,

Page 78 of 143
This information is proprietary to JGC.
All rights are reserved. Uncontrolled when printed



SH3FE [EOEV\IRILE—7 > ISOBNNERICH EB XM RaEE ]
TEWNASv D ECHTD [TU-REDOERR] SEEUE
JU—2KFzk - TE

ZPBACAFA 2D SRGEEEAGEEAEER ®REE

X 7.1 CIMC ENRIC £t Tube Skid

Hi #: CIMC ENRIC #1738 — A~—3 (http://cimc-ege.com/1-1-1-cng-tube-skid/191483/)

3% 7.2.1 Case-Al & Case-B DELHIEAE D LLEE

Case-Al Case-B
Bt A IM2] % B EAE[M2] %
K R 3,700 7.3% 2,000 6.8%
KFE—W & 7 17,000 33.7% 17 0.1%
T =T A AR 120 0.2% 120 0.4%
7 =T TR 900 1.8% 900 3.1%
BRI 50,400 100.0% 29,400 100.0%
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8.0 ZFXHh M DERET

8.1

PN

TR SA T L CIIHIERAY I AR B FRIREFRT S 2,400 ~3,200 FEff] & B <. £721¥
8.11IZRT L IICERKHFE (GHI) 2% 1,500~2,000 kWh/m2 & &V, X 8.1.1 127
ENTVDLEIZTEBANRSL DUy U BIKTHRER FRICEL, BT, FeTF=7
7 BBEMEC Y 7N T AR, Dy o ORTIEEWVARNETHY . KELIEE
TR DEM I FE T b D, Fio, N7 —RALHTA MEEOZ Y 7 23 KIZE
HREZ RO, [F U< KR EBITEROBEMMIZZET NS, 2D Ofsmit
WL T LI-E 2 A, HAFAMRRZ AN —2IEH L7 ) — 3BT (K
B+ B 1) A FHET HICITIEE ) Z R T DB ALT A ML
DY TNKEEEZ TS, (£8.1.1%H)

SOLAR RESOURCE MAP
GLOBAL HORIZONTAL IRRADIATION
AZERBALJAN ESMAP D

46°E 4B°E S0°E

@- WORLD BANKGROUP

azN A dEh

;Mingache\fir o

Ganja | o
L, - maayi
L Yevlakh »2UMQaY

"Baku

Shirvan 1t

Ste pan'ak'erl

Neftchala

Long term average of GHI, period 1999-2018 ————— A
Daily totals: 3.4 38 4.2 4.6 5.0

B Wiy

Yearly totals: 1241 1387 1534 1680 1826

X 8.1.12KHHE (GH) vv 7
H L : SolarGIS

Page 80 of 143
This information is proprietary to JGC.
All rights are reserved. Uncontrolled when printed



SH3FE [EOBVIFILF—+ > I SOBHNERICHE BERMTMEERAESE]
FEWNAZv U ECHITD [TU-aEOER] SEg UL
DYU—2KER - POEZTVEALCENT A > D SEMREMEMAEEE REE

# 8.1.1 KB R BT RAT D Lhis

foiitth R H P

FTeF=Ur oA | EEICEY | [HERY] PR, BIRIERnEN

:H: 5 — — N M=}

S Ritiin] RmEpaR . RERER

NG —« ZALTTA B = [HFERY] SFHH 2 E B, AR « BRIV
I [RAL] BB R K, EERAER

KBTIV B mfE & LT, PV SRARBETY 7, £EBPCS U T
HNIT 7 & AERSCREE i Z B E LT, X812 DL 57 A A—T T/t
N5, SEOFRMERE 77— A THEIF -7 — A TREL 72 5 KIGEREATO#HH
FE&EF812ICFE LD, 4%, BFRHMOBEAMESETWIIHIZY, HHIERS
DOAREME, MRS E 2 MET 2 LERH D,

# 812 KPEFEET Y 744 X
Bt — A PV /L B (MWdC) B I FE (m?)
Case-Al, A10 108 1,080,000
Case-A2, A20 72 720,000
Case-B 29 290,000
Case-C1 122 1,220,000
Case-C2 80 800,000
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JU—>K&E- T

X 8.1.2 72MWdc KRG EHBET V7 (720m x 1,000m)

B2 bR R

T BIRA D o  OFARE RS EORT v V1T 3,000 MW, R Y JEL
TIEDORT ¥ /LK 800 MW & 5, #FRFHIETEI 2T 52 & T, K
24TWh OIEENAIREEL 72V . KIS E mem ORART ZAZHHK L. 1 Mega k> D CO2
PEHZ T 5 2 &N TX 5, b EERERILH A EHERV, FFIZ Absheron /5
T, APLE LTEWE Wb R FF 6m 23RN TWD, £/, 1 Ab 4
AL o ANE 12 AixLENKL,

% Z"C. Absheron {25 CHEER OB M 2 it U7 fb R, BREA RO E
B E BT DB S YA FQAETOLICHE L, 4%, &30
BELAHEESHETWNICHZY, THIBFGOFTREM:, MR E2 G o 03
N5,
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>9.75 m/s

X433 BARERT ¥V (BB
Hi B8 World Bank (2020a), Global Solar Atlas: Azerbaijan, https://globalsolaratlas.info/download/azerbaijan.
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S 3FEE [BOBSVIRILE—1>ISOBINERICHET = BEEMr e RHEEE)
TEIIASYUEICBITD [TU—-REDER] SEEUE
DU—2KER - POEZFZEAICET A>T SRGEBEOREERAESE REE
SO Er — A TP Fr — A THREE R LRSI EFORER, 726
RIS 2120 8.2.2 L3 821 ICF LT,

A
A
A L 6L
5 2 A
_ 4% n
9,

Aﬁ“&. 10

A
16
A
L
17
lé\ 191\

20
(C) OpenStreetMap contributors, Data OpenStreetMap and contributors, ODbL

X 8.2.2 BR&EMY A P@QDLAT U |k

& 8.2.1 A JIFEREERK

Wt — A BYESS s Bdidns B H IR (m?)
(MWac)
Case-Al, A10 120 6MW x 20 F 200,000
Case-A2, A20 90 6MW x 15 150,000
Case-B 72 6MW x 12 F 120,000
Case-C1 138 6MW x 23 F 230,000
Case-C2 108 6MW x 18 F 180,000

kB T UoE=T RERM

HE LT ) — o T =T EREFORFZE LY (B3I KT IZEd 52
EEEEBLC, BEO LTI 2ER ARG L, 7 ZEORERN»HE
SN T b= T % 4 OO L7=[X %X 8.3.1 (Case-B) & [X]8.3.2

(Case-Al) [T/ R7,
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Case-B DIGEIX, KBHAZ 7 PDAREL 72 5= OFMEEZ /NS < TE DA
DD, WT O S I F Tl #HmfE 27z LT\ 5208, THESEo
ATREME, MBS, BROAKRED2—T 4 VT 4G T A, TV =T ES
TG OB FED TH~DfE /L — Me E&2 et Lz BT, BRrHoOBREN NI &7

Do

—7J7. Case-Al DA%, HiIX FlzB W TiL, BEAHO Cli LB S 27 L
TWAEN, OB CIEBEFORN & T L T L E > Tk v 2B s 2 7
TR, ZO70, OIS D2 S 672 5 BlEFHE OMRET & foi
LRV ETH D,

X 8.3.1KH « 7= 7 RIEREEREMH L ALESR (Case-B)
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X 8.3.2 K « 7B 7RG EBEMH L BLEZR (Case-Al)

X ]

81END 84 EOMRIEEE 2 T, HAMET XX —RERHEE DTS —
VT =T SERBR AR O BLE R 2 R L7z,

6.2 HECHH T —ANEEZEFR LT L 91T, Case-A TIEHAEFET RLX—IKEHR
S T T =7 BIER R~ X & A CHEBEEIRLG L, Case-B Tl A AIHE
T RN —RERIEEEEHRES ) v R L, 7 vt =7 BUER M ~ XL E
N7V R~Bllid$Eee L CERIGG S b,

Case-Al DAL, X6.3.6(a) TR LT BEEXRHKNCESET RO X 5 725040
TEERM A2 BB L T, SECE HE 2B L7z,

A3 BRI 1 8.3 B CTRia LT & L. Z OB Em T A E
AT % B

KBERERITRS - 7 =7 WERIHIRMHEES & L. 308 KL
BT 11 A A

LM X RGBT IR E L, BN E B i m T A BT &
X IE

7 L = 7 BT 83 5 CHRA LB L L, BHc 7 e = 7 R
1191 S 2 AT
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L. bl U723 fimg oL &M% 110kv 7 ¢ — & — THfe

Case-B DAL, X 6.3.6(b) TR LT EBEREXAMENCIESERD L H &M T T
EERMEEZE LT, SARECEHEZ B L,

JE\ ) FEFER i 1 8.3 T THRES LI RA L7 & L. € DirfFI M3 & m 1 &7
AT % i B

AR RV —ERIMOMR 7Y v R~OkIL, ALHTA F~D 110
kV EEBENGEHENTWD Y~ (Yashma) FEEFAZEE

T =7 BUERRE O R RS, AR RET RV — SRR & [ CRERX 7
U NIZBERR DIRFE T3 Rifetife L T D2 80E

KIGHFEEBR TN A EMRRIEWY ~lfie L, =V 7THRICKBDEFEE
A F ZE T & R B

& PR 3K R R T A7 (i i L, Ot NI Rk fi 1) A2 FE T &2

X I

7 2 =7 MR 8.3 FORA LIz S L. BUBNICT »e =7 RiER
fh1 1) 2 AT R

FRAE IR = L — FE AR W) T D TR AR AT A2 K Be e R i 7 | R

L. KR ER 2 D OIS E BRI O EFT & O % 110kV 7 4 — &
—CHipr, FRIIFEEMISEERT & ORI 110 kv 2225 5E R THEL

EREICEESWT, ZNFE O SIRELE T % Case-Al (2O TIX 8.4.1, Case-B |T
DUV 8.4.2 |77,
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Grid S8 (Tie=in,

S 5 5 PV Area
Existing Transmission Line [720m x 1,000m]

110kV

BESS Area
[40m x 60m]

X 8.4.2 Case-B &AL & 5HE
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9.0 BERNEE THE~DHE, IARMERORE

9.1

BERRIER T4~ DMk

—HRN7ZRT ' =T OEFBEE L TR, BT X 91T kE< 3o mFshn
Do

SEAM EEL T Ok

AR AR T33CETHHTAHZLICEY  RIKT v E=T 2% F Tyl &
DL T A2 ENHK D, Toe=THE ST MIBEALRIE DS LB R Y | =
(RPN ik SN DB, S2amASL TOWFEN RTINS, TETEH, 7=
T DEBOEEWEEZ T, WEAMY 2 (LPG) Lk T v E=T7 O i #1E~ 5
HERAN BB St IR E TS Tl 86,700 m3 @ LPG/ T & = 7 j#E il
fOEEENBE STV D,

X9.1.1 JIIFEIIZXS 186,700m3 & LPG/T =T &M DFEA A —
B G E TR SR — A _—  https://www.khi.co.jp/pressrelease/detail /20211202 2.html

IR P E 5 T O fgnk

INMLAL 72 &/ VR CIESBRITIE, FITESNITH 3~4 kg/em2, TREEDS 0°C DIKIEH
FEDWRIKT =712 L COHMEINRITN D,

T £ T OBk

0 — ) —TOE FRES, ST, TOT =T kT 58021, FIC
R CH 18 kg/em2 D EEDIRIKT =7 TOWMRENRITN D, —J7, HeHE
BEASHE T, 150 # v 7 2 7 I L Ak X 5 E RS O SRR © 550E S
TWo, BELEEES/ASA 7T A 2 TOMEIZT TS WS~ ORI T
OIEA LA BRSNS,
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X 9.1.2 wﬁwmﬁﬁﬂmﬁkmﬁént7/% TDISO XV T AT
H B Y B ERR G 4L HP (https://www.idemitsu.com/jp/news/2021/211213.html)

$$¥T X, B X 91T, KFE - T o= 7 RSS2 BER AR T B
HEFNCER T ETH L0, Lt 3 BOEEMDIREET, HRAEZ - 7T oE=T
FUERE D DEERRIEEL LI £ T 7T 4 U a ek L, BERRIERI LENICH D7 v
F=THENRALRIED EIRICER 2 L2 HEL TS (K921 8H) , 17
FTA L DOFEL— MZHOWTIE, AFEETIIRGF L TWenTzd, IROMGTEREIC
T, BRI TG L OBESHFTC/A 7T 4 D)— &, BIHERZ TICHReE L
TW KL/ 5 TL D,

L. B cidZe <. A LEEN - EATICAKSE « 7o =7 fER I 2 Bk 9 5
eI, = —T7 =7 %BIL L, b ZPEREE TIHIGESZ &b A]
BETHDLN, u—U —OEMBEHERFE 2 &, EIREHANELC D720, KE - T
=T RLERE A T T A TR DEPTICER T A ENEE LWV EE X D,

YN

BERZAE THE, 7 =T A EREB X OZERGHL O T & =7 IPax
EA LTS, AFEETIE, BRI TS THESND T vE=T ORI 5%% 7Y
~y?y% TIWEEXHZ D Z 2B LTEBY, K921 IZ/rLTWAHEHIT, BE

BT BT IHHRBRIEORIERIC, Z ) = T ST RET R T TA
TiAF, T =T WAL X Ol oV Cid, BERARE THNICH
LR EIEHT 2 EEHEL TN D,

Page 91 of 143
This information is proprietary to JGC.
All rights are reserved. Uncontrolled when printed



REE 7 E=T

60 t/d
Y= TEZT

K#E-TFrEZT

B R

BRET7E=T

ST ARG R 7R

SH3FE [EOEV\IRILE—7 > ISOBNNERICH EB XM RaEE ]

TEWNASv D ECHTD [TU-REDOERR] SEEUE

DU—=2KEk - POEBZTZEBACET A > I SEBEREVEEARSE HRES
B AER T35

1,200 t/d
TUEZT

1,200 t/d
TYEZT

featm

BR7E=7T

X9.2.1 BEEXAER TR~ X ALEHE

This

Page 92 of 143

information is proprietary to JGC.

All rights are reserved. Uncontrolled when printed

2,000 t/d
PRz




D 3FE [BOBVIRILF— > ISOBHNERCHEIF=BEERE M REEE]
FEWNAZv U ECHITD [TU-aEOER] SEg UL
DYU—2KER - POEZTVEALCENT A > D SEMREMEMAEEE REE

10.0 EPC AT DR

AFHED EPCITHEATZRE D BATIRT OFT B 2 FLd 92, EPC TR O [X
13, M10.011CRLTWD, KEEORMESBEICAILT, LT X 5 22 KL
75%%%& %260

- HFEE

3TECHIFH L TCWA LT, TE, TELARL Dy VENIT., BE9NE & FIEE
I 1 8 BOR | ﬁ%ﬂh%&fﬁé AHEEL, ZOBRD— O&LT\Tﬁwﬂ
AT PO, KB - RAREATE 7V —KE - T o= T fEREE K
fbLiz, HE7v 27 PELTHEDTUTK ZENRMETH DL EEZ D,
FHELAEWL, TEAASAS Dy VEEAMESTH D SOCAR tHxHif: (HE
) ELTRY, TEAARS D VEHIF L TR EZT T KB - B R ERE
BEO, 7V —2KFE - 7w =7 WIERM O EPC OFE, 58aK% (% SOCAR
FRTHEEZIT ) Z & EAITREE T 5, —FH, RFEHEIL, SOCAR #-DORERD D73
WHARBEZ ALY —RERMOLEENT-FETHY . HAETMET XL —HE
A OIELRER D & 5 HEHF L SOCAR FLEEE L CTHELFHE T 5 72 EOfMEt
LE®REZOND, £o. KBX - ﬂﬁ%*%f%*ént AR N Ew@ X
TV =k T o= 7 BEREICERMG T 20 Clie <, B *
MR HERCIx, BER L%ﬁ%£ﬁ¢é$%%%%%$¥%&%%ﬁbtm
N MBI 72 D,

- AT HE—

HEE60 ho DTV — KB - T UoE=T 770 FEFHIBTHY . HAERE
TRNAX—RET T hCRESI N, AR LY —E N OEE %2 E[EIC
ANTKF - T oEB=T 770 MREIEZIRISEDLTEDIZ, T RXAT T
hEHARMBERETRLXY—TF 2 O EPCIFTIX, —HOBRZTZ =T
VI EHEMTIT) HAEAME LTS, — ., BEWRRT RV —RETT b
@H@% @%%@ﬁw:/%77& Thihux, Rz a7dar 77 4—

EIWVEMDREDEREI LB 2 BD,

- Engineering (% 71) :

BEARRGH R EO a7 OfTL, AATORGEFEITEE 2508, MEAEMRSL
FEIRREHC OV T, RN = =T ) LS TN — TR AR L, #%E
mE R LD, REHCD DD B O AE XY | BREHE S ZEICANLE
EPC ZIT%#1TH, TV E=TAWMO T a2z TIL, TorE=T Frt I
ALY —EDOWENRLELRD, FERTVE=T 7707t RAT7 (41
> H#—& L TiX, Casale X° KBR, Haldor Topsoe, ThyssenKrupp 72 & 232817 & 41
. Pre-FEED ¢ & L < IX FEED KfIC 7 A B U —BEZIT O MENH D, EPC I
WIERESINTZTIA B —LERhala=r—a 20, e A EFRP
7 A & % — Proprietary Bz O Fl /e 41TV, REHROFHEZED TIT <,

- Procurement (FAEE) :

FEHARITH R A= — b EZOMRET O[T F—I2h BV ENT,
BB IO a2 M s b/ 2 —Z@E L CTHED TIT<, FHZ. KE
FRIGEIIAHMRN R T — I IRk 2 RTINS 2D, Hifiheax b
HP D2 TR, XX —DLIGOAEFERIME S B EIC AT RIE D
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BIZI D LTINS,

- Construction (&t3%) :

B O R rl s, BIHUBIHOIE ISR OUNE, BIH{EE B Ok /e &1
HRT V=T Vo 7 SZi i3 L=, Bk L7-a &%ﬁ@tm
MEEL 70D, TEANRAL Uy VEOBEETH S MLl RS K &
. I MNEROBRBN L WVERSHNHH -, KEETIT, 7TEARSLY
¥ UEOBRBRASEFIT IR TEARAL Dy VEICBITA T T FEZOR
B D MLapid@iattt, gy rar s 2—L LTRHAL, r—hL
T LT Y SOZERT G, BUHE RO T OB D/ I S B HiTET D,
ARHFEENEPC FTHATZEIC, BEHERVIDZTELNS, Uy b MLanit
BSOSO TOERITIZ IR T 5,

KEGHFEITR LA SR EHT O EPC 2T, ATV —rkdE - T oE
*7%L A O EPC 32T & [RIERTE S, KEB I BT OB T FFEHE L < 7oz
O, @FRIZIE Mraodikatth iz, BtodERaSt s N L CED L HED

%_&%szé KB EN L LRSI EITICB DT, BRI B R
TV TRT V= kFE T o= T MR S L CTIARTH D720, Biio

HFASIEERAT DAY v MIREWEE XD,

FEI AT BRT
ER IO kLT
OB SO
EPCH:;E -
| SOCAR# | zysyuiosit |
| l
Engineering Erocurement gonstruction
(8%Eh) (8R:%) (B#%)
(7K % -NH &) (7K 3 -NH, BLE/ K EE) (k3 -NH, B3%)
+ BARTOERFE + BRA—HD—FECHRKE o FELACSHU M LORES
o ENIVUFERIcTRIEE HMORLA—MSEE B & HT, FELAASH U TOREER
R & DEHRERET Uizt EHYHERESHOEA
« JOERSAEH—LDGE (BAHEA) (Ustay, ViTO, PROKON#t %)
(KB FER) o F—AyNFEEIEREA— s IV kBHEE
« MESEPCHLER TOHEAERAET A—M DB E &% (KIS FEER
FILF—ORIFHEATETE. F o HEELOMERTIIALOT,
EEOHH B Tar RS a
(B hZER) (B h S ER)
«  BATHEHRRE. ZESHEN - AERREIOCIINMEBOH
B/ S— b —EFERRER AT AR IIVEBADFE
X 10.0.1 EPC B TAHI DS

BBy Tar b5 7 X —DEME

Ustay £k
Ustay #i3 1971 4EICFRAL S 4, %w:w%x&/7~w IARKL AN % DR At
ThY, EETT L MA T I5BICRAZRF> TND, TELSAL Py TO

%%kbf\ﬂ&~m£ﬁ6%$%%ﬁfﬁy%%xbﬁ4%KﬁﬁéﬁUﬁuE
LUPPELET T o N AR LT3N H D, £7-. SOCAR (LA CTH 5 Heydar
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Aliyev Oil Refinery (HAOR) 7' &2 & = 77 MZBW T, AWK T Z o bl -

THEZZETTTH D,
r

{

B 10.0.2 Ustay #EA3EERY L7= R Y F 1 ' L2 (PP)F 5 o b
Hi B Ustay 1A — 25 ~3—3  (http://www.ustay.com/Default.aspx)

ViTO #

ViTO #11% 2000 FEICFRSEE R, WU MvadAf A Z v 7 — )UK 21 2 % ek
SHTHY, TEAANL D v ONT =0 RICH MR AR D, A NV&TA
ITECHE BN EFF->TRBY . MV TOEBNEFT THDH, 2018 FE(CiTH
HRT BINA Vv NIBWTEPC 2179 5728, Technicon FZCO L& 7% 7 L.
HI1E Heydar Aliyev Oil Refinery (HAOR) 7’11 o= 7 K& (T L T\ 5,

& T, 2 .. > -
£ 10.0.3 ViTO #:3ER TEE T o AR Y —I F v
H B VITO fEdR — 25— (https://www.vito.com.tr/)
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PROKON f:

PROKON #1013 2012 4EICERN. S L. TEBNANRAL D v DN T — IR 51 2 5 @y
SETHY, Mraa v TICHLREELTWD, REA VT IREET T b
IR EZF S TEY ., TR, Dy U TOEBNEE THD, SOCAR #1FTAT
L7 =T RFEGE TS T NGO, a3y NUoAANVREET T U RO Y e e
LUBLET T MR LTEEEN D D,

o % &
S

[ 10.0.4 PROKON H:ﬁi‘?ﬁ L 72 SOCAR DT V= FRET T b
Hi#: PROKON s — 22— (https://prokon.az/en/home)
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11.0 R =X b RE

SH3FE [EOBVIFILF—+ > I SOBHNERICHE BERMTMEERAESE]
FEWNAZv U ECHITD [TU-aEOER] SEg UL

JU—=>K&k - T7>E

11.1 KR E - TEM
11.1.1 IR - R — R

6.3 F TRl L7 A AR = /L F—REH R L 0 |

N ENEND T —ATITo 7,

LU AERR D 5 d

7% 11.1.1 CAPEX RE 65 HA ATRET RV X — BB RR

Z7BACANI A 2 D SRMEEAEERESTE k&S

LB = A

Case KGR E JE\ ) %% #E R A S A EERT LB
Case-Al 72MWdc/60MWac 120MW 50MW/110MWh 3,000m?2 T —7n
1,500m2 T r—7 +
Case-B 29MWdc/24MWac 72MW N/A 37 (15Km)
Case-C1 80MWdc/66MWac 138MW 50MW/245MWh 3,000m2 W —7n
Case-A2 108MWdc/90MWac 90MW 50MW/240MWh 3,000m2 T —7n
Case-C2 122MWdc/101MWac 108MW 50MW/385MWh 3,000m?2 T —7n
Case-A10 72MWdc/60MWac 120MW 50MW/110MWh 3,000m2 T —7n
Case-A20 108MWdc/90MWac 90MW 50MW/240MWh 3,000m2 T —7n

R, AN T I RBICE DA EEER O OND, NA X—A 7 L/

Ak, HHRAa R b ST R MEIEH TR, Fo, 32 FICEEH IR WS

BEREDOT-ODOIERZ T ENDH 720, BIABBREIIERE L TR,
11.1.2 BEESL&HE (EPC 2R k)

JGC

Kt s ek fi

M E0KS B2 AACE Class 4 (-30% ~ +50%) [14]12C. EPC = A N &2 RBE L7-, KB/ 3%
JLORESRTELR IOV TIE, K 11.1.1 O X D I[P EENEGE O RET, ik D)
DLV, ZD72, HIT THRZE TH - 72 2020 £ 7 H Offik% (17 cent/W) % & &
(2, A RERH L, 8REICHOWVWTE, 10 ETRLET BANRAS Uy o TOHE
5%%@%6%73/17?&~~@t?)/&ﬁﬁ#%&%0 T R [E T D4t

AR M A S SICEH LT,

ek, R T I ARRICE DA SR D NS, A NX—A T L/
2k, EHUAH a2 A b, R T A MEZED TV,
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Oct-21
PV M Od u |e ( M on 0) Polysilicon price
drastically increased due
0.270 to China’s new law to cut 50.00
power consumption A
0.250 Nov-20 /
July-20 20-30% shortage of 40.00
0.230 Polysilicon Factory global supply of Glass
: Explosion affects 10% for PV Module 30.00
~ global supply of PV ’
0.210 Module raw materials
Apr-21 20.00
0.190 New round of polysilicon
. price hike due to
0.170 Best Price: 0.170 $/\‘_MI_3_ N anticipations for severer 10.00
: T polysilicon shortage in the
; second half of the year
0.150 : 0.00
i (e i — o —i (e ] — [a=] —i — (=) —i o i — oo — [a=] i o — i o i
o (3] o [P B ] o o oo o (2] o o o o [ B Y] oo o o o o o o
T . . e T s e . S T e e T e e e e . - T T . S e T
S —+ & S & o F W W~ © @ o A N 4 & O F W w o~ 0 5 O
22 2 553 838 S5 S s Ssso T f  3S3SaS S aad
()] (=] (=] [N I Y] ol oJ (s o ol (Y] [3¥) o o o o o (oY) (8] od od (3] (8] od —i
— — — o O = = = = = = = o (o] o o 9 = = o = = = o= o
= (=] = oo ol [ o [N ol [3¥] o [} = = [N BN o [N od od o [N [a¥] =
o (2] (o] o~ od od o
Silicon Mono ($/kg) ——NModule Mono ($/w)
X 11.1.1 KB RV B L2 R (2019 45~2021 4F)
it - PVinsights D1F R 2 FRIT/ERK
G
HEMOVERRNFE 2 L9255 & & HI2, EPC 2 X M BIRIL T 5,
K7zl MIKBBEZEEMPAMLETHY , FBE L BEFERGE ET 5729
it 7a v =7 NERRETH D 2025 £ ZADMKIZ CTHRIHT 2 HER S 5,
FDH, T AU BERET RV —EDHIT L TV D “Energy Storage Cost and
Performance Database” ([¥] 11.1.2 /) XOFEHEMA — I —~T7 VT EH L
Iz, B L7,
Percent of Total Installed ESS Cost by Component - < C) y ENERGY STORAGE =7
GRAND CHALLENGE pacific
10 MW, 2 hr v TR T THERET Northwest
LFP
2030
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
M Powerhouse Capital ($/kW) [] Power Equipment ($/k\W)
B rower Island Capital ($/kW) M controls & Communication ($/kW) Power Capacity & Energy Duration
[ electro-mechanical ($/kW) = Systems Integration ($/kwh) 10 MW, 2hr
M Electrolyzer & Charging Components ($/kW) B EPC (3/kWh)
[ Fuelcells & Discharging Components ($/kW) (] Project Development ($/kWh) Technology
O Cavern/Reservoir Storage ($/kWh) M crid Integration ($/kW) Lithium-ion LFP

B Oc Storage Block ($/kWh)
B bc storage BOS ($/kWh)

X 11.1.2 10MW, 2hr EEMBE(TF = X b (2020 4 & 2030 4F)

Hi B+ Pacific Northwest https://www.pnnl.gov/ESGC-cost-performance

Page 98 of 143

This information is proprietary to JGC.
All rights are reserved. Uncontrolled when printed


https://www.pnnl.gov/ESGC-cost-performance

SH3FE [EOBVIFILF—+ > I SOBHNERICHE BERMTMEERAESE]
FEWNAZv U ECHITD [TU-aEOER] SEg UL
DYU—2KER - POEZTVEALCENT A > D SEMREMEMAEEE REE

Section Category JH4 3P R1000 JH4 4P TR1300
Cell Type JH4 JH4
Pack Configuration 1453P 1454P
\'d 'd

General Info  (Water Injection

Cooling Pack Level Air cooling Pack Level Air cocling
Pack series in Rack [EA] 17 22

Energy (Nominal} [kWh] 190 328
Operating Voltage Range [V] 714 ~ 1000 924 ~ 12936

Standard Charge Condition

Constant Current - Constant Voltage {CC-CV)

Constant Current - Constant Voltage (CC-CV)

End of charge voltage: 1000V

End of charge voltage: 12936V

Standard Dizharge Condition

Constant Current (CC)

Constant Current (CC)

End of discharge voltage: 714V

End of discharge voliage: 924 V

Mechanical

Dimension (Depth) [mm]

050 (+45 w/ pipe)

1200 (+45 w/ pipe)

Dimension (Width) [mm] 520 1040
Specification |Dimension (Height) [mm] 2267 1745 /3490
Weight [kgl TBD TED

Operating Temperature ['C] (Charge)

5 ~ 40 (Ambient Temperature)

5 ~ 40 {Ambient Temperature)

Operating Tempeature ["C](Discharge)

0 ~ 50 (Ambient Temperature)

0 ~ 50 {Ambient Temperature)

Storage Temperature [*C]

20 ~ 45

20 ~ 45

Specification

Recommended Operating Temperature ["C]

Ordinary Temperature 23 £ 4
{with Unifarmity 4°C}

Ordinary Temperature 23 £ 4
{with Unifarmity 4°C}

Humidity [RH%]

5 ~ 85 (Non-Condensing)

5 ~ 85 (Non-Condensing)

Altitude[m]

= 2,000

= 2,000

Figure

Remark

11.2

fe bR S ERRE

B S RS FE A — 0 — Ll U A Y b OB AR 217 -
oo S8 AR K O sl (S0 00 2 B I

& 11.1.3 EEMORKE 24k
Hi# : LG Energy Solution

PR AR,

FREEEIS, B L a5 0,

HEARA— =24 T V705 2B EK—N0EHE L TR L, X
TR T, B T yv~/ﬁ%1$%%awfmé iﬁi%%

X, FEREROIEEE, BREER., EERROERE ST,
TR, TEHEEETDTND,

7k, KECFERM & Ak, HAREY 7 KA A AR I X 2t sl o O
2o NAR—A 7 Vi, HUH 2 2 b
7oy 32 AR EN TV D HEERED O OHENZ T b D20, A% T

(ZiE, REFROE R

EEB LTV,
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R A N QO ESFE B EPC = A MEREIAHIZ UL T ITRT,

AANFHBEMBEPCH O R MMEEL

o _

2.2%

0.2%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
R ERTEE aiATEE 1 ERBMIFE s@AORSE—

X 11.2.1 JASFEEREO T R MER

11.3 KFE - 7oe =7 RIERE
11.3.1 HEEEH - R —X
6.1 B Catil L7-MatEH, K64 =Ttk L7 7r— A& x5 s Lin,

11.3.2 HESEKH (EPC =2 R )

HEB RS S AACE Class 4 (-30% ~ +50%) [14]ICTC. EPC =2 2 M &2 3kE L=, KEMIEE
DOFELRTEE IOV T, X526 22 LT, RS TaA MRy bOHHT IV
71V fF”%iﬂ%@N‘~>< L L., 6.6 EBTHROLNIESKF T —ADLERE (Module

size) [ ZHIT DS EAMN AT L7z, @ &EICHOWVW TR, 10 ETRLZTEAAA
V«yf@@&%ﬁ®%6ﬁ7z/%?7&~m@t7uyﬁ%ﬁ%%%%%b
7=,

11.3.3 #H S (OPEX)

IR OIS HME L,
7] (Case-A+*B CTOZ Y v RHLOEES) : 7.7cent/kWh
TEEMK - UK« Bt « FUKEEE 2 TRIT D726, OPEX (ZITHIAE 220,
filfst « 7 I W NVE L BEOEFCHESEIHEL
NES - M OBEEZ A D A2 L — Z — B I S & HH
IKEIRIEE A T F v A 10 K EME BT O 40%
AT F A EPC 2 A RO 2.4%
—fRE R - B EPC A RO 1.6%
{RBREr : EPC 2 A h D 0.5%
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11.4 22X bREFER (EPC =R |)
1141 HEHEE (EPc =R })

X 11.4.1 12, AR RN —REXHE 7 U —r 7 BT BEEREO
EPC =2 A b OB FE R AR,

Case-B I%. M=K 100%EH TOHOKTE « 7o =T RGN E L S D HEERE
BAEM TRETCEAHATNED RN —FMOHLZELTBY, TEHCLVED
MR LTESEIE. 7V v REREZHAWS Z LT, KkFE - 7 ore=T7 8EREEE
ENCBB TE 5, 2D, Ny T 7 —DDDKBHAZ T INREL TR |
KEMREE LR PORREIFIAEL D, 2, BEXRMIIBNTH, KE - TV
ToTREEICLEREBENEEE) REORMEEAL, BRELEZENIESES Y »
MZEEL T Y v FIZBWTEBIDN LB LI ND D, Ry 77 —DdDEE
RN AREL 725, LT=A-> T, EPC T A AR HIRWFESR & o7,

A e E LR R OFE FL, Case-A10 & Case-A20 (%, T #LZ 71 Case-Al & Case-A2
IZxf L CEPC 2 A RMEJR S LTz, BT a7 7 A VOFERIZE SN T, R sl E
TKEBEE L KFZ LTV oV —DOFREZ T T, TONKEX V7 OREE I
F=Z Lk v &R EPC 2 2 MK S22 Lic D,

Case-Cl1, C2 DIFE . FHAFRET XL X —E I EEN %It T & B I/KEMEEE LSO
B ICIE, ZERNC AR R L X —E N2 G T 2 LB H D72, KERD
B AE R, £z, RERMORBORE T OLENRDH D, TOIZ, Case-Al,
A2 LB LT, FERERAHDOAD ST EPC 2 A MSEWEIR & 2207z,

EPCO X |
700 [ ]
600
500 I
Wk - TV EZT R
400
m LT ALY %
300
(WIND - PV - HE - 3%
200 ®)
100
Case-Al Case-A10 Case-C1 Case-A2 Case-A20 Case-C2 Case-B

M11.41 7V —V 7 UE= T RERM EPC o X MEBERR
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115 2k aX FMREBRE (S —r7re=T78EaX})

11.5.1

AN EEMNATMT 27200 EL LT, E0 7Y —o 7 =7 ilE
I A NERDZ, 2Tk, BULERFESE, 20 LR E LT,

I — ARRETRE R

X 11.51 12, RA)PBBENWNT ) —o 7 =Tl X FORERE R L
oo Fiz, K115.212, #iEa X NNROEEZRT,

RE&EDO 7Y =07 =7 28ET 58128V TH, AR RV —FE
REOAKE - T oE=T T ukv AT T FORMERRKIC L - T, s 2 FOHER
MRELSBIRDZENbhoT-, T0), a2 M2 EE L T, FEMEEZED
HT20OIZIE, Y HIRIC I T D H RSB S M, i lRidE s m, BEfF7 Y > R
OFAEIRIL, FBIIEE - HEME /e EORME2ER TRER 7T — A RETH L
DIFETH D, LLF T, SEIOBRFHERND, TEANRL Uy ATBIT A7 —A&
BEICHONWTELRT 5,

11.5.1 IZB T, Case-1(Al, C1, A10) & Case-2(A2, C2, A20)% LL#d % & Case-1
DIRSFEEOFEZ @& LTG0 R, #iEa X M 3MERWZ Ebnd, 83 FT
WIARTZEY | TEAANSL VORI IEFIC L BEEEBEREH N D TH Y,
TV =T BT ERENICEET S Z LICKRELHFEG LTV D,

F7-. EPC 2 A F A BIKV Case-B 28, D r—2 L0 (7 ) —o 7 o7l
EIARMPEL, WERTHRRE o7, R E LT, 7TEBANS Vv U OES
ik 7. 7cent/kWh 23, HH 7 & MiA& N 221 7 dsk & bRl L CTEIWL S E RIS
N5, =iz, 7V —rKkEF - TroEToOEEa R MO EDHES A MR
DEWZ EREDNTWEN, 1152 D@D, TEALNSL Vry AlBW L, &
FEBERHEORTE A N ~OFEFI 50%) DN K ViRV Z LoD,

[X] 11.5.2 IZB T, Case-Al10 & Case-Cl ZLbfgd 5 &, TOWFRITAE < B2
%, Case-A10 Cix, /KEMILELSN O DOE 1% 7Y v NKOBEETIHEI 72D, 7
7 v N OREEEOE CEBAMEN S S, SRHEE LI R, BEfFo 7Y v R
SN TWAH RO -0, BHEMRr—RLBESND, UL, BEESOMBE
M7r LR BHEH EEH ETAVERSH H7-0, TV —2 T =T RGESIEIC
FEBENRMETHD, (CRLRFBHEHEICOWTIL, 14 ESM) . —J, Case-Cl
TlX, ToE=T 770 bOBENE TR THANRED R LY — L EEMTH /-
O, 7= T BT RGEHEIRBREN 2 W—F, REEER T 5 HA T
FINX—ZFEHALT, 77 b2 EDEIICLTERSE LN —FOMETH
5o BREEMIZE-oTIE, v Iab—arvoEh a7y A0 e TR ABEN
DIRWMBAELC D7D, N T v 7ERELTIZU v REET 52 ERBENT
b, TOHFE. Case-CLIZBWWT Ay 77 v FERNOEEBT S5, o X W2
ERAERIZH D,

<mm:xﬁ

pryErETAel 70PEX>

7Y =T = TR X MA)[USD/ton — NH;] = - (4)

7 = TR AR
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(GoB&HmEREAL)
2,500
2,000
mk3E - T EZTHRE (OPEX)
1,500
mkE - T EZTEE (EPCCost)
B BARRET 7L ¥ —BE(EPC
1,000 Cost+OPEX)
500
Case-Al Case-Al10 Case-C1 Case-A2 Case-A20 Case-C2 Case-B

X 1151 ZYV—rT7rE=THEa X MNA) FEEREZZELRVES)

Page 103 of 143
This information is proprietary to JGC.
All rights are reserved. Uncontrolled when printed



SH3FE [EOEV\IRILE—7 > ISOBNNERICH EB XM RaEE ]
TEWNASv D ECHTD [TU-REDOERR] SEEUE

DU—2KER - POEZTVEALCENIZA > D SEEBRHEEMAESE RS

CASE-Al0 CASE-A20

SRR ARERTEE

K- P ESPREEEN
OPEX (£ @ {th)

A T TS PHERE,
OPEX (€ D) \

BARTHRE -
E: _ BARERE

. EERE

& - PESTHARM

LRSS
. EEEE f
KE - Pre-THASG/
HB2Z b
‘ | wEme - 2E8
L EERE - A8
KE-TrEZTIIVE / y >
pcaz b (ot | kmmsE A& PrE=TPTIvE \
. EEePCaR b P F737b A KEREEEPCIR b
AF—BER BeaRt (2ol A=Ay
EPCTA | EPCTI R b
CASE-C1 CASE-C2
KA RERE FEXFERER
*E-TFYEITRE |

HE - TESTHERE_ 4
OPEX (% D) il OPEX (€ @)

_ BARBER BARTERE
AR Fem s THEOR, i+ TR THERE
BEEaRLb R
K TUEZTTIH *R - TUEITTIwE
peaA b (E0f) PCAR b (ZDH) T
| smnE

| =52
’ kE—EEREY 2/
RE—BRER 2/ EPCIA b
EPCIR B |
hEBEBEeCaR R
TTRE - ATH

| I
AEREE EPCIA b EERE - BER

CASE-B

Ak - T ETHERR ARERBDE
OPEX (£ D)

HEREHEPCIR b

KE—BIFEL S
EPCIR b

| *F®-FPrEZTF2-}
S mwcaRb (Zof)

e T4
RPN

X 1152 ZU—r7rE=78Ea X FMA)DAR

Case-B (X, ¥EL/IZENZEET Y v FIZEETLHZ L2BE LD, {(A))

Ui A ié*”ﬁﬁ%ﬁ”ﬁﬁbf:f(m%fu“‘/7’/% THhEa 2 R E LU CEHMT
REThHDH, £7-, Case-A & Case-CIZBWT, BHFDEEL— VT, KEMLE

BECVLERENIREY ERSEELZ L. REENVPELC WS, ZOH, Z0OK
- T UE=THEE| 3

ENIINRWRFIEEZ 7Y v B Cﬁ%b’(ﬂlﬁ%iﬁé:
ZRETDOIVLEND D, )

Case-B LIAMZBWTHAB) 2@ L T, At s
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—rr7rE=TriEaX hERH L, XB)ZEH LSS 0RERERE. X
11.5.3 2/~ 7,

DY — 2 FE = TR X MB)[USD/ton — NHs]

EPC = X |
—_— H/IOPEX
=<ﬁﬁﬁﬂ¢ﬁ*ﬁf7 ) _ I F OB S
7 % = AR 7w = TR

X111.53 15, FEEICLAFREEBE L-HE. KigIc7 ) —r 7 o= 7 ik
SR MMEREND Z ENDD, BIRTEANRL Dy TR, 2V v ROEME
F&(7.7cent/kWh)IZ5%F LT, B ARE L X — DB ) E ik (3.4cent/kWh) DN
KEV, ZD8, Case-BIZBWTCIE, EHEZ7Y v FEFRETHZ EICL K
AT TLEVY, Case-AX° Case-C LV HHELET X FREWEER & 2o 7,

2T, EPC 2 A M3 BARWV & W S BB D Case-B IZBWT, 7 U —v 7
/% 7%Lﬂxk%ﬁﬁ?6ﬁ@%ﬁﬁbko%ﬁ@%%ﬁié%%%ﬁ%?k
WITIE, EAERUNKZ BT 5, b L<IE, RMEAREZ XS 28 TEHDREER
&<%f%%&ﬁ%ﬂ%?é EMTEDLXHITT D7 EORIERFHT L 2 R
MWEZ HID, Bl E X mEE R OEEN oW e, 22Tk, /0 E R
< MEfE ’CE)ET%%&{F%%IH%T%%&*EELK HGoflEa R N & ﬁ(c)%ﬂ%b\'c
HH L7, K11.54 (-7 8Y, ESLoEEDE & T Case-B IZRBWTENTREIZ
6%%%&<Ltﬁm\W%7U~V7V%:7@%:xF%ﬁﬁf%éﬁ%&&

27,

oY =2 T = T2 X MC)[USD/ton — NHs]

EPC = X |
_ HOPEX — 2"V » o6 DEE = X f
:<ﬁﬁﬁﬁ¢ﬁ+¢ﬁ 3 o ) -(0)

7 = TR AR

LEDZ s, TEANRL D o TOF ) —o T =T HEREREICBWT
X, UTFTEBETRETHD,

DS 215D LT, BAREDO LR %2 O =B R Tl = 2
75 Z & (Case-Al, C1)73, HiE=a X M OIRBIZEHGT 5,

BAEDOE NI N TIE, BEFZ Y v REDENTTEIZ L H8iE (Case-B) L
DY, BEREXM»O B ERTOENMIKBICLD8E (Case-A, C) (BN
H5,

HERCEEENMGET 258, K#E - 7o =TRHIEEWEINL O RTEE
Ny, 7V RIZEES LATAHATHMT S Z L THEERZm LS ¥
LUK D,

HAEMRET R F—ORBUlIEZ BT 280, 7V —2KHE - TrE=TH
EHEEH DLMIZBAFOEERE 2T 2720 OREZEAT L LIk -
T, RIBICHEREMEZWET D 2 EDHIKR D,
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(FEBLEHEEE)
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2000 mTOTAL(FE#H % EE)

1500

1000
500
0

Case-Al Case-Al0 Case-C1 Case-A2 Case-A20 Case-C2 Case-B

X 1153 ZV—r7rE=T7HEaX B) (REREZEELZES)

7 =7 EZTEIE DAL (C)[USD/ton-NH3]
(BhFEL L THGESREZRETARTE S LEE)

1,200
1,000
mkE - FYE-THE (OPEX)
800
600 wokFE - TUEZTHE (EPCCost)
400
m FAARET 5L ¥ — F4{H(EPC Cost+OPEX)
200

Case-B (Alt)

X 11.5.4 7V —rT7UE=T7HIED X C)
(Case-B IZBWT, BENRER L CHFXERHELEBECAATE I LB LESER)

11.5.2 KFE - TUoE=TREREEMTORERER

ZZFET, BAEMRRD ALY R - KFRT RS TREREEEREOESDHE
L LTI OO —ARIHT TRBIZIToC& Tz, —FH. 43FETRLIZ@Y, 7
NS D T ERBET R L —EADKRERRT vy VEALTEY, 7T
WCEBONECENFATREIXLE—T a7 NOFHEZED TS, 2Dk
IR S, A%, REFELAKSE - 7T oe =T REFEENZNLFRIMSL LTt
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DH3FE [BOBWIRINE—1 > I SOBINERICHE T - B LRI A AEEE

TEIWIASv ECHITD [TU—-REDRERIR] SEEUE

DU—kE - PLECTEACE A > D SEFBLTRIAEEE RER

OoNDZ ELRWNNCHEEESND, £Z T, jiiﬁ’ﬂi\ KFE - T oE=THIGEE

NEIMTHD SN, 7Yy Kb ) — v BhE2ERET L — R 2o\, 7

V=27 = T%LZXF%%MLtOW%@ﬁ“‘%ﬁ%%LZXF ZED 5

TR DEIGDFHIRE WD LN o727, 2 2 Tlk, BAMIKIC X D RES
Wr&24T -7, BT, BIIEDIEE D 7.7cent/kWh DA, 5 cent/kWh,

3cent/kWh, 1cent/kWh 7‘& RELTZ, 7V v RIbORENREIMEIZ LV R E %

4] 8,000 FFfEIRFE CX 5 Z L it & LT, EPC 2 A MX 11.4 D Case-B TR

i zm A, REEREZK 1155 1077,

X 1155 k0, 7V —rT7oE=T7iEa X hoREEZEDLEBEHIa A ML
T, W XA FEOEEEDRELSELIND Z N D, EEMIZEHHE % B
TELNRE R NN TIRDLMN, BAED T Y v ROBIMHR T HAEET R L —
DFFEAA M REL EESZ0, ®11.5.3 TRLEFARED RV —2E 07
FHEPROLGH L L TG X FREWERE R o7,

7Y —kFE TR TREERELZMNL L CEBIESEL720ITIX, TEANA
VxR WT, V=T ST ORGEREICEA LT 7 ) — U RRREETR O]
FEOEH L RAIRTHDH, £z, I—HRL—FPPAIZL > T, AT RV —
FEFEL L OEERNICL > TENEAT OHIESL, 7V —KE - TUE=T
AEREDE IR f5ﬁ$31F¢%%UWEk@%A% TV —IKFE T E
=T EELRET DDA TH S,

G —>7rEZ7EEIZ M (USD/ton-NH3)
BAHMEIC & 5 RBRESHT)

7.7cent/kWh S5cent/kWh 3cent/kWh 1cent/kWh

X 1155 Y —rT7rE=T7HREaX
(BAHMEEICE DRESHT : BAFBETXALX—#EIZTDT, 2BV Y FOLEET S LHEE)
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12.0 F¥EM - UV X7 BE

12.1 EARBL&
A7y zrz bTE, ARV —HROKE - 7B =T-EZITV,
BESNLT7 CESTIRERT VE=T T 7 M s,

—RIZ, REWE 0 V27 ME, BENKEZFENE TS0, BEaX %
BN RS AMIR LR L2 WIEE R i, IR ZE TR0 Engny, TEAN
AV x VEIZEIT S o2 PEHEOHIBIZH 5T 2K 7 m Y = 7 MZBWTHIEERD
RENEZLND,

Z OHEFEMRHE TR, " T =TS LT EDREOMIRIRESHE L 72 D
ﬁlgit%‘g— %) o

12.2 FHEMSITOEREZH
12.2.1  HRETHAR
7aYey hOmBEREIZ, RO X HICKRE LT,

I 0 3 4R
BRI - 20 4ERH

12.2.2 &&IR

raYoy MIBEELINHESITLLT O
(1) i NEAEA
Rl A AR AR 5%, PH¥EELE 10 FMCTHEESND D ET D,
(2) ACEARR J OB M b 4F]
I R (LUT, &haf]) 1%, &mbEE A AN ZITV, oAk E

oL L5,
# 12.2.1 &@hseft
4 Rt B Axph A
HOBEAR/MEAS  HF 50%/50%
NG &F| 5%
B 1T EHABR IR TR 10

(3) FEIHE &

BEERRMGE., BeNRMNELTHEAE, EEELITEESORMARICTRES
NLHbDET D, LoT, &FIT7RL EIRET D,
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1223 FrEMHREES
TR b—a yEERE LIRWITEYIIRE 2 LT IORT,
2022 £ 1 ABIED USS THRR L7 HEEFT BRI IIFR G AT 1221 O K D 1Tk b,

Initial Investment Cost (USS Million)

800
700

600
50
40
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20
10
0

Case-Al Case-A10 Case-Cl Case-A2 Case-A20 Case-C2  Case-B

o O O O O

B EPCCost M Pre-Operation Cost M Interest During Construction

X 12.2.1 RETEAHREHE

B, 77 MEREOFFMTI NN ZEEASROZ L, BEPSRIIMEASLMIC L - T
GHEDHE T D, 2 TIE B ASRME 2 ET D, BEEaiE AT BRI F ¥
FMTRAETAIERNAEETSH, Z2TIEF T NERBED 10% L RE LT,

12.2.4 75 v NEREREG
B O RBR @I & 8,000 h/y (=333 H) & iRE L7,

12.2.5 FRFEIRA

AK7vy =zl FFEMICELAMEHMELZR 12221CF 05, KB IR S
REICLAREBEITZ Z CITREHRNE LTE ET 5,
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#1222 BGHAE

A H B A
= 19,980 t/yr
) 12.2.2 &M

Power Generation by Renewable (kWh)
400,000,000
350,000,000

300,000,000
250,000,000
200,000,000
150,000,000
100,000,000
50,000,000
0

Case-Al Case-Al10 Case-Cl Case-A2 Case-A20 Case-C2 Case-B

X 1222 ELHE

FEMORTENAZIK 1223 12F LD D,

RR 7B AT FAA R S (2022 4F 1 A) ToOEBMIEES L OENEKAESZICL, 7
V= T liES 600 USS/ton. 7Y v RA~DEEAMEE 3.4 cent/kWh Z4EE L7-, B,
MBI R 2 B B L TU R,

Sales Revenue (USS Million/yr)
35
30
25

0

Case-Al Case-A10 Case-Cl Case-A2 Case-A20 Case-C2 Case-B

o

1

(6]

1

v O

B Ammonia M Electricity (to grid)

X 12.2.3 HBRFEINA
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12.2.6 EiE

AK7Fuxr NEMICELAEEERAZK 1224 1CF L 05, B, EEEOZEM
TN EESROZ L, FoMiERE (BEEALZR) X, g 7 I g,
NEE . KEREEA T F AT, AT oA, —REHE - BT, R

Ete,

Operating Cost (USS Million/yr)

35

30

25

20

15

10

5

0

Case-Al Case-Al0 Case-Cl Case-A2 Case-A20 Case-C2 Case-B
M Electricity (from grid) ~ ® Other Operating Cost
X 12.2.4 FinE
12.2.7 Bt

TEBNNRAL DX o ALTA N ITZEMTIIAEY) 10 B IR O EEHE NS S
N5, 114 HLARRITIE AR 20% 00 H 2 180E LT,

12.2.8 JBAGEEN
20 FM O EEAMER], FRAEME 2 248E LT,

1229 TRAAHLv—Vv gV

WM& =3 5iChi-0, 77 MR EH, BEEHICOVWT, = A L —
varvEZBELRNLOE L, SRERSCOMMERAL & Lz,
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DYU—2KER - POEZTVEALCENT A > D SEMREMEMAEEE REE

12.3 BB
12.3.1 KBHFr—=R

LLF®D 7 /77— AI1ZDU T, DCF (Discounted Cash Flow)iEIZ X » TMBE ST 24T - 7=,

X641 BRH T —2—8 (Fi8)
BRI - s mtEpk RE AR B I
Case-1 Case-2 Case-10 Case-20

(WindDLtZ% (PVOLEZR%Z (Case-1Z~—2XIC (Case-2%&~—2IC
REUIZEBIRIBRK) | KEUIZEBIRIERK) g E1L) e lmtER B L)

Case-A

(KBREEBOHBEIRNSAHA, Case-Al Case-A2 Case-A10 Case-A20
ZOMFI Yy RNSEE

Case-C

(RTOEHEBIXNSEE) Case-C1 Case-C2 - -

BIRENHEEER

Case-B
(ETOBHEIWRNISES Case-B

12.3.2 MBI

FROEK S — RN THESIT 21T o T2 8. BiFE COMGHRE R & RIS, &
HEWVEREMAZ R LD Case-B & 72577, Case-B IZB W THAKIR DI % 1
RTEDRORT V=0T =Tk, TROLEERICEFOX Yy vy 2 7R
—TEEN Y a—FLRWVWE IR ) =T =T litg 2R A L,

(1) 7V =27 rE=71fiks (K7m2=2 MG~ Ok ERiR)

TV —r T =T8T, FOREXGS~OMELRBEHANNKIND XX Th
D, FOFVLIT MM EEZ, T =T ON— 2#& 600 USS/ton (2N 5 =
EETET D, 60t/d (FEHE 19,980 ton) /02 B L=l E R R4 X 12.3.1 127K
9,
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Green Ammonia Price (USS/ton)
2500
2000
1500
1000

500

Case-B

M Base Price  ® Premium for New Ammonia

M123.1 7V —V 7 rE=T7REfE (Case-B))

Z 2T, ERoREILFEEMA 3.4 cent/kWh & B EAMFL 7.7 cent/kWh (T35 <
MW, TV = KF T o= THEDOD T ) — B NNEEER T v Raefkid
52 ETREMBOERNEL, Wb SROREIZ/R>TWD Z LIZHEREN
VETHD, RIZ, BEROZ Y v MERBZEEL T, Ryry =2 MIBITDH
B BAMAS 2N 78 EBAMAE & [ UAIRS (3.4 cent/kWh) TRIIEZE TX % & T HUTRFE DS EIC
BNRD,

Z T, MEBESTCBIT HRA N —2ATH 5 Case-B ICOWTC, FitoE (H
Bk =2 BARK) ITHESWET =T ORFEE R LN 1232 1CF LD 5,

Green Ammonia Price (USS/ton)

2500
2000
1500
1000

500

Case-B Case-B
(Elec Price = US$0.034/kWh)

M Base Price B Premium for New Ammonia

M123.2 ZVU—V 7 oE=T7REfE (Case-B))

X 12.32 IZRT L9, 7V —r 7 UrE=T iR IEREICK T T, 1,800
USS/ton % FIaIDREFER & o 7o, KRFEOBEMM EOm CIEFITHE N KZ WV
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DU—2KE - POEZTVEALLANI e > T SEGREMEMAREE ®EE
TENMERTE 2D, TEAAL Dy VBRI TEBORMICHET SN D Z LN E
Ly,

WEAERIZ NS T 7 =7 [EEMIA X 1,000 USS/ton % _F 0] 2 FE&kAY 7 K UE & 306k
Li=Z &, FRARNT AR OFEROSBIZIVEBEL WD Z ELHETEZD
L TERAT =T EOMKSEEIIENL TS ES XD,

(2) 7V —rT =Tk (TEANRSL, DX DT T =T AFERR TSROk 5 E)

INETIE60t/d DI —r T =T E UTMikERG LB a AR E L
2o I, TEANSL Py BT DT BT AEFERITOSKICK LT, AEHO
TaYxl O EREHYLEEEIES L USG5 E BTG A. 3805 1,200
t/d (FFRHAE 399,600 ton)IZAMAEHAIE L 72355 I DWW T ORBERER 2K 1233 ICF &0
o

Green Ammonia Price (USS/ton)

700
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500
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300
200
100

Case-B Case-B
(Elec Price = US$0.034/kWh)

M Base Price  H Premium for All Ammonia

X 1233 7V —r 7 =7 REME (Case-B), [FlEDEARERE ST~ DR

RO X ST, TEANRSL VU COENT BT AERTEER TSRO v Y
=7 bOEFEEMHYFE LS LIZEAIZIE, ToE=7 1 b7 0 . 100 USS/ton
AR OMFERG CHOHAE &b, I, 7V v NMEREZIEE &5 2 2855,
RO LHEEMENAAT 0T =7 FOFEEMEE & [F Uik THlZETE 5 &L, 60
USS/ton % T [al D AMikSHAG Cte Z L2725,

1233 VY RZJIEH

1232 BE COMBEDITIZB W TR L S, KAFEEDOY AJIHB L LTI
WG SO, BHHARE, R EDTEERRER LB LN
b BIBOr—AREZT 4 2@ U, MIMIRESRE, BN, 7 e =715
s DB RFTT 5,
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—
1234 JT—RREZT 4

MBI BIT DA N —ATH 5 Case-B IZOWT, FEITHFZED 5,

123.41 7 =— U TBRE

Case-B [TH/EFREE N ZBER 7Y v FEH T U — K34 « 7 =7 i it
o LaMELTWDTD, BAEMRET XL —ikfH CREGEER L OES5
B) L7V —KFE - T =T REE i Y2 b DD Z LB AR
Thod, 2F0, PIHIREFEAIMZ D720, Ty =r MYIHIBRE Tl EcFl
HFREZR AT REERAZEEL, 7V —rKE - T UE=T R ATSED 2 &
HARETH D,

Case-BIZBWT, ZU—2IKEB - TUoE=TRIBOLDAa—T L UTIZEED
— A% Case-B(Alt) & L., ZTOHEMNMEE4IIX 1234 D K925,

Initial Investment Cost (USS Million)
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300
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100
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Case-B Case-B(Alt)

M EPCCost M Pre-Operation Cost M Interest During Construction

X 12.3.4 RFTEGHEEE (Case-B I L U Case-B(Alt)

(1) 7V =27 rE=T1iks (K7 v =2 MG~ Ok ERiR)

Case-B 35 K U Case-B(AIt)IZF T, BURMIZH EMKS 3.4 cent/kWh TZETE 5
EIRE LGB, A7uvzy b7 ) —r T =7 ORERRFIEX 1235 O
£l s,
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Green Ammonia Price (USS/ton)

2000
1500
1000
500
0
Case-B Case-B (Alt)
(Elec Price = US$0.034/kWh) (Elec Price = US$0.034/kWh)

M Base Price B Premium for New Ammonia

X 1235 7V —r7 =7 REMKE (Case-B I L R Case-B(Alt)

12.3.5 2R T X 912, Case-BAI)IZEBWT, 77U —r 7 =T ik IT—B LK
TC&, 1,300 US$/ton & FIEI B AR R & 72 o 7=,

(2) 7V —o T =Tk (TSRS Dx DT =T AERE ) EARA~OMFERE)

iz, SRlo7Fay 7 NERICE D EREHEYELZ . TEALL Dy BT
DT =T EFERE IO RR TSy U T iinig 95 & & 2 = 5A O AR R 42X
1236I2F 5,

Green Ammonia Price (USS/ton)

700
600
500
400
300
200
100

Case-B Case-B (Alt)
(Elec Price = US$0.034/kWh) (Elec Price = US$0.034/kWh)

H Base Price  H Premium for All Ammonia

X 123.6 7V —rT7 =T REME (Case-B I L Case-B(Alt)), [l E DA EERE /1~ DR

Eiek v, FEOT =75 1,200 ton/day (2% L T—FIZ 33USS/ton DAffikk
G A ERTAZENTENTE, A7V NOBRBEMZHERECTX D3R L2
%o
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12.3.4.2 FIHIBE~DMEIE&TY rr— X

Z ZTIE, Case-BIZHWT, #IHIEREHICHIBIESRRY SINTHGEEBE LT
—ARALT 4 BATH, ES—RA L UCTHIMBERI1/3. 1/2 OB sni-r—
ANZDNWTHK L T E To T, 72, T 2 CTIRBORIIICH EM 3.4 cent/kWh T3
BCTEDLEIELTND,

Case-B ([ZRIT DK — ADHEEWIAKE R 2 X 12.3.7 12, Z O/ — A THEERMMG
B HENEEE AR XA ) — o T o =TOREER AKX 12.3.8 ICFNEFh

Y,
Initial Investment Cost w/ Subsidy
(USS Million)
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Case-B Case-B (1/3 Subsidy) ~ Case-B (1/2 Subsidy)

(Elec Price = (Elec Price = (Elec Price =
US$0.034/kWh) US$0.034/kWh) US$0.034/kWh)

B EPCCost M Pre-Operation Cost M Interest During Construction

X 1237 FB&EHE LIHE ORITEIMIREHE (Case-B)

Green Ammonia Price (USS/ton)

2000
1500
1000
500
0
Case-B (1/3 Subsidy) Case-B (1/2 Subsidy)
(Elec Price = US$0.034/kWh) (Elec Price = USS$0.034/kWh)

M Base Price  ® Premium for New Ammonia

X 12.3.8 fBI&EHELIZHBEDS V) —r 7 e T7REMEE (Case-B)

12.3.8 2”9 & 912, Case-B THIMIRELHIZ 1/2 DMBIR & - T HEIZH W
T, 7V =27 =T i B LS T E | 1,100 USS/ton % T 5 a5 &
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7eolo, WEERIZNT T7 =7 [EER AT 1,000 USS/ton & EFEIS KHETH - 7
ZELHARTH, MEEEENIEERELSNVEEZD,

PLEDNS, KD X 5 72 HERBREERIE~ DRI E T A7) — o KFE - T o=
THEEICBWNT, PIHREHEICEERTFNBE L TWA X o747 — Al e &
FATEEBEEITE, FEMOUWEIIRELSFEGTHILEBHALNE o T2,

F7-. Case-BAW)IEZZ U —v K - T U E=TRIGTE T2 EATIE - — A &5
4 THDHN, b I~ HOFENRETZ RV —&H (KBt B) 2hirse57
— 2L HVED, ZOLIITHEITMY L THHNEED D Z &b, FRFICHED S Z
CHARETH D, Thbb, ZOF—R I T BLARAL D  TORBITI 27 L
XTTINRTe T NETRAREE W) KRERFERH D,

S

KEEEHE~OX)ISIE, RS COMBORETH L, 7TEALAS Dy T
BIL7 V=0T rw=TEER AT Y27 FOERICLYEHT L,

AECH S HERBEO—R L ) — o7 =7 REME 2% 124110 F
L5,

#1241 AECHEUESEESERE V) — 07 =T i

Case-B Case-B (Alt)
(1 ifE+KFE - 7Y | (KFE - 7 =T i)
=7 #%Ai)

N—RF A < 2,400 $/ton < 1,900 $/ton

ECT 7Y v FFIH

(GEEEMAEIXFE T 3.4 < 1,800 S/ton -
cent/kWh %z 1H7E)

BURAILZ tariff £8 24 (ks
3.4 cent/kWh T E %40 - <1,300 $/ton

=

e

WIHIE D 1/2 1B 4 %%

i <1,100 S/t -

R—=2AFA TCHRESNTZ V=T =Tl 0, BETOT Y >~ RFIH
& D WIITEHE S OBEHTE, WIEHRE ORI L Ox o 2 A T ORES
5T LRy, TroEETAEMEERS KT TE0MERR Lo T,
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. BN RELBhEREN M ETuE, TR T RE 1kg 24720 OIRERNET AD
PEHRITIR T35, £/, BTMENOHEHRBIIEFERIZ L > TERR D20, 7
BN Dr BT, BRFL - BAERRET RV —EJFRLEER B P X
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D, RBRIICIET S22 e bEESN D, MERH T THIHRATORBETH D Z
LICHEBEPLETH D,

BT —ATBNWT, KFE T =T BEITHE TR WRRIOFAE P EET R L
F—EBINAEL D, £/, Case-B TlX, BELI-HAEMRET RV —EE2 28R
MEBIRICHRET D, ZHbDORREL M Case-B DERAZ ZMEBIRICHEL, LD
FAEIRD LR EBEZHT S L LB AOR B R A, £ 14.2.3No.5 (T
T, B —AIZBWC, BRI X LX—0FERN., BMEFRNS OEHHE
Bx LRS 70, U757 Ly A7 — A% U CRIE AR ZE SR AT APEHHIREh 01
HiAD DRER E 72T,

AHEFZETIE, O ERHEHEIBEZEH LR, V77 LA —2
D% < BNEHEHEH (Scopel)ixf LT, 7'V — 27 & =7 SER I 2B M BEE
Hi(Scope2) TH B 728, A H&HIE S 1D FEAEHIEEIZ K > Tld, Scope D33 %EEfE L
TRtk bND Z EbEZLND,

7% 14.2.3 B E T AEHBE MR (Scopel, 2, 3R E)

[kg-CO2/kg-NH3] Case

No. Al C1 A10 A2 c2 A20 B

1 |(A) UIPL D RT—A BB HE = 2.25 2.25 2.25 2.25 2.25 2.25 2.25

2 |(B) AEBRICBT2HHEE 1.68 0.00 1.47 1.74 0.00 1.65 7.42

3 |(B)-(A) AREBECL P ERE -0.57 -2.25 -0.78 -0.51 -2.25 -0.60 5.17
(B)-(A) / (A) -26%| -100% -35% -23%| -100% -27%|  230%

4 1(C) BIRGEICLIHHLHIRE -5.68 -7.82 -6.23 -3.95 -6.33 -4.20 -8.72

5 |(B)-(A)+(C) RER(CLBHRH IR E -6.25| -10.07| -7.01| -4.46| -8.58| -4.80] -3.55
(B)-(A)+(C) / (A)|(BIXHBAEEEUIES) | -278%)| -447%]| -312%| -198%| -382%| -213%| -158%
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s \Vind and solar*
I Ol

I Hydro

mmmm Natural gas

- = [\|effrade
-5

2000 2002 2004 2006 2008 2010 2012 2014 2016 20182019 g4 2000 atghtsrsened

B 15.1.1 HHEIRBIFEER (2000~2019 4F)
Hi#iL: IEA (2021), Azerbaijan Energy Policy Review, All rights reserved.

TEBNANRA Ve COFERETIIE, 2019 FFRIZ 7.3GW Th o 7o, T AKTIFEENE
RDOK) 83% % (5D, KNFEENIK S, [FIEDOFEERETIIL 2005 £ 5 2.4GW 0
L. 20968 90%IE 0 A KT EDD, Gobu HiX D 385MW DFE T = — /LA A A
KB 2022 FEIREIRDN TE SN TWD [16], TEAARAL Dy BT 5 kT

REIOIFEL LV ENHT AEZREHNC LTV 5,
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T B Azerbaijan (2,400) Mingachevir (400)
Janub (780) Shamkir (380)
Sumgayit (525) Yenikend (150)

Shimal 1/2 (800)

Sangachal (30)

Hi#i: Azerenerji Home Page J V) {E% http://azerenerji.gov.az/index/page/13?lang=en

FROT =T RBEC T 7o RRE
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e, HET AT D NOX JEIE b FAZ KT B BLANRRE OB O 7= Ofctife s, Tk
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T U= T BRERE L T AGEAITII RN A KT & [RIFREE O PRBEIR L 2 HE R
DD, RIRHADWREICHEARTEL DT v E=T BN ME L 70 5, BEfEDR
FHREIC Lo TIRIRBERICHKIDN A C 25 m b BE SN D,

KRR A LR T =T OBBEREITE | RBEICLIERIFR S 20005 2 &
NG, BEERDORBULIR ENVE L 725 O RAUBIIBSEHIES RSN 2. HET A
DILIHEEE OB EIZ & 5 KU DBBRE L 70 D, £l RRUVALET =70
RBERFEDIE NG | IREFRORRZACITIRBEIREN 72 £ ORIE % AL vTRENED & 5
72, ARG GOFIEHTEHS 2 BENH D,

RKTTTOT =T IRBEEMICOWTIX, BT CEMFRBRIPEATEY . m
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%7 =T IREE - HHEHREERR OB I E S, T o= 7%%%&#6:&
TH D CO2 PEH BRI SN D,
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SOCAR DT E=T [RFETT L ME 2019 0 HERZBHAE L=, SF). 4EPE 120
~150kt DRFEHENETICGETHZEE2EX LW =bon, ENTHEHAIN
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BT HAEERHLEDRFLH S, FEMIZIZ, BEE L TOT E=7 D%
HLOMONFE SN D, fFKD GHG 1 v b B u ki), BELM TOAIIRE
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TOHA - FEEH TORBENET E b5,

7 U= TR X O TREEICRE T A A

TEBNNRAL DX ATBT DT =TT, TEARL O UREEET
=7 Zi LR N2 D EBMIRS & DA EE L, D7, TSRS Dy
VEW%%V@E%%E@?V%:T&~i%wﬁwﬁ%kﬁméﬂéﬁﬁﬁﬁﬁ
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ALTTA M Baku T < IZAE L, P AEMHIZH L TWD DD, I AR
X7 V=T BMIETCTE LT VBT X — I TR T2, A BYEE REY) D ik

Page 132 of 143
This information is proprietary to JGC.
All rights are reserved. Uncontrolled when printed



DH3FE [BOBWIRINE—1 > I SOBINERICHE T - B LRI A AEEE
TEIWIASv ECHITD [TU—-REDRERIR] SEEUE
JU—2KE - POEZFVEACEITEA > D SRFREEERATSE RES
BRI E e B0, N—=UTHAEWERY Y, AT E TV, )L MgEET
kT 52 EHARETIES® A ) BHEHIRE L, FEFICT A MR 0D Z ENRTHE
. FEBEA TRV ATEEMEAE W,

SOCAR (X 2 — 7 @ Batumi ¥ L IRF LN L TV 5208, R =7
W 2 — I Fuden, BICT 782 TEARLEWT vESTREZ—I L
1. ML aEX U7 45O Pivdenny 12865, W T HLOEIRAL H# 2,000km Dk
EHEN M L 72D,

M ax7 BT OIERAECTH L7, Mozl Lzl il
AL hMvaERmT ORE LD RREERH D, . hraTiEs ) —r T
STIEH LT VI TERELE ) RN H Y, ERO LS —r T =
TEEOFLHICTSE RHTZ ENRLVEENTHL EBbhs, b E, U
7 Z A4 F® Pivdenny % Hiifki & L CTHER~ LT Z ENREZLND,

Pivdenny #2351 57 - E =7 FOB Alif% 1% 2021 41 600 K/v/ b > almild THg| &
ATV, [AVEE COgE A MRFEFIZE . £ D FOB it D 4 FLL < &2
HEMESNDIZD, TEANRSL Dy o TOMBEE R Y "Xy 7 TEZX D EERE~
— VUMMMV IRVWKEL e b Z E TSNS,

BREIC X DITBEA~DT =T R L EZ LN B OD, Ha—h T AL R
TIT TCRGEMOT =T REN T E R MO IERIRAE LD 7 2
guobEZENDE, LLAERDL, AP T72RZ TR+ Icas 7T b T rE=T
ALTEY, a2 MNETRELWES L2 5

LEZERETHE, V=0T =T O~—4y T EMMICHES. S, 5
kDl 2% 2 AL, ALHA MLV ITWT V=T Y — 2 FALNTE
ETHZEICE - T, $hEED A M A KIBICHIT S Z &N TE S, £o70
X, TEANRAL v U TOT VBT AEO—V U 2L BT AR H 5,
Thbb, LW VBT — I FLO@ERREOENA 7 T E, b5
UMEITBEE & O IC L AW X — I VR AR D T & T FTREME N B S
EEZD, T2, BAEARI AN —D I A MNRFIIN—KEEHEDH LTI —
VT =T ORFEEOR LIS,

Page 133 of 143
This information is proprietary to JGC.
All rights are reserved. Uncontrolled when printed



D 3FE [BOBVIRILF— > ISOBHNERCHEIF=BEERE M REEE]
FEWNAZv U ECHITD [TU-aEOER] SEg UL
DYU—2KER - POEZTVEALCENT A > D SEMREMEMAEEE REE

16.0 7V —2 T 2T OREBEARMMEBEOA 7 FTEFIC
B4 bu— R~y 7OKRE

16.1 7V —2KFE -+ T UE=T OEARS
16.1.1 BRM/BARIZBIFB TV —KF « 7 =T BHLA
16.1.1.1 FRIN

BRFAF - TUoE=T OEFEIRA N EWERORERKDLEFEY E DM DX v v
THEHO LD, H—R T TA AN T+ TIE RN EE 2 B,
MR DELRNL ZE IR B MR, FROKRITER M e 2Bt LT\ 5,

7= & 20E. BRINZEE S D Fit for 55 Package 232817 H 115, EU 14 2030 4E F TITIR=
NFA ADOPEHE A 1990 HLbTH 72 < &b S5%HNE T 2 &L 9 7l 2 BUK 217 9
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W2 L AHB AT, VE RS EIRD D O EMEERE O B B K ARG
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Executive Summary

In the midst of the global drive towards the decarbonisation of the economy and the
achievement of climate targets at the country level, low carbon hydrogen has taken centre
stage. The molecule and its carrier form, ammonia, are considered to be the cornerstone
of decarbonising hard to abate sectors of the economy, such as process industries, steel
and the maritime sector, due to its enormous potential as a carbon-free energy source or
chemical feedstock.

This study explores Azerbaijan's place in facilitating the hydrogen economy both
domestically and abroad. Given the country’s renewable energy resources, namely wind
and solar electricity, the nation in the South Caucasus region could potentially develop a
novel green manufacturing industry. This would help the country decarbonise whilst
potentially looking to export its green products elsewhere.

To examine the prospects for green hydrogen, which is produced via electrolysis using
renewable electricity, or ammonia production produced in Azerbaijan, Argus first
examined the current state of the hydrogen and ammonia markets in the country and its
neighbours.

Azerbaijan’'s domestically produced grey ammonia, which is produced from natural gas,
goes into the manufacturing of urea. The commodity is largely exported as the preferred
fertilizer in the country is ammonium nitrate. Turkey, and Kazakhstan to a lesser extent,
serve as the region’s main ammonia importers. Russia, with the second largest ammonia
production capacity in the world, dominates the traded ammonia market in the region.

Next, Argus investigated Azerbaijan’s hypothetical competitiveness as a grey ammonia
producer. The lack of easy access to an ammonia export terminal, the consequently high
transportation costs and a competitive export market dominated by Russia disincentivise
exports of grey ammonia. This analysis points to the challenges faced when looking to
export green ammonia, which is typically more expensive to produce than its grey
counterpart.

The higher renewable electricity costs and potentially lower utilization rates for
electrolysers puts the country at a cost disadvantage to countries like Saudi Arabia,
Australia and Turkey. There is a role for Azerbaijan’'s policymakers to accelerate the
development of the country’s renewables sector. This would engender reductions in the
cost of renewable electricity generation consequently improving the competitiveness of
Azerbaijan’'s green ammonia output.

There is scope to produce green fertilizer-grade ammonium nitrate (FGAN) to be used
domestically as a substitute for imported volumes of the commodity. However, the cost
differential between the imports of FGAN and domestically-produced FGAN is significant.
Subsidies would need to be provided either to the producer of the green FGAN or the
consumer to facilitate its uptake at the expense of imports.



Argus also considered the potential disposition of green hydrogen in Azerbaijan and its
neighbours. Azerbaijan's hydrogen demand comes from it refinery, ammonia production
facility and methanol plant. However, economics precludes its use in these industries.
Turkey has ambitions to initially blend hydrogen in its natural gas grid with industrial use
occurring over the coming decades. Turkey's production costs of hydrogen either via
gasification of coal or electrolysis are quite competitive. Hence, there might be prospects
for growth in demand should policy support be provided.

A way of monetizing Azerbaijan’s green hydrogen is via exports to Europe. It is possible
to export hydrogen via a natural gas blend via the Southern Gas Corridor (TGC) system.
This option is also one that Turkey can avail of given that the pipeline system passes
through the country. It is likely that negotiations amongst stakeholders will be required
to enable the exports of green hydrogen given that blend limits would exist given the
capacity of the pipeline system and material used.

Development of a green hydrogen/ammonia facility in Azerbaijan would significant
require coordination between policymakers and market participants and sustained
support. The positive externalities of increased security of supply and lower emissions
have to be weighed against the costs that this would impose on the economy.



Section 1: The ammonia market

Chapter 1.1: Ammonia market overview

1.1.1. Azerbaijan
1.1.1.1. Market overview

Azerbaijan produces around 400,000 t/yr of ammonia, which is used to produce urea. This
urea is typically exported as imported ammonium nitrate is the fertilizer of choice in the
country. Prior to the construction of Azerbaijan's urea facility in 2019, there was practically
no demand for ammonia in Azerbaijan.

The increase in ammonia demand over the outlook period is a function of expanding urea
production capacity as Azerbaijan seeks to establish itself as a urea exporter (see Figure
1-1). The country trades very small volumes of ammonia given that domestic production
is destined for urea production.

Figure 1-1 Azerbaijan ammonia balance
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1.1.1.2. Fertiliser consumption trends in Azerbaijan

Ammonium nitrate is Azerbaijan's favoured nitrogen fertiliser. It has had a long history in
the country as it suits the country’s climate and soil conditions. Azerbaijan relies on
imports of ammonium nitrate as it is not produced domestically. These imports largely
originate from Russia, as well as Georgia to a smaller extent.

While Azerbaijani urea is yet to find its way into the domestic market in as large quantities
as ammonium nitrate, the situation might change in favour of urea in the near term. This
might lead to growth in ammonia demand albeit indirect. There are growing safety
concerns with ammonium nitrate given the explosive nature of the commodity. Several



countries have either tightened regulations on its use or banned the commaodity. This has
discouraged capacity expansions in the sector.

This is in contrast to planned urea capacity additions. Hence, from a security of supply
perspective, the greater relative availability of urea to ammonium nitrate might
encourage switching in Azerbaijan. This increased availability of urea would lower its
relative price to ammonium nitrate further improving the incentive to switch.

As a nitrogen fertilizer, the superiority of urea over ammonium nitrate is not
straightforward to establish though. Whilst urea has a higher nitrogen content than
ammonium nitrate, the loss of nitrogen on application relative to ammonium nitrate is
higher. However, urea’s higher nitrogen effectively lowers the cost of transporting
fertiliser by nutrient content per shipment, the impact of which is especially pronounced
when moving material over long distances.

1.1.2. Key markets in the vicinity of Azerbaijan
1.1.2.1. Turkey

Turkey, which has an installed ammonia production capacity of 775,000 t/yr, is a net
importer of ammonia. Its main supplier is Russia, followed by Algeria. About 55.0pc of
Turkey's imported ammonia in 2020 originated from Russia, with Algeria contributing to
19.4 pc of Turkey's imports. Domestic producers use ammonia largely to produce
ammonium nitrate and prilled urea. Merchant domestic ammonia capacity, of around
160,000 t/yr, caters mostly to domestic buyers.

Figure 1-2 Turkey ammonia balance
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Urea production is the principal disposition avenue for ammonia in Turkey. Urea
production-related ammonia consumption accounted for 18pc of Turkey's national
ammonia consumption in 2020. With the tightened nitrate regulations on the back of



security concerns and no new upcoming urea and phosphate fertiliser capacity, there is
limited potential for demand growth in the country. The country is expected to import
around a million tons of ammonia per year over the outlook period (see Figure 1-2).

1.1.2.2. Kazakhstan

Ammonia capacity in Kazakhstan totals 220,000 t/yr. Most of the ammonia produced in
Kazakhstan is used to produce ammonium nitrate with merchant ammonia output of
around 78,000 t/yr absorbed by domestic buyers. Ammonium nitrate production is where
the bulk of ammonia (around 60pc of the total demand) in Kazakhstan ends up.

Figure 1-3 Kazakhstan ammonia balance
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Monoammonium phosphate (MAP) is also an important contributor to the country’s
ammonia demand, and is expected to have its contribution to the country’s ammonia
demand double by 2024 on the back of capacity expansion. There is also a small amount
of ammonium sulphate produced from the desulphurisation of coke oven gas. The
increase in ammonia demand contributed by the expanded MAP capacity is expected to
lead to a significant rise in ammonia demand from 2024 onwards. Thereafter, given the
lack of downstream product capacity expansions, demand is slated to remain flat over
the outlook period (see Figure 1-3).

Kazakhstan imported 36,000 t/yr of ammonia in 2020. Trade flows are completely
dominated by imports with no exports. Russia is Kazakhstan's main overseas supplier of
ammonia, accounting for 99.4pc of its imports in 2020. Net imports are expected to grow
to around 90,000 t/yr from 2030 onwards.

1.1.2.3. Russia

With an ammonia production capacity of around 20,000 kt/yr in 2020, Russia is the second
largest producer of ammonia in the world after China and is the world’s largest exporter
of the commodity.

Russia’s ammonia capacity is expected to expand out to 2025. Russia’s massive scale of
ammonia production is enabled by the abundance of relatively cheap natural gas in the



country. This gives the country a significant competitive advantage in the merchant
ammonia market. Around 30pc of the country’s capacity caters to the merchant market.
The expectation is that ammonia exports from the country will stay strong over the
forecast horizon (see Figure 1-4).

Figure 1-4 Russia ammonia balance
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Aside from the traded volume, ammonia is also used in the country to produce urea and
ammonium nitrate. These two downstream products were responsible for the around
72pc of Russia’s ammonia demand in 2020. Besides these downstream products, Russia
also produces ammonium phosphate and sulphate fertilizers. Overall, ammonia demand
is predicted to grow along with a significant expansion in Russia’s urea capacity up to
2025. However, the demand trend is predicted to move downwards after 2025, as
producers look to taper down the production of ammonium nitrate, due to increasing
safety and security concerns surrounding the commaodity.

The upcoming slight increase in Russian ammonia capacity in the next few years is mostly
tied to the growth in downstream products’ capacity, so it is not expected to lead to a
significant increase in Russia’s capability to export ammonia.

1.1.2.4. Other markets in the vicinity of Azerbaijan

Georgia has an ammonia production capacity of 230,000 t/yr. Ammonia is produced in
an integrated facility that also produces ammonium nitrate, ammonium sulphate, and
sodium cyanide. Ammonia demand totalled 237,000 t/yr in 2020, which was used to
produce fertiliser-grade ammonium nitrate (FGAN). Demand is forecast to be around
230,000 t/yr over the outlook period, driven by ammonium nitrate demand. Meanwhile,
Armenia has neither ammonia production capacity nor demand for the commodity.

Across the Caspian Sea from Azerbaijan, Uzbekistan and Turkmenistan are home to a
sizeable ammonia demand, totalling 1,368 kt/yr and 985.6 kt/yr respectively in 2020.
However, domestic production capacity is sufficient to cover domestic demand (see
Figure 1-5).



Figure 1-5 Ammonia capacity, demand, and net trade in other selected countries in the vicinity of
Azerbaijan, 2020
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A common theme between the abovementioned countries is the minimal involvement of
these countries in ammonia trade. Thus, these countries are unlikely to become target
markets for Azerbaijani ammonia.

Chapter 1.2: Ammonia pricing analysis

1.2.1. Azerbaijan as a grey ammonia exporter

As a step to assessing the potential of Azerbaijan as an exporter of green ammonia, a
hypothetical scenario in which Azerbaijan produces and exports grey ammonia globally
was evaluated.

The development of such a scenario allows the estimation of the netbacks and margins
that can be achieved. This allows the assessment of the competitiveness of Azerbaijan’s
grey ammonia exports relative to the competition. Ammonia production in a 400,000 t/yr
plant in Sumgait was used as the basis for the estimates.

Several routes for transporting Azerbaijani ammonia towards international waters were
considered. Given cost considerations and market access that each of the routes allowed
for, the option to export via Pivdenny in the Ukraine, which is the nearest ammonia
terminal from Sumagait, was selected.

Starting with the fob Black Sea price, a netback to Sumgait was calculated by subtracting
the trucking, rail freight and terminal charges. Subsequently, the margin is estimated by
subtracting the ammonia production cost from the calculated netback. Figure 1-6 depicts
the achievable netback and margins over the outlook period.

Thus, exporting grey ammonia would be a challenge for a producer given the country's
location, the ammonia demand profile of its neighbors and the presence of a large,
competitive exporter in Russia.



Figure 1-6 Estimation of achievable netbacks and margins to produce grey ammonia Azerbaijan
for export via Pivdenny
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This analysis points to the challenge in evacuating green ammonia, which is typically a
more expensive commodity to produce that grey ammonia, from Azerbaijan. The export
of green ammonia would be required given that Azerbaijan does not consume the
product as is.

Green ammonia in Azerbaijan: The role of policy

The renewable energy industry in Azerbaijan is starting to develop. In 2018, solar capacity
constituted just 0.45pc of the republic’s installed electricity generation capacity with
wind's contribution coming in at 0.84pc.

Azerbaijan is however on the path to growing its renewable energy industry with the
institution of a new energy law that is slated to make the process of developing renewable
energy smoother. This becomes pertinent to the competitiveness of Azerbaijan as a
producer of green hydrogen and ammonia; the cost of renewable electricity contributes
significantly to the cost of producing green hydrogen.

Hence, for Azerbaijan to be competitive with other jurisdictions in the production of green
hydrogen and green ammonia, a key policy to enable a green hydrogen/ammonia would
be to accelerate the development of the renewables sector, i.e. solar PV and wind, in the
country.

Cost reductions on the installation of renewables can be quite substantial as evidenced
in countries such as India and China. It is the learning-by-doing pathway that engenders
cost reductions aside from having a competitive market structure. This comes with
accelerating the scale of development.

Providing subsidies to the renewables sector would have a multiplier effect for Azerbaijan
as it would be beneficial at several levels.



Firstly, it would help the country’s decarbonization efforts in that it would enable
electricity production to have a lower emissions factor. Secondly, it would help human
capital development. Lastly, it would boost the economy via the development of new
businesses geared towards installation of renewables as well as novel industries such as
green hydrogen and ammonia.

Chapter 1.3: Potential disposition for green ammonia produced in
Azerbaijan

Azerbaijan’s involvement in global ammonia trade is insignificant. However, it is a net
exporter of urea and a net importer of ammonium nitrate. The potential disposition for
green ammonia in producing these two ammonia derivatives is assessed.

Urea

A purported benefit of using green ammonia for urea production would be to enable
decarbonisation of the industry. Market participants are ramping up urea capacity as
ammonium nitrate falls out of favour. Hence, a means of decarbonization would be
necessary for the industry.

However, the use decarbonizing urea via the use of green ammonia is not straightforward.
Urea production not only requires ammonia as feedstock, but also carbon dioxide, which
is not co-produced when via the electrolysis production route. This is a departure from
the grey ammonia production process wherein the CO, produced is used in urea
production. Low carbon urea can only be labelled as such if the CO; used in the process
is extracted directly from the atmosphere using direct air capture (DAC) technologies.
This results in a high production cost given the immaturity of these technologies.

Else, if waste CO; streams are used, say from industry, the urea will unlikely be classified
as low carbon. The urea molecule contains a carbonyl group that is readily hydrolysed
into carbon dioxide, which is released as soon as urea fertiliser is applied. Therefore, CO;
captured for urea production will eventually be released back to the atmosphere.

To illustrate this, the difference in the cost of urea production using CO, captured from
industrial sources versus CO; obtained from direct air capture (DAC) was estimated. Table
1-1 illustrates the outcome of the analysis.

Table 1-1 Estimated cost of urea production using green ammonia and carbon dioxide captured
from industry/DAC as feedstock in Azerbaijan (nominal basis)

Cost Unit 2030 2040 2050
Direct air capture USD/t 899.2 733.2 673.4
Carbon capture from USD/t 521.4 539.6 600.2

industrial/power facilities
Grey urea USD/t 156.5 190.8 232.6



It can be seen the production of carbon-neutral urea using CO; from DAC comes at a
significant price increment compared to carbon capture from existing industrial emitters.
On the other hand, it is also evident that in the scenario in which DAC cost can be reduced
by half every decade up to 2050, the difference between urea production cost based on
the two presented CO, capture options can shrink significantly in two decades.
Nevertheless, the cost of this low carbon urea is still significantly higher than grey urea.

The current high cost of green ammonia and carbon-neutral urea (as illustrated in the
production cost analysis above), coupled with the concerns revolving urea’s life cycle
emissions, serves as major factors discouraging players in the fertiliser industry to
consider it as a sound way to decarbonise the fertilisers industry.

Ammonium nitrate

The use of green ammonia to produce ammonium nitrate offers, in principle, a viable
option for producing carbon-free nitrogen fertilisers. Nitrate fertilisers do not contain
carbon and hence do not require carbon dioxide as a feedstock as in the case of urea.

However, due to tightening regulations on the use of fertiliser-grade ammonium nitrate
(FGAN) in several countries on the back of safety and security concerns, there is a lack of
willingness to invest in new ammonium nitrate capacity. Hence, developing a low carbon
ammonium nitrate production facility in the face of reducing demand over the coming
decades would not make for a good business case in several jurisdictions.

Meanwhile, explosive-grade ammonium nitrate (EGAN) has always existed as a stable
pocket of ammonia demand, but it is less likely to be affected by regulations that may
impact demand negatively, as ammonium nitrate is a well-established material for legally-
used explosives in the mining and resource exploration industries, and there are already
stringent controls in place.

Current markets for ammonia in the EGAN manufacturing industry within proximity of
Azerbaijan exist in Kazakhstan, Russia, Turkey, and Europe, but replacing the producers’
current ammonia supply with green ammonia from Azerbaijan may prove to be a
challenge as most of these nitrate production sites are already integrated with an
ammonia production unit.

Entry to this portion of the nitrates market may be enabled by the emergence of
producers looking into the production of green ammonium nitrate or "green explosives”
in the region — such a case has already taken place in other regions such as Australia.
Government support in the form of funding and mandates/regulations is extremely
crucial for this avenue to become viable.

Green ammonium nitrate production cost were estimated and compared against grey AN
prices. Ammonium nitrate is produced through a two-step process with ammonia as the
sole feedstock; ammonia is first oxidised to form nitric acid, which is further reacted with
ammonia to form ammonium nitrate. The results of the analysis are depicted in Table 1-2.



Green ammonium nitrate is more expensive than its grey counterpart but lower in cost
compared with low carbon urea. However, given the dwindling market for AN, it is unlikely
that a business case can be made for fertilizer-grade AN.

Table 1-2 Summary of cost estimates of ammonium nitrate (AN) production using green and grey
ammonia as feedstock in Azerbaijan (nominal basis)

Basis Unit 2030 2040 2050
Green AN USD/t 368.7 376.0 4143
Grey AN UsD/t 135.6 165.3 201.4

Green ammonium nitrate is more expensive than its grey counterpart but lower in cost
compared with low carbon urea. However, given the dwindling market for AN, it is unlikely
that a business case can be made for an export-oriented fertilizer-grade AN facility.

However, Azerbaijan imports its AN requirement. For instance, in 2020, the country
imported around 191,900t. Hence, there is a possibility of replacing imported AN with
domestically produced green AN. The costs though would be significant as evidenced by
the approximately USD200/t difference between green and grey AN in Azerbaijan.

The Azerbaijan government would have to significantly subsidise the consumption of
green AN or its production. The upside would be security of supply, decarbonization of
the domestic fertilizer industry and the support of the green economy.



Section 2: The hydrogen market

Chapter 2.1: Hydrogen market overview

The ability to produce green hydrogen is contingent on the quality of the resource
endowment of renewables in a particular jurisdiction. It is the quality of the renewable
resource in Azerbaijan that has generated interest in the development of a green
hydrogen production base in the Caucasus.

The untapped potential for renewable power in the country is sizable. According to the
International Renewable Energy Agency (IRENA), Azerbaijan has an estimated solar power
potential of 23GW. The country enjoys 2400 to 3200 hours of sunshine annually.
Azerbaijan’s global horizontal irradiation (GHI) is in the range of 3.44 to 4.80 kWh/m?/day.
For comparison, in the case of Australia, this value ranges from 3.77 to 6.37 kWh/m?/day.

In terms of wind power, Azerbaijan’s Caspian Sea coast is particularly suitable, with
average wind speed around 7.8 m/s at a height of 100m. For the sake of comparison,
wind speed in Chile based on data at a height of 100m is 8.0 m/s. Azerbaijan Ministry of
Energy assesses the country’s technical potential for wind power would be around 3GW.
Of the two sources of renewables, wind would appear to be more competitive. This is
borne out to come extent in terms of the relative size of the installed capacity of wind
and solar in Azerbaijan as illustrated in Figure 2-1.

Figure 2-1 Installed wind and solar capacity in Azerbaijan (2010 — 2018)
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Despite the technical availability of the renewable resources as laid out in Table 2-1, the
uptake of renewables has been slow. Figure 2-1 illustrates the rate of expansion of solar
and wind generation capacity in the Republic of Azerbaijan. In 2018, solar capacity
constituted 0.45pc of the Republic’s installed electricity generation capacity with wind’s
contribution coming in at 0.84pc.

Table 2-1 Renewable energy potential in Azerbaijan

Renewable energy Technical Potential (MW)
Solar 23,040
Wind 3,000
Small hydro 520
Bio/waste 380

Source: Ministry of Energy, Azerbaijan

A multitude of factors had slowed down the uptake of renewables in Azerbaijan. Among
them was the lack of a renewable energy law that covered all key elements of a sound
legal and regulatory framework for renewable energy, an efficient permitting process,
policy support mechanisms to incentivize the uptake of renewables, the lack of a standard
power purchase agreement (PPA) and a lack of funding.

The policy makers of Azerbaijan have taken cognisance of these shortcomings and looked
to develop a way ahead. A presidential decree’ was announced to accelerate reforms in
Azerbaijan’s energy sector. In addition, incentives are being proposed for investors in
renewable energy source (RES) projects in Azerbaijan, including guaranteed offtake,
guaranteed connection, priority in transmission, as well as distribution and long-term
land leases.

Another factor that is slated to drive the development of renewable resources in
Azerbaijan is the explicit target to decarbonise its electricity sector. The Ministry of Energy
announced a target to increase the country’s share of renewable power to 30pc by 2030.
Recently announced projects, which have gotten larger in size than their predecessors
and involves cooperation with international partners, indicate that the development of
renewables in Azerbaijan is poised to accelerate.

Demand for hydrogen
Refining

The refining sector in Azerbaijan has been undergoing several major changes in the last
few years. Refining operations have been consolidated to Azerbaijan’s only refinery - the
Heydar Aliyev Refinery with the decommissioning of the older Azerneftyag refinery. To
accommodate the closure of the old refinery, a major modernisation project started in
2016 and is underway at the Heydar refinery.

1 Presidential Decree No. 1209 of 29 May 2019.



These new and revamped units necessitate the addition of a new hydrogen plant and a
new pressure swing adsorption (PSA) unit to satisfy high-purity hydrogen demand,
especially for the new diesel hydrotreater. A steam methane reformer is expected to
produce around 65,600 t/yr of grey H, for use throughout the entire upgraded refinery.
In theory, this is the hydrogen demand from the refining sector that can be met by low
carbon hydrogen.

However, at present, there are no specific targets for decarbonization that have been
announced for the refinery sector in the country. Neither is there any announcement of
incentives to decarbonize the refinery industry in Azerbaijan.

Given this, it is unlikely that the refinery sector would be looking to decarbonize given
that domestic and regional demand is what is served by the refinery. Even if the refinery
were to decarbonize, it would be optimal to go down the carbon capture and
sequestration route (CCS), given how integrated the refinery processes are.

Figure 2-2 indicates that the cost of producing hydrogen at present via electrolysis is five
times that of producing hydrogen via the SMR process. Hence, for the refinery, which has
a demand of around 65,600t of Hz/yr to switch over to green hydrogen, i.e. the hydrogen
produced via electrolysis, would result in an additional cost of USD265.9mn/yr.

This isn't likely to be palatable to the refinery complex unless there are mandates to go
down this route and/or incentives for the same. Going the carbon capture (CC) route? is
more expensive that just going to SMR route; however, it entails a lower cost structure
than the green hydrogen case. Furthermore, integration with the refinery will be seamless
unlike in the case of the use of green hydrogen

2 Kindly note that the costing has been done up until the carbon capture step. The characterization of sequestration is
a function of geology and hence highly bespoke given the location of the facility.



Figure 2-2 Comparison of the levelized cost of producing hydrogen (LCOH) (2020)
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2.1.1.4. Ammonia

As discussed, there is no merchant ammonia demand in the country, as all domestic
ammonia demand is a function of the country’s urea manufacturing. In fact, before 2019,
there was practically no demand for ammonia in Azerbaijan.

In the case of ammonia, the breakeven price of green hydrogen, i.e. the price at which an
offtaker would be indifferent to green hydrogen relative to the grey hydrogen option,
would be around USD1.0/kg H,. A few factors would be needed to get the costs of green
hydrogen to that level, namely explicit costs of the electrolysers and renewable electricity
and the implicit costs of moving the ammonia industry to decarbonization. These would
involve amongst other things search costs for buyers of green ammonia in jurisdictions
that support the uptake of low carbon ammonia and retraining staff at the plant to
maintain the electrolyser facility.

These cost declines of the electrolysers might happen as electrolyser firms expand their
facilities and achieve better economies of scale. While this is out of the hands of
policymakers in Azerbaijan, the country's planners do have influence over the
development of the renewables in the country. The new renewables law is a step in the
right direction and as the capacity expands in this sector, as capacity to build and install
these renewable facilities grown in Azerbaijan, the costs of renewables ought to follow a
downwards trajectory.

2.1.1.5. Town gas

The residential sector has traditionally been the largest energy consumer at the sectoral
level. In 2019, the sector accounted for around one-third of Azerbaijan’s total final energy
consumption of 9.2 Mtoe. Natural gas dominates the residential sector meeting 80pc of
the final energy demand, or 2.6 Mtoe, as illustrated in Figure 2-3.



Figure 2-3 Azerbaijan’s final consumption by sector (2019)
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Several jurisdictions the world over have been looking to use hydrogen blends with
natural gas to decarbonize their town gas network. This might thus be a possibility for
Azerbaijan.

To illustrate the costs and benefits of blending hydrogen in natural gas, it is assumed that
hydrogen to the tune of 10pc by volume is blended into the natural gas pipelines.?
Assuming that the natural gas tariff to the residential sector stays at the 2019 level of USD
1.3/mnBtu and the cost of producing hydrogen is USD 5.07/kg, the cost to consumers
rises by USD 119.6mn/yr. The savings in CO2 emissions is 148,850 t/yr (see Table 2-2). This
gives a marginal abatement cost* (MAC) of USD 804/t CO,. When the price of hydrogen
falls to USD 2/kg H2 and the price of natural gas is at USD3/mnBtu, the MAC falls to USD
275/t CO,.

Table 2-2 Cost and emissions of CO,: A comparison

Cost of fuel (mn USD/yr)  Carbon dioxide emissions

(mn t COz/yr)
100pc natural gas 124.6 5.13
10pc hydrogen blend 2443 4.98
Difference (10pc blend - 119.6 -0.14

100pc)

It should be noted that there are technical constraints to the use of large volume blends
of hydrogen in the pipelines. First, hydrogen can cause embrittlement of pipelines that
are not appropriately designed for the molecule. Moreover, account of its small molecular

3 This would result in a demand for hydrogen of 24,656t.
4 The MAC is the cost of reducing a ton of CO,.



size, leakage becomes an issue at connections between pipes. In addition, transporting
large volumes of hydrogen through pipelines might require a change of compressors.
Lastly, alterations might need to be made to end-use equipment to accommodate the
safe combustion of hydrogen.

Blending of hydrogen in Azerbaijan’s town gas network offers an opportunity to
decarbonize the sector, build demand for domestically produced natural gas, and free
more natural gas for the export markets. However, it would come at a significant cost to
consumers or the government, should subsidies be used as a means of incentivising
blends of hydrogen in Azerbaijan’s natural gas networks.

Azerbaijan has one methanol plant, which is almost 100pc export-oriented, given
Azerbaijan’s limited domestic demand. Methanol exports from this plant usually travel
overland to European destinations or via the Caspian Sea to other ports. The methanol
unit in Azerbaijan initially has a rated capacity of 560,000 t/yr but has never operated at
full capacity due to feedstock supply issues. However, following a state takeover,
feedstock supply to the facility improved by virtue of annual natural gas allocations, and
the unit was expanded to 720,000 t/yr (see Figure 2-4).

Figure 2-4 Methanol balances for Azerbaijan
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In the context of the production of green methanol, it still looks unlikely that a producer
would be incentivized to explore the green methanol market in the absence of mandates
for its use or incentives in the target markets, as producing green methanol would require
green hydrogen and carbon dioxide produced via direct air capture (DAC) as feedstock
and would lead to a massive increase in the cost of production. As of now, there exist no
mandates enforcing the use of green methanol in Azerbaijan neither do they exist in its
trading partners like Turkey.



2.1.1.7. Exports of hydrogen as a blend with natural gas

Azerbaijan exports a significant amount of natural gas to neighbouring countries. As per
customs data, the republic exported around 21mn t/yr of natural gas in 2021. The bulk of
the growth of Azerbaijan’s natural gas production was driven by the second phase of
development of the Shah Deniz natural gas and condensate field. Located offshore in the
Caspian Sea, Shah Deniz began production from its first development phase in 2006 and
from its second phase in mid-2018.

Figure 2-5 Azerbaijan’s natural gas exports (2015 to 2021)°
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The Southern Gas Corridor (SGC) dominates Azerbaijan’s gas export infrastructure. It
spans over 3,600km and comprises of four sections:

e the Shah Deniz 2 gas field,

e the South Caucasus Pipeline (SCP) from Sangachal terminal in Azerbaijan to
Georgia,

e the Trans-Anatolian Pipeline (TANAP) from Turkey’'s border with Georgia to its
border with Greece, and

e the Trans-Adriatic Pipeline (TAP) from Greece's border with Turkey across Albania
and under the Adriatic Sea to Puglia in Italy.

Azeri gas started flowing to Italy by the end of 2020 with the completion of the last leg
of the pipeline (TAP). The TAP has the backing of the European Commission as part of
efforts to curb Europe’s dependence on Russian energy given that it controls around a
third of natural gas supplies into the region. Now that the Southern Gas Corridor (SGC) is

> The figures for 2021 are annual numbers up until September 2021.



in operation reaching out to Italy, there is an opportunity for Azerbaijan’s hydrogen to
get to Western Europe via the blending of hydrogen with natural gas.

Specifically, in the case of Italy, the country’'s 2030 target is to satisfy 2pc of energy
demand with hydrogen, which would help eliminate up to 8 mn t/yr of CO.. This translates
into around 700,000t/yr of hydrogen demand. By 2050, the target is 20pc of energy
demand. This poses a challenge as Italy would need around 75 GW extra renewable
energy capacity to support the production of 700,000t of hydrogen in less than 10 years.
Hence, imports of hydrogen would be most likely needed to ensure that the country
meets its 2030 target.

To illustrate the costs and benefits of blending hydrogen in natural gas and exporting the
blend to Italy, it is assumed that hydrogen to the tune of 10pc by volume is blended into
the SGC natural gas pipeline.® As shown in Table 2-3, assuming the price of the natural
gas sold to Italy is USD 3.8/mnBtu and the cost of producing hydrogen is USD5.07/kg, a
yearly cost of fuel that is increased by USD 183mn/yr is compensated by up to 704,377
t/yr of savings, which gives a marginal abatement cost’ (MAC) of USD 260.1/t CO-.

Table 2-3 Cost and emissions of CO,: A comparison (in Italy)

Cost of fuel Carbon dioxide emissions

(mn USD/yr) (mn t CO>/yr)
100pc natural gas 1,731.5 24.3
10pc hydrogen blend 1,914.6 23.6
Difference (10pc blend - 183.1 -0.7

100pc)

As mentioned before, it should be noted that there are technical constraints to the use of
large volume blends of hydrogen in the pipelines. Furthermore, Turkey or Georgia might
want to evacuate their hydrogen to Europe via the pipeline. This would impact the
amount of hydrogen that Azerbaijan would potentially be able to blend into the pipeline.
This would require coordination amongst the countries.

The potential to use hydrogen in the railway sector and in bunkers in Azerbaijan was
investigated.

For the rail network, the high rate of network electrification means limited market for
diesel locomotives to be retrofitted. The only non-electrified track is the South-heading
line towards Iran. Diesel consumption in train locomotives is very small and has been
stable at 6,000-8,000 t/yr. It should be noted that part of this demand is for shunting
operations, which is not actively be considered for hydrogen replacement. This makes the

6 This would result in a demand for hydrogen of 116,693t in Azerbaijan. This is significant tonnage of hydrogen
disposition.
7 The MAC is the cost of reducing a ton of CO».



potential market even smaller. In addition to retrofitting diesel engines with hydrogen
fuel-cells, additional costs would be incurred to install the refuelling stations along the
railway line from Osmanli to Astara.

In the case of the domestic maritime sector, given the Azerbaijani fleet, it might be
possible that the RO-RO vessels and the ferries operated to be fuelled by hydrogen.
However, given the number of vessels, i.e. 13 ferries and 2 RO-RO craft, the magnitude of
demand would be small. Given the need to further invest in refuelling infrastructure
implies that Azerbaijan moving down this path in the near to medium term would be
unlikely.

Given the relative cost of green hydrogen/ammonia to conventional bunker fuel, the
falling demand for bunkers in Azerbaijan and technological uncertainty, it is likely that
the development of a low carbon bunker hub in Azerbaijan will take time to develop.
Government policy will be key to incentivizing the development of the industry along
with ensuring that important steps towards adoption, such as supporting pilots of vessels
and refuelling infrastructure, are taken.

Turkey has a strong track record in developing its renewable sector, which provides a
strong basis for green hydrogen production. Driven by policies aimed at reducing import
dependence, the sector saw a rapid expansion in terms of generation capacity. These
policies include a feed-in-tariff system under the Renewable Energy Support Mechanism
(YEKDEM) since 2011.

While hydropower takes up the largest share of the renewable portfolio, accounting for
30pc of total generation capacity, the growth in wind and solar power is much more
remarkable (see Figure 2-6).

Over the last decade, wind capacity has increased by six-fold from 1.3 GW in 2010 to 8.8
GW in 2020, at an average annual growth rate of 21pc. Solar power has seen an even
more impressive trajectory, from just 250MW to 6.6 GW in a matter of five years. Future
estimates by the government are very optimistic, indicating that solar capacity could
reach 38GW and wind capacity 48GW by 2030.

8 1t should be noted that Azerbaijan’s neighbors, such as Armenia and Georgia did not have any hydrogen
disposition potential as things stand and in the absence of government intervention, this would continue
to be the case. Any green hydrogen/ammonia facilities built in these countries would be aimed at targeting
the export markets rather than use domestically.



Figure 2-6 Turkey's renewable capacity (2010 — 2020)
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With increased capacity, wind and solar electricity costs have fallen significantly in Turkey.
Every year the Ministry of Energy and Natural Resources (MERN) and the Renewable
Energy Resource Areas (YEKA) announce auctions for wind and solar projects to promote
market competition.

As depicted in Figure 2-7, compared to 2010, the cost of solar electricity has dropped
from 7 Euro cents/kWh to 1.7 Euro cents/kWh whereas the cost of onshore wind has
reduced by half from 10 Euro cents/kWh to 5.2 Euro cents/kWh. Notably, in the last
auction for licensed solar energy capacity conducted in May 2021 by YEKDEM, the lowest
bid was 1.7 Euro cents/kWh and the highest was 2.2 Euro cent/kWh. Similarly, the ceiling

price for the most recent wind energy purchase auction in October 2021 was 2.7 Euro
cent/kWh.

Figure 2-7 Turkey’'s wind and solar electricity prices
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Demand for hydrogen

With regards to the overall climate change strategy, Turkey ratified the Paris Agreement
in October 2021, and declared a target to reach Net Zero by 2053.

In early 2020, Turkey started looking at the role of hydrogen in its energy future with a
view to produce a hydrogen strategy. From an energy policy's standpoint, hydrogen
seems fitting to the country’s overarching objectives. The Ministry of Energy and Natural
Resources 2017 strategies rest on three pillars:

i) improving energy supply security,
ii) localisation, including increasing use of domestic energy resources, and
iii) improving predictability in energy markets.

Hence, it sees hydrogen as a possible solution to utilize local resources and increase
indigenous production.

While the finalised roadmap is yet to be published, a preliminary roadmap prepared by
GAZBIR — The Natural Gas Distribution of Turkey, suggests four stages in the country’s
hydrogen development:

e 2021-2025

o Initial pilots, including innovation and demonstration projects, final
testing of domestic appliances, and start of regulatory regime
development;

e 2025-2030

o 10pc hydrogen blending into parts of the natural gas grid, development
of the renewable and low carbon gas market, increasing industry
incentives to produce hydrogen-ready appliances, and development of
regulations for transport, storage, distribution and consumption of
hydrogen;

e 2030-2040

o Up to 20pc regional hydrogen blending, an increase in hydrogen
production, and connection of industrial clusters to hydrogen storage
and production facilities by dedicated hydrogen pipelines;

e 2040-2050

o Widespread use of hydrogen in the industrial sector and residential
buildings, distribution lines to be 100 pc hydrogen compatible, start of
hydrogen export, and creation of sufficient hydrogen production and
storage capacity.



The Ministry of Energy and Natural Resources (MERN) also announced four short-term
targets for hydrogen, namely increasing the overall generation of renewable energy,
decarbonising the heating sector, generating hydrogen from local coal, and incentivising
the use of boron for the storage and conservation of hydrogen.

The Turkish hydrogen strategy sets prioritises hydrogen blending in its natural gas
networks used for heating. Since April 2021, Turkey’s Clean Energy Technology Centre
has conducted tests to demonstrate the technical viability of blending 5pc, 10pc, 15pc
and 20pc of hydrogen (by volume) with natural gas into the gas transmission system for
households and industry consumption.

From an energy security standpoint, reducing import dependence on natural gas makes
sense. The bulk of the country’s natural gas demand is met by imports. The country
imports 48,500 mn m3/yr of natural gas on average.

Figure 2-8 Imports of natural gas into Turkey (2013 - 2020)
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The residential sector's use of natural gas has been growing and now consumes the
largest volumes of natural gas among other sectors. In 2020, the residential sector
accounted for 36.2pc of demand (see Figure 2-9).

The country has an extensive distribution pipeline, with the transmission system and
distribution system to wholesalers being monopolised. Having the whole system centrally
managed by one company will probably ease the introduction of hydrogen to the
network.

On the other hand, hydrogen has a lower energy content than natural gas on a volumetric
basis; a 7pc blend of hydrogen by energy content would require the replacement of 21pc
of natural gas with hydrogen by volume. This may add another layer of cost-related
challenge in Turkey's attempt to reduce natural gas import dependence using hydrogen.



Figure 2-9 Natural gas demand by sector
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The other target sector is transport. As a follow-up on the third hydrogen target, i.e.
producing hydrogen from coal, MENR emphasised that the production of hydrogen from
domestic coal via gasification would enable clean transport. This would however only be
true were coal gasification be coupled with carbon capture and storage. It is unclear as
to whether Turkey's policymakers consider the coal route to producing hydrogen in the
absence of carbon capture and sequestration as being clean.

In addition, the country postulates the role of hydrogen in unlocking its vast deposits of
boron. Turkey holds the world’s largest reserves of boron, accounting for 72.8pc of known
reserves worldwide. So far, developments have been focusing on sodium borohydride for
transport applications, such as in electric vehicles and unmanned aircrafts. Turkey's
National Boron Research Institute (BOREN) also developed and demonstrated a locally
produced automobile prototype running on sodium borohydride fuel cells in 2020.

There is no demand for hydrogen from other sectors. For instance, hydrogen demand
from the petrochemical sector in Turkey is non-existent. In the petrochemicals sector,
only a naphtha cracker is operating in the country, while there is no methanol or ammonia
being produced domestically.



Figure 2-10 Cost of production of hydrogen from coal and electrolysis in Turkey (2021)
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Figure 2-10 illustrates the cost producing hydrogen from coal and electrolysis in Turkey.
In the case of electrolysis, it is assumed that hybrid wind and solar could help the
electrolyser run at a utilization rate of 68pc. The price of electricity used is USD 25/kWh,
which is in line with the auction prices illustrated in Figure 2-7. For coal gasification, the
price of coal assumed is USD 67/t.

It is clear that the Turkey's cost of producing hydrogen are far lower than that of
Azerbaijan given the discrepancy in the price of renewable electricity. Hence, Azerbaijan
has to step up efforts to develop its renewables sector such that it is highly competitive.
This will help bring down the costs of producing renewable electricity thus lowering the
production costs of green hydrogen.

Energy security has been high on the agenda for Turkey's policymakers. For instance,
Turkey is constructing 7,500 MW of new domestic coal power capacity by 2023 given the
surfeit of coal in the country and is developing domestic natural gas production from the
Sakarya field in the Black Sea. Natural gas is expected to be produced from 2023 onwards.

While hydrogen is a means of increasing energy security and decarbonizing the town gas
sector, it fits a bigger economic strategy in terms of the country becoming an exporter of
hydrogen. Its strategic location on the Southern Gas Corridor (SGC) could help it become
an exporter of green hydrogen to Europe just as Azerbaijan is aiming to be. As of now,
no export targets have been set. However, this decade will be crucial to Turkey developing
its hydrogen industry to keep pace with the developments in Europe, which is its key
target market.

Turkey has been identified as a potential supplier of green hydrogen by Germany, along
with Norway, Australia and Chile.



India

Whilst prior to COP-26 India didn't have a net-zero deadline® in place, South Asia’s
largest economy had been looking to quickly grow its renewables capacity. India’s
renewables capacity target was increased to 220GW from 175GW by 2022 and also looks
to achieve an installed capacity of 450GW of renewable energy by 2030. If India were to
achieve this, the share of installed capacity of non-fossils in India’s electricity mix would
reach 65pc. In comparison, India’s Paris agreement target is to reach 40pc non-fossils by
2030.

The same appears to be true for hydrogen, with the Indian government pushing state-
run firms to start using hydrogen as a fuel, helping encourage investments by some of
the country’s top energy companies.

India’s green hydrogen economy and policy roadmap was released in 2020. The following
were the recommendations therein:

1. Creation of a National Hydrogen Policy and Roadmap by 2021, co-created by
government and industry,

2. Creation of H2India Hydrogen Taskforce and Workgroups to meet roadmap
milestones, implementation path,

3. Green Hydrogen Investment Fund of USD100mn to be deployed in next five years
till 2025; larger USD 500mn Hydrogen Fund to be raised for 2025-2030,

4. National aspiration for a four percent hydrogen share in the national energy mix
by 2030,

5. Inter-ministerial green hydrogen government cell to ensure adherence to
globally harmonised standards.

Ex post the release of the roadmap, there has been considerable activity in the country
to develop a hydrogen economy. Given these developments, it would appear that the
Indian government views hydrogen as a key component in the country’s energy transition
strategy.

As it stands, India’s hydrogen demand is around 6 mn t/yr, with the bulk consumed by
refineries and fertilizer plants to produce ammonia. The government wants to double
hydrogen consumption to 12mn t/yr by 2030, rising to 28mn t/yr by 2050, with refiners
and fertilizer plants remaining the main consumers.

Given the pace at which renewables are growing in the country and the low costs of
producing renewable electricity are very low, it is quite likely that domestically produced

% India is now looking at 2070 as the year by which the country will achieve its net zero target.



green hydrogen will be able to satisfy the country’s demand going forward. Imports of
low carbon hydrogen/ammonia, should they be necessitated, would be most
economically procured from the Middle East. This is the trade flow that exists, for instance,
in the case of grey ammonia and methanol. Azerbaijani green hydrogen/ammonia will be
priced out of this market given its location.

The European Union (EU)

The EU has one of the most robust and well-structured strategy laid out for the hydrogen
economy. As per EUs Green Deal Policy, the share of hydrogen in Europe’s energy mix is
projected to grow from the current less than 2pc to 13-14pc by 2050. Owing to the
projected target, the European Commission formulated three major response
mechanisms namely, the hydrogen strategy, the integrated energy system strategy and
the European clean hydrogen alliance. With a view to accelerate the development of clean
hydrogen technologies and achieve a climate-neutral energy system by 2050.

Ergo, the transition toward a clean hydrogen economy has been proposed to be
implemented over the course of three strategic phases between 2020 to 2050.

In the first phase, from 2020 up to 2024, the strategic objective is to install at least 6 GW
of renewable hydrogen electrolysers in the EU and the production of up to 1 mn t of
renewable hydrogen, to decarbonise existing hydrogen production, e.g. in the chemical
sector and facilitating take up of hydrogen consumption in new end-use applications
such as other industrial processes and possibly in heavy-duty transport.

In the second phase, from 2025 to 2030, inclusion of hydrogen into an integrated energy
system is proposed, with a strategic objective to install at least 40 GW electrolyser
capacity.

In the third phase, from 2030 onwards and towards 2050 renewable hydrogen
technologies are expected to reach maturity and be deployed at large scale such that
possible collective deployment of 500GW electrolyser capacity may be achieved.

The key demand segments as highlighted by the EU are as industry feedstock (such as
green steel manufacturing, ammonia & methanol synthesis and other basic chemicals
manufacturing etc.), industrial energy (industrial heating or blending with natural gas
networks), building heating and power generation.

Hydrogen blends with natural gas are slated to play a role in decarbonizing industrial
heating, building heating and power generation in Europe. Hence as discussed in Section
2.1.1.7, there is an opportunity for Azerbaijan to get its natural gas-blended hydrogen to
Western Europe via the Southern Gas Corridor (SGC). This would be a means of
developing reasonable demand for Azerbaijani green hydrogen and hence kick-start the
country's hydrogen economy.
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(D Azerbaijan Overview | Economic Situation

Azerbaijan economy is dependent on oil & gas and declined by 50% between
2014-16 due to decline in global oil prices

GDP, GDP/capita (2020)

Azerbaijan Statistics

USD 42.6 (86 largest) | USD 5,593 (73 rank)

HDI rank

0.754 (2018) — 87t rank

N, Trade Balance

+USD 6bn (Export = USD 19.6bn, Import = USD 13.6bn)

VoR I
e ew
Azerbaijan

Bt e

Political system

Semi-presidential Republic

caspia, | Ease of doing business rank

34th

Sea

FDI

USD 4.7bn (2020)

Corruption Perception Index

129t rank (high corruption in govt. & public sector)

Azerbaijan GDP, GDP per capita

-49.7%
741 752

697 6,064.5

413
37.8

GDP (USD Bn) =—@— GDP/capita (USD)
GDP Forecast

5,895.2
5,878.9 6,073.4 5813.3 57654 58014 /./'®
56770 5,982.3 C o o
52,9\ 50.8 471 480 5,%3‘2 49.9
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= Oil & Natural gas contribute 90% of
exports and 30%+ of GDP

= The global oil price crash in 2014-15 led
to decline in GDP

523 42

) = [n 2020, COVID-19 pandemic shrunk the
GDP by reducing demand for oil and
shrinking the tourism sector

= In 2020, Azerbaijan was also at war with
Armenia

= Azerbaijan GDP is expected to grow at

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Source: World Bank, International Energy Association, Trading Economics

2023 2024 2025

6% CAGR from 2020 to 2025
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(D Azerbaijan Overview | Energy Sector Overview

Total installed capacity declined as the obsolete Shirvan TPP was shut down but
oil & gas is ~85% of installed capacity | Solar has 0.5% of installed capacity
- maintains a share of 83%-85% of total capacity since 2010

Total capacity has declined since 2017 because the obsolete Shirvan Thermal Power Plant was shut down but oil & gas remains the dominant source and

Hydroelectric is the major renewable source started in 1960s but has limited growth potential and demand for only small HPPs. Hybrid solar-hydro power
plants is an emerging opportunity in Azerbaijan. Recently started floating FPV project by ADB is a major stepping stone in the that direction.
Amongst the renewable energy sources, solar energy is 2"d fastest growing and has the maximum potential of 23GW
Installed Capacity (by source)

|:| Fuel (Oil & Gas) |:| Hydro |:| Other Renewable

Renewable Capacity (by source)

|:| Hydro |:| Wind |:| Solid domestic waste - Solar |:| Biogas
CAGR (2010-20)
7,91 1,296 .
7'807_::;: - - 7,642 7,622 0% Biogas
7,353 7,353 e i i 270 R T R %\(_) = Only Gobustan Hybrid plant produces
F | - 14% 14% 149 3% _| 1 MW along with it's solar & wind
/ 0, L.
6,398 6,350 6420/ [15% [15% S S B 3 (X = copacies
i o, N o T o, Tg i . C) Solar
\ = Highest growth potential
16%] 16% 16%) ‘\ = New investments made to add capacity
- \
\ Solid Waste
\ = Poor supply chains to divert industrial
‘\ wastes from mega cities like Baku
\
! Wind
g lsso B2 [ B5% B4M  le3d [e3 8% - Fastest growing segment
84%| [84% [84%) \
\\
\ Hydro
\ = Low potential to grow compared to
\\ C) other sources
\
\
\
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Source: The State Statistical Committee of Azerbaijan

= Growth possible for small HPPs
2020
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(D Azerbaijan Overview | Energy Sector Overview

Electricity output fluctuated but grew at 3.3% CAGR from 2010-20 | Share of
electricity output from oil & gas increased from 82% in 2010 to 95% in 2020

B Overall electricity generation increased to meet the rising local electricity demand.

Updated Slide

B Electricity output from oil & gas increased, with an increase in % share of total electricity generated (82% in 2010 — 95% in 2020

B Due to seasonal variations in output, hydropower output declined with a drop in % share of total electricity generated (18% in 2010
— 4% in 2020)

Total Electricity Generated (GWh)

[ Fuel (Oil & Gas) [ Hydroelectric plants = wind plants M solar plants Il sSolid domestic waste plant g
26,073
_ 24,728 24,688 24,953 24321 25229 759
22,988 23354  0.70% 0.74% 0.70% 0.70% 8?2? 0.17%
0.00% 0.57% o,o1%ﬂ 0.0Z%H 0 14?’] 0.15% 0.33% ] 0;40%1 ,,,,,, 25,839
20294  0.00% 0.00 cﬂ 0.01% 002% | | 0.09% 0 09%1 e ANE, § 0.78%
18,709 0.00% 0'00%] __}»O.OOIA) " 1526% 6.63% 785% | — === 701% | _fF——"—A— T 0.18%
0.00% 0.00% T792% 638% | — | | T 1 LEe 0.37%
0.00%H 0.00% . T
0, 7
0.00% 13.19%|
18.42%
(o) (o)
05.06% 93.04% 94.02% 92 59% 91.22% 91.88% 91.87% 92.67% 94.53%
86.81%
81.58%
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Source: The State Statistical Committee of Azerbaijan
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(D Azerbaijan Overview | Energy Sector Overview

From 2010-20, electricity consumption increased at 4% CAGR due to increased
use in industrial sector, residential use

Electricity consumption by sector (GWh)

|:| Industry - Construction
|:| Commercial & Public Services - Transport
- Household - Agriculture, Forest & Fishing

CAGR (2010-20)

22,469 . I
Agriculture Forestry, Fishing

= Supported by the government funding, agriculture
sector grew resulting in increased electricity use

Transport

= Electricity use declined due to the reduced use of rail
transport for freight and passenger transport

21,560 21,583

20915 -

Residential

= 2nd Jargest segment

= Growth due increased per capita electricity
consumption

= Despite the pandemic, electricity consumption
increased from 2019 — 2020 as citizens moved indoors

2 0,
27% 8% 27%
24% | [21%|  |24% - Commercial
= 31 fastest growing segment; electricity consumption
- grew in line with the growth in services sector
P - - = Growth declined in 2020 due to the decline in sector
25%| - i like tourism
24%
34%|  |35%
32% 33% 32%
32%| [31%| [31%]| [30% Industry
25% 3 = Largest segment and the fastest growing user
= Growth in energy intensive industries such as oil &
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 gas, metals & mining, steel, cements, chemicals

Source: The State Statistical Committee of Azerbaijan Copyright (C)  Nomura Research Institute, Ltd. All rights reserved. MI



(D Azerbaijan Overview | Energy Sector Overview

Azerbaijan is a net exporter of electricity, exporting to neighbouring countries
like Georgia, Turkey using the AGT Power Bridge line

B Azerbaijan’s electricity trade is dependent on Georgia. Change in Georgian govt. strategy to reduce import can affect Azerbaijan’s exports

B Since 2016, Azerbaijan exports increased due of increased exports to Georgia and renewal of exports to Turkey via the Azerbaijan-Georgia-

Turkey (AGT)

Electricity Tr

Power Bridge line

ade (MWh)

|:| Import |:| Export

794,497

392,039

169,726I

83,924 ‘ ’*

482,697

68,973

595,673 588,317

293,757

’— ’, H_{110,787

646,758

1,397,323

1,160,197

108,421

s

115

&

858

150,363

-

1,770,647

1323516

128,933

=

2010 2011

Source: UNComtrade

[
2012 2013 2014 2015

2016 2017 2018 2019 2020

Exporting Countries & Share (2020)

Iran ]
Russia "
]
11%
Turkey
} Georgia

Importing Countries & Share (2020)

Georgia -

]
Iran

Russia

In 2020, Azerbaijan was

Georgia's largest
supplier (45% of total

electricity import)

Exports increased in
2016 due to renewal of

exports to Tukey

In 2017, exports
increased as exports to
Georgia grew from
68MWh — 891 MWh

Azerbaijan import is
10%-20% of export and
is the 53" largest
electricity importer

Electricity is imported as
part of the CIS
emergency mutual
assistance agreement
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(D Azerbaijan Overview | Energy Sector Overview

T&D losses are high compared to global average of 6%-7% but since 2010, losses
declined due to modernization of the east-west transmission network

B >80% of production is used for domestic consumption

B Transmission loss in Azerbaijan has reduced from the 20.3% in 2010 to 7% in 2019, due to modernization and strengthening of the west-east
transmission network

Electricity Flow [Production — Consumption](in GWh) T&D Losses

For 2020

20.3% :
° One of the plausible reasons

B
% f [} [ o o o o

oroduction” (_100% 82.3% 12.6% 19'.“’ behind this spike is the recent
— infra destruction due to

25 839 Nagorno-Karabakh war

between Armenia & Azerbaijan
14.8%
° \T
0,
13'.16 12.7% 12.6%
@ [ ]
10.9% 10.8%
® ®
21,258 9.3%
' e 85%
[ ]
6.9%
[ ]
[ 1323 ]
3,258
Production Consumption Exports T&D Loss 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Source: The State Statistical Committee of Azerbaijan, UNComtrade, Copyright (C) Nomura Research Institute, Ltd. All rights reserved. m‘



(D Azerbaijan Overview | Energy Sector Overview

Azerbaijan government has targeted to increase the share of renewable energy

from 17% to 30% in 2030

% share of RE and future target

Govt.
target

30%

i/

16% 16% 16% 16% 159 15% 15% 15% 16% 17% 17%!
e

/
!
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2030

Forecasted Solar Capacity (MW) & Breakdown of 2030 RE share, source wise

Other Renewables
Solar

2.00%

292

122 )
97 Wind

Hydro

72
52 62

/]

2021 2022 2023 2024 2025 "' 2030

Source : The State Statistical Committee of Azerbaijan, Govt announcements & Economist Intelligence Unit

Updated Slide

B Azerbaijan government has drafted a renewable
electricity law and aims for renewable energy to

provide 30% of electricity generating capacity by 2030.

The Grid Code for the same is already drafted and
should be out by next year.

B The Ministry of Energy, with European Bank for
Reconstruction and Development, is developing
renewable energy auctions for 1000 MW to attract
private investment

B Asian Development Bank (ADB) is financing the design

and construction of the first floating solar PV (FPV)

plant. The 100-kW pilot plant will be installed on Lake

Boyukshor, close to Baku.

Installed Capacity Potential Capacity
Energy Source (MW) (MW)

Solar Energy 35 23,000
Bioenergy 45 380
Onshore Wind 66 3000
Off-shore Wind 0 157,000
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@ Solar Power Potential
Azerbaijan has a solar power potential of 23,000 MW due to the high sunshine
hours, high solar intensity and low seasonal variation

B Due to geographical location, Azerbaijan has a high solar potential — high annual sunshine hours (2400-3200 hrs), high solar
intensity (1,500-2,000 kWh/m?) and low PV output variation across seasons

B Amongst all the renewable energy sources in Azerbaijan, solar power has the maximum potential (23,000 MW) [Off-shore wind has
157GW potential but has no installed capacity as on date]

Total Solar Potential (MW)

Global Horizontal Irradiation

B Azerbaijan’s Ministry of Energy estimates
the solar potential at 23,000 GW

B Azerbaijan gets 2210 to 2700 hours which
is comparable to sunny, tropical countries

47

v

23,000

2020

Technical Potential

Source: SolarGIS, IRENA RRA Azerbaijan

B GHI is the total radiation received by a
horizontal surface

B Higher GHI means higher PV output

B GHI = 1387-1534 kWh/m? for most of the
territory
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Copyright ()

Direct Normal Irradiation

B DNl is the direct radiation received from
the direction of the sun

B DNI = 1095 to 1534 kWh/m? most of the
territory has 1387 kWh/m?

JSumgayit

“Baku

JStepanaken
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2 Solar Power Potential

Although solar potential exists across the country, only a select zones like
Nakhchivan, Absheron Peninsula are more suitable for setting up solar PP

B To develop the solar power industry, the government has identified 8 zones (wind + solar) with total capacity of 750 MW (The

bifurcation between solar & wind has not been announced yet.)

B Preliminary assessments on ownership and designation of lands, potential environmental impacts and existing infrastructure have

been conducted in these areas by the government

PV Power Potential

\ Solar Potential | Development

< Sheli -

[Region]
» Landlocked region; Autonomous region
. of Azerbaijan
High . - .
= Highest solar potential in Azerbaijan
[Solar Development] - existing solar PP
* Nakhchivan Plant (Babek)

Ganjg, A » 1 Nakhichivan
- Sumgayit
Yoo
*Baku
Y RT |
JSwpanaken
et
g Absheron
T, 2 .
Peninsula
% seerige of PVOU 1 499920
] 3 5 38 . Al
o W

Yourty totaly: %5 1241 1a? 1534 a0

[Region]
= Hilly terrain
» Baku (capital city) is located here

Medium [Solar Development] - existing solar PP
* Sumgqyait solar plant
* Pirallahy Power Plant
» Masdar solar plant (in-progress)

Source: SolarGIS
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- . . New Slide
Potential Site Location | Option 1

A potential 136 hectares of land in Absheron Peninsula Region, Baku
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- . . New Slide
Potential Site Location | Option 2

A potential 272 hectares of land in Nakhichivan Autonomous Region
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(3 Solar Power Investment Trends

Government has an increasing budget deficit which puts the impetus on foreign
investment for solar industry but non-oil FDI had low growth since 2010

Fiscal Deficit/Surplus (% of GDP) FDI in Azerbaijan (USD bn)
B Due to declining oil prices, Azerbaijan fiscal deficit worsened B Oil & Gas attracts maximum FDI (EU built Southern Gas Corridor)
_ o/} _ o/}
from -0.5% in 2014 to -2.4% in 2020 B Government wants to @ Increase non-oil FDI to 4% of GDP 2
B Worsening fiscal deficit implies the government will have less Attract FDI to transport, tourism, ICT and agriculture
ability to fund future projects B In 2021, Azerbaijan had first foreign investments in utility-scale
solar (Masdar) and wind projects (ACWA)
0.6% 0.6%
8.0
0.3% ] Non-oil FDI |—| _
] oil & Gas FDI 6% 1 L3
12%
64 [
23%
04% 04% -0.3% I;J 5.7
0.5% AR AR 53 || mE CAGR
[ (2010-19)
45 19%
= 41 42
22% 1 L) 5
-1.2% 34 || o0 21% 1.3%
e 1 84%  88% )
24%
0 77%
-1.6% R 86%
81%
78% 76% 19% 2.7%
76%
-2.4%
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Source :- State Oil Fund Of The Republic Of Azerbaijan Annual Report 2020
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(3 Solar Power Investment Trends

Solar power has the highest potential (23 GW) and will help Azerbaijan reduce
their dependence on oil & gas and meet their GHG emission targets

Investment Drivers

Description

@ [Economic Diversification]
Government wants to reduce
dependence on Oil & Gas

= QOil & Gas sector contributes to 40% of GDP, >80% of exports and >75% of FDI
= Exposure to external shocks, such as the 2014 global crash in oil prices and COVID-19

@ [Climate Change Commitment]
Adhere to the Paris Agreement

» Azerbaijan has committed to cut GHG emissions by 35% by 2030 under the Paris Agreement

® [Solar Power Potential]
Amongst the RE sources, solar
has the highest potential (23 GW)

= Azerbaijan has a high solar potential due to
o High annual sunshine hours (2400-3200 hrs)
o High solar intensity (1,500-2,000 kWh/m?)
o Low variation in PV output across seasons

@ [Financial Incentives]
Government incentives to RE
sector

= Government is providing incentives like -
o Custom duty exemption
o VAT exemption
o Property tax exemption

» Government will exempt RE players from 50% of their income tax

Source: NRI Analysis
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(3 Solar Power Investment Trends

Lack of market reform, fragmented procedural & regulatory structure and
unstable geopolitical situation are the major deterrents to solar investment

Barriers to Investment Description

= Central Asian region is politically unstable

* Investment uncertainty in Azerbaijan is high because of Azerbaijan's borer conflict with Armenia over the
Nagorno-Karabakh region

@ [Geopolitical Risk]
War & politically unstable region

= Azerbaijan Energy Regulatory Agency, was recently established (22 December 2017) and needs to be

@ [Regulatory Framework] independent i.e. neither government nor energy company can challenge its decisions except courts
Nascent regulatory framework = Regulatory framework for RE is yet to be established i.e. guaranteed tariffs, long-term leases, and index

payments to foreign currency etc.

» The permitting procedure for renewable energy remains complex, with a number of steps and fragmented

® [Fragmented Procedural division of responsibilities across Ministries and local administration
Structure) » Azerbaijan does not have a dedicated, comprehensive law governing the various aspects of renewable
No dedicated law for solar energy development.
development = Creates challenges for market entrants when understanding legal and regulatory requirements, resulting in

delays in the development of new projects and increased perception of risk among investors

= Power sector is vertically-integrated which implies a state monopoly in generation, transmission and
distribution and a lack of competition

@ [Inefficient sector operations]

Subsidy-based, high T&D loss = Despite its large generating potential, losses in the energy transmission system is high and there are failures

(In 2018, whole of Azerbaijan experienced a serious power outage for two days)

= The sector relies on government subsidies, which is not an effective model

Source: NRI Analysis Copyright (C) Nomura Research Institute, Ltd. All rights reserved. m‘ 20
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(3 Solar Power Investment Trends

Majority of the Solar Power Plants are owned & operated by SAARES

Karabakh Power Plant Solar Karabakh British Petroleum
2 Masdar Solar Plant Solar Baku, Absheron 2022 230 Masdar UAE & Azerenerji
3 Nakhchivan Solar Power Plant Solar Babek district 2015 20 Nakhichevan State
4  Samukh Agro Residential Project ~ Solar Samukh Region 2013 10 SAARES
5 Siyazan Solar Siyazan District 2018 4.5 SAARES
6 Pirallahy Power Plant Solar Pirallahy Island 2017 2.8 SAARES
7 Surakhany Solar Power Plant Solar Surakhany district 2014 2.8 SAARES
8 Sumgayit Solar Power Plant Solar Sumgayit district - 2.8 SAARES
9 Sahil Power Plant Solar Baku 2018 2.8 SAARES
10 Gobustan Hybrid Power Plan Hybrid Qobustan, Baku 2011 1.8 SAARES
11 Yeni Yashma Wind Park Hybrid Khizi 2018 10 Berlin Wind (Reconstruction)
12 Absheron Hybrid Power Plan Hybrid Absheron 2018 10 -
13 Social Facilities - - - 0.6 SAARES
14 Lake Boyukshor, Floating FPV Solar - FPV Baku By 2023 0.1 ADB
15 Ecology Park - Baku 2010 0.02 SOCAR

Source: IEA, IRENA, Energy Charter, MoE

Copyright (C) Nomura Research Institute, Ltd. All rights reserved.
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New Slide
(3 Solar Power Investment Trends

Most of the Solar Power Plants are located towards Caspian Sea coastal regions,
more specifically around the capital city Baku
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New Slide

(3 Solar Power Investment Trends

Majority of the Large Hydro Power Plants are owned & operated by Azerenerji

Project Name Type of Plant Capacity (MW) Stakeholders

1 Mingachevir HPP Large Hydro 1995 Azerenerji JSC state
2 Shamkir HPP Large Hydro 1983 380 Azerenerji JSC state
3 Yenikend HPP Large Hydro 2003 150 Azerenerji JSC state
4 Fuzuli HPP Large Hydro 2012 25 Azerenerji JSC state
5  Taxtakorpl HPP Large Hydro 2013 25 Azerenerji JSC state
6  Shamkirchay HPP Large Hydro 2014 25 Azerenerji JSC state
7  Varvara HPP Large Hydro 1957 18 Azerenerji JSC state
8 Araz HPP Large Hydro 1971 22 Nakhichevan AR state
9 Arpachay-1HPP Large Hydro 2014 20.5 Nakhichevan AR state
10  Bilav HPP Large Hydro 2010 20 Nakhichevan AR state

Source: IEA, IRENA, Energy Charter, MoE Copyright (C) Nomura Research Institute, Ltd. All rights reserved. m‘ 24



New Slide

(3 Solar Power Investment Trends

Majority of the Small Hydro Power Plants are owned & operated by Azerener;i

1 Goychay SHPP Small Hydro 2015 . Azerenerji JSC state

2 Ismayilli -1 SHPP Small Hydro 2013 1.6 Azerenerji JSC state

3 lsmayilli -2 SHPP Small Hydro 2016 1.6 Azerenerji JSC state

4  Balakan -1 SHPP Small Hydro 2017 1.5 Azerenerji JSC state

5 Qusar-1SHPP Small Hydro 2012 1 Azerenerji JSC state

6  Vayxir HPP Small Hydro 2006 5 Nakhichevan AR state

7  Arpachay -2 SHPP Small Hydro 2014 14 Nakhichevan AR state

8  Chichakli SHPP Small Hydro 1927 3 “Iinterenerji” JSC Private

9  Mugan SHPP Small Hydro 2004 4.05 Messenat Holding Private
10 Sheki SHPP Small Hydro 1936 1.88 Saki ASC, 6zal SAARES State
11 Nugedi SHPP Small Hydro - 0.83 Private

Source: IEA, IRENA, Energy Charter, MoE Copyright (C) Nomura Research Institute, Ltd. All rights reserved. m‘ 25



(3 Solar Power Investment Trends

New Slide

Wind & Bio-energy remains fairly split between a lot of stakeholders

1 Yeni Yashma Wind Power Park Wind Power 2018 50 Azerenerji JSC state

2 Yashma Baglari Wind Power Park Wind Power 2019 3.6 Azerenerji JSC state

3 Surabad Wind Power Park Wind Power 2019 1.7 Azerenerji JSC state

4 Hokmali WPP Wind Power 2011 8 Alten Group Private

5  Gobustan WPP (hybrid) Wind Power 2011 2.7 SAARES State

6 Ecology Park Wind Power 2010 0.04 SOCAR State

7  Gobustan biogaz facility (hybrid) Bio-energy 2011 1 SAARES State

8  Waste-to-Energy Plan Bio-energy 2012 37 Temiz Sheher JSC State

Source: IEA, IRENA, Energy Charter, MoE

Copyright (C)  Nomura Research Institute, Ltd. All rights reserved
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(3 Solar Power Investment Trends

Asian Development Bank’'s 100kW Floating Solar Power Plant near Baku

About the Project
Lake Boyukshor, Floating FPV Plant

B Recommend the optimum technical solution (module,
floatation, anchoring, mooring and other FPV system

Total Capacity RIS technologies, electrical, electromechanical, auxiliary and

protection, control and monitoring systems) size and

configuration, including grid integration and, proposals for

Ownership Asian Development Bank battery storage systems

Project Name

B Develop the design criteria and conceptual design for the pilots
and scaled-up FPV systems, including grid connection, and any
relevant support facilities.

Status In Progress

Year of

C Latest by 2023
commissioning

B The pilot project must also include a ground-mounted system

with a complete meteorological station equipped with rotating
LCICINGGILIC AN USD 3 Million shadow band pyranometer, air transmissivity sensor and
pyrheliometer to enable performance and yield comparison
with the pilot floating system.

Project Structure

MoE, Temiz Sahar

Funding
Partners

ADB (Clean Energy Fund)

Ministry of Energy and OJSC Temiz Shahar

Stakeholders (State owned Company)

VY R IAXE I3 Floating Solar Photovoltaic ADB

Finance
Execution

< » -+ TA Consultants
Office Spaces
Data Collection

Location Lake Boyukshor, Baku * Logistics

Source: Asian Development Bank Copyright (C) Nomura Research Institute, Ltd. All rights reserved. m‘ 27



(3 Solar Power Investment Trends

Masdar has signed agreements to develop a utility-scale solar photovoltaic (PV)

project in the Republic of Azerbaijan

B The project entails developing, financing, constructing, and
operating the 230 MW PV plant

MJ[a\EINI Masdar Solar Power Plant

TEEICEREL | 230 Mega Watls B Masdar signed the implementation agreement for the project

in January last year. The plant is expected to start commercial
Ownership PPP (Masdar & Govt. of Azerbaijan) operation in early 2023.

B The solar power plant will produce about 500 million kWh of
Status In Progress electricity annually, save 110 million cubic meters of natural
gas, reduce carbon emissions by 200,000 tons, create new jobs
and attract other investors to new projects.

Year of

C 2022
commissioning

B The power plant will be integrated into the energy system by
connecting to the "Janub" substation.

LCICIRAThCILTIM USD 200 Million

Masdar & THY OF ENERGY OF AzorEne

Funding
Partners

Masdar &

Minister of Energy of the Republic of NY OF THE AGREEMEN /¥ T DEVELOP THE 230 MW

A4 3 a4 N
Stakeholders Azerbaijan, Azerenerji 0JSC “m m'ﬁ'K"uTiﬁ'.‘f'zi 1 i

I/ LRIA4EL I On Ground Utility scale Solar PV

' f\:

Location Alat Settlement, Baku c——

Source: News Articles Copyright (C) Nomura Research Institute, Ltd. All rights reserved. M| 28



(3 Solar Power Investment Trends

British Petroleum to set up Solar Power Plant in Karabakh

About the Project
M a\EINCI BP Solar Power Plant

B The agreement covers the technical and commercial evaluation
of the solar energy project, plant design, provision of financing
Total Capacity 2N and the adoption of the final investment decision.

B Azerbaijan is taking measures to develop renewable energy
Ownership BP resources in its territories liberated from the Armenian
occupation in 2020 and to turn Karabakh region into the “green
energy zone".

Status In-progress
B On May 3, the president signed a decree on measures to create
Year of a ‘green energy’ zone in the country’s liberated

commissioning TBD territories. According to the decree, an amount of AZN
2,363,400 ($1,391,040) shall be allocated from the Presidential
Reserve Fund envisaged in the country's state budget for 2021
to the Ministry of Energy.

LICIRThleIhTs M Undisclosed

Funding
Partners

British Petroleum

British Petroleum, Ministry of Energy of the

Jelclhelee Republic of Azerbaijan, Azerenerji OJSC

IR IAZEL IS On Ground Utility scale Solar PV

Location Zangilan and Jabrayil region in Karabakh

Source: News Articles Copyright (C) Nomura Research Institute, Ltd. All rights reserved. M| 29



Lo B New Slide
Green Zones | Potential in Azerbaijan

Eight Green Energy Zones have been identified to boost Renewable Energy in the
liberated areas of Eastern Zangezur & Karabakh

Type of RE Region Districts Identified « President of Azerbaijan Ilham Aliyev has repeatedly
Kalbajar, stated, this region will become a model for the whole
Wind Energy Lachin world as a ‘green’ energy zone. "At the same time, the
most advanced technologies, the most economically
Eastern Zangezur Gubadli rational, energy-saving technologies and ‘green’ energy
- water, wind, sun - should be applied," the head of
Zangjilan state emphasized.
Solar Energy
Jabrayil
Upper Karabakh Fuzuli » Shahbazov, The Minister of Energy noted that,

according to preliminary estimates, these territories
have a potential of more than 4,000 megawatts of solar
energy, up to 500 megawatts of wind energy.

Exact sites are not public yet. Just the district names have been disclosed,
one district may have more than one RE plant.

ZE‘E:;& * Moreover, taking into account that 25 percent of
Region Azerbaijan’s local water resources are formed in

Karabakh, the prospects of using the rivers Tartar,

Bazarchay, Hakari, and their tributaries for electricity
generation are being considered.

Source: News Articles Copyright (C) Nomura Research Institute, Ltd. All rights reserved. M| 30
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@ Policy & Regulations

Energy sector is controlled by state-owned companies and have monopolistic
structures in all part of the value chain

m Energy sector is controlled by the Ministry of Energy — 1. Agency for alternative energy 2. Energy regulator

m State-owned firms, Azerenerji and Azerishig, have monopoly in generation, transmission & distribution sector

Energy Regulatory Structure in Azerbaijan

(%] o o
K Ministry of Energy
S | set policy & regulation | Control state-owned enterprise | License power generation, transmission, distribution & sale | Sets Ministry of Economy
L | energy efficiency, renewable energy policy
= I l
2 ; .
€ | 1. State Agency on Alternative and Renewable 2. Energy Reqgulatory Agency (AERA) Tariff Council
= gency gy Reg y Agency
2 Energy Sources Regulates the utility sectors - electricity, natural gas and Determines and regulates .
(o] Devel bl district heating wholesale, retail price for electricity,
) evelop renewable energy resources gas, heating
Generation Transmission Distribution Consumers
Azerenerji OJSC Azerenerji 0JSC Azerishiq = Households
: = National transmission = National power distribution = Construction
Azalternativenergy LLC « Conduct energy exchange company . Transport
operations with foreign countries = Agriculture, forestry
Auto-producers (BP, SOCAR etc.) = Other commercial
Private wind, hydro power plants
Trading

State Energy Agency of the Nakhchivan Autonomous Republic of Azerbaijan

= Electricity generation, transmission, supply and distribution in Nakhchivan Autonomous Republic of Azerbaijan
= Energy exchanging with Turkey and Iran

I'l I'1

= Electricity export to
Georgia, Turkey etc.

Source: IRENA RRA, Azerbaijan Copyright (C) Nomura Research Institute, Ltd. All rights reserved. M| 32



@ Policy & Regulations

The power sector is also regulated by a number of laws & byelaws (mainly the
Cabinet of Ministries Decrees)

The Law on Energy Resources

Determines Legal, Social & Economic Basis in field of energy resources

Attempts to create a well

Utilization 1996 regulated energy market
. I o Streamlining the flow of
The Law on Power Industry 1998 Legallb.ackground for the generation, transmission, distribution and sale of electricity from producers to
electricity and heating.
consumers.
Framework for design, construction and operation of power plants incl. IPPs
The Law on Heat & Electric 2000 Guaranteed purchase of power from small PP Incentivize small scale HPP, WPP
Power Plants Licensing industrial PP, defined process & condition to connect & access the but no clear incentive for solar PP
grid
State Program on the Use of Determine potential of alternative energy in electricity production
Alternative and Renewable 2004 Increase efficiency of national energy sources Supports RE development
Energy Sources Decrease CO, emissions and create jobs in RE sector
Import of equipment, facilities, parts and tools used in the renewable energy Incentivize import of equipment
Customs and VAT exemption 2014 industry and in achieving energy efficiency are exempt from customs duties for RE power plants, make RE PP
and VAT cost competitive
Strategic Roadmap for the Sets several'specn‘lc strategic targets for efﬁaent utility sector regqlahon and Steps a'r'wd vision to diversify frqm
dee 2016 the production of fully diversified and environmentally clean electrical Azerbaijan’'s dependency on Oil &
Development of Utilities .
power. Gas industry.
Acceleration of Reforms in the . . . .
Energy Sector of the Republic 2019 Proposes various reforms, such as the promotion of renewable energy and Gradual opening of the electricity

of Azerbaijan

private sector investment in renewables,

market to competition.

Source : IRENA, IEA & News Articles

Copyright (C) Nomura Research Institute, Ltd. All rights reserved. M| 33



@ Policy & Regulations

Azerbaijan has increasingly started taking steps after the 2016 Strategic Road
Map Policy to adequately incentivize players in RE sector

Custom Duty exemption »  Varies from 0-15% depending upon the type of goods

Exemption from VAT for technical equipment & facilities for 7 years

VAT Exemption > 18% - Standard VAT
© Flna}naal Property Tax exemption » 1% of Average Annual Book Value
Incentives

Land Tax exemption »  Varies from $0.059 to $ 11.76 per 100 m2 depending on city/region

Exemption from 50% of their Income Tax »  20% Corporate Tax Rate

Special Permits > Special permits will be required for power plants with capacity of >150 kW,

P and for hydropower plants and biogas power plants with a capacity >500 kW

@ Non- Financial »  Azerbaijan started auctions which has reduced prices for solar PV and wind
Incentives

Long Term Purchase Power Agreements
» In December 2020, the MoE and Azerenerji signed a 20-year PPA for a 240-

S MW wind farm with Saudi Arabia’s ACWA Power
» In March 2021 for a 230-MW solar power project with Abu Dhabi’s Masdar.

Source : IRENA, IEA & News Articles Copyright (C) Nomura Research Institute, Ltd. All rights reserved. m‘ 34



@ Policy & Regulations

The process of granting permits to renewable energy projects is fragmented and
spans across multiple government ministries

Government Ministries Azerenetji /
- Ministry of Ecology & Ministry of Ministry of . Azerishiq
Local Authority Health Emergency cases Ministry of Energy
Y Y Y

. Y = Environment = Safety = First point of
= Grid Line
Land use L - Clearance X Protocols contact X
ocation .
« Land Usage = Disposal of PV = Extreme = Announcement
Cells (Hazardous) situations of Entry
0— % % y
= Compliance of = Employee . Safet Y
PP C el X Construction with Health Mechyanisms in = Equipment X
onstruction Environment = Sanitary . Compliance
] Construction
standards Conditions
M Y
Electricity X X X X * Electricity = Sales & Purchase
. Generation A t
production i A
Y
Grid connection / X X X X X * Grid Connection
Captive use* Protocols**

*No different regulations for captive power plants, all the same rules apply like a normal plant if it supplies excess energy to the grid.
**Cases are dealt on one-on-one basis regrading regulations on connecting a plant to the grid -Survey teams collect data around major metric
like capacity, mean generation, voltage, frequency etc.

Source : IRENA, Expert Inputs Copyright (C) Nomura Research Institute, Ltd. All rights reserved. m‘ 35



L L New Slide
Transmission & Distribution Network

Azerenerji & Azerishiq are the sole agencies which control the T&D network of
the entire country
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@ Policy & Regulations
Power purchase rates in Azerbaijan is lower than the average rates in the region

Utility-scale solar PPA rates (USD/kWh) Azerbaijan Consumer Tariffs (in USD/kWh)

B |n Azerbaijan, Masdar utility-scale solar PP signed a long-term PPA with -
Azerenerji with a tariff @ $0.034/kWh

B Armenia awarded Fotowatio Renewable Venture (FRV) and FSL Solar a
55MW solar project @ US$0.0419/kWh

B Russia* introduced net metering scheme for solar and other renewable
energy generators not exceeding 15 kW

In Oct 2021, consumer electricity
tariffs was increased by 15-20%

B Despite the increase in consumer
tariffs in Azerbaijan, average
consumer electricity tariff is less
than countries in the region

W Tariff structure was changed
from 2-tier — 3-tier. Rates for
highest tier (>300kWh) was
hiked from USD 0.065/kWh to

B Turkey published the new fixed tariffs (a fixed price for 10 years) + USD 0.077/kWh Azerbaijan 0.047
inflation indexed and linked to USD and EUR exchange rate )
e . . . . Armenia 0.084
B Tariffs in both US and India have dropped but in India tariffs are -
expected to rise by ~5% due to increased taxes on cells, modules and Turkey 0.083
inverters 0.077
Iran | 0.005
. . Russia 0.066
Azerbaijan & other Central Asia 0.066
countries ' Saudi A. 0.048
0057 0055 0.053 UAE 0.082
0.047 Qatar | 0.033
0.044
0.042 USA 0.150
0.034 0.033 China 0.086
0.024 India 0.077
0.020 Japan 0.247
Singapore 0.163
Germany 0.372
- . . . - UK 0.275
Azerbaijan Turkey Armenia Russia* us India UK Germany  China 0-200kWh 200- >300kWh

(Masdar)

300kWh

Copyright (C) Nomura Research Institute, Ltd. All rights reserved. M| 37
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(® Solar Equipment specifications

Technical equipment is supplied to Azerbaijan by Chinese companies and
German companies

. . Revenue Profit Margin Total Assets
Country (HQ) Estd. Major Offerings (USD mn) %) (USD mn)
: = Monofacial
LONGI Solar China = Bj-facial Solar Panels
. 2000 UsD 8,361 23.9% USD 13,425
(Shanghai)
LONGi Solar
= On Grid & off-Grid
China Modules
2002 = Solar Glass usD 1,360 282 % UsSD 6,515
(Shenzhen) .
= Raw Materials
Topray Solar = EPC Services
= Solar Panel
,cj,___ JINGSUN . = |nverter
(Clré?;) 2004 = Charge Controller - - -
Jingsun New Energy & = Batteries
Technology
chsRABA = Bi-facial Module
JOLYWOOD China = Black Module
. 2008 = Flexible Module USD 780 17.6 % USD 1,488
. (Suzhou Shi)
Jolywood (Taizhou) Solar
Technology
= Solar Modules
'A'x‘lfn:c Germany = Batteries
(Bblingen) 2001 = EV Charger USD 24.9 - -
Axitec

* 2018 Revenue Figure

Source : Expert Interview, Company Websites and Annual Filings

Copyright (C) Nomura Research Institute, Ltd. All rights reserved. m‘ 40
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(® Solar Equipment specifications

Solar Power Plant Equipment List (1/4)

Component
Name

Sub-Component

Specifications

Certification/Protection
Ratings

Safety Ratings

Environmental
Testing

3 Combiner Box

® @ @

Material
Cable Gland

Hardware

GFRP
M 40

Screw terminal fuse holder,
push in terminal block, Load
breaker with internal handle

solar panel terminal boxes

IEC 60364 -5-53 Surge
protective device for junction
box

@ Module Type Mono Crystalline / Multi = [EC 61215 - Design = [EC 61730 part 2 PV = |[EC 61730 part 1 PV
Crystalline qualification and type module safety module safety
approval for crystalline silicon qualification - qualification -
PV modules requirement for testing requirement for
= |EC 61701 Salt Mist corrosion = |EC 62759 -1 PV construction
testing of PV modules module - = |[EC 62716 PV
Transportation testing modules - Ammonia
1 corrosion testing
Solar Module (b Capacity 15 - 20% (Capacity factor) = |EC 61853 PV module - _
performance testing and
energy rating
© Any Specific Brand Azguntex or equivalent - ) )
@ Warranty 93% of rated power for 13 = IEC 62804 PV Modules - Test - ,
years methods for the detection of
potential degradation part 1
(@ Material Galvanised steel / anodised = Azeri law 392 IVQ . .
Aluminium ISO 1461 Hot tip galvanized
Module Mounting . coating
2  Structure (On ® Tilt Angle 30 degree - - -
Ground & FPV) © Foundation (RCC/PCC) RCC (wind speed - 225 Km/h) = AzDTN 2.3-1 standard _ -
d Fixing Type Ground mounted ) )
@ Combiner Box - = |EC 60529 Junction boxes and . B

Copyright (C) Nomura Research Institute, Ltd. All rights reserved. m‘ 42



(® Solar Equipment specifications

Solar Power Plant Equipment List (2/4)

Sub-Component

Specifications

Certification/Protection
Ratings

Safety Ratings

Environmental
Testing

Component

Name
@

4 Inverter

®
©
@
©
®

Inverter Frame

MPPT

Power Factor

Harmonic Distortions

Voltage Band

Any Specific Brand

Dual

>09
< 3%

200 - 240 V AC

ABB or equivalent

= |[EC 62109 -2 Particular
requirements for inverters

= |[EC 62116 / UL 1741 Utility -
interconnected PV inverters -
test procedure of Islanding
Prevention measures

= |[EC 61727 PV systems -
characteristics of the utility
interface

= [EC 61683 PV systems Power
conditioners procedure for
measuring efficiency

= BS EN 50530 Overall efficiency
of grid-connected PV inverters
(MPPT)

= |IEEE 519

= |[EC 62109 -1 General
requirement and safety
of power converters

= [EC 61000 - 2,3,5 EMI
&

= EMC testing for PV
inverters

= [EC 60068 - 2(
1,2,14,27,30864)
Environmental testing
of PV system - Power
conditioners and
Inverters

o |EC 60068 -2-1 Test
A: Cold

o IEC 60068 -2-2 Test
B: Dry heat

o IEC 60068-2-14
Test N: change in
temperature

o |EC 60068-2-27 test
Ea: Shock

o |EC 60068-2-30 test
Db: Damp heat,
cyclic

o |EC 60068-2-64 test
Fh: Vibration broad
band random and
guidance

= |P 65 for outdoor
mounting. IP 54 for
indoor mounting

Copyright (C) Nomura Research Institute, Ltd. All rights reserved. m‘ 43



Updated Slide
(® Solar Equipment specifications P

Solar Power Plant Equipment List (3/4)

Certification/Protection Safetv Ratings Environmental
Ratings y 9 Testing

@ Cable Type - » |EC 60227, 60502, 69947 - - -
General test and measuring
method for PVC insulated
cables

= BS EN 50618 Electric cables for
Photovoltaic systems (for DC

Component
Name

Sub-Component Specifications

cables)
5 Cables ® Type = XLPE PV cable - i i
(© Material = Tinned Copper - - _
@ Max Voltage = 1.2Kv AC - - _
(® Colour = Black - - _
(® Temperature = - 40 deg. C - 90 deg. C - - _
@ Fuses IEC 60269 -6 Low voltage fuses. IEC 60947 (Part 1,2 &3),
Supplementary requirements for EN 50521 - General safety
fuse links for the protection of  requirements for
solar PV energy systems connectors, switches,
circuit breakers (AC/DC)
(® Cable Interconnection MC4 branch connectors - - -
6 Accessories . . "
© Installation Kits Required - - -
@ Charge Controller ABB make or equivalent } - -
® Switches ABB make or equivalent - - -
® MCB ABB make or equivalent B B B
IEC 62305 -4 Lightning - - -
Protection standard
. . o IEC 61643 -11 Low voltage
7 Lightning Facilities surge protective devices
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(® Solar Equipment specifications

Solar Power Plant Equipment List (4/4)

Component Sub-Component Specifications Cer'tlflcatlon/Protectlon Safety Ratings Enw.ronmental
Name Ratings Testing
@ Type MPPT BS EN 50530 Overall efficiency of - -
. grid-connected PV inverters
8 Grid Charger (MPPT)
® Brand Schneider - - -
@ Type MPPT BS EN 50530 Overall efficiency of - -
grid-connected PV inverters
9 Solar Charge (MPPT)
Controller (® Hardware Local & remote monitoring - - -
(© Brand Schneider - - -
0 Solar Meter/ Net @ M'icroprocessor with display, |6E2C()S§Ol\3lit;e1ri1r’1 6(;6?; Sr;ent - - -
meter min. 2 ports g equip
@ Earthing Type - = |EC 62561-1 For connection - -
components
» |[EC 62561-2 For conductors
and earth electrodes
= |[EC 62561 -7 For earthing
11 Earthing enhancing compounds
® Earthing Conductor Copper - _ _
© Pits Min 4 pits reqd. - - .
(400 x 400 mm)
(d Resistance <5 ohm - _ _
® Test Point One test point per pit - - -
@ ACDB (AC Distribution Board) - = |EC §0947 I, 11, Il General -
IEC 60529 Junction boxes and :ﬁg:s'ﬁr:;gftj?grsafety
solar panel terminal boxes Switches, connectors/
ACDB (AC circuit breakers
12 Distribution (o Cables & Conductors Copper IEC 60227, 60502, 69947 - General - -
Board) test and measuring method for
PVCinsulated cables
© Insulators XLPE - - .
@ Circuit Breakers ABB make MCCB - - .
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(® Solar Equipment specifications

The solar-based monitoring system is comprised of a four-layer structure

Overview of the Solar PV Monitoring System Type of Solar

PV System

Electrical Parameters Observed

Large Scale

To collect Electrical & Environmental Data such as

Appliezien L=y Voltage, Current, Temperature, etc.

Data Processing For Processing data using various data processing

Layer modaules like BeagleBone, Raspberry Pi and Arduino
Small Scale

e <layer Transmission of Data by using various transmission

protocols like ZigBee, Wi-Fi, LoRa etc.

Collect Electrical & Environmental Data such as
Sensor

Voltage, Current, Temperature, etc.

Array Output Voltage

Array Output Current

Grid Voltage
Current to and from Grid Impedance
Panel Output Voltage

Panel Output Current

Inverter Output Voltage
Inverter Output Current
Load Output Voltage

Load Output Current

Research Papers on Monitoring Technologies for Solar PV System Copyright (C)  Nomura Research Institute, Ltd. All rights reserved
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Abbreviations

Meaning

ADB

Asian Development Ban

AERA Azerbaijan Energy Regulatory Agency

AZN Azerbaijan Manat

BOO Build-own-operate

CAPEX Capital Expenditure

CIC Caspian Innovation Center

EBRD European Bank for Reconstruction and Development
ECMWF European Centre for Medium-Range Weather Forecasts
ECS Energy Charter Secretariat

ESMAP Energy Sector Management Assistance Program

EUR Euro

FPV Floating Photovoltaic

GHI Global Horizontal Irradiance

HPP Hydroelectric power plant

IEA International Energy Agency

IRENA International Renewable Energy Agency

MENR Ministry of Ecology and Natural Resources

MoE Ministry of Energy

NREL National Renewable Energy Laboratory

OPEX Operating Expense

PPA Power purchase agreements

RMU Ring Main Unit

SAARES State Agency on Alternative and Renewable Energy Sources
SCADA Supervisory Control and Data Acquisition

SOCAR The State Oil Company of the Azerbaijan Republic
SSC The State Statistical Committee of the Republic of Azerbaijan
TPP Thermal Power Plant

USD United States Dollar

VAT Value Added Tax




Eastern Azerbaijan and candidate project sites

(Map Source: https://jp.depositphotos.com/vector-images/sumgayit.html)

Exchange rate

The following exchange rates are used in this report.

Currency Japanese yen conversion
1 AZN | 669 Yen
1 USD 113.7  Yen
1 EUR | 128.8 Yen




Summary

Project Name

Feasibility Study on Infrastructure Development Project for Introduction
of Green Hydrogen and Ammonia Linked to Realization of Green Growth

in Azerbaijan

Location of the project

Vicinity of Sumgqayit, Azerbaijan

Related organizations

The State Oil Company of the Azerbaijan Republic (SOCAR)

Project period

From November 2021 to February 2022

Project background

The Republic of Azerbaijan ("Azerbaijan") is situated in an area
surrounded by the Caucasus Mountains and the Caspian Sea that spans
Asia and Europe. Wind and sunshine conditions are abundant in many
places, especially along the western coast of the Caspian Sea.

In the "National Priorities for Economic and Social Development towards
2030," the "Achieving a Clean Environment and Green Growth" project
has been positioned as a national priority, and the entire country has
established moves toward the utilization of green energy and the creation
and establishment of related industries.

In addition, the country has an existing ammonia plant for fertilizer and
an internal transportation infrastructure. It has great potential for future

green hydrogen ammonia projects.

Purpose of the project

This project will examine the feasibility of developing facilities and
infrastructure for the production of green hydrogen and ammonia by solar
and wind power generation utilizing Japan's technology and knowledge,
and formulate a roadmap for the production of green ammonia in the
future.

This report examines the feasibility and profitability of building wind
power plants as part of the renewable energy power generation

infrastructure for use in the production of green hydrogen and ammonia.

Implementation points

(1) Research and identify the country's electricity market, systems and
national strategies for renewable energy and wind power.

(2) In relation to the construction of the wind power station, the wind
conditions, the surrounding environment, equipment layout plans, etc.
shall be drafted, and suitable sites for the construction of the power station
shall be selected.

(3) Calculate CAPEX/OPEX for wind power plant construction and verify
profitability




Study results

(1) Electricity Market Overview and Systems

The country relies on natural gas for power generation, with 92.5% of total
electricity generation in 2020. Electricity from renewable energy,
including hydropower, accounts for only 7.4% and is lower than in
neighboring countries. The country aims to gradually increase its share of
renewable energy to 30% of total power generation capacity by 2030.
According to the country's survey, the economic potential for wind power
generation is estimated at about 800 MW, scattered around the Absheron

Peninsula.

(2) Candidate site for construction of a wind farm
Four construction candidate sites were selected for inspection and

verification. The results are as follows.

Site (D: Relatively poor wind conditions compared to other sites. It is
located in the coastal area and requires corrosion countermeasures.

Site @: Despite good wind conditions, the site is under the jurisdiction
of the Ministry of Defense, making it difficult to conduct construction
work there.

Site 3): The mountainous area adjacent to the ACWA Project is
expected to have good wind conditions.

Site (@: Easy to construct near a highway. Wind conditions are good.

As a result, we recommend the construction candidate site @ with the best

wind conditions as the first priority candidate.

(3) CAPEX/OPEX trial calculation and profitability verification

CAPEX/OPEX calculations were performed on the condition that the
average power transmission from the wind farm to the downstream plant
was 36 MW/48 MW. As a result of the verification, the profitability of the

potential construction site (3) was found to be the best.

Construction Candidate Site 3
[For power transmission with an average of 36 MW]
14 wind turbines required

Estimated annual power generation: 339,895 MWh/y
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CAPEX: 9,481 million yen

OPEX: 949 million yen

Unit price of power generation: 3,91 yen/kWh

[For power transmission with an average of 48 MW]
19 wind power generators required

Estimated annual power generation: 461,286 MWh/y
CAPEX: 12,868 million yen

OPEX: 1,287 million yen

Unit price of power generation: 3,91 yen/kWh

In addition, the results of profitability estimation for construction
candidate sites are described in Chapter 3 (5) "Results of Profitability

Estimation."

As a result of this study, it was confirmed that the candidate site (3 in the
northern part of the Absheron Peninsula is a suitable location for the
construction of a wind power plant.

On the other hand, in terms of construction and operation costs, comparing
the report to other projects, it can be concluded that there is still room for
cost reduction, and further improvement of profitability relating to

construction.
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1. Overview of Azerbaijan's electricity market

(1) Overview

Azerbaijan's electricity supply is 26.1 TWh, and the country relies on natural gas to generate electricity.
Electricity transmission and distribution are monopolized by state-owned enterprises and all wholesale

and retail prices are set by government agencies.

In order to ensure the safety of electricity supply and to enable the expansion of electricity demand, it
is necessary to attract private investment for the modernization and expansion of power generation
capacity and transmission and distribution infrastructure. Reforms of the electric power system have

been initiated.
For renewable energy, solar and wind potential is expected to be used to meet the country's energy
policy targets. The country set a target of 30% renewable energy capacity by 2030, which is about

twice as high as in June 2021.

Table 1 General Situation of Electricity in Azerbaijan (2019)

Gross generation 26.1 TWh,

Power supply | 92.5% for natural gas, 6.0% for hydropower, 0.8% for bioenergy and
configuration waste, 0.4% for wind power, 0.2% for oil, and 0.2% for solar power

Net output 1.35 TWh (1.49 TWh exported, 0.14 TWh imported)

Installed capacity 7.64 GW

Power consumption 18.66 TWh

12



(2) Power demand

(D Trends in power consumption

In 2019, Azerbaijan's per capita electricity supply was approximately 2,500 kWh/year, about 30%
lower than the world average of approximately 3,500 kWh/year. The country has not announced any
planned forecast for electricity demand, but per capita electricity supply is expected to expand over

the medium to long term.

(Unit: TWh)
25.00

Figure 1 Trends in Azerbaijan's Electricity Consumption, 2000-2019
Source: IEA (2020), World Energy Balances 2020, www.iea.org/statistics.

© Trends in power generation

Total power generation in Azerbaijan reached 26.1 TWh in 2019, up 20% from 2008. Natural gas was
the main source of power, accounting for 92% (10-year average of 88%) in 2019. Hydropower
accounted for 6% (10-year average 9%), and other renewables (solar, wind, and waste) accounted for

1%.
The country began a major shift from oil-based power generation to natural gas in the early 2000s.

Since then, the share of oil in electricity supply has fallen rapidly, and oil is now used only as an

emergency fuel.
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Figure 2 Transition of Azerbaijan's Generation Volume by Power Generation, 2000-2020

Source: IEA (2021a), World Energy Balances 2021 (database) www.iea.org/statistics.
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Figure 3 Comparison of Power Source Composition with Neighboring Countries (2019)

Source: IEA (2021a), World Energy Balances 2021 (database) www.iea.org/statistics.

In Azerbaijan, 92.5% of electricity is generated using natural gas, while only 7.4% is generated using
renewable energy. The share of electricity generated by renewable energy is low compared to
neighboring countries, and the government plans to increase the share of electricity generated by

renewable energy to 30% by 2030.
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@ Electrical power plant capacity

Azerbaijan's power capacity at the end of 2019 was 7.6 GW. Gas-fired power plants account for about
83 %, followed by hydropower plants (HPPs) at 15 %. All large HPPs are connected to reservoirs, but
none are equipped with pumped storage. Solar and wind capacity was 0.1 GW in 2019. Total capacity
increased by 2.4 GW from 2005, which represents about 50% of total capacity in 2005. About 90 %

of these capacity increases are gas-based.

Table 2 Facility Capacity by Generation Source (GW)

Energy source 2005 2010 2016 2017 2018 2019
Hydropower generation 0.97 1.00 1.11 1.11 1.13 1.14
Photovoltaic power generation - - 0.02 0.03 0.03 0.04
Wind power generation - 0.00 0.02 0.02 0.07 0.07
Combustible fuel 4.29 5.50 6.77 6.79 6.60 6.40
Oil - - 0.01 0.01 0.03 0.03
Gas 4.29 5.50 6.76 6.78 6.56 6.36
Biomass and waste fuels - - 0.04 0.04 0.05 0.05
Total power generation 5.26 6.5 7.91 7.94 7.83 7.64
capacity (Unit: GW)

Source: IEA (2021a), World Energy Balances 2021 (database) www.iea.org/statistics.

The government has also begun to focus on solar PV and wind power, and MoE signed an agreement
to purchase 240 MW of wind power in December 2020 and 230 MW of solar PV (PPA) in March 2021.
The BOO (Build-Own-Operate) contract is based on a 20-year power purchase agreement. The
Ministry is also preparing a 1 GW renewable power bid.

The state-owned Azerenergy owns about 85% of the country's generation capacity, including the 2,400
MW Azerbaijan Thermal Power Plant (TPP) and the 424 MW Mingachevir HPP in Mingachevir, a
key site for power generation. In total, 92% of the total installed capacity belongs to the state-owned
enterprises. Private sector companies, mainly private power producers at oil and gas facilities, had

capacity of about 600 MW in 2019.

According to the Energy Charter Secretariat (ECS), Azerbaijan's unified energy system (excluding the
Autonomous Republic of Nakhichevan) had a peak demand of about 3,700 MW in 2017. Accordingly,
the installed capacity of the system, about 6,800 MW, far exceeds the domestic demand. This was

partly due to the slowdown in economic growth caused by the fall in crude oil prices from 2014 to
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2015. According to the SSC, the average reserve rate for electricity supply between 2011 and 2019
was 37.3%, ranging from a minimum of 34.6% (2017) to a maximum of 41.3% (2012).

@ Import and export of electricity

Azerbaijan interconnects electricity with Georgia, Turkey, Russia, and Iran. Since 2007, Azerbaijan's
gas production has increased sharply, becoming a net exporter of electricity.

Exports were 1.5 TWh and imports were 0.1 TWh in 2019, resulting in net exports of 1.4 TWh, or
about 5% of total electricity generation. Azerbaijan became a net exporter in 2007, but since 2016 has
seen a marked increase in export volumes due to the commissioning of the Azerbaijan-Georgia-Turkey

Power Bridge line. Currently, it mainly exports electricity to Georgia.
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Figure 4 Azerbaijan's Country Electricity Transactions 2000-2019
Source: IEA (2021a), World Energy Balances 2021 (database) www.iea.org/statistics.
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® Electricity price

The Rate Council sets electricity rates for generators and consumers.

Table 3 Power Tariffs for Azerbaijan 2020

Service contents Price Price

JPY/kWh, incl VAT AZN/kWh, incl VAT

For Generators

Hydroelectric power generation 3.345 0.05
Wind power generation 36795 | O 055
Other and Renewable Energy 38133 O 057
[Retailer]

Household use

Power consumption, 300 4.683 0.07
kWh/month or less
Power consumption, 300 7.359 0.11

kWh/month or more

Non-residential use 6.021 0.09

Source: Tariff Council (2020), Daxili tariff o r1, http://www.tariffcouncil.gov.az/?/az/content/70/,

Elektrik enerjisin 61k o.

(3) Structure and Reform of the Power Sector

Azerbaijan is in the early stages of liberalization of the power sector. State vertically integrated
monopolies Azerenergy and Azerishiq continue to dominate the power sector, with the government
setting wholesale and retail prices for electricity. Since May 2019, a new electricity market law

promoting liberalization has been drafted and is pending approval as of June 2021.

Azerenergy owns and operates all power plants except small-scale renewable power plants and some
industrial power plants. It also owns and operates power transmission systems. Azerishiq, on the other
hand, owns a distribution network, distributes, supplies, and provides other customer services
(connections, measurements, and billing) in its regional network of Aran, Baku, Canub, Garb, Markazi
Aran, Shimal and Shimal Garb. In the Autonomous Republic of Nakhchivan, the transmission and
distribution system is operated directly by the Nakhchivan Energy Agency. Azerishiq (formerly
Bakielektrikshebeke, commonly known as Baku Electric Company) was established in 2015 when the
government handed over Azerenergy's power distribution assets and functions to the new company as

a first step in market reform.
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Figure S Structure of the Power Sector
Note: SAARES's power plant has been transferred to Azeralternative LLC since SAARES was abolished
in 2019.
Source: INOGATE Technical Secretariat (2016) as modified by IRENA. (2019)

(4) Transmission and distribution

D Power collection system

The total length of the high voltage network in Azerbaijan is approximately 7,800 km, consisting of

1,505 km for 220 kV, 31 km for 230 kV, 1542 km for 330 kV, and 477 km for 500 kV (Table 4). This
network has 93 high-voltage substations.

Power distribution system voltages are typically 110 kV or less, but in some cases both transmission
and distribution system operators operate at 110 kV levels. The total installed capacity of substations

operated by distribution system operator Azerishiq exceeds 10,000 MVA.

Table 4 Transmission Network Capacity 2018

Voltage (kV) Number of Length (km) High-voltage Capacity (MVA)
transmission substations
lines
110 189 4,325 70 5,335
220 29 1,505 13 5,223
230 1 31 - -
330 24 1,542 8 3,745
500 3 477 2 2,667

Source: AzerenergyCompany (2020), http://azerenerji.gov.az/ index/page/14.
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@ International interconnection
Azerbaijan's electricity grid is interconnected with Georgia, Turkey, Russia, and Iran. Trans-border

power connections are managed and measured by Azerenergy and managed by bilateral agreements.

Table 5 International Linkage with Neighboring Countries

Interconnected Interconnecting Line Operational Status
countries
Georgia Samukh-Gardabani line (500kV | In operation
(700MW))
Agstafa-Gardabani line (330kV) In operation
Second 330kV added to Agstafa- | Scheduled to commence
Gardabani line (330kV) operations in 2022
Turkey Igdir-Babek Line 1 (154kV) In operation
Igdir-Babek Line 2 (154kV) In operation
AdaliqSadarak line (34,5kV) In operation
Russia Yashma-Derbent line (330 kV) In operation
Yalama-Bilici line (110 kV) Very little operation
Absheron-Derbent airline (330kV) Under development negotiations
Iran Mugan line (330 kV) In operation (started in 2016)
Imishli line (230 kV) In operation
Astara-Astara line (110 kV) In operation
Araz-Araz line (132 kV) In operation
Julfa-Julfa line (132kV) In operation
Masalli line (220 kV) Under construction

(5) Strategic Roadmap 2016

The Azerbaijani government began economic reforms in 2014-2015 in response to the global fall in
crude oil prices and the accompanying economic recession in Azerbaijan. As part of these reforms, the

Azerbaijan government formulated plans for the electric power sector.

The strategic roadmap for utility development (electricity, heating, water, and gas) called for a gradual
transition to a free-market model based on increased competition, unbundling, establishment of
wholesale markets, and increased share of renewable energy. It also includes a development strategy

through 2020, a long-term vision through 2025, and a vision beyond 2025.
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In this roadmap, it was proposed that subsidies to end-users be eliminated and that electricity
consumers be introduced to a tariff system in which the amount they are charged depends on the time
of day they use the electricity. Quantitative targets for 2020 include: 1.9 GW of additional conventional
power plants with reduced distribution losses; 420 MW of additional renewable energy plants; and

increasing the efficiency of combined-cycle power plants from 47% to 50%.

In response to the roadmap recommendations, the Azerbaijan Energy Regulatory Agency (AERA) was
established in December 2017. AERA belongs to MoE and is responsible for the electricity, natural
gas and heat source sectors. Its functions include licensing, rate design, and submission of
methodological proposals. Its precise role and responsibilities will be clarified by the law on the

regulatory body, which is pending adoption.

In May 2019, the Azerbaijan Presidential Decree on Acceleration of Reform in the Energy Sector of
the Republic of Azerbaijan was adopted to support the reform efforts. It broadly reaffirms the market

reform proposal for 2016 and sets a timeline for preparing laws and regulations for the power sector.

According to the MoE, the goal of the government is to establish a transparent, competitive, and open
electricity market and to give fair and equal access to it. Government subsidies and expenditures will
be phased out and renewable energy will be used to diversify electricity supply and reduce dependence

on natural gas.

The draft Electricity Act envisages phased market liberalization by 2025, based on international
experience. The law establishes a legal framework that will allow independent power producers to
enter the sector, acquire existing power plants, or build new ones, while ensuring energy sustainability
and security through a phased separation of Azerenergy. Azerenergy plans to break up the power plants
into individual companies in order to separate the power assets and functions from the transmission
and privatize them. In addition, a plan to privatize the renewable power capacity (16 MW) of the
Azernative LLC and a portion of the modular heat capacity has been formulated, and public-private

partnerships are planned for the construction of gas-fired power generation facilities.

The MoE also said it would aim to double the share of renewables in total electricity generation to
30% by 2030. The ministry has identified eight potential sites for the construction of solar and wind
power facilities (100-200 MW each) and plans to select project participants through a bidding process.
The MokE has also signed a Memorandum of Understanding (MoU) with 11 companies, including BP
(UK), Equinor (Norway), Total (France), Masdar (UAE), and ACWA Power (Saudi Arabia), to jointly

undertake renewable energy projects. In January 2020, the MoE signed an implementation agreement
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with ACWA Power for the construction, ownership and operation of a 240 MW wind farm, and an
implementation agreement with Masdar for a 230 MW solar power plant; project agreements with
ACWA Power and Masdar were signed in December 2020 and March 2021, respectively, including a
20-year PPA.

2. Renewable energy

(1) Overview

Azerbaijan has superior renewable energy potential. Azerbaijan's energy policy focused on developing
its abundant oil and gas resources from 2014 to 2015, despite its long sunshine hours and strong winds,
as well as abundant resources such as hydropower, bioenergy, and geothermal energy. As of June 2021,
the government had drafted legislation to promote renewable energy, with a target of 30% of power
generation capacity from renewable energy by 2030. In early 2020, major contracts were signed for

the construction of wind and solar PV facilities (detailed below).

(2) Renewable Power Generation

In 2019, Azerbaijan's total renewable power capacity was 1291 MW. Renewable energy accounted for
17% of the country's total installed capacity and 7% of its electricity generation. Azerbaijan's

renewable electricity is primarily from hydropower (Figure 7).

(Unit: GWh)
1.40 1.28 1.30
1.19 1.20
1.00
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Figure 6 Renewable Energy Capacity (MW) 2010-2019 in Azerbaijan
Source: IEA (2020a), World Energy Balances 2020 (database), www.iea.org/statistics
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Figure 7 Percentage of Renewable Energy Generation in Azerbaijan 2019

Source: IEA (2020a), World Energy Balances 2020 (database), www.iea.org/statistics

(3) Potential of renewable energies

A comprehensive plan on renewable energy resources in Azerbaijan has not been published. On the
other hand, several studies since the late 1990s have noted the potential for developing untapped power

sources, mainly solar and wind, as well as hydropower, biomass, and geothermal resources.

(D Photovoltaic power generation

According to MoE, Azerbaijan has a technical potential for solar PV of about 23,000 MW. The
country's annual sunshine hours are 2,400-3,200 hours and the annual solar heat is estimated to be
1,500 kWh/m2-2,000 kWh/m2. The richest resources are found in the central river basin and in the

northern and northwestern regions.
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Figure 8 Photovoltaic Potential of Azerbaijan

Source: World Bank (2020a), Global Solar Atlas: Azerbaijan, https://globalsolaratlas.info/download/azerba ijan.

@ Wind power generation

According to MoE, Azerbaijan has a technical wind potential of about 3,000 MW and an economic
wind potential of about 800 MW. Looking at economic potential, about 2.4 TWh of electricity can be
generated annually, saving about 500 million mem of natural gas and avoiding 1 Mt of CO2 emissions.
The most abundant resource is located along the Caspian Sea, especially on the Absheron Peninsula,

with average wind speeds of 6 m/sec, higher between January and April and between September and

December.

As of October 2020, the MoE and regulators, together with the International Finance Corporation,
have published a roadmap for offshore wind in Azerbaijan. Its purpose is to identify potentially rich

wind energy areas, their economic potential, network connectivity, and possible environmental

impacts on land and sea.
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Figure 9 Wind Power Potential in Azerbaijan

Source: World Bank (2020a), Global Solar Atlas: Azerbaijan, https://globalsolaratlas.info/download/azerba ijan.
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Table 6 List of Wind Power Stations in Azerbaijan

Name of | Address Total Operational Employer Turbine

power plant output Status

Khizi Absheron 1.7 MW | Operational Caspian Technology Vestas V52/850
x2

Pirallahi- Offshore 200 MW | Planned Azeralternativenergy Unknown

Chilov

Pirallahi- Offshore 200 MW | Planned Azeralternativenergy Unknown

Island

Sitalcaj Daglig- 3 MW | Operational PowerWind PowerWind 56 x

Shirvan 3

Yashama#1 | Absheron 0.5 MW | Planned Caspian Technology Vestas V39/500
X2

Yashama#2 | Absheron 50 MW | Planned Caspian Technology Fuhrlinder FL
2500/90 x 20

Khizi Absheron 240 MW | MOU Signed | ACWA Power Envision
6.5MW

@ Hydroelectric power generation

Hydropower is currently Azerbaijan's major renewable energy source, but its potential is underutilized.
Capacity can be increased by modernizing large-scale hydropower facilities, and small hydropower
could be found in a number of small mountain streams in different parts of the country. According to
the MoE, the technical potential of small hydropower is 520 MW, capable of generating 32 TWh per
year. MoE will prepare a strategy to develop small hydro based on potential water resources, water

scarcity, and national power generation needs.

@ Geothermal power generation
SAARES estimates Azerbaijan's geothermal potential as high as 800 MW. Early studies indicated that

Azerbaijan has 11 geothermal zones with water temperatures ranging from 30°C to 100°C.

® Biomass/waste generation

As agriculture, forestry, industry, and services grow, the MoE estimates their technical potential at 380
MW because of the increasing opportunities for heat and electricity generation from biomass and waste.
For example, household and industrial solid waste of 2 Mt or more per year treated at a waste disposal

site in Azerbaijan can be used to generate heat and electricity in Baku and other large industrial cities.
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(4) Supervisory authority

MoE oversees renewable energy policies. Implementation of the policy was left to SAARES from
2009 to 2018, but the agency was abolished in 2018 and its function was transferred to MoE. In
September 2020, President of Azerbaijan signed a decree establishing a national agency for renewable

energy sources. The new agency reports to MoE.

(5) Policies and measures

Azerbaijan's energy supply depends on abundant oil and natural gas resources, and interest in
renewable energy has increased since 2019. The government believes that the use of renewable energy
for power generation can diversify sources of energy, divert natural gas from power generation to more
profitable exports and petrochemical products, and contribute to the achievement of the Paris

Agreement's climate change targets.

On the other hand, as of June 2021, Azerbaijan has not published any specific renewable energy
strategies or action plans. In 2014, SAARES drafted a national strategy for the use of alternative and
renewable energy from 2015 to 2020, but this document was not adopted. However, in 2016, the
Strategic Roadmap for the Development of Utilities (Electricity, Heating, Water, and Gas) in
Azerbaijan includes 420 MW of renewable power capacity (350 MW of wind, 50 MW of solar, and
20 MW of bioenergy) by 2020.

The government aims to provide 30% of domestic power generation capacity with renewable energy
by 2030. In May 2020, the Cabinet approved the "Action Plan on Attracting Additional Investment in
the Renewable Energy Sector."

(6) Renewable energy electric utility bill

As of October 2020, Azerbaijan has no regulatory framework for renewable energy, except for specific
purchase fees for certain types of renewable electricity, and exemptions from taxes on companies that

purchase renewable energy equipment or generate renewable energy.

In response to an instruction from the Ministerial Conference in March 2018, MoE drafted the "On
Renewable Energy Sources in Electricity Production". This draft was presented to the President of
Azerbaijan at the end of May 2020 and approved in July of the same year.

The proposed regulatory framework includes a competitive bidding process for renewable power

projects and support mechanisms such as feed-in tariffs, net metering, and net billing.
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(7) Preferential treatment for renewable energy

The government is developing a system to promote the generation of electricity from renewable energy
and the production of alternative energy. Companies and investors are exempt from tariffs and value-
added tax on technical equipment for seven years. Fixed assets tax, land tax and income tax are also

exempt.

For electricity sales in Azerbaijan, all electricity rates are determined by the Rate Council. The sale
price for small hydro power is 3.4047 yen/kWh (0.05AZN, 1 yen = 0.01468 AZN), the sale price for
wind power is 3.7456 yen/kWh (0.055AZN, 1 yen = 0.01468 AZN), and the sale price for other
renewable energy is 3.8818 yen/kWh (maximum 0.057AZN, 1 yen = 0.01468 AZN). Large-scale
hydroelectric power generation is not subject to the electricity sale system. Azerbaijan's wholesale

electricity rate has been 0.057 AZN/kWh since 2016.

(8) Permit to establish renewable energy facilities

Renewable energy facilities receive permission through a four-step process. First, local governments
issue land use permits, second, the Ministry of Ecology and Natural Resources, the Ministry of Health,
and the Ministry of Emergencies issue construction permits. Third, power generation is permitted by
MoE, and fourth, connection is permitted by the network owner (transmission or distribution system

operator).

(9) Ongoing projects as of June 2021

In Azerbaijan, as an important development for the renewable energy sector, in January 2020, MoE
signed an agreement with ACWA Power of Saudi Arabia to build, own and operate 240 MW of wind
power, and Masdar of the United Arab Emirates to develop, build and operate 230 MW of solar PV,
the country's first two independent power projects. The two companies were selected through a three-
step process from seven companies that submitted their proposals. These projects are supported by a
20-year PPA, but the details are not made public. The MoE and the transmission company, Azerenergy,
signed the main contract for the project, including the PPA, with ACWA Power in December 2020 and
with Masdar in March 2021.

The MoE project, worth about 4.6 billion yen (US$400 million, USD = 115.81 yen), is expected to
generate 1.4 TWh of renewable energy annually, save 300 mcm or more of natural gas, reduce CO2
emissions by 0.6 Mt or more, and create hundreds of jobs.

The wind farm will consist of 40 turbines 6 MW each, of which 17 (102 MW) will be built in
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Pirakashkul in the Absheron region and 23 (138 MW) in the mountainous area of the Khizi region. In
addition, 230 MW of solar PV will be installed in the Garadagh and Absheron regions. Commercial
operation is expected to begin in 2022 (MoE, 2020; Masdar, 2020). The Khizi region already has a 50

MW Yeni Yashma wind farm that became operational in 2018.

MOokE is also preparing to build an additional renewable power capacity of about 1,000 MW through a
competitive bidding process. As of June 2021, it has defined and prioritized areas with high potential
for renewable energy, assessing land ownership, existing infrastructure, and environmental issues.
With the support of the European Bank for Reconstruction and Development (EBRD), MoE is
developing a tender system for renewable energy to attract more private investment in the renewable

energy sector.

The MoE has invited the German consulting firm VPC to determine the optimal amount of new
capacity to be connected to the power grid in order to increase the share of renewable energy in the
country's total electricity production to 30% by 2030. According to the report, 1,500 MW will need to
be installed if Azerbaijan is to reach its goal of 30% of electricity generation from renewable sources
by 2030. VPC proposes that this be done in three phases: 440 MW in 2020-2022, 460 MW in 2023
VPC proposes to do this in three phases: 440 MW in 2020-2022, 460 MW in 2025, and 600 MW in
2026-2030.

The Asian Development Bank (ADB) will fund the design and construction of the country's first
floating PV plant. The 100 kW pilot plant will be located in Lake Boyukshor near Baku. Because FPV
is exposed to water, stricter standards are required than solar PV on land. However, it is faster to install
FPV than solar PV on land and has the advantage that it has no land-use problems. In addition, the
cooling effect of water allows higher energy yields. Azerbaijan has many reservoirs and could

synergize FPV technologies with existing hydropower generation and related grid infrastructure.
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3. Business Feasibility Study of wind farms

(1) Construction candidate sites

In this project, for the construction of a green hydrogen ammonia synthesis plant for SOCAR, the

following conditions were applied to the selection of candidate sites for the construction of the wind

farm.

Table 7 Confirmation of Prerequisites for Selection of Wind Power Construction Candidate

Sites
Condition General situation
classification
Mandatory Wind power stations installed on land
requirement 36 MW/48 MW transmission to downstream plant
Conformance The northern part of the Absheron Peninsula is preferred due to its location
requirements in relation to the solar and electrolysis/synthesis plants

Based on the above conditions, the following four sites were selected as candidate sites.

Khachmaz

Site @

Site @

)

Site D

Figure 10 Map of Construction Candidate Sites
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Table 8 Details of Construction Candidate Sites

Construction candidate site D
40°77'43"02 N Longitude | 49°48'92"88 E

Latitude

Aerial view
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Latitude 40°58'35"83 N Longitude | 49°40'91"22 E
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Photograph I
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Construction candidate site @)

Latitude 40° 43' 0.3648"N Longitude | 49°9'51.8754"E

Aerial view

Construction candidate site @

Latitude 40°23'57.28"N Longitude | 49°27'11.07"E

Aerial view

(2) Equipment selection and layout

D Selection of equipment manufacturer
It was decided to select equipment, mainly 6MW turbines, by referring to power generation efficiency
and projects under development by other companies in the region. We contacted the manufacturers of

the equipment, and their responses are as follows.
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Table 9 Field Construction Performance of Wind Power Generator Manufacturers

Manufacturer name Past business performance

Vestas Wind Systems A/S Construction of 2MW turbine has been completed

Gold  Wind/Golden = Wind | No construction experience in Azerbaijan

Technology

Envision Energy/Loop Power The ACWA project plans to construct a 6.5 MW turbine.

Nordex SE No construction experience in Azerbaijan

Table 10 Responses from Wind Engine Manufacturers

Manufacturer name Response status
European Company A Internal review by the company for conclusion of NDA
European Company B Proposal declined. Azerbaijan is not a strategic market for the

company’s business

Chinese Company C Received tentative proposal
Chinese Company D Received tentative proposal
Chinese Company E Proposal declined. Because it is difficult to make an appropriate

proposal in the absence of sufficient measured wind data.

European Company F Internal adjustments are being made for the proposal

@ Equipment layout
Wind turbine layout drawings were prepared for two conditions at the candidate construction site (D,
one condition at the candidate construction site (2), one condition at the candidate construction site

@, and one condition at the candidate construction site @.

Table 11 Classification of Equipment Layout Drawings Created in the Project

Construction candidate site Description of each layout

Construction candidate site (D Designs that are arranged serially along the coastline

Design to be positioned in four directions along the toll road on

the inland side

Construction candidate site @) Layout in a mountainous area with favorable wind conditions

Construction candidate site (3 Mountainous area with favorable wind conditions, adjacent to

the proposed ACWA Project site

Construction candidate site (4 Design to locate in an inland area not far away from the national

highway
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Table 12 Tentative layout

Construction candidate site (D (coastline)
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Construction candidate site @)

Device

Arrangement

(C) OpenStreetMap contributors, Data OpenStreetMap and contributors, ODbL

Construction candidate site @)

Device

Arrangement
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(C) OpenStreetMap contributors, Data OpenStreetMap and contributors, ODbL

(3) Evaluation of construction candidate sites

The evaluation was conducted using the following indices based on a total of five proposals: two types

of construction candidate sites (D (coastline/inland), construction candidate site @), construction

candidate site 3, and construction candidate site @.

Table 13 Evaluation axes for construction candidate sites

Evaluation items

Explanation of the evaluation axis

Wind conditions

Whether or not the site can be expected to produce a stable amount of

wind power with high intensity

Estimation of power

generation

Comparative evaluation of the site with the highest amount of power

generation under the same power generation facility requirements

Expropriation of land

Comparative evaluation of the availability and simplicity of land

expropriation for construction

Constructability

Ease of construction of wind power generators

Grid connectivity

Possibility of utilizing the power transmission and distribution

facilities and substation facilities near the construction site
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Environmental impact Existence or non-existence of points of concern in the natural
environment and surrounding environment
(Whether or not additional costs should be incurred for

countermeasures)

Expenses of the | Comparative evaluation in terms of CAPEX/OPEX

construction

(D Wind conditions
The wind conditions of the construction candidate sites D, @), @ and @ were investigated and
compared and evaluated. In this project, the evaluation was based on the most high-resolution

ECMWF wind condition data covering the region around Europe.
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Table 14 Results of Wind Conditions Survey for Each Site Candidate

Construction candidate site D
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Construction candidate site 3

Construction candidate site @

Weibull

distribution

Froquancy (%)

0

5 10 15

) 0 Fa]
Wind speed [m/s)

Frequency [%]

10 15 20 5

Wind speed [ms]

Frequency (%]

Azimuth
distribution

(kWh/m2/y)

(Explanatory

0-<5ms
— 5- <10 m/s
— 10 - <15 mys
15 - =20 m/s
— 20 - <=40 mys

Notes)

Average wind
speed
(m/s)

(Explanatory

— Frequency
B Wind speed

Notes)

37




@ Estimation of power generation

The generation output was calculated assuming that 20 Vestas' wind turbines V162 6.0 MW were
installed at each construction candidate site. Of the candidate sites for construction, the site with the
highest power generation efficiency is the candidate site (3. The capacity factor is about 46.2%, and
annual power generation is expected to be 539,514 MWh/y. On the other hand, for both candidate sites

(1) (coastline and inland), the wake loss was higher and power generation was lower than initially

expected.
Table 15 Definition of Conditions Used for Estimation of Generated Volume
Item Definitions
Data Source Wind PRO
Design standards IEC614000-1 ed.4(2019)
Design category A+
Hub height 119m
Rotor diameter 162m
Power generation 6,000 MW
Cut-in wind speed 3m/s
Cut-out wind speed 24 m/s

Table 16 Result of Estimated Generation Volume for Each Construction Candidate Site

Candidate site Total power Loss Capacity ggfvl;;ge Facility Average wind
tion B
enerated factor generatio operating time | speed
= (per turbine) P 2 P
Site O (coast) 223,159 MWh/y 23.1% 19.1 % 10,042 MWh/y 1,674 hly 5.7m/s
Site © (inland) 226,987 MWh/y 20.6 % 19.4 % 10,214 MWh/y 1,702 h/y 5.7 m/s
Site @ 483,187 MWh/y 1.8% 413 % 21,743 MWh/y 3,624 h/y 8.3 m/s
Site @ 539,514 MWh/y 2.7% 46.2 % 24,278 MWh/y 4,046 h/y 19.5 m/s
Site @ 488,326 MWh/y 13 % 41.8 % 21,975 MWh/y 3,662 hly 8.2 m/s
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Site 1 (Coast) | NG 223.159

Site 1 (Inland) | 226937
site 2 | 5. 55
site3 | 539515
site ¢ | 526

0 200,000 400,000 600,000

Figure 11 Comparison of Estimated Power Generation Volumes at Construction Candidate

Sites
@ Expropriation of land
The appropriateness and ease of appropriation of land for each potential construction site was

investigated and evaluated as follows.

Table 17 Evaluation of land availability

Candidate site Survey results

Site D (coast) It is a region that crosses the villages of Yeni Yashma and Shuraabad, Yeni Yashma Village was visited.
According to the representative of the village, the area is vacant and can be used for wind power
generation construction.

According to the village, land rent is 65-80 AZN/ha per month.

Site @ (inland) This is a region that crosses the villages of Yeni Yashma and Sitalchay, Yeni Yashma Village was visited.
According to the representative of the village, the area is vacant and can be constructed for wind power
generation.

According to the village, land rent is 65-80 AZN/ha per month.

Site @ It is a mountainous region in western Sumgait. The region is under the jurisdiction of the Ministry of
Defense ([MoD]) and visited the Ministry to conduct interviews. The area has been designated as an

Azerbaijan Air Force training airspace, and it is expected to be difficult to build a wind farm there.

Site @ Near the ACWA Project's planned construction site. There are no buildings around, and they are far from
nature reserves and military and aviation facilities. In view of the achievements of other projects, it can be

assumed that wind power station can be constructed in this area.

Site @ Land owned by local governments, with no buildings in the vicinity and away from nature reserves and

military and aviation facilities. It can be assumed that wind power station can be constructed.
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@ Construction work feasibility
The feasibility and ease of construction of wind power stations at each construction candidate site was

investigated and evaluated as follows.

Table 18 Evaluation of Construction Possibilities

Candidate site Survey results

Site D (coast) Located on the coastline, the main road is nearby. Traffic infrastructure is already in place, and it is
estimated that the work road extension, which requires additional development for the delivery of
equipment, is 11.1 km.

There is a pipeline on the construction candidate site, which could be an obstacle to construction work.

Site D (inland) Located on the coastline, the main road opens nearby. Traffic infrastructure is already in place, and it is
estimated that the work road extension, which requires additional development for the delivery of
equipment, is 11.1 km.

There is a pipeline on the construction candidate site, which could be an obstacle to construction work.
In the past, the wind power generation project in the same area was stalled, and the basic construction of
the turbine foundation remains. Although the number of years elapsed is unknown, corrosion is
progressing, and it is assumed that corrosion measures are necessary for the foundation and generator

installation.

Site @ There is insufficient space for centralized construction of wind power generators in one place, such as in
series or in square. Accordingly, it is planned to arrange five turbines in four rows, but it is assumed that
additional man-hours will be required for construction. In addition, it is necessary to construct a working

passage of 23.8 km for the delivery of the equipment.

Site @ It is located in mountainous area. Sufficient space is required to allow alignment in series with the
ridgeline. New construction routes are required, but it may be possible to use roads that are partially

constructed with adjacent ACWA project.

Site @ There is insufficient space to concentrate construction in one place in series or on all sides of the wind
turbine. Accordingly, this is a plan to arrange 10 turbines in two locations. It is adjacent to the main road

and has advantages in carrying in of materials and equipment and in the passage of construction vehicles.
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Figure 12 Corrosion of the existing wind power generation foundation in Site O

3

® Grid connectivity
The possibility of accessing the substations from each construction candidate site and their distance

and ease of access was investigated and evaluated as follows.

Table 19 System Connectivity

Candidate site Survey results

Site D (coast) Grid connection to Yeni Yashma substation. The distance to the substation is about 8.7 km.
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Site D (inland)

Grid connection to Yeni Yashma substation. The distance to the substation is approximately 12.7 km.
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Candidate site Survey results

Site @ Grid connections to substations in the Qobu area are planned. The distance to the substation is less than 20

km.
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® Environmental impact

In constructing wind power generation, the following indicators were used to investigate and evaluate

the environmental impact of each construction site candidate.

Table 20 Evaluation Indicators for Environmental Impact

Evaluation items

Explanation of evaluation axis

Noise pollution

Whether residential areas are located within the noise impact area of the wind

turbine

Landscape

impact

Whether or not the proposed construction site is subject to landscape protection

Animal and plant

effects

Impacts of wind turbines, foundation construction, and construction of work

paths on plant and animal ecosystems

Sunshine

Impact of wind power generation on sunlight disturbance. Whether or not there
is any environment or business in the vicinity of the proposed construction site

that will be affected by the sunshine environment, such as agricultural

cultivated land or solar power plants

Based on observations from the plan drawings of each construction candidate site and on-site visits,

the following evaluation was made.
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Table 21 Survey Results and Evaluation of Environmental Impact

Construction candidate site D (coast)

Evaluation items

Survey results

Damage by noise

There are residential areas in the vicinity, but it is possible to secure sufficient

pollution distance. It can be assumed that there will be no impact on the living
environment.

Landscape Laws and regulations relating to landscapes are not specifically identified.

impact

Animal and plant

effects

This is the route for migratory birds to arrive, so it is necessary to take

measurcs.

Sunshine

There are residential areas in the vicinity. Sunlight effects may occur in the

morning and evening.

Construction candidate site O (inland)

Evaluation items

Survey results

Damage by noise

There are residential areas in the vicinity, but it is possible to secure sufficient

pollution distance. It can be assumed that there will be no impact on the living
environment.

Landscape Laws and regulations relating to landscapes are not specifically identified.

impact

Animal and plant

effects

This is the route for migratory birds to arrive, so it is necessary to take

measures.

Sunshine

There are residential areas in the vicinity. Sunlight effects may occur in the

morning and evening.

Construction candidate site @

Evaluation items

Survey results

Damage by noise

None of the buildings in the vicinity have concerns about noise impact.

pollution
Landscape It is under the jurisdiction of the Ministry of Defense and has restrictions on
impact new construction.

Animal and plant

effects

This is the route for migratory birds to arrive, so it is necessary to take

measurcs.

Sunshine

There are no buildings in the vicinity that may be affected by sunshine.
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Construction candidate site @

Evaluation items

Survey results

Damage by noise

pollution

None of the surrounding buildings are concerned about noise impact.

Landscape

impact

Laws and regulations concerning landscapes are not specifically identified.

Animal and plant

effects

Concerns about migratory birds and other animals and plants have not been

confirmed

Sunshine

There are no buildings in the vicinity that may be affected by sunshine.

Construction candidate site @

Evaluation items

Survey results

Damage by noise

pollution

None of the surrounding buildings are concerned about noise impact.

Landscape

impact

Laws and regulations concerning landscapes are not specifically identified.

Animal and plant

effects

Concerns about migratory birds and other animals and plants have not been

confirmed

Sunshine

There are no buildings in the vicinity that may be affected by sunshine.

@ Expenses of the construction

The cost was estimated as follows in cooperation with the field survey and each wind generator

manufacturer. The following is an outline of estimation.

Table 22 Estimated Initial Investment Cost Site (D [Unit: Japanese Yen]

Quantity | Total cost Per turbine Per MW
Total — 14,079,252,579 639,966,026 114,279,648
Set of wind power 22 12,265,302,400 557,513,745 99,556,026
generators turbines
Civil engineering work — 130,552,176 5,934,190 1,059,677
expenses
Foundation construction — 39,371,386 1,789,608 319,573
cost
Construction costs for — 1,644,026,617 74,728,483 13,344,372
electrical equipment

% Exempt from import duties

% VAT is not included in the above estimation.
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Table 23 Estimated Initial Investment Cost Site (2 [Unit: Japanese Yen]

Quantity | Total cost Per turbine Per MW
Total — 14,590,554,772 663,207,035 118,429,828
Set of wind power 22 12,265,302,400 557,513,745 99,556,026
generators turbines
Civil engineering work — 325,603,049 14,800,139 2,642,882
expenses
Foundation construction — 39,371,386 1,789,608 319,573
cost
Construction costs for — 1,960,277,937 89,103,543 15,911,347
electrical equipment

% Exempt from import duties
% VAT is not included in the above estimation.
Table 24 Estimated Initial Investment Cost Site @ [Unit: Japanese Yen|

Quantity | Total cost Per turbine Per MW
Total — 14,899,285,151 677,240,234 118,429,828
Set of wind power 22 12,265,302,400 557,513,745 99,556,026
generators turbines
Civil engineering work — 205,484,430 9,340,201 1,059,677
expenses
Foundation construction — 39,371,386 1,789,608 319,573
cost
Construction costs for — 2,389,126,935 108,596,679 13,344,372

electrical equipment

* Exempt from import duties

X% VAT is not included in the above estimation.
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Table 25 Estimated Initial Investment Cost Site @ [Unit: Japanese Yen]

Quantity | Total cost Per turbine Per MW
Total — 14,910,007,087 677,727,595 118,429,828
Set of wind power 22 12,265,302,400 557,513,745 99,556,026
generators turbines
Civil engineering work — 272,254,212 12,375,191 1,059,677
expenses
Foundation construction — 39,371,386 1,789,608 319,573
cost
Construction costs for — 2,333,079,089 106,049,049 13,344,372
electrical equipment

% Exempt from import duties

% VAT is not included in the above estimation.

Table 26 Result of Estimation of Operating Expenses (Annual Expenses) [Unit: Japanese Yen|

Quantity | Total cost Per turbine Per MW
Total — 1,408,154,837 64,007,038 11,844,846
Land rent* 22ha 587,829 26,720 4,771
O&M expenses 10%* 1,407,567,008 63,980,319 11,425,057

*Rent is the cost in Sitalgay (flat)
% O&M costs were not answered by each wind generator manufacturer. Accordingly, the estimation

was made using approximately 10% of the annual initial investment held by the ACWA Project.

i. Cost of procurement and construction of wind power generators and ancillary
facilities

Regarding the cost of procurement and construction of wind turbine generators and ancillary

equipment, the following costs were calculated based on interviews with Chinese Company C, Chinese

Company D, European Company F and European Company A. Although European Company F and

European Company A have expressed positive intentions to bid for the project, no response was

received by the deadline.
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Table 27 Prerequisites for Estimating the Cost of Wind Generators

Item Prerequisites

Place of construction | In Azerbaijan

Power generation by | 5.6MW

prime movers

Transport conditions Construction Site Delivery

Other The cost for construction, transportation, etc. shall be the approximate

cost in light of the fact that the construction site is not determined.

This cost calculation shall include the following: Import procurement of wind power generation
equipment is not included in the estimation result because import tariffs are exempted by the

preferential tax system of the country.

Equipment procurement and construction/transportation expenses
+ Complete set of wind power generators [Model GW165/5.6]

Breakdown

- Engine cooling system (Generator Cooling System)

- Nacelle

- Rotor System

- Blade Slator (Generator stator Blades)

- Hub with Tooth-belt drive pitch systems

- Yaw system

- Engine generators

- Power converter

- Pitch system

* Strut

*+ Anchor cage

+ Transformer and RMU

* SCADA system

+ Set of incidental equipment (elevators, aviation lights, fire extinguishing, etc.)

* Warranty and maintenance service 2 years

V¥V Construction cost

* Set of construction work for wind power generators
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Transportation costs

+ Domestic shipments in China and delivery of construction sites

Table 28 Result of Estimated Cost of Wind Generator [Unit: Japanese Yen]

Item Expenses (excluding taxes)
Total expenses 12,265,302,400
Complete and guaranteed wind power generator and 8,172,102,400

incidental equipment (2 years)

(Reference: Conversion per turbine) 557,513,745

Construction cost 818,640,000

(Reference: Conversion per turbine) (45,480,000)

Transportation cost 3,274,560,000

(Reference: Conversion per turbine) 181,920,000

(Reference: converted per 1 MW) (99,556,026)
ii. Cost of civil engineering construction

Based on interviews with local civil engineering companies, the following cost estimates were made.

Items of expenses for V¥ civil engineering construction

+ Removal of topsoil and preparation of base layer

+ Subbase Layer

* Road 1st layer

* Road 2nd layer

% Details of each expense are described in " Table 59 Details of Estimated Result of Civil Engineering
Work Expenses" attached to the end of this report.

For the estimation of civil engineering construction costs, four types of cost estimates were made at

the potential construction sites (1) - (4).
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Table 29 Breakdown of Civil Works Expenses [Unit: Japanese Yen]

Item Expenses (Excluding taxes)
Target construction sites Site O Site @ Site @ Site @
Total 130,552,176 325,603,049 205,484,430 272,254,212
Topsoil removal and base 30,970,300 77,685,230 48,746,135 64,585,630
layer preparation
Construction of roadbed 35,641,376 87,528,548 56,098,245 74,326,718
layer
Construction of the first 33,183,351 83,236,110 52,229,401 69,200,738
layer of the road for work
Construction of the second 30,757,149 77,153,161 48,410,648 64,141,126
layer of the road for work

jii. Cost of foundation work

The following cost estimates were made based on interviews with the local construction companies.

The labor cost for the foundation work is included in each cost item.

V Items of expenses for foundation construction

* Foundation Construction

+ Crane pads construction

% Details of each expense are described in the attached " Table 60 Detailed Results of Estimation of

Foundation Construction Costs" at the end of this report.

V¥ Estimated cost of foundation work

Estimated cost of installing 20 wind power generators (6.0 MW, VESTAS)

Table 30 Estimated Cost of Foundation Construction [Unit: Japanese Yen]

Item Expenses (incl. taxes)

Total 39,371,386
Foundation construction cost 34,533,512
Crane foundation work cost 4,837,874

iv. Cost of construction of electric power facilities
The following cost estimates were made based on interviews with local companies. The costs for the
installation and construction of wind turbine generators are included in the wind turbine generator cost

estimation.
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Items of expenses for ¥ electric power facility construction

 Professional services

+ Equipment Procurement Costs (Materials)

+ Labor costs (Labor works)

X Details of each cost are described in the attached “Table 61 Detailed Results of Estimation of

Electricity Equipment Construction Costs” at the end of this report.

The cost of electrical installation work was estimated individually at each of the candidate construction

sites (1) through (4).

Table 31 Estimated Cost of Electric Power Equipment Construction [Unit: Japanese Yen]

management costs

Item Calculation conditions

Target  construction | Site D Site @ Site @ Site @

sites

Total 1,644,026,617 1,960,277,937 2,389,126,935 2,333,079,089
Facility design and 39,226,500 39,226,500 39,226,500 39,226,500

Equipment

procurement costs

1,275,994,725

1,528,995,645

1,872,075,048

1,827,239,159

Construction labor cost

328,805,392

392,055,792

477,825,387

466,613,430

(4) CAPEX/OPEX calculation

In this project, it is essential to be able to transmit 36 MW/48 MW to the downstream plant. Based

on these conditions and the results of power generation calculations, the required number of wind

turbine generators was estimated. In this calculation, a 5.6MW hub height (100m) made by Chinese

company C is used. (See next page).
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Table 32 The number of wind power generators required for each site to estimate based on the results of electric power generation estimation

Required

condition [A]

output

Capacity factor [B]

Required generation

capacity
[C=A/B]

Number of wind power
generators required

[D = C/5.6 MW]

Adjusted number of
wind generators
(rounding up to one

decimal place)

Site D (coast) 36. MW 19.1% 188.5 MW 33.7 turbines 34 turbines
48. MW 19.1% 251.3 MW 44.9 turbines 45 turbines
Site D (inland) 36. MW 19.4% 185.6 MW 33.1 turbines 34 turbines
48. MW 19.4% 247.4 MW 44.2 turbines 45 turbines
Site @ 36. MW 41.3% 87.2 MW 15.6 turbines 16 turbines
48. MW 41.3% 116.2 MW 20.8 turbines 21 turbines
Site @ 36. MW 46.2% 77.9 MW 13.9 turbines 14 turbines
48. MW 46.2% 103.9 MW 18.6 turbines 19 turbines
Site @ 36. MW 41.8% 86.1 MW 15.4 turbines 16 turbines
48. MW 41.8% 114.8 MW 20.5 turbines 21 turbines

Based on the results of the above, CAPEX and OPEX calculations will be conducted for the four patterns of candidate construction sites (1) through (4).
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D CAPEX estimation

Based on the conditions described in the previous section, a total of eight CAPEX calculations were

made for four types of candidate sites (1) through (4), multiplying the required power generation by

two patterns (36 MW/48MW).

Table 33 CAPEX Candidate Site D [34 Turbines (36 MW)] [Unit: Japanese Yen|

electrical equipment

Quantity | Total cost Per turbine Per MW
Total — 21,758,844,895 639,996,026 115,442,760
Set of wind power 34 18,955,467,345 557,513,745 100,569,285
generators turbines
Civil engineering work — 201,762,454 5,934,190 1,070,462
expenses
Foundation construction — 60,846,687 1,789,608 322,835
cost
Construction costs for — 2,540,768,408 74,728,483 13,480,188

Table 34 CAPEX Candidate Site O [45 Turbines (48 MW)] [Unit: Japanese Yen]

electrical equipment

Quantity | Total cost Per turbine Per MW
Total — 28,798,471,184 639,966,026 152,791,889
Set of wind power 45 25,088,118,545 557,513,745 133,106,407
generators turbines
Civil engineering work — 267,038,542 5,934,190 1,416,788
expenses
Foundation construction — 80,532,380 1,789,608 427,269
cost
Construction costs for — 3,362,781,716 74,728,483 17,841,425
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Table 35 CAPEX Candidate Site 2) [16 Turbines (36 MW)] [Unit: Japanese yen|]

Quantity | Total cost Per turbine Per MW
Total — 10,611,312,561 663,207,035 56,298,908
Set of wind power 16 8,920,219,927 557,513,745 47,326,722
generators turbines
Civil engineering work — 236,802,217 14,800,139 1,256,367
expenses
Foundation construction — 28,633,735 1,789,608 151,918
cost
Construction costs for — 1,425,656,681 89,103,543 7,563,901

electrical equipment

Table 36 CAPEX Candidate Site @ [21 Turbines (48 MW)] [Unit: Japanese yen|

Quantity | Total cost Per turbine Per MW
Total — 13,927,347,737 663,207,035 73,892,317
Set of wind power 21 11,707,788,655 557,513,745 62,116,323
generators turbines
Civil engineering work — 310,802,910 14,800,139 1,648,982
expenses
Foundation construction — 37,581,777 1,789,608 199,392
cost
Construction costs for — 1,871,174,394 89,103,543 9,927,620

electrical equipment

Table 37 CAPEX Candidate Site 3 [14 turbines (36 MW)] [Unit: Japanese yen|

Quantity | Total cost Per turbine Per MW
Total — 9,481,363,278 677,240,234 50,303,900
Set of wind power 14 7,805,192,436 557,513,745 41,410,882
generators turbines
Civil engineering work — 130,762,819 9,340,201 693,769
expenses
Foundation construction — 25,054,518 1,789,608 132,928
cost
Construction costs for — 1,520,353,504 108,596,679 8,066,320

electrical equipment
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Table 38 CAPEX Candidate Site @ [19 Turbines (48 MW)] [Unit: Japanese Yen|

Quantity | Total cost Per turbine Per MW
Total — 12,867,564,448 677,240,234 68,269,578
Set of wind power 19 10,592,761,164 557,513,745 56,200,483
generators turbines
Civil engineering work — 177,463,826 9,340,201 941,544
expenses
Foundation construction — 34,002,561 1,789,608 180,402
cost
Construction costs for — 2,063,336,898 108,596,679 10,947,149

electrical equipment

Table 39 CAPEX Candidate Site @ [16 Turbines (36 MW)] [Unit: Japanese yen|

Quantity | Total cost Per turbine Per MW
Total — 10,843,641,518 677,727,595 57,531,542
Set of wind power 16 8.920,219,927 557,513,745 47,326,722
generators turbines
Civil engineering work — 198,003,063 12,375,191 1,050,516
expenses
Foundation construction — 28,633,735 1,789,608 151,918
cost
Construction costs for — 1,696,784,792 106,049,049 9,002,386

electrical equipment

Table 40 CAPEX Candidate Site @ [21 Turbines (48 MW)] [Unit: Japanese Yen|

Quantity | Total cost Per turbine Per MW
Total — 14,232,279,492 677,727,595 75,510,150
Set of wind power 21 11,707,788,655 557,513,745 62,116,323
generators turbines
Civil engineering work — 259,879,021 12,375,191 1,378,803
expenses
Foundation construction — 37,581,777 1,789,608 199,392
cost
Construction costs for — 2,227,030,039 106,049,049 11,815,632

electrical equipment
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® OPEX estimation

Based on the conditions described in the previous section, a total of eight OPEX calculations were

made for four types of candidate sites (1) through (4), multiplying the required power generation by
two patterns (36 MW/48MW).

Table 41 OPEX Candidate Site (D [34 Turbines (36 MW)] [Unit: Japanese yen]

Quantity | Total cost Per turbine Per MW
Total — 2,176,239,294 64,007,038 11,546,158
Rent on land 34 ha 908,463 26,720 4,820
O&M expenses — 2,175,330,831 63,980,319 11,541,339

Table 42 OPEX Candidate Site (D [45 Turbines (48 MW)] [Unit: Japanese yen|

Quantity | Total cost Per turbine Per MW
Total — 2,880,316,713 84,706,553 15,281,680
Set of wind power 45 ha 1,202,378 26,720 6,379
generators
O&M expenses — 2,879,114,335 84,679,833 15,275,301

Table 43 OPEX Candidate Site @ [16 Turbines (36 MW)] [Unit: Japanese yen]

Quantity | Total cost Per turbine Per MW
Total — 1,061,298,223 66,331,139 13,619,994
Set of wind power 16 ha 427,512 26,720 5,486
generators
O&M expenses — 1,060,870,711 66,304,419 13,614,507

Table 44 OPEX Candidate Site @ [21 Turbines (48 MW)] [Unit: Japanese yen]

Quantity | Total cost Per turbine Per MW
Total — 1,392,953,918 40,979,449 12,130,307
Set of wind power 21 ha 561,110 26,720 4,886
generators
O&M expenses — 1,392,392,808 40,952,730 12,125,421
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Table 45 OPEX Candidate Site @ [14 Turbines (36 MW)] [Unit: Japanese yen]

Quantity | Total cost Per turbine Per MW
Total — 948,282,424 59,270,991 12,169,624
Set of wind power 14 ha 374,073 26,720 4,801
generators
O&M expenses — 947,908,351 59,244,272 12,164,824

Table 46 OPEX Candidate Site ® [19 Turbines (48 MW)] [Unit: Japanese yen|

Quantity | Total cost Per turbine Per MW
Total — 1,286,954,718 37,863,397 11,207,231
Set of wind power 19 ha 507,671 26,720 4,421
generators
O&M expenses — 1,286.447,048 37,836,678 11,202,810

Table 47 OPEX Candidate Site @ [16 Turbines (36 MW)] [Unit: Japanese yen]

Quantity | Total cost Per turbine Per MW
Total — 1,092,653,847 68,290,865 14,022,391
Set of wind power 16 ha 8,550,240 534,390 109,728
generators
O&M expenses — 1,084,103,607 67,756,475 13,912,663

Table 48 OPEX Candidate Site @ [21 Turbines(48 MW)] [Unit: Japanese yen|]

Quantity | Total cost Per turbine Per MW
Total — 1,423,447,093 41,876,307 12,395,852
Set of wind power 21 561,110 26,720 4,886
generators
O&M expenses — 1,422,885,984 41,849,588 12,390,965

(5) Verification of profitability

(D Results of Profitability Estimation
Based on the results of the CAPEX/OPEX calculations in the previous section, the following

conditions were used to estimate the profitability of the project. The electricity sales price for wind

power generation is estimated at 3.675 yen/kWh (= 0.055 AZN) as specified by the Azerbaijan Tariff

Council. The construction period will be about three years, and the project will start earning electricity

sales in the fourth year.
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Table 49 Estimated Profitability

CAPEX OPEX Project's Accumulated balance (million yen)
: . _ Annual power - -
Construction candidate site : (Million (Million payback
generation _ 10th year | 20th year | 30th year | 40th year | 50th year | 60th year
yen) yen) period
Candidate site @O
_ 341,435 MWh 21,759 2,177 N/A -28,205 -37,410 -46,615 -55,819 -65,024 -74,229
34 units (36 MW)
Candidate site @O
_ 451,899 MWh 28,798 2,881 N/A -37,330 -49,513 -61,696 -73,879 -86,062 -98,244
45 units (48 MW)
Candidate site @
) 347,896 MWh 10,611 1,062 1952 -9,083 -6,898 -4,712 -2,527 -342 1,843
16 units (36 MW)
Candidate site @
456,614 MWh 13,927 1,393 1952 -11,921 -9,053 -6,185 -3,317 -449 2,419
21 units (48 MW)
Candidate site (3
339,895 MWh 9,481 949 35 years -7,368 -4,346 -1,325 1,696 4,718 7,739
14 units (36 MW)
Candidate site (3
461,286 MWh 12,868 1,287 35 years -9,999 -5,898 -1,798 2,302 6,403 10,503
19 (48 MW)
Candidate site @
351,595 MWh 10,844 1,093 1983 -9.464 -7,456 -5,448 -3,440 -1,433 575
16 units (36 MW)
Candidate site @
461,469 MWh 14,232 1,424 55 years -12,315 -9,573 -6,831 -4,089 -1,347 1,395

21 units (48 MW)

% "Pre-construction costs (examination, documentation, etc.)," "Funding costs," and "Fixed assets tax and value-added tax on land and buildings" are not included in this expense.
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In the case of the 36MW and 48MW candidate sites (1), the OPEX exceeds the annual electricity sales
revenue in each condition (electricity sales revenue < maintenance cost expenditure), indicating that a
loss will be incurred.

In the case of candidate sites (2) and (4), for both 36MW and 48MW, the electricity sales revenue
exceeds the maintenance cost (OPEX), but the amount of revenue is small, and it will take about 50
years to recover the investment, which is not a realistic investment.

Candidate site (3) was the most profitable site for both 36MW and 48MW, but the payback period in

both cases is over 30 years, and the construction and operation costs need to be reduced.

@ Verification of profitability improvement
Based on the current trial calculation results, the possibility of improving profitability was verified

based on the following model.

Improvement in Improvement of Expansion of Expansion of Can the amount of electricity Difficult because of
profitability income sales for grid | power generation generated be increased? dependence on natural
powersupply ||~ CT T | resources
[~ Tncreasing unit Can an increase in the price e .
| price of electricity | of electricity sold be E:;;CEH tbheecazi;;hr:ec:tsl s
sold expected? Y &
. 1 | lIs it possible to sell s
Expanding sales Corporate PPA electricity directly off the Point I .
by other means grid? Can be considered when
Sales of high™ | Is it possible to convert sales i.;U;T:bsleisEr:je > sale price
value-added to other high value-added :
materials products?
Imorovement of I 1 Turbine | lIs it possible to reduce the
provem CAPEX | procurement price of Point II
expenditures procurement cost turbines? o

| Is it possible to reduce
| Construction cost |- construction costs for EBOP
| & CBOP?
| Is it possible to reduce the
Logistics cost transportation cost of
turbines, etc.?

There is potential for cost
reduction

Is it possible to reduce land

OPEX { Land rent
rental costs?

Is it possible to reduce O&M

0&M .
expenses’

Figure 13 Conceptual Diagram of Verification Structure for Improvement of Profitability

In this conceptual diagram, the increase in the amount of electricity generated and the increase in the
unit price of electricity sold, which are difficult to control as a project, are excluded from the
verification. Among the remaining verification points, the verification of the possibility of off-grid
power sales will be conducted for the improvement of income, and the verification of the possibility
of cost reduction of the trial calculation results of the project will be conducted for the improvement

of expenditure.
Check point I. Improvement of income
The price of purchased electricity is 6.69 yen/kWh (= 0.01 ANZ/kWh) for non-household and other

uses. For a corporate PPA to be established, which is a direct contract with a private power producer
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or a large-scale consumer, the buyer benefits from being able to procure electricity at 6.69 yen/kWh
or lower. Therefore, it is hypothesized that the benefit requirement for on-site power generation or
corporate PPA can be satisfied, and revenue improvement can be realized if the following conditions

are met.

Level at which .
. Grid purchase
benefits accrue .
price

to purchasers of
electricity (6.69 yen/kWh)
Figure 14 Assessment of Benefits to Purchasers

Based on the above evaluation, the unit cost of power generation [yen/kWh] at each construction site

was estimated. This calculation assumes that the plant will operate for 25 years after construction.

Power generation CAPEX  + OPEX (25 years)
unit price = A T —
(kWh/yen) mount of electricity generate

over 25 years (kWh)

Figure 15 Formula for calculating the unit price of power generation

Table 50 Estimation and Evaluation of Unit Price of Power Generation

Site Conditions | CAPEX OPEX (25 | Yen/kWh | Evaluation
(Millions  of | years)
Yen) (Millions  of
Yen)
Site D 36MW 21,759 54,406 | 8.92 Since the unit price of
48MW 28,799 72,008 electricity generated
exceeds the grid price,
the profit improvement
hypothesis does not
hold.
Site @ 36MW 10,611 26,532 | 4.27 Below the grid
48MW 13,927 34,824 purchase, the modified
improvement
hypothesis is
established
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Site @ 36MW 9,481 23,707 | 3.91 As above
48MW 12,868 32,174

Site @ 36MW 10,844 27,316 | 4.34 As above
48MW 14,232 35,586

% This estimate does not include transmission and distribution utilization fees.

As a result of the above verification, the unit price for power generation at Site @), (3, and @ is less
than 6.69 yen/kWh, and the purchaser can enjoy the benefit of reducing the procurement price. In
addition, it is possible to consider the possibility of electricity sales exceeding the fixed purchase price

of 3.6795 yen/kWh set by the toll council. Therefore, it is considered feasible to improve profitability.

Check point I1. Expenditure improvement
In this section, we examine the possibility of reducing the cost of onshore wind power generation by
comparing it with the breakdown of construction and operation costs published in the 2019 Cost of

Wind Energy Review by the National Renewable Energy Laboratory (NREL) in the United States.

100%
31.40%
75%
71.4% 71.4% 71.4% 71.6%
I
50%
25% e . e
0%

Figure 16 Comparison of NREL Estimation and Cost Estimation Results at the Survey Site
Source: Component-level LCOE contribution for the 2019 land-based wind reference project
Operating for 25 years, [2019 Cost of Wind Energy Review| NREL 2019
% Estimated O&M costs based on 25-year investment



Comparison in Figure 16 clearly shows that the NREL survey results differ in O&M costs. In this
survey, O&M costs are estimated to be one-tenth of CAPEX costs for sites (D-@. Therefore, the
possibility of reducing O&M costs among OPEX items can be confirmed for the reduction of

expenditures.

(6) Summary of Project Results

(D Evaluation of project results
Based on the results of the research conducted up to the previous section, sites (1) - (4), for which the
estimates were made, will be evaluated, and an assessment will be made regarding the wind farm

construction sites.

Table 51 Evaluation Axis of Construction Candidate Sites (reproduced)

Evaluation items Explanation of evaluation axis

Wind conditions Whether a stable high air volume can be expected

Estimation of power | Comparative evaluation of sites with the highest power generation

generation capacity under the same power generation facility requirements

Expropriation of land Comparison and evaluation of the feasibility and convenience of

acquiring land upon construction

Constructability Ease of construction of wind motors

Grid connectivity Availability of transmission and distribution facilities and substation

facilities in the vicinity of the construction site

Environmental impact Points of concern in the natural environment and surrounding
environment

(Necessity for additional costs to be incurred in countermeasures)

Expenses of the | Comparative evaluation in terms of CAPEX/OPEX

construction

The evaluation shall be a relative evaluation of the four construction candidate sites, and the ratings
shall be added in the order of the best results, 1>2>3>4. The site with the lowest total score is sclected
as the suitable site for the wind power plant construction candidate. If there are no superiority or

inferiority between candidate sites, the score shall be the same.
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Table 52 Evaluation Results of Construction Candidate Sites

Evaluation Survey results Construction candidate site
items @® @ ©) @
Wind The wind speed of 5 m/s is the most frequent at each candidate site. 4 1 1 1
conditions @In @ and @), even at wind speed of 10 m/s, the frequency exceeds

5%, but (D remains at 3.5%.

Wind direction @), 3), and @ are stable in the north, while (D is

distributed from the north to the north-northwest.
Estimation of The best result was obtained for the construction candidate site (3. 4 3 1 2
power Candidate construction site (D has about half the wind capacity of
generation the other three sites.
Expropriation Construction candidate site @) is located in the area under the control 1 4% 1 1
of land of the Air Force and is expected to be the most difficult to

expropriate. Construction candidate sites (D, (3 and @ assume that

there are no facilities or buildings in the vicinity that will interfere

with the construction of wind power, and that the land may be

expropriated.
Constructability | D is located along the highway, and is most convenient. @ is 1 4 3 2

similarly located along the highway, but far away. @@ are in

mountainous regions, but 3 is adjacent to the ACWA Project and

may divert part of the access path.
Grid (D@ and @ are to be connected to Yasma substation and @) to Qobu 1 3 4 2
connectivity substation. The distance from each site to the substation is (D 8-12

km, @ about 10 km, 3 more than 20 km, and @ less than 20 km.
Environmental | For @), 3 and @, there are no buildings in the vicinity, and there is 4 1 1 1
impact little concern about noise and disturbance of sunshine. In (D, there is

a residential area in the vicinity, and environmental considerations

are required.
Expenses of the | Based on the construction plan incorporating the estimated 4 2 1 3
construction generation amount, construction costs can be reduced, and the most

profitable site is (3. Subsequently, profitability in 2 and (3 is high,

while (D is the least profitable.
Total score 19 18 12 12

As a result, construction candidate sites 3 and @ were placed in line. @When @ is compared, we

recommend a highly profitable construction candidate site (3 as the first candidate.
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@ Summary of the project results

In this study, four candidate sites for the construction of onshore wind power generation in Azerbaijan
were investigated and their profitability was verified. As a result, it was found that the candidate site
(3), located in a mountainous area in the northern part of the Absheron Peninsula, was the most
profitable, and that issues related to construction, grid connection, and environmental impact were

minor.

The cost of constructing a wind power plant at the candidate site (3) is 3.91 yen/kWh, which is lower
than the cost of procuring electricity from the grid (6.69 yen/kWh), thus proving the benefits of

constructing a private power plant.

On the other hand, based on the results of current surveys and calculations, even the most profitable
construction candidate site (3) has an investment payback period of about 35 years, which is not a
favorable profit model, and there is potential to reduce construction and operation costs by focusing
on O&M costs. There is a possibility to reduce construction and operation costs by focusing on O&M

€Xpenscs.
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Appendix

Table 53 List of Azerbaijan Power Stations

Enterp | Company Type of Total power Plant name Power
rise Name power generation generation
Form generation | capacity (MW) capacity
(MW)
State- AZERENERGY Thermal 5406.9 | Azerbaijan Thermal Power Plant 2400
run power Simal (North) Power Plant 809
Cenub (South) Power Plant 780
Sumgqay1t Power Plant 525.3
Sengecal Power Plant 299.3
Baku Thermal Power Plant 107
Baku Power Plant 104.4
Sahdag Power Plant 104.4
Astara power plant 87
Seki power plant 87
Xag¢maz Power Plant 87
Lerik Power Plant 16.5
Hydropower 1062.982 | Mingegevir Hydroelecrtic Plant 424.6
Semkir Hydroelecrtic Plant 380
Yenikend Hydroelecrtic Plant 150
Fiizuli Hydroelecrtic Plant 25
Tartarus Hydroelecrtic Plant 25
Semkircay Hydroelecrtic Plant 24.42
Varvara Hydroelecrtic Plant 17
Gilebird Small Hydroelecrtic Plant 8
Goycay Small Hydroelecrtic Plant 3.1
Ismayilli-1 Small Hydroelecrtic Plant 1.581
Ismayilhi-2 Small Hydroelecrtic Plant 1.581
Balaken-1 Small Hydroelecrtic Plant 1.44
Gusar Small Hydroelecrtic Plant 0.96
Masalli Small Hydroelecrtic Plant 0.3
AZERISIG Wind power | 55.3 Yeni Yagma Wind Power Plant 50
Yasma Baglart Wind Power Plant 3.6
Suraabad Wind Power Plant 1.7
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Enterp | Company Name Type of Total power Plant name Power
rise power generation generation
Form generation capacity (MW) capacity (MW)
State- NAKHICHEVAN Thermal power 147 | Nakhichevan Power Plant 87
run AUTONOMOUS Nakhichevan Thermal Power Plant 60 |
REPUBLIC Hydropower 70.4 | Araz Hydroelecrtic Plant 22
Nahichevan Bilev Hydroelecrtic Plant 22 |
Autonomous Republic Arpagay-1 Hydroelecrtic Plant 20.5 |
Vayhir Small Hydroelecrtic Plant 4.5 -
Arpagay-2 Small Hydroelecrtic 1.4 7
Solar power 32 | Bebek Solar Power Plant 22
Kengerli Solar Power Plant 5 -
Serur Solar Power Plant 5 |
Hybrid 1.1 | Culfa Solar Power Plant 0.985
Culfa Wind Power Plant 0.11 -
Private INDEPENDENT Thermal power 683.8 | BP Azerbaijan 517.5
sector POWER PLANTS ARDNS (SOCAR) 133.7 .
Independent power plant Azersun Holding ASIB 24 -
Azersun Holding AKKIK 8.6 |
Wind power 8.04 | Hokmeli Plant [Alten Group] 8
Ecology Park (ARDNS)(SOCAR) 0.04 |
Bio 37 | Balahan1 BMTEZ 37
Solar power 0.02 | Ecology Park 0.02
Hydropower 9.18 | Mugan Small Hydroelecrtic Plant 4.05
Cigekli Small Hydroelecrtic Plant 3 |
Seki Small Hydroelecrtic Plant 1.3 -
Niigedi Small Hydroelecrtic 0.83 -
AZALTERNATIV Solar power 10.048 | Samux Solar Power Plant 2.803
ENERIJI Sumgqay1t Solar Power Plant 2.072 |
Sahil Solar Power Plant 1.927 .
Surahani Solar Power Plant 1.559 7
Pirallah1 Solar Power Plant 1.1 7
Facilities 0.587 |
Hydropower 0.58 | Seki Small Hydroelecrtic Plant 0.58
Hybrid 6.263 | Gobustan Solar Power Plant 2.863
Gobustan Wind Power Plant 2.7 |
Gobustan Biogaz 0.7 -

National total of 7530.613 MW
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AZSRBAYCANIN ENERGETIKA SISTEMI
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Figure 17 Layout of Various Power Stations (November 5, 2019)
Source: Ministry of Energy HP
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Table 54 Estimated Electricity Generation Volume of Construction Candidate Site (D (Coastline)

Amount of
N Turbine S i power Diameter | Hub height Trial calculation Trial calculation Wake Wind
manufacturer results results -10% Loss speed
generated

1 VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 13,667.2 MWh/y 12,300. MWh/y 9.8% 5.9 m/s
2 VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 12,042. MWh/y 10,838. MWh/y 19.3% 5.8 m/s
3 VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 11,499.2 MWh/y 10.1 MWh/y 22.3% 5.8 m/s
4 VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 11,219.3 MWh/y 9,970. MWh/y 23.7% 5.8 m/s
5 VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 11,078.1 MWh/y 9,824. MWh/y 24.3% 5.8 m/s
6 VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 10,977.1 MWh/y 9,716. MWh/y 24.7% 5.8 m/s
7 VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 10.915.5 MWh/y 9,650. MWh/y 25.0% 5.8 m/s
8 VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 10,862. MWh/y 9,618. MWh/y 25.2% 5.8 m/s
9 VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 10,772.6 MWh/y 9,650. MWh/y 25.4% 5.7 m/s
10 | VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 10,795.2 MWh/y 9,666. MWh/y 25.5% 5.7 m/s
11 | VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 10,750.2 MWh/y 9,637. MWh/y 25.5% 5.7 m/s
12 | VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 10,722.4 MWh/y 9,736. MWh/y 25.5% 5.7 m/s
13 | VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 10,686.3 MWh/y 9,852. MWh/y 25.5% 5.7 m/s
14 | VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 10,721.8 MWh/y 10,049. MWh/y 25.4% 5.7 m/s
15 | VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 10,739.8 MWh/y 10,349. MWh/y 25.3% 5.7 m/s
16 | VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 10.708.0 MWh/y 9,879. MWh/y 25.0% 5.7 m/s
17 | VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 10,817.5 MWh/y 9,776. MWh/y 24.5% 5.7 m/s
18 | VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 10,946.4 MWh/y 9,695. MWh/y 23.8% 5.7 m/s
19 | VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 11,165.2 MWh/y 9,675. MWh/y 21.9% 5.7 m/s
20 | VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 12,073.1 MWh/y 10,866. MWh/y 15.3% 5.7 m/s
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Table 55 Estimated Electricity Generation Volume of Construction Candidate Site (D (Inland)

Turbine Amount of Trial calculation Trial calculation Wake Wind
No. Model Number power Diameter | Hub height
manufacturer results results -10% Loss speed
generated

1 VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 13,667.2 MWh/y 12,300. MWh/y 9.8% 59 m/s
2 VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 12,042. MWh/y 10,838. MWh/y 19.3% 5.8 m/s
3 VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 11,499.2 MWh/y 10.1 MWh/y 22.3% 5.8 m/s
4 VESTAS V162-6.0-6,000 6,000 kW 162 m 119m 11,219.3 MWh/y 9,970. MWh/y 23.7% 5.8 m/s
5 VESTAS V162-6.0-6,000 6,000 kW 162 m 119m 11,078.1 MWh/y 9,824. MWh/y 24.3% 5.8 m/s
6 VESTAS V162-6.0-6,000 6,000 kW 162 m 119m 10,977.1 MWh/y 9,716. MWh/y 24.7% 5.8 m/s
7 VESTAS V162-6.0-6,000 6,000 kW 162 m 119m 10,915.5 MWh/y 9,650. MWh/y 25.0% 5.8 m/s
8 VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 10,862. MWh/y 9,618. MWh/y 25.2% 5.8 m/s
9 VESTAS V162-6.0-6,000 6,000 kW 162 m 119m 10,772.6 MWh/y 9,650. MWh/y 25.4% 5.7 m/s
10 | VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 10,795.2 MWh/y 9,666. MWh/y 25.5% 5.7 m/s
11 | VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 10,750.2 MWh/y 9,637. MWh/y 25.5% 5.7 m/s
12 | VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 10,722.4 MWh/y 9,736. MWh/y 25.5% 5.7 m/s
13 | VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 10,686.3 MWh/y 9,852. MWh/y 25.5% 5.7 m/s
14 | VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 10,721.8 MWh/y 10,049. MWh/y 25.4% 5.7 m/s
15 | VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 10,739.8 MWh/y 10,349. MWh/y 25.3% 5.7 m/s
16 | VESTAS V162-6.0-6,000 6,000 kW 162 m 119m 10,708. MWh/y 9,879. MWh/y 25.0% 5.7 m/s
17 | VESTAS V162-6.0-6,000 6,000 kW 162 m 119m 10,817.5 MWh/y 9,776. MWh/y 24.5% 5.7 m/s
18 | VESTAS V162-6.0-6,000 6,000 kW 162 m 119m 10,946.4 MWh/y 9,695. MWh/y 23.8% 5.7 m/s
19 | VESTAS V162-6.0-6,000 6,000 kW 162 m 119m 11,165.2 MWh/y 9,675. MWh/y 21.9% 5.7 m/s
20 | VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 12,073.1 MWh/y 10,866. MWh/y 15.3% 5.7 m/s
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Table 56 Estimated Electricity Generation Volume of Construction Candidate Site @

Amount of
N Turbine T power Diameter | Hub height Trial calculation Trial calculation Wake Wind
manufacturer results results -10% Loss speed
generated

1 VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 13,649.6 MWh/y 12,285. MWh/y 3.9% | S5.7m/s
2 VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 12,357.6 MWh/y 11,122. MWh/y 13.6% | 5.7m/s
3 VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 11,837.4 MWh/y 10,654. MWh/y 174% | 5.7m/s
4 VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 11,706. MWh/y 10,535. MWh/y 18.6% | 5.7m/s
5 VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 11,766.4 MWh/y 10,590. MWh/y 18.1% | 5.7m/s
6 VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 11,986.4 MWh/y 10,788. MWh/y 15.8% | 5.7m/s
7 VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 10,707.1 MWh/y 9,636. MWh/y 251% | 5.7m/s
8 VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 10,304.5 MWh/y 9,274. MWh/y 282% | 5.7m/s
9 VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 10,338.6 MWh/y 9,305. MWh/y 27.8% | 5.7m/s
10 | VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 11,470.9 MWh/y 10,324. MWh/y 19.9% | 5.7m/s
11 | VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 10,966.9 MWh/y 9,870. MWh/y 22.8% | 5.7m/s
12 | VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 10,006.9 MWh/y 9,006. MWh/y 29.9% | 5.7m/s
13 | VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 98,843. MWh/y 8,896. MWh/y 31.0% | 5.7m/s
14 | VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 10,283.4 MWh/y 9,255. MWh/y 28.3% | 5. 7m/s
15 | VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 11,928.1 MWh/y 10,735. MWh/y 16.2% | 5.7m/s
16 | VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 10,896.3 MWh/y 9,807. MWh/y 23.7% | 5.7m/s
17 | VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 10,918. MWh/y 9,826. MWh/y 22.8% | 5.7m/s
18 | VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 11,052.5 MWh/y 9,947. MWh/y 19.2% | 5.7m/s
19 | VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 13,355.4 MWh/y 10,414. MWh/y 63.0% | 5.7m/s
20 | VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 11,570.7 MWh/y 12,020. MWh/y 233% | S5.7m/s
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Table 57 Estimated Electricity Generation Volume of Candidate Site

Amount of
N Turbine N power Diameter | Hub height Trial calculation Trial calculation Wake Wind speed
manufacturer results results -10% Loss
generated

1 VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 30,725.6 MWh/y 27,653. MWh/y 1.3% 17.4 m/s
2 VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 28,452.2 MWh/y 25,607. MWh/y 2.0% 18.9 m/s
3 VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 27,990.6 MWh/y 25,192. MWh/y 2.2% 19.5 m/s
4 VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 28,213.7 MWh/y 25,392. MWh/y 2.7% 18.9 m/s
5 VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 27,293.3 MWh/y 24,564. MWh/y 2.8% 19.4 m/s
6 VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 26,936.8 MWh/y 24,243. MWh/y 2.9% 19.5 m/s
7 VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 27,989.6 MWh/y 25,191. MWh/y 3.0% 18.7 m/s
8 VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 28,331.9 MWh/y 25,499. MWh/y 2.9% 18.1 m/s
9 VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 25,916.3 MWh/y 23,325. MWh/y 2.9% 19.8 m/s
10 VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 25,633.9 MWh/y 23,070. MWh/y 2.9% 19.8 m/s
11 VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 26,238.7 MWh/y 23,615. MWh/y 2.9% 19.4 m/s
12 VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 25,976.9 MWh/y 23,379. MWh/y 3.0% 20. m/s
13 VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 25,744.8 MWh/y 23,170. MWh/y 3.1% 20.4 m/s
14 VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 27,190.2 MWh/y 24,471. MWh/y 2.9% 18.9 m/s
15 VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 26,742.1 MWh/y 24,068. MWh/y 2.9% 19.3 m/s
16 VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 26,303.9 MWh/y 23,674. MWh/y 2.9% 20.3 m/s
17 VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 25,515.6 MWh/y 22,964. MWh/y 2.9% 20.9 m/s
18 VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 25,913.8 MWh/y 23,322. MWh/y 2.7% 20.7 m/s
19 VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 26,293.3 MWh/y 23,664. MWh/y 2.5% 20.2 m/s
20 VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 26,111.4 MWh/y 23,500. MWh/y 2.0% 20.3 m/s
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Table 58 Results of Estimated Generation Volume of Construction Candidate Site @

Amount of
N Turbine N power Diameter | Hub height Trial calculation Trial calculation Wake Wind speed
manufacturer results results -10% Loss
generated
1 VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 22,922.7 MWh/y 20,630. MWh/y 1.1% 7.7 m/s
2 VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 23,980.1 MWh/y 21,582. MWh/y 1.3% 8. m/s
3 VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 24,387.9 MWh/y 21,949. MWh/y 1.3% 8.1 m/s
4 VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 24,647.7 MWh/y 22,183. MWh/y 1.2% 8.2 m/s
5 VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 25,374. MWh/y 22,837. MWh/y 1.1% 8.4 m/s
6 VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 25,828.2 MWh/y 23,245. MWh/y 1.1% 8.5 m/s
7 VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 25,8777 MWh/y 23,290. MWh/y 1.1% 8.6 m/s
8 VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 26,427.9 MWh/y 23,785. MWh/y 1.0% 8.8 m/s
9 VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 25,739.9 MWh/y 23,166. MWh/y 0.8% 8.5 m/s
10 | VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 25,596.3 MWh/y 23,037. MWh/y 0.4% 8.4 m/s
11 VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 23,616.9 MWh/y 21,255. MWh/y 2.8% 8.1 m/s
12 | VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 23,480.7 MWh/y 21,133. MWh/y 3.2% 8.1 m/s
13 | VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 24,078.9 MWh/y 21,671. MWh/y 2.1% 8.2 m/s
14 | VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 24,405.1 MWh/y 21,965. MWh/y 1.3% 8.2 m/s
15 | VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 24,2427 MWh/y 21,818. MWh/y 1.2% 8.1 m/s
16 | VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 24,101. MWh/y 21,691. MWh/y 1.3% 8.1 m/s
17 | VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 23,795.4 MWh/y 21,416. MWh/y 1.7% 8. m/s
18 | VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 23,297.1 MWh/y 20,967. MWh/y 1.4% 7.8 m/s
19 | VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 22,978.1 MWh/y 20,680. MWh/y 1.3% 7.7 m/s
20 | VESTAS V162-6.0-6,000 6,000 kW 162 m 119 m 23,548.2 MWh/y 21,193. MWh/y 0.3% 7.8 m/s
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Table 59 Details of Estimated Result of Civil Engineering Work Expenses

Description Unit price | Currency | Quantity | Unit AZN JPY

Construction cost/Road construction 1,951,452.56 130,552,176
Removal of topsoil and base layer/Removal of Topsoil & Preparation of Base Layer 462,934.23 30,970,300
Excavation & Loading of Topsoil 1.20 | AZN 30,969 | m3 37,162.80 2,486,191
Transportation of topsoil (30 cm) 3.04 | AZN 30,969 | m3 94,013.04 6,289,472
Excavation of side drainage channel 1.20 | AZN 22,200 | m3 26,640.00 1,782,216
Scattering of hydraulic binder 2.34 | AZN 103,230 | m2 242,000.61 16,189,841
Mixing of hydraulic binder with base soil 0.14 | AZN 103,230 | m2 14,452.20 966,852
Watering of soil & binder mixture in order to get optimum humidity 0.09 | AZN 103,230 | m2 8,848.29 591,951
Grading of mixture 0.26 | AZN 103,230 | m2 26,544.86 1,775,851
Compaction of mixture 0.13 | AZN 103,230 | m2 13,272.43 887,926
Subbase layer creation/Subbase layer 532,756.00 35,641,376
Delivery of sieved ballast and gravel mixture 9.23 | AZN 24,142.5 | m3 222,835.28 14,907,680
Grading of mixture 1.01 | AZN 24,142.5 | m3 24,487.39 1,638,206
Scattering of hydraulic binder 2.34 | AZN 96,570 m2 226,387.67 15,145,335
Mixing of hydraulic binder with ballast and grave mixture 0.14 | AZN 96,570 m2 13,519.80 904,475
Watering of binder mixture in order to get optimum humidity 0.09 | AZN 96,570 m2 8,277.43 553,760
Grading of mixture 0.26 | AZN 96,570 m2 24,832.29 1,661,280
Compaction of mixture 0.13 | AZN 96,570 m2 12,416.14 830,640

First Road 1st layer for construction routes 496,014.21 33,183,351
Delivery of sieved ballast and gravel mixture 9.23 | AZN 22,477.5 | m3 207,467.33 13,879,564
Grading of mixture 1.01 | AZN 22,4775 | m3 22,798.61 1,525,227
Scattering of hydraulic binder 2.34 | AZN 89,910 m2 210,774.73 14,100,829
Mixing of hydraulic binder with ballast and grave mixture 0.14 | AZN 89,910 m2 12,587.40 842,097
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Watering of binder mixture in order to get optimum humidity 0.09 | AZN 89,910 m2 7,706.57 515,570
Grading of mixture 0.26 | AZN 89,910 m2 23,119.71 1,546,709
Compaction of mixture 0.13 | AZN 89,910 m2 11,559.86 773,355
Second layer creation of construction route/Road 2nd layer 459,748.12 30,757,149
Delivery of sieved ballast and gravel mixture 9.23 | AZN 20,812.5 | m3 192,099.38 12,851,449
Grading of mixture 1.01 | AZN 20,812.5 | m3 21,109.82 1,412,247
Scattering of hydraulic binder 2.37 | AZN 83,250 m2 197,302.50 13,199,537
Mixing of hydraulic binder with ballast and grave mixture 0.12 | AZN 83,250 m2 9,990.00 668,331
Watering of binder mixture in order to get optimum humidity 0.09 | AZN 83,250 m2 7,135.71 477,379
Grading of mixture 0.26 | AZN 83,250 m2 21,407.14 1,432,138
Compaction of mixture 0.13 | AZN 83,250 m2 10,703.57 716,069
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Table 60 Detailed Results of Estimation of Foundation Construction Costs

Description Unit price | Currency | Quantity Unit AZN JPY
Foundation work/CBOP 534,961 39,371,386
Foundation construction cost 516,196 34,533,512
Foundation PIT Excavation 16 | AZN 2,430 | m3 38,880 2,601,072
Backfill 13 | AZN 1,449 | m3 18,837 1,260,195
Blinding concrete C16/20 165 | AZN 63 | m3 10,395 695,426
Slab structural concrete C30/37 170 | AZN 743 | m3 126,310 8,450,139
Pedestal concrete C50/60 180 | AZN 19 | m3 3,420 228,798
Foundation slab formwork 550 | AZN 26.39 | m2 14,515 971,020
Foundation pedestal formwork 550 | AZN 11.69 | m2 6,430 430,134
Corrugated steel A5S00C 2.64 | AZN 109,000 | Kg 287,760 19,251,144
Assembly and placement of anchor bolts cage 8,500 | AZN 1 | Project 8,500 568,650
Quality control 150 | AZN 1 | Project 150 10,035
Geotechnical inspection of foundation bottom 1,000 | AZN 1 | Project 1,000 66,900
Crane foundation construction cost/Crane pads construction 72,315 4,837,874
Granular base layer (15 cm) 239.10 | AZN 30 | m3 7,173 479,874
Granular subbase layer (20 cm) 322 | AZN 36 | m3 11,592 775,505
Cut Excavation 1,487.50 | AZN 16 | m3 23,800 1,592,220
Embarkment 1,487.50 | AZN 20 | m3 29,750 1,990,275

X Excluding expenses related to land durability surveys and filling.
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Table 61 Detailed Results of Estimation of Electricity Equipment Construction Costs

Description Unit price | Currency | Quantity Unit USD JPY

Electricity Equipment Construction/EBOP 534,961 35,788,891
Equipment design and administrative costs/Professional services 516,196 34,533,512
Project MGT & Control 65,000 | USD Project 65,000 7,390,500

Basic engineering 40,000 | USD Project 40,000 4,548,000
Detailed engineering 135,000 | USD Project 135,000 15,349,500
Procurement 22,000 | USD Project 22,000 2,501,400
Quality management 23,000 | USD Project 23,000 2,615,100
Construction MGT & SPVR 35,000 | USD Project 35,000 3,979,500
Commissioning & Operation 25,000 | USD Project 25,000 2,842,500
Equipment Procurement/Materials 11,222,469 1,275,994,725
Private distribution line materials for HVTL 110 kV 1,552,926 | USD Project 1,552,926 176,567,686

Private distribution line materials for HVTL 35 kV 2,624,988 | USD Project 2,624,988 298,461,136
Substation equipment & materials 7,044,555 | USD Project 7,044,555 800,965,904
Construction labor cost/Labor works 2,891,868 328,805,392
Civil engineering 1,525,400 | USD Project 1,525,400 173,437,980
Foundation work 354,188 | USD Project 354,188 40,271,176
Private distribution line construction 424,280 | USD Project 424,280 48,240,636
Substation Construction 383,000 | USD Project 383,000 43,547,100

Other work 130,000 | USD Project 130,000 14,781,000
Temporary construction 20,000 | USD Project 20,000 2,274,000

Field office management 40,000 | USD Project 40,000 4,548,000
Vendor specialist 15,000 | USD Project 15,000 1,705,500
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