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2) fl9~Jfl t~’IJU 3ti~1mvI$’u9t (Energy Efficiency) L40t~nL~hJtwue1Pfl9aJ
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3) ni~ (Renewable Energy Scale-up & Storage)
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1.2 Lau1n$n9~L’IJ~Ernc4nu (Energy Transition Pathways)

84t~nn%1’jn.ninn1r1 i~it lEA i.ia~ International Renewable Energy Agency:

IRENA L~1tEi2i J91tJI1J~ 2030 ~ flu n9~’$$utJLtIt 2 ~iiu (Doubling Energy

Efficiency) 91 9U~JL~tJU Li~il4 3 LYil (Triple Renewable Power Capacity)

LL~uIu1J~Jtrnvlnubffiu (Grid infrastructure) i~a nn~Nv~’i~nt~unduuthi J1th1 inu’fri

~1.5°C ~9fla9~?ILL~1~

Intergovernmental Panel on Climate Change: IPCC
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ii 2023—2024~
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685 GW i v~n~du’Itjt 2025 L~1a~750—840 GW tLtIU~l9VátTh~J9flfl’)9

57% ¶Je$n9~N ~L~aJ9tW)Thfl LLtflIU~t~~91~ US1Jfl9~1LPI~t~1fl “WNW~fl”

~ “ UU1~’rnJ€Nt~1fl” (Mainstream Energy Source)
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fl9flL~1JY~’119UfflU~t ~inuu.nt Electricity 2025 ~i€N lEA VIiJ’i, 9V~fl91thLkJ~1J

4.3% tu~~iwhtut 2025 — 2027 4% ~€ti ~tU0~’sl~’wn~j

lkri ~t*~h (EV) Data Centers uzw Heat pump LL~1tpnwi9 95% 2i~N
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n9~LUinLtrnv1at99uu2tnU~H~4~q lU~1a4$itY1.pJfltJU ~uJt

2021 NILL1I Energy 75%,

Agriculture 11.7%, Industrial Processes 6.5%, Waste 3.4%, t~ia≤ LULUCF 2.7%

Global greenhouse gas emissions by sector and end use, 2021

Today; greenhouse gas emissions
can be traced back to five
economic sectors:

Energy
Agriculture
Industrial processes

I.and use, land use change and
forestn

Source: WRI Climate Watch
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N1tH~11it~f~ PWILrJIJ 75% $flq~L ni ~a itwaniuüuiJ 2023 LLtP191L~1W~JUO4

80% ~ ni~i~ut~iltit 2030 ~nT~flfl~9O*29I4ttfl~tJlJ Utility-scale u.a~ Distributed Solar

tit lift ~ IL UnNlq~qnh94gHaJ9nn±I 80% lin€n~ 10 tI ~iWtiarnn

~UL~4f1I1JftrnW111J~L~9

Tengeh Floating Solar Farm a9~i~oN lY9nu2N9~tiWi~1 6OMWp n9~U~kis59gL~tj

n~0n’Y( 32,000 tCO2 inlvWhN~iadai~i ~°itnu 16,000 ~ iL~FnJ~iEItJ &‘filthn4dl

ltf~t9fuJ,t~q~≠~’blan

Source: Sembcorp Industries

L1tIagH~9U$~)9~Ei LLU4€Wn’U(SJU 2 th~tnini~’n ‘Yfu,ui Solar Photovoltatic
ok o 4 I at 4 a, w4 p it

(PV) Panels uat~ Solar Thermal Systems Ql42JniwNiLL~nwNnULqUrn1LLmfl~111flU

lp~ti Solar PV Vinfl 1tL~1i~tThLtJUN~liflthifl~JflT Photovoltatic 1imfi~

q~fl~ M~8 4fl&i1thifl3øUi~fl1J Solar Thermal Systems it~tini~iin

LnU9~WL7l€IN9O9nn’J9nWLWtMh Lwtnnbi’Ltnu n nnwnmit heating water

space heating
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Heat Light

Solar Thermal Solar PV

ELECTRICITY

Source: How Does Solar Work? J Department of Energy,

Solar thermal power plants - U.S. Energy nformation Administration (EIA)

Solar PV e19~Jq~rnnJ4€wn’WfttI1j 2 thtLrnq TInn thlUlL~I~a~19IttJTh~ UILLH on-grid

LLaa~ off-grid
e ‘~ . S 44 i

1. uutt?lT~LtI~iatnJu off-grid ai~ii~nhi Nittw tt~nirotWth t~li1J14

‘ € ~at 54, ‘S4 —
UU1intgi~ILt~JU off-grid ~ it lfl~99flTh~it1UlY1t1 Loliti UW~OLfl9t~tã8fl

a 4 4 4’ tJI —‘nu~li~

I c . I a, a a a E S~
2. uuk1~rn~LtaaLwu on-grid 1n~4U9PI9~~IØNU1JYI1.WIU winlrni

a, o ,v 54 a, a, at a~va,a, at

lWN9flWiWnmtfll a9%4~ WWI9 4~JU~iM914M~CL~flflLWJW1Wfl 14~) Building Integrated

Photovoltaics (BIPV) twnr~ BIPV 121111 24t 9 flJ WWT~

fl~~flM~9PH$ MIt trn~’iwi/wtTi~

Off-Grid On-Grid

Panel 5dM Panel

1. 0 0

II I

Battery Bank Generator (Optional) Utility Meter Utility Grid

Source: Handbook for Solar Photovoltaic (PV) Systems (EMA)

2) ~iiurni (Wind Energy)
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dL~bJ~1J L&J1J~$ 940 GW ~i€itI ~i~ii~h~ 70% ~uai~t 2023
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1. n~~I1UI~IU Onshore wind UI~1Jsjnn~tevLvfflNamnLull*th
5~ a C a’ I I 4 — a,

~ Offshore wind
4i f V V 4t ~ .4 .4 i

2. L~ThI1J[~J Offshore wind ~m) ~tflflfl4~aJY11atjL1~U€)1J9 9~JLa~11fl9LL~1≤

itrni€in’i, nJ9 Nan l91mtiLL1~9:uNb’1thtrnnnfn1 1kP1fl9~WI~~

flnt~U4fl~9LLt3J~9fl9tM9Uta%9lflSLVfl9WMJ1fl

WM pease plants peoduce
electiictty by ttas,r~ an array 01
s~ tuttines in the sante
locater. The tiacenienl *1 a ansi
poser ~ant is impacted by lactoes
stxh an cilia cerdliont. trio
sunoundins tenain. accent to
eloctnc transmission, and cute,
stag ccns*deratcns. In a
unity scale sled tAint, each
iuittne generates electricity such
runs to a substation shore then
licisleis to he grid store ii
posers our coospuntlies.

Source: spglobal.com
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1. Heat from the 2. Steam 3. Generator 4. Water is injected
Earths crust rotates produces back into
creates steam turbine eLectricity the ground

COOLIt’L STEAM TUROING G~NcqAroq
TO~d(R 3 HOT

HEAt

Source: Treehugger / Hilary Allison

Geothermal heat pumps 711 n41 89 81414

45°F ~ 75°F

nn29n9~Nn~LW1Y1th Ut14~1$9tt~Ufl9~14fl 4LW~’3N1U118t~t ~U~0t~1fl

#1Atqfry~i1J12 LL~n~9u UaJf0tnaUØ u11Jq~jf8t Geothermal heat pumps QnWOdl4

Lfl~Ma9U11489~)9~n01~JLLat81A1Th1cUttJ~

Winter Summer
Heat is absorbed froni the earth Heat is discharged into the earth

Heat pumps Heat pumps

- ®Wateris
(~) © • circulated
Waler is Heat is
circulated ® Heat is used discharged

‘It ‘It
® Heat is absorbed © Cool is used

Source: A Student’s Guide to Global Climate Change I US EPA
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Source: U.S. Department of Energy

1. ~ lvi vi~ni, (Hydropower Dam)
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2. t~4 91J1iJ9l1~withu (Run-of-River)
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6) 9uThtwu~n1 (Hydrogen Power)
iS a4 a

Y~491J’LëLm~Li1J IUJ9tJLN fl9~W~tI L~1aLtItL14LL1wL N~Y4~I~~flt
4 ~ S a ‘4 aS a a a ., a wit
nVLU~L1~9~ t9~W911J’1411JL~LtEJLT1~N N~L1IZNt9LUtN~I ~rnu9ma~)ubawnn1
— ~ a 4~ a S a a

U9WR9tL~1Jt~nLL~~JL&U 100 ~‘,idñih~ti 2024 1fiAIJL~1EJ$ 2%

~int 2023 1n1~1~IL1tn1ff1Jt!9~Jn1V1U1J bizi~i~Sk~

~IJW9(JI14tg~1Ep1~

Figure 2.1 Hydrogen demand by sector and by region, 2020-2025

Hydrogen use by sector, 2020-2025 Hydrogen use by regIon, 2024

~,120 150%

1100 125% i ~ China
23% 29%

80 1.00% .~

a

60 015%

40 0.50% 5 Europe
7%

20 0.25% ~ India
10%

0 o.oat~ North
2020 2021 2022 2023 2024 2025o America

M~ddIe East 16%
lndustiy Refinkig Other -0-Share of new applications 15%

(right a,ds)

Notes OtheC includes transport power generation, production of hydrogen-based fuels, buddings and bioftiels pgrading
The estimated value for 2025 (2025e) isa prqection based on trends observed until July 2025.
Sources, lEA analysis based on data from Amos Media Ocois,, fl nghts reserved, hle,nadonal Feilikzer Association.
World Steel Ass~ation.
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- Thi J~L~EJ2 (Green Hydrogen) L~1S~19~L n~anøi~~~

ItO fl~flUfl9~N~

- ‘ICIØnL~nJ&1iI1IJ (Blue Hydrogen)~

Th1L~U&~Ii (Grey Hydrogen) LI$fl~1’It Inmi 11W~114A14t€flA L1~89flU1~flThltfl9~fl
c~I

91J~1flJ€~t)1L1J~

~ ThuUo ,~fij~juWrnnh~ (C02) ~

In tWJ~S’1fl9P)

Differences between Green Hydrogen and GrevlBlue Hydrogen

transitional solutions

Color GREY BLUE TURQUOISE
HYDROGEN HYDROGEN HYDROGEN HYDROGEN

Ptce~s SIIR ~ gai&flION StIo, gasification Pyro~szs
with carbon caotu,e
(8S-QS%)

Source Mediate ~ coal Methane or coal Metnane

*te SMR= stoymqr%ve ‘ofnrntg
• ruflueAfl h~tco.nn an onw’n~ Sattainanan noró,



4. Integrating Renewable Energy into Power Systems
— ii 51 a, 4.rt a .

~11’ThIIJThV

Smart Grid, Battery Energy Storage Systems (BESS), Virtual Power Plants (VPP) ii~it~

UUUIUJ1JI~Ja111~1 ?hlJ Distributed Energy Resources (DERs) i’dt ha 4u1w~’4Pn Lwø’iwi~

lui3it nn 9’k—~9stv1t€N EV LLa~ Demand Response L~JW~91J~fl141J a~In9U€N

ti~flJ9U%~’fl LLLThfllat 1J~Ifi IJWJ Wt~4NaGW~N$91J (prosumers)

~tL~u1Jt9~JlY1thlt14a1tJ1J~LwPI
a, i ,, a, a, 4e~ o a, , . a, t
U$lu4u1fl1NtDfltEi.~ ~lh1~1fl 2~Ni9tg19S?M (Transmission Bottleneck) ~tt

a) — V I a d V 51 4 51 I

Itt

1) n9~~n UTA~d9~J1?1*1 ThtiN

- Smart Grid ita~ Digital Grid 1LR~WflJ~R~1JU real-time

- Battery Energy Storage Systems (BESS) 9atN~tn1I1’S~-nt

- Virtual Power Plants (VPP)~

- Forecasting & Monitoring Tools~

2) Distributed Energy Resources (DERs)

L1~1~9tIL1J1Jfl~w1fi (Distributed Energy Resources: DERs) LLM~’~inu
a ala) t Va) S 444 I I I a) I a) d a,

tin ian~njn~€1nanuvtnq~jn-’nWW1th itt
a I S I 4 II a4 I a)

1Yt~1i ni ~?JtJ9S1 II411JLVa11IbJLTIS~Nan1~N1v~thI%fl1J1J L1~IIN
I~4 S a) a, a, x& o v rn I

N~flT~ta1i9U n9~a’~J01J IL~1 R9~1 iiiulvl*w’ju t4 DERs 91VIn~9q1J~JThflt1J1J

SibWli~

~1$1~ La3 uitan n1~1J1~tn’J~R ast~’thj3tnnwj~itat

fl9WliU9U1JP1t1~N’b1

Traditional Grid Model DER-integrated Grid Model

rvq
— Slotann — ______Traiwnloa * Coisniius L~J.inna

•miurui CEE~
‘rradnor.,l enery grids a poon a ore-way flow of power Iron, DER ~oduce and supply ekctnciy on a sinai scale and are
cent’a~s.d s,urces. such as coal, r,udear and gas to points o’ spread out over a tide ala Whit tradajcn,J gfleratal are
consumption audi as hares. buslrenn and data cent.,. connected to the hágh.vcita;e uansn,isso, grid. DER are

Ins uadmonal energy grid, paw hoes Iran a centrnsed sarce connected io the lower-e’oitage disthbotion grit Ike residences
Ike a power pLant to pond constanpt.o,. When more power j5 and businesses are.
needed, a new plant has to be built. ~lousdiolds and other eIeco’ety ~nume,s ate also pan-tree

producers, selling excess gener4ion to the grid and to cad.
other (net rneterinoj. Etecoic en can even sta excess energy
~n the ba:enes of ide car, While the gnd was designed ~
generate powera Large fadaes and move it thitugh the
~ansnnw grid to the d,snbcrs grid Icr c ‘surcp,or,. DER
enable local generation and oonsumptcn ol eleanocy



€Id941J8-~ DERs ~i~J
1. Solar Panels (rooftop or community solar)

2. Wind Turbines

3. Battery Storage Systems

4. Combined Heat and Power (CHP) Units

5. Electric Vehicles (EVs) with bi-directional charging

6. Smart Thermostats and Appliances

7. Demand Response Systems

— Ia I— ‘NW

3) Hybrid Systems & Integrated Systems
€ a i ‘.1

~jijItwn PV LLUU1V1J~n L~1U~afl1~N~JJJa91JL%ThII1bItJW11 9 tt~rnnwi
., 4 I a ~I ., 4 v a S. on a

WI~JJR1~ LLtt~ttYI~nW1~IEflnu~
V 2) S 4.. Va € 2) a a a,

1’flNL2~JU 110 JT~nh~nJ1Jflfl1rnJYwI149t 1sfln1flu9tL~1nth19Lu’1a

Hybrid Power Systems
Combine multiple sources to deliver non-intermittent
electric power

Id’ ‘I

2~.a Rt,nuI,il~ori Inc

(GIlVO

— I



5. Scaling Renewable Energy Deployment and a Just Transition
.1 4V 4 — •• d U

MUflWLt~fl1atlJfr~U’tI1J9~91wNuufJl4 H~Wfl9~J1I9)19S
4. Wa 4 p o .1 i, .~, ‘ .14, ~ p .1

~ 14 LUJr1 fl9~LUDflifl~IU9L ntnnm1Nudq~lJ1 G20

~ 2573 niin~i~nin~niu

1UW)Thn~
S , .1 a ~1 a I .1 4

t€~fl~9flt Thfl1fl~u41NtIRJflU ~nq 1$ltallaLwl” n9~LLa914~$9trni~€1~rnv

uwitthnu Lt~i~6$~t1 niJ~, snnni Ui wwiiwd i’irniwit,urnt~ n9’~thyI9
S — — 4 *1 4 4 .i 4 1

~ t~ui~i~iAiJ~n~juri~

Wfl1JOt1~11~
I — 11 IS

5.1~

SflflY1U$1WUtN KPMG ~ q1Jt~wl*wYc~ 10 thtnt~ Ufu.ii
I, 5, a

1. t~9~rWIl1’bJL08fl9~L~11Jtø1
4 v v a 4452. 1~JL1W1tL4t)1t~l1VUflJU

3. arnJtJtI~Jn&LT1th

4. n1~€njqI1fflNL’m9wlu

5. Supply chain

6.

7.

8.

9. n1~n~n~i’~%v41dwIu9n

10. 1~JUU€J$~’$€I~J

~1n9n”hU4W1~1Jfl1flJ~VJ11ItJU9S fl9W~YtJ

5.2 Just Transition 1L9~L$1~Y~a~

n9~LU 1JN’llAL (Just Trans ton) ~i€~n Un, in

~t~81Jalni4~niaJ
it .4 4iw 4 4 1

~nTmqntaJtt tLQUUqJtUUN~flU~J9niflfl95LUVtLtU~11M91J

LLLL~u5Lnbt~flsI a tm~iu 941i~n1rI (ILO) t*r~o,~Ai~i, “niniil14i~i*0itIi1
a ‘ I 4 • 4 ito p., 44 y it

~~1~9$
4 IS PAW •# it a . . I

tafl9aflh1411L11W1~I~J a ll7U’N14~I~” ~I0~Jn9~ reskill/upskill nwrn LL~W)EJL14aa
~ a Sp.~ a 4 a it

,niuttm,vIaat~j lJafl99fl1JU41~ aJrflirnelENflflSLUlJ Stranded Assets ~9fli~ntrnn4u9

Net Zero OO91~.1~ tøllw9n14~fls1hta1PI L’dlJ~

50% niobt 2583 IL ~~fl9~N~l 99u114~J~fl9U’L1JtI 2593 L~iuu4~Ja4twnnT~



Just Energy Transition Partnership (JETP) 5&1Jcg9~nhiñLn9rnp1&~Ju

~n1sl1A~i 2563 L~L 90 ft9~’$flN 9W1fld9t1ilJ~N 50% rnatLut 2578 LL~U~

100% n’iulut 2587 W14 94fl11 93fl9H~ Beyond Oil and Gas Alliance (BOGA)
4 a ~a’ at • 4 a’ 4 I a’ a

tN1~n9~149rnJ11n9t5T~J11w$NaJ 1t14fl95L~i~EJ14N9l4LUl1U~fl1~ThU9lt
I ~S

thtwitw~ 9 PNI1

1)~

2) fl99~’flN≤LL~49lAIi~i

3) n9nJnlJn6b(Pi9
a’ S — —

4) fl9 flIJN6fl flIt 1411 ATUJ1~9fl14W1UWNt’)fl9W
a’ * I I a a e ua’ a a’ 4

1111.2 nhJU9rni1Jt1JtULLau~ løi in~jiai~gw EU 1~18ThTh1JTh
I a’ a’S 4a‘~nAi,nj n~~

1~i9R14~i9tJ~ u:1~99nn9~tø1L~~J$1ji W~ CN EJ91JEJ1 11114 General

Motors fll $ThrnIJ ~J19tfl4911l1W1ihJltV9WJ1J~flY1th IlI4LLIJlflNYIIJfl49IJaWbI

yjst transitI0~

Miigation 0çimate actI0~ Adapted
Address the Adjust to

causes of climate. or i.S unavoidable
change.redtscang eltecisbfclfrnate

~ ~/~j~’\, change.

Share the benefits of Traflsltlafl Physical
he green economy. Increase resilience.
while plolecting 0ppo~nWn while avoiding

those affected bythe maladaption
transition i~.

64
0/,, -\

~

6. wrlt1Jta~ CCUS LLarnllJl)lñflhlLulaül4v4Sll9lJwlilJrnJPh

i~iritiit~ Carbon Capture, Utilisation and Storage (CCUS) 1~i1Jfl~i1J’Jtfl9T~i’n~’1J

I I’o a’ I)Sfi ~ a a’ t • S a a a’ 4 4
CO2 flL1~WI9MnJ 11 149fl~i1J1J9L11L LI4DUW1flW91 11114 111~JLY4~14 ?1~19?W)i1 11’2~W~)14 9 t4

9~Un9~U194UV14il~611J~101111 CCUS~

~iiThmaiio Net-Zero bIuLqlJnq 9Mfl~ n’fl~J?~8EJNi09n (Hard-to-abate sectors) 1th4

w~n Uu~ujwi 1WIt~19~ ~9fl fW91J1~$~1ft~9tnth8$ lEA LI~it IPCC 1~1J’~9 CCUS ~
I a L ‘ ~i t a’ I I

~ 8nuu~u9~snJuY~1u9lJl~uJ

11114 ‘WLPfl1~11 fl9~N 14’01Y4~4~’419d LLat~n9 rnnfua,jttu,jrn’n (Carbon Dioxide Removal)



— — — 1~ I ________ Udhisntion

=4 Lj=~ rt~l __

Trinsport I—i I—I

I
I Cautwc fl Transport $ storage e2~ Utlilsatlon
CO.iscapturedfromlarge Oncecaptured.CO2rs Thestongestagein 1’ CO:isusedinenhancedcail
pomt sairces such as power’ j compressed and CCUS mvotves in~ectng i recovery synthetic fuels,
plants a thdusbul facltdies I transpofted to uttsat,cn ~ I I captured CO: into devp I I chemicals, and bu~duig
using fossil fuels & biomass.’ ~ : geological formations such materials.
Technnis inthide I. Fçe~nes are the most I as sahne agtnfer, ~ i I • uta~,a~on helps offsei I

p ~ common method, but slips. depleted oil and gas enissions and supports
separaton. and direct air rati. and Uucks are also reseridoasfo, Iong4emi crcuI~ carbon econormes

I I I

6.1 99LtI14LLUWiJ9t~~J€J1 CCUS n9~n1~1J~klunfu8t

n99MRn1UULng9n9~1Jg1~J51tLnW~n~4 LL~n?UJW11J9~U
4 21 a’ II 14 41 2121 I d € d
~L~J14 L~flifl LL~LP4J

K~tTh CCUS tA’~1 91. ninn~ii~Jitwiu Net Zero~

w~ail~i~zj ~1Lt1 Itita ~iJ1 91J9’~LflWLfl1tWi~

J~9n9M 149n1iJ~1 CCUS n,~Thn,~ifi~jgijn’~i 2 1V19 ~$1WMgi9Ut~L)1P!1T9~’$

~9~W9’1~ CCUS L~ q~159l9?1~rf Net Zero (t’thi rn4i~y1 EU C~1~1J

6.2 Key CCUS Pathways: DAC, BECCS LL~i Itt 19~’Prn941J&IJ~t 9

ni,t~itiThii.ui,u Net Zero fl9UlUfl~9 9Lth,Wi01~L~Th1libl~ CCUS
It’ 4 . . 4 oIl

n9a9ngImnrnj U tHflIrIIlJI?ItJ Carbon Dioxide Removal, (CDR) IY~8fl9~

~nfu€ittt4~ur~jin’wi I It! ut~ianini~’n’aoi CDR Ulari Direct Air Capture (DAC),
04J € 4Bioenergy with Carbon Capture and Storage (BECCS) ILW)WNn9S~’fl1JUtUt 9 ~1Lt

flUfl9945~1t9fl~d”JW~’1J

6.2.1 Direct Air Capture (DAC)
4421 21 Cl € C 2111

DAC I ~IP1UlI~
21 ~i 44c. — a, it a, out it a

~U99UL~~UflTh~1 9~JI%~J~J1J CO2 ltW1mfl~~19 tt~i DAC ~nrn’1rnthrnj
0*1 4 S 4 at 1’ I I

~~tt~-~ DAC

~e $~94U8tI915PW~CUn9W~1 (high-integrity CDR credits) 89fv1JSItc~jtti

~ Itt flfl Ifl1!Wfluifl~J

~9flrnI9WV19~19U~€) ttY~1$49WJ91fl1fl19fl Ita ‘1tI~1MIUt~ CDR (-‘300—600

USD4i’i~ C02)



6.2.2 Bioenergy with Carbon Capture and Storage (BECCS)
— V •) 4) 4) 4)

BECCS LitL11JIaU9tfl9~W9tfltL1J9fl1J~tflJ1J~fl9ULLiWflfl

LI~J915iJ1t I 2~~1Y~k~d1J Co2 lt~un~kJIøi~ iiaia~in~u CO2

fl&J1J9U~JtVfl~ LNwgL 9fU~1J~’flJ1~ u9~1*1Picp€N BECCS ~e SJ1JLL14~4 negative

emissions w~ii~lvici 11am9w39~rnnLtm9wtFJn9tJb4 5—10 tI ~9 1Jn,~wl,t)an~ rm

N1t0Li$W~fi9Y~ 11t~9U1~ 411 TUJ~€i1J tnantutHL1rn~PnnTnJrnJ

Ith~ ili i~i~ibiti (anau vh$ ,nu~’~j t4~n~IY~i ~

6.2.3 a 9 (Other Carbon Removal. Pathways)

lianufl DAC a~i≤ BECCS

~t1MLLq~i9t~in~w ‘W1LLH

1) Carbon Mineralisation nlfli°1N CO2 Y~1 fl31V3’IJLdg’rn L’thJ LwfltL~ti1J
— 4 4 .44 ta I’.4 4)

LL~IL~ItJ~J Lit TflJrnt)1~
I I) I — 0 Va 4) ~ •~) •~1

fl8~I~94 1t11 ~i€I1Jfl~P1 ~91~L1Wn1~nnLrnJ€I9n911flL~UVI1J1Nt11J

— o 4, 4 u — 4
2) Biochar fl9~LN1t ~~J1~OLflU

C V V — V 41 .4 V Vt —
~ UU1ir~cwrwi~iu H2 ~1Wntw~1J1fl afl1?1t1iSL9i~J

.4
~4L9≤a9$U1ULfl1~Mfl,ThlU1J~L~1pI’h1EJ

3) Ocean-based CDR u11~4 CO2 s19nJ~L1tnu’mn1~nLrnii4€d4

iJ~fl iii lia≤i~i ~€ti1$LthJ Th~In,~ Equatic n~1n1n1~tv9LL~arh~ CO2 ~nJ1

~1t~L~i

4) Enhanced Weathering
4 s aaa a Vu vS 4 .~

V1tJ~1$~ CO2 ~9fl1J~9fl12~J~flJt1P1 ltv~w1~J9fl LL~J1JLLlJ’fl19fl1~J

~nS~9Vl~J~EJT)

6.3 fl 1J R9?ItLtThIUI~1~ CCUS
V t, V I

Uneiiti 4 ~viw~in

1. nmTh(u (Capture)

1) Post-combustion f~9j’~) CO2 80fl~1fl~1tThL bis Y1~9Zllh9$1~l~i itt

amine-based solvents LtiaJltñ’UIt 111 I~1€P1elThMW~

Post-Combustion Air
~Fuel - -

(Coal or Gas Combustion co2
(Production of CO2 Capture
Heat or Power



S 4 I

2) Pre-combustion Lt~L~ fl~1i~Et~1fl9tU~LthJfl9t; LWfl CO2 €JEJflflVIJflTRN9114ZJ
• I,

a —

*]Ei CO2

3) Oxy-fuet~

t
Air 0,

Separation f Combu I

(‘0

H,O

4) Direct Air Capture (DAC): ~Th~’tJ CO2 ~9n89n19ttut4tWaT~1(u
V 11) 4 (4 • ~4c. r ii~ g

lS9t11~J9fl~

FANS DRAW
IN THE AIR

.rL•

2. fl’fl’~JU (Transport)
I • ~ V 4 • V I

1) i~i~: ~w.HM ~~nun-r~’trna~ CO2 ww111441

2) nmiuth: CO2

3) fl9 Ue1$1q94lT1tW~nflJfl)1fl: tt~9 UN WY~J1J~N CO2

DIRECT AIR CAPTURE

RELEASED RELEASED
Co -FREE AIR CO FREEAIR

.: •.~-

•

. .
.
•• •.~e.
FILTERING

•. .
.

FILTER IS HEATED
TO RELEASE THE
CAPTURED CO,



3. ntiWU~trnni (utiUsation)

1) MineraI~isation: CO2~

2) Concrete curing: ~ CO2~

Lfl~tW1
Iqc 4 1

3) Synthetic fuels: CO2 LLa~L~LLQna4L1JUL1rnLY1a1L14a’2WFflJ€Jt1W1

4) Urea production: CO2 l1fl~tUflN~jULL€1aJtaJLThJ

Algae cultivation: CO2~

LLNU41t’fl1919

6) Carbonated products: CO2 t41l1LP~nW~9ttta-rnnwnt1rn~n

7) Plastics and polymers: CO2~

4. ni ni&iwrn (Storage)
a a a v 4~, v a a

1) M3JlnLngl€jgin: CO2 flnQ~Ltfl’t1fLuttt~1€wLw1i’LUw)fJtJ9Lngi€g,n
C1 ~ a 4 u c u S 4~. 4

2) L~flflLnhi1J’UJULLfl1flflUJøLLW~: L ~ CO2
~Ea 4V1

L15~LW21IZJ 999 fl

3) Enhanced Oil Recovery (EOR): (02 VIOL N~IN~iP1J93J1A~

6.4 ~ 91i~LL 99W1tJ’~J&~fl9?l~’ CCUS

6.4.1 ~(iii~ifri

ntn,~wlij€rn~’iwnnii~n7n ~tki Uij~ujtø~ L~n LL~U~L9~ ifl~ CO2 99n
I V .1 V I 4

iJ~jfl9L~Thu~u l it 1u9~wi~JpJLLtJ1J rnm1h149uzJ$aJ€nqzrrnta~
V C C) Cd V I I C V — CS

pi~ulnarnnw ~9t thuiJ14t 1~’n91~w1L uuJ~M1l9tPftJ9n ~u499frna9tJ~Ia4n9Q1e
CI)V V V S)’ çç~

L~O~19 L1fl9RNLtLUL~I1JLITh9~

6.4.2 ~,uiffi,ait~i~iu~
¶ c 4~~V CSCV.,Il IC) — — € I C) 4 —V S

L~1M L1S1L~’IO 1J%W~4119 L1itJ’~ UWpJL’?FWIiUJtEJ nitannLnulqvulJMin
I o — S 4..~ 8 V 4V V I K

LLMfl9LUU~j1Wb~99flWJYflflLfl1J LI ‘hJ~19N1JUnu9~9’drn91nI$uut3ftwrnvwi (i~rn ~n’~u€n~

WIWW1) vi9’Lt~n9~tn9aJL~fJq$

6.4.3 m~ii~jiii~~rnj

CO2 ~4~9L $1h~1J1J monitoring ttinuteii’2 ii~it~

M9fll~4t~fl9~l(t el tun1J~qmm95uEJu~

~99ON89~J~9LWtO~ThUflt5



7. 9frW~94 tuaL’~$~NbJ (Carbon Markets and Incentives)

7.1 imln~~~n~wi4uirn
4’ C if Vt’ I Ct S I’

1951J~1i~19?t9~9fl9t~ø1 “71011” ‘1%~flhJfl1’flia fl1~LUfflt~fl ~19lM1JThTh1’N 9
if ~ I a S , a — I 4

ana~inini~ia~i (mitigation) ~ tonwi (aUowances) fl€J ~ la~1RttSt~lU 1?iU CCUS ii

~ilt~itniin~i ~ 1n’bJ~n19 9019M1f1J~t CCUS laJ?J~i’fl19$fl1~Lil~ ISfl1~

rnnrnn~€twthtinw 50—150 USD/tCO2 n~JL101t11[~1tJ

Transaction

I
PIoiecbthat Ei,,rtductb,suiemova~

reduce or sequester emissions credits are generated E

S
S
D

‘0 Nfl
111111 h BUY

E r Credits
0
C

Vo~ntazy or m~ndatsy need to
reduce o, sequester emissions coaeffect~e options

I catbon credit 1 tCO2e

7.2 thnInt~JeI Carbon Pricing

7.2.1 Carbon Tax
st4 .~ 4si V d — K

L&fl1bfl1Lfl1flflhJ~i€JS CO2 bi~wvs~ UL~1PIIR9’~1tn’ntnUn1WflnJa1~
Via w 4., 45 a 411mm ~I4PI1th 8~½8on9SS25/tCO2e a L~tLL~JU~WJ1IbMJt S$45—50 b~t 2030 qp.j11 LLm~

~ LtuJ1tdmi\n1$aNwn~niLu CCUS L~h1L~ti~iOWlfl

9M1~Utt~rn101wILfltlU ~nttlLn~4lu91~1n’hwpJ019

CARBON PRICE (SS per tCO,e)

2072 2073 2022 2025 202t 2027 207B 2O~?



7.2.2 Emission Trading System (FF5)

n99tflL.~1 “i~Th9tfltfli rn (cap)” 1it~iflJfl~9aJ94~J~J9U

Th’~i2Ui e~i9 LWPI~n’fl’L*nnJU FF5 1JILLHU LW1ifl914~W It it ii i~i~ituqt~i t4fl9~E

~~9li luqiw~ tLLLV~fl~$l1~iI~ CCUS

7.2.3 Voluntary Carbon Markets (VCM)
I, t’ 4 a I €

l9vJThun9~M~nntnu CO2 IL~t ~jl1fl~1J~J ETS LIIU Uiw L1JI0119~

CCUS-based Removal Offsets (future category)

7.3 4~4’kt$th~L1WI14th’n

CCUS

n1~1J~0tJW141J0t L’dIJ

- aM~€)UJifl9 ‘L~i~ ~n14~4qG~ —85 USD!t (storage) vhNttnin~~ CCUS ‘Lu

- nmqhiJ~n9~atTuquTh~n9~ CCS/CCUS t d’niv~’u CBAM (Carbon Border

Adjustment Mechanism) t~o n~$1.hL949LiPn4~J0t Itt LINt

~iqt CCSltni~w~ u—ini4~:n~EU

- p~itii~~ S$45—50 ‘Lu

ci 2030 ~ n9N~9~W~G-Ia9Mn~mN International Carbon Credits L1flUIflJEN

n~Y~q~n,g ILaa~aiYu Nt tflJt9~$~if9~1 CCUS Hub ~ I~hLI2tni~L~i CCS

Transport & Storage UtL~J—~J9L~L~tJ

7.4 mit q14u~)ut~i~914lmiu CCUS I

~CCUS

(Financial Viability) 9t~Lt1un9~ Ut 149 ~i9141flTh141 nfl~tNIt~~94

(Shared CO2 Networks) ii ten9~1twntu9$nuUiT~n Carbon Credits

8. Singapore’s Perspective on CCUS and Key CCUS Initiatives
4 ., S 4 ., a

UliJfh4wnudlFiqjnu CCUS L19narU8~9n9t9t~$19141~NtUUu
I a a . It •J t) •~ — IA ~~Ju9~I’LwtJ I nTnnibnlrni/ refining! energy hub Lh~9Ulø~ifl P14IJWNPWN2JWfl

*pijui CCUS L~8Th199 9aJa91nnw!J4u9€i4n9w~9t~nmJ ~‘)9~4 $S19fl CBAM ~I~i4rnwm

uhii $nv9b~a$~1~J4SJu “Regional Carbon Services Hub” a1~Ji~i€d9~

Ion L~iiJ1 o~q9MVflTh1J3fl9~ 9I~t~tgn~$nT~’O—,J9o carbon credits tt~tuY

~4flhli~n9tfl9~I1tIt~1ttbJ1J9U LI~W~LnIn9Ut1ni~L1ffi $~(~N~tItJ1J9u
I 4 .‘ 4 it a— a 4 ~ ciniith~irn~ieui~iu L~nJ 1.~ utw1I~uILeinJ9wIQIo II4n9~~Due$~~Ith

‘Wftts~ Carbon Capture Testbed at Jurong Island, Utilisation project: production of synthetic



fuels (methanotJkerosene), Mineralisation R&D with JIC + industrial partners, Algae-based

utilisation pilot plant

Jurong Island’s green shift

The 300ha of
land area set Jurong Island
aside is largely
in the
south-west and 300ha
north-west of land area
the island.

_ .41o
oF• I~’!’:

.

0o F-l2-ready 0 0 0
PacificLight Sembcorp power plant YTL

(Keppel) Powerseraya

NOTE The locations of these projects are not mapped to scale.

9. iitrniitiwtViiiin~u1an (Global Energy Policy Landscape)

9.1 ~Mitui9u Net Zero 2050 1L~99~%~’-~19t

~JI~’?I1I Net Zero n,sttt 2050~

iiniviri tpiooi~l’un~au Paris Agreement ~NDCs (Nationally

Determined Contributions) I~1q R1LW~ñJ “~9I1j1 2°C” M~€I “V~J9U9ilbJL~1J

1.5°C”

Net Zero 9~9sLLt91PflWj U’LLfI

1) Decarbonising Energy Supply tu9uY~$’4-~1NtLut1~nWd9u~U

2) Electrification of End-use w~’niñ.i EV, heat pump, grid modernization

3) Energy Efficiency J1~e9frfl 4a$~ffl ~Lan1JThn’mJ~

4) Carbon Capture & Storage ~mn~”urn4uvtJtlJq~tninTflJvflTh 1t14 ~.rnc4 IM&1
— S

5) Green Fuels~

9.2 nui~tu,jwiiiii-j~t,wi

1) Paris Agreement t~t~1fl~tJ~114fVfl1&4 ~Tijt’~i L~M’~91UL~IS914f1J

libJu9 S~i941J~flJ

2) SDG 7 (Sustainable Development Goal 7) ~~9fl
2 2

U~flJLU1~



3) European Green Deal & Fit for 55

U,~un~tj’Ltut~J ~i9U fl’flLdti~1~i1~iW141J€fl1 (Eu ETS) LLa~ Fit for 55

i~qt 55% rntitt~t 2030 n’1~t u~rtn1NuL~st (Renewable Energy Directive) u.~wwn

tU~niwv~nu (Energy Efficiency Directive)

4) n~ulnrnvwwnfu€nj & carbon pricing ~Jn&~n~9PTnJ~wm “internalize” ~iuvpi

~

9.3 nanmiinwii~iJ’na~qA
f1 I, S —

U1JfThL~1JYtth’+W11J utwu$anh1Thn1u1d14U~~L½ffi ~991Un91JaN1At1J~SIIW

49~’WI TLQY9~1t1J$1ffi?T9?i’1V~1J1fl t1~ n~n1 trnJ1u*B’~1Lsna (long-term

stable policy) L~8fl990flt~l4$91a~flP1

10. ASEAN Energy Cooperation and National Policies

10.1 APAEC — ASEAN Plan of Action for Energy Cooperation

APAEC L~ ttrnJ9sl~’$utwM+N 10 U n1pIrnJ9%ne9L~uu tfn1w1Lth14~J9S

V ad U— ad ~ .1
fl9~1flfl29U~9~elWfl~ flTRt9U4 Ffl9IJtNEJ1A L n’flU~Lt9fl9’~19WW~flt L~Ofl~tJfl1 1

(2016—2020) ~iuH L~lJL’~u ASEAN Power Grid n9 N~fl~T’.N911 L hA nit

2 (2021—2025) i L~I4i(9~J “YI$’WlIJ” lfl9U~UiU14i~i9ø1 (low

carbon) ~ MTUJ~14E~1J (resilience) Ths~ai “accelerating energy transition uiit strengthening

energy resilience”

1$ntn~’n l~i~sn

1) ASEAN Power Grid (APG) n1~ItJ$UU1JIWfl4

2) Trans-ASEAN Gas Pipeline (TAGP) *tih9L)i~t~Th9frfl1~J
V. — V S

3) Coal & Clean Coal Technology ti 114atW1W?fl1 (tti ca-firing, CCS)

4) Energy Efficiency & Conservation (EE&C) i~LaL~Th~fl~I

5) Renewable Energy (RE) La3~ini 9rniNuL~tJ1J L~14

Y1~i 1914 l09~’1P1S

6) Regional Energy Policy & Planning tou94l~±MUwLvwIaJ1n

7) Civilian Nuclear Energy niLt14hL~4L’~&’449t

10.2 LThMaJ1 ,i~Thl~nj (APAEC 2026—2030)

u,wu APAEC rnYu 2026—2030 1U~J4ThEJW1L~tJ1J ~L~Ii iU*irTCIJ Wftsri K~ghu

T~’U91JMN1JL~EJt (RE) t~Jij 30 96 vei Total Primary Energy Supply (TPES) rnu’hitl 2030 ~tht

RE lifl9~N~”LYl419 (installed capacity) 1~I 4596 JnEJllJ 2030 LL~mfl9~H’flLl91J
4 ~ — 4 I v

(energy intensity) 40% UflIIMOIJflIJU[flJ (2005) n~iepi~im~ APAEC 2026—2030 ~aril



“t~9149N~’1$9lJL~02itU$” (connectivity)~

fl’fl1UtN1Ut1J~IV~$111Jh9~1J01.W9 uw na ‘~n

ThTh~L~U U1J~LR1JVI~’$19t smart grid~

10.3~

~~91flHL~1A9tRa9~J9~W1’1
2’ 4 S , — 4 ~ .,

i9~fl~JW~JLL~1l4 L øi€fl9?t 49N11L2S1Wfl’UJN1JW7II’L~ 1)IWU4TUJa’flJlWtl1Wn
2, 4 i ., a Id I I It.

~ bJLv~ IL 9NVLV191LW1rJ4UaJn$ clean coal
C, — Cd ~ — I’

t~na ~O1fl9~Lfl’LJ€~fl~i’W

10.4 I I —

LL~1ntin1Hl9tflI8~LwAhibiti 1140 in l~1iLV1S LW~fl~
a — — 2, 2, a V S .., 2, o V

~~1iNMT12J~1’11J9~L1

llAnh1JllALttta9i1Janffl9~n’u~ns liJ~[miitttt~niuzj~n’wi
o v 2, I 4 4
~nLoi~znJtuu,uLL?mn~p.uJi~JnhJ ~i n,wn~nia IWJLL iii O’ZJ0.fl~flJ1JlY$l9 ~ii

01~ILWJ9WNL~1ñ1~ fl~M~J9~J fli~tgiiJLL~W

11. Regulatory Frameworks for Integration

11.1 ~J 9~Th41JTh1J9 n1wfui~4mWW1 (Open Access)

R91MWHJbJIJiEJ Open Access ~J1 N~’bWV59tJL~R (i’ths ~‘NY~’+~’114

~n~rn3tru) a9~9t t19eJlyI*LLanhvk4i,~~≤1Ju ttUtiU~W1wW1lY$l9 t~3wm

LL~4’QI11 ~409 1491 II flW fli hit

11.2 ~ iWuii~ni~t~a dbr~riu (Grid Codes & Licensing) a

~n1~Lt0~JP~0 ~U~I5niYnIS~
a I 4 o ,4w v

~UN~1P11YW19~ tn9Nt~~~tfh~ttt

£iINth LLN1J~IJ~UnUIn1I9EJl*~I9 tUnU9~Jt9LtUU0 ~tUfl9Y~ H’J9~J
I 4 1’ 4

iJ~U~IntJ a fl9~L~J9Lbw~9 09UU 0.fl~1J1J 9~ Nt 9EJUI1IP1bIOOn grid codes wia

¶€~~fIJ vRE It l~LLfl rnjj~ouj3ni u~itqtni

11.3~(Incentives)

1ibJ1JifJni~a1Y1J~11jt ltlJ Feed-in Tariffs th LiaJflNt9~9fl9W1{UL~EJ1J
I a~ w 4 I a 2, 4

0’NN’~LLLn9~$491~114L’JFJ1J LI U94~111GW~NLL1J~L~€fl demand

response ni 9~n9Th4~9I h9~n’flNt~0O~1iUa~15fl91’lLL1JYlaN9U14NtL9Ut ni~’Ltnm
S . 4 a a — ltd Rdfn~uu1J~J€r~I9EwI9~1J€rn (carbon credits) 1~a ItUJ’LML IU1~I 1nwU~l4’t~ i~i

‘hJ~1flfl9flhJI~Utlt1J82j~ (Data-driven Regulation) i’th~ RiM LPThJf~Q3tW nimtiinmi~



Al LLa~n~~n9~n iiiitthrnl n1a~IinIni~W 9IJL fl9~

Lan1$l~1ltnpw~a4.n1J t ‘1t~9 fl1J59 in nuth 9Uflt5t4~91 RE ni~a~enia

lMth a ii3~i,a~n,niths~,t n9tJ~4th~~i1tt (stakeholder engagement) tun’n
c 4 oqi, 4 • ., S
~

12. Singapore’s Green Plan 2030 L1atLM2J1ZJ&11JEn1~1n’WI

12.1 flu irnLt$a!m~ 5 Lrn%4~’rnJs$ Singapore’s Green Plan

Green Plan 2030~

~t~Jf~fi~ Net Zero tI 2050 ThtJ~ 5 IW1t~’R “L~iiiH
1) City in Nature — i~ai4ijiiSi~knii,tijtu,iltt&~

2) Energy Reset —

3) Sustainable Living — ~Im~rnIi~J ui

4) Green Economy — ~tni-nuih~i~

5) Resilient Future — I iiii~tj~~anmn~in’wI

~i~Ja9~J9~nh1Lpm,k~ns3

12.2~

Net Zero I9EJ’L11ti 2050 IJ~Th9I1?1Ø1f

~T1L~Un9~N1U 4 q1J~~4rM~’n U(aH 1)~ 2) nil

~fu CCUS, Low-carbon hydrogen, Solar LIat~Th1J1J storage 3) i u’tJ~an~i ae~

4) fl9~ 9ta9~tJ~JtuJ L’11J flu
.4 p o t. at S 4.. v .j

L$~ifl9ifl~1øu9U~1lTh Un’flN iNl4uuu99ntTg1Ju14~1fl It~

~ 2 GWp nusluiti 2030 ~.iu fl1~tJ9us~ftWffl w~’niit

ni~N EV i~ I~aJn9~~ii4 EV charging points 60,000 ~øi 11ViNfl9t~l1’4M~WtT~~UlJ

m~wwunulutl 2040 i~ nuTci~rnP1n-n4 Super Low Energy au~ntU,u~vj~.nuibi

~i9flfl’~9 60% tm~ Green Mark ‘fl~J Ri flw9it*~rn9iuIvrn9ua fl9~A’fli~uJV~1llit u.gw CCUS
V 4 . . ~• •~ t1

U~hJ~nO I N4 iMflI~u21Lu~n1~nueulm~t1jaJfl9P1 ILIIt

12.3 Nationally Determined Contribution (NDC)
~ NDC tI 2035 I~h4 fl9~Uu~nfj~twhL~fJ4 45—50

a’ . 4 a’ w

MtCO2e a 1Jrn~Ufl9~tuJfl~ilnP1WWWm1J1rn Artide 6—ITMOs imtnuinJ8uhn~w~uu1



It a I a —~
13.~

‘S

13.1 Carbon tax ~4tltU4
a a , , a
~

80%~ I~S 94uUH,ct~d1’~ft~u 1AEJ1J91LL~q1~1e

~
$80

• S$25/tCO2e (2024—2025)

• 5$45/tCO2e (2026—2027)

• LThM1J1tflttJt~J12 S$50—80/tCO2e ritilui 2030

2019 2024 2020 2020

Carbon tax per tCO2e (SGD)

13.2 ni a~jThit~’uq,4ueuttgi~ lIMOs

nnmii~lM4 carbon credits a~a~ 5—10% ‘W)tJ ~IØ1 9Mn~9~flP~J314~

flUn9~tJ4tPPUEi$ Carbon Services Hub

~

14. n’nw~92M~11un1 111~’4411JMaJ1JL~tJu (Renewable Energy)

14.1 n1,~o9u1,fw~,ti1L~$wrcirni
s, ~ at, ., .‘ 14

alMtthltwim’nlvluvi 1an~.nwu~1th~nJ9o 1.5 GWp Wj~149 11~it~

2 GWp rnull4t 2030 Thti~fl9 ~JIJiI if ?fltI~1J1WU ‘WfLLH

1) Floating Solar 19114 tFi~4ni~ Iengeh Reservoir (60 MWp)

2) tt?nfuu HDBs ~.nnn~i 3,900 wwm (SolarNova)

3) tifnhiMn9ut~~rnn JTC SotarRoof/SotarLand

4)~

~

I



14.2~ ~,JiJtThI lnY4nhJ (Energy System Storage: ESS)

ESS ~u~t99 U~Jl~9Yl~N111 intermittent Lt1J

hi~ii4 ~ei€~n n9~ Jurong island ESS 285 MWh

LVLtI.WOflLQtNlPl t%~91J Lithium~

LITHIUM-ION BATTERY
DISCHARGE CHARGE

(UCItflT Invi!
~na.j~ •C( (4

-~ CA.(
C~UCI~

%r C) ~. LI~U~

Lb~w we
awo -‘

15. 9O1u9441i(US1~n1hLLa~ ASEAN Power Grid

15.1
w~.v a qJ u S 4 a, a it .4

~$~tUfl211191fl1Nl9~1t€fl91 ~)4lt1L4U1L~flhY1~9flU1~lPlwIE)t

~:u914 t~io~imij9tqr9 4 GW nnu’L’utl 2035 itiitiJ~’ijiihiitJu 6 GW w ii ,Yu V~Jn11JEflCU9~13914h

Y~’$$91JWln~tt~1QL~EJ tirnpi 1~EW11J91J L~fl~L~J

15.2 LTMS-PIP igitn~ju APG

!?fl’~fl1~ Lao—Thailand—Malaysia—Singapore Power Integration Project (LTMS

PIP) d1$~9~Ycpu4n€rnpn~i 1~ttJ~ 1 ~nmiit4’, 100 MW ~flUL~1J 200 MW

l~EJ~ 2 ~WLZi~194fl’fl49UNN9LLUUMW1tJ~PlWN

APG’s sub-regional systems

pin?.,

fl4flJWEN~

VIETTWI ‘~
ii. 3

CPMSDDLA ORU~D DMIZSAWI
R4LA~StA

SIMWVRE ~ ~
__ U s

5i9awaSa’Ah.m ‘
InDONESIA ‘r~ ~t mt

(Fnsifl..I4Ccott.r.~

Sowce H4PL(A ~,eseotat,cn at the CT!? ca*rcyro. ~Thiisw T,ansm,ss,on an Soetheast Asia



16. Singapore’s energy efficiency programmes
V V V I V

~

2050

16.1 ~1n1~91~rni9wT5flJ

1) Energy Efficiency Fund (E2F) a1Y1JaN11Lt11IrnY1~1

2) Energy Efficiency Grant (EEG) ~?9Ufl9~89%i1,LLatg9U~fl

3) ~ it Fi9Y~≤U1J LthA L~€U q~nivwii UIJ~@I~ U~EN*lJ9L~1J

16.2 Green Buildings 1LThaf9N~h

Singapore Green Building Masterplan 2030 iii ‘LtliM~J9EJ 80-80-80 ~1~t
1) 80%~

2) 80% In ni~l ~i€iiShi Super Low Energy

3) 80% ~ nini~WviSiiiia~su~itt 2005

16.3 U,ii~n,yurwi~rnai

1) tthv~iiu EV 100% rn~~1tt 2040
a

2) iøwii 60,000 EV charging points sntilrni 2030

3) ~U9L&~J9tn li’lth~4 360 km li’n~w 2030

17. 9.n ni L~$1JTh1J1u amflh1Liu~L~itJ1 (Green Finance & Policy Innovations)

17.1 Ri L~J uurnn1I:nq$1meIz~nfri — I V

~$tnitJlwt~Iei~ 2030 t~ i~irn~wn 5,000 ~nu
I V V 4 V C € ~ a 4 p

$SG N9U 1JPflSUU’Il%iJ 2030 LY~8NPt~JVUh’1ULfl~fltU1nWflJfli,LL~Jtjfl1S1t1J’)EJ
0 4 I a — 4 a V 4 V

~ I~EJ~JL0ut9~Iq~

Uiati 1) Carbon Tax 2) Singapore-Asia Taxonomy 3) MAS Green Bond a~it~ 4) Loan Grant

schemes
~ ,..

flU$fliTh~ttUiilUaU1J~fl99Ufl9fli~rn.flqtfl]9$

ni~iii~~i~tn l~f9$flfl~9Ut L&1J3IJ In iii $‘fllJOi fvd MN4øTiLQtfl9~UFj ThfJ~

L~9M~’nWNn9~L1tJ%~’n ~nv~J~1~tJ
1) Financing Asia’s Transition Partnership (FAST-P) it ltn’nii~q~~ C0P28

— V C 4 .4 p tA a
L~W914~iflfl9fifl 11i911€)fltt Ln~fl’nnnTnUw4i1JaiJEI4wL’~tJ

we .~, pa V a4 I V C VaIuiawQia1JuaNti~uiti$91Jl~J (C0P29) ij~wn 500 ~nnn~

Green Investments Partnership tuiilnqtrnYlJ?ilpJ 10 ~it i4~Wj~ lln€JIJ RLthRh~J

tThu’lErn 2568 ~ 911Th me L91~L~EJ UJI5 LL~I1J91 ?IMU~i8iCu2*r~ LLetrnThqIIlJ
4 V aInZJ FAST-P aiii~1i’t~i mi~rnavju I iiit~uii~st~fl*~h nivuuaniawv it~wni~

V 0 a V — V SI .4 4a p V a~ I,

99Iflh9L8Ltu~uaefliwJSL91 I ~~n’ntu iaii~oIni i)1i~1Jtpni tmb~

‘h1’ht~1iThIn~i~teui$ Keppel it~ PacificLight~



2) Future Energy Fund U99n9~t 91Jfl9t9~fl9~1~914 (Energy Market

Authority) nal 91Ja9Luat~fti’wI114nJnh14rn.mnpJL~ut ~fI1~

~IVa$ThUV$L~1J ~flUfl91~9 9WLA~J°5 ~~fl~Itt~9ThUW1t9LtJUnh1iaSUW11W91J

18. Economics of Renewable Energy Projects

18.1~
~ .~ 4 S . 4 I —

n9$~91W~L1~nL~1J8U11m0L1J€N b1tJ99w)9IflFJlwi 2030
— to ~ I ~4 ~ ~ t 4
nn9N~1~N~JnT1 4,600 GW~

t ., v 4, e t,

L~lJt1tUJø1 LLrnt9mThn~N4~18t99nrnrnN~149t LLfl9Th~JU19flJ1~Wd0~

~ t’thj Green bonds,

Concessional loans, Grants, Blended finance, it t~ Power purchase agreement (PPA) I ~
, 4., • S ,.,~ S

I1~i~91LtU8UUUWO811ttht1J9CU 70:30 fl8 80:20 8tJflUW91lJffl’UJ

L$~991)~I91IPfl1fl9~

18.2 Ill
— 0 V —

IMfl9419tL2S9i~t$1JflWrn191n9~i4t I9~Ufl9fl91P~I’)ø1

9191 9 Uiu.H Capital Expenditure per kilowatt (CAPEX), Operating Expenditure per kilowatt

(OPEX), Levelised Cost of Energy (LCOE), IUi t~ Marginal Abatement Cost Curve (MACC) t~i a
V I 0,5., I

~ tL9Ut1tWnh94’11Jfl9~

~iiL~ia.,n~ ni~i ni~mIiaI~ i~n’~auii[rni,s 91fl98n9~L1i~tN9t~ViS~19lJ

?ft~a99whThn 1910
a I in S ~s 4o I V V S

CapEx 98 99 ~9Utl~fl9 11.18 91 8fl9~ 911 1au4v1l~91J91m

~1’€IJ uNit 9~L~fti~ 1Y11~1J~UJ W1JlJ?~9S

~1i 9U999t9UlW19~91WiVThU fl9’fltU 819 1~9&M~19 LtU~fl99U’~flT~J ~0~91~9i

Lt~flefl9i (EPC)

OpEX i~k~

~ nn ~nTh~Th ni~ne ~iYniits u1n~9~.iN~Ifl9~,JfrThi914

~“)0EJ9iL~Ju 795 ~‘ii9u11a4a9~91 ~W)U~91

~

- LCOE ~a ~9~t~1U1~uuLa ou1~wJ~It1Q~uv1JnrY91p~itbfl (MWh)

‘V01lY1~19~1Na91l9191~i09189tJ16~in’fl 9U All 90ø19t4fl9~i1 U (CAPEX) A9lt~9ztLtin’n

~T9Ltw9lJ (OPEX) ~hmwiin,~t1u ~N~91Wfi’419t~i6991fl9~CU’ti’ .i I

MACC A8 91 fl99~1Jl9108flltfl1~nWEJ4l91 t~W)tJ

~ ~th



a tI .LdV o Ri ~

91JLL~11LL~UflI1JflU9a1NWflfl1U~ ~9l~Jt~L?I€)fl~1

18.3 ~ afrthnqtffl~$n9~ (Lifecycle Cost)
V t 4aS — I

~tL~J~SJU 4 wu~

Uftul 1) Development Stage

IL IL wr~ii~t~it’tiIWi n9~~t~9 9~tU9fl~p~LthJ1J 2) Construction Stage ~hl~intt
a V — W a a~ tLLWltd~

wwJ 3) Operational Stage ~8u 9t 9U LilE 1Un’Th~1 L121J~1 fl9flhVi’rn9’1 ~U~J~$

flh9L1JUfl9fltflJ91~fl1~fl ita~ 4) Decommissioning Stage €unhttnt~In9~Lai0
If RI S

t4n1~0tJmnJa€wino Y~11½%~9IN9I~J1J

19. Mobilising Capital for Renewable Energy

19.1 uun9 9L~rnpne1an (Financing Approaches)

- Project Finance~

Itt Solar farm ~J1YW)1MOi Wind farm, Hydro, itm~ ESS~

LIItan9u1ltn15L4h~1JiI~Iu1~ilMqJ ~4I8~1fl1~’qJC1J1 Power Purchase

Agreement: PPA wutoT~Ttffi4 IL a81J~11$LWIt~ ~1Lflm~8~J tL~i~fl~UJ18

I —
91~U~L~JUM

411 4 a all 4
- Corporate Finance LLU1J~LL$~flflTh1J~I€NUThI11L1WQL1U

LLAYWitrn~fl9~ Ufflttfl9flkIVUlSflTl LLL9a~ffuij~ Kwiini~iNqj LwIfi

- Public-Private Partnership (PPP) L~t~U~UUfl9 5~9~’&LS?1tL1Jfl’?N bIU

•1 SI .t • II *1 ci V a —

~Uu~1N1Jt414YltJ911fl9n:unUJL~1zN IL LVflhJ~I$ 14Ltl4l~itJ f1’1WI1LUU~I1U

afl9~fl’flbn4fl’fl LM~1~nUI~ 119 99LE)fThI.JLLIJ11 9111 $Lv1rJ$~nv11’hIlpI LtIJ ~tuu

I4~J9tJlV~9 Microgrid v~ offshore wind

19.2 U9 9119 W94U~t~L~9PI (DFIs/ MDBs)

?1U9R9W1~P94 9 Itt ADS, World Bank, IFC, AIlS 1JUWJ99r~lJttfi9N’19td
— — lit? 51 4 I V V V V

1*~tL’~tJU ~€) n9~Nan~fl9ttU~91fl4Lflfri~U11
RI I 4 4 I 4 I a i, 4’ I

1~?1$911J t ~Itt Clean

Technology Fund (CTF) Green Climate Fund (GCF) ~



20. Risk Assessment and Mitigation

20.1

1) Construction Risk &n9lJl ‘~9~ri8a~9~) Lt1t9~JL9th4L3~J~hJ

~Ir~fl9~ Lt~ 9fl11fl9 4%U 1Ll9~J9~fl1JTl&L 14fl29 LL~~ L’?IIJ 9~.J~i9t9ltdfl9~

i€~h~ (construction delay) ~i1niuu9wJ~i9s (cost overrun) n9~~~S19Un~LUa9t9

itt inverter, turbine blades A~91JL~tJ~91fl9M9L14~fl LIN$ItWfl LW’~IU~iiJ

~9~(qj 1~ 9~fl1JW$~l9tj N~l w~u nL~ NLv@AtL (Interest During Construction:

DC)~

2) Operational Risk ( ian i~≤wi,i~i’wQtjni,) Lflrn14~9nt~nm~jN~

l*~1i fi i~n.i degradation rate ¶J941tN1 PV €gjmJnaiitu 0.5—0.8% øia~J

Ri q9HJilflEUlJ (downtime) U iiRnLnCIJ, (underperformance) ~hlit~nJi1i~i

N~u~9aJo9qq1Jn~cIi 9~9nJwuu monitoring, SCADA

3) Market Risk (,ni ~u it i~i~iannvUi)~

~ P129aJ1 $~(9t5Pfl9LWmflh1J~EJt (FX risk) ~IL~tJ’J4frN

f~’UQ9P1941J~1)19I Ri flL~fl QiLtYi~l9tU1J’Nli~≤L)19I (PPA off-taker default) tthfl9a~i

1fl~1JPI91fl9U1~t~JL1141JaU a~N ~Th91Ja9aJ9~fllt14tJ (Debt Service Coverage Ratio: DSCR)

4) Politicat & Regulatory Risk (19tuu diaftiMtøl) ~Tntfløilt

1HL½1â’$*~J1A9 L’dt touimtnty~’ii,t 99 tl1J81~g9~1 (permitting

bottlenecks) n,~Ji’ijn~ innn~i grid connection 9~t 9ni~~3ent~~4f,J4’elvlth (off-taker

creditworthiness) V191R R9~N01J1fl11J~4U (higher risk premium)

20.2

1) Long-Term Power Purchase Agreements (PPAs) if]ti~uti~ii~niai

t~u~i,lu~ipiaiwn~i L9n~92J9~M)9~99~Jt111nt≤eJtwn 15—25 ti ~wwn9aJ

i4~i9tiørn9~ t~U n9~lUnn9~Jl4n9~L~t tth~ FiT, Curtailment compensation

(n~n9,~4~wmni~Nay1) itgmninuni~tiua~ij

2) Insurance & Guarantees aU 9341 i~iiitH€i~fii ni iiiitj-nu U~It

ii ~ ¶1 9 1~ n 9 ~ N ~i lv~ ~ 9 ii u Construction insurance, Operational insurance, Weather

insurance thiiiiki solar & wind, Performance Guarantee Insurance

3) Hedging Instruments l2u9tNg9n~id’~fl9

lilt FX hedging (~rwni solar/wind ~mitI981Jrnw), Interest rate swap, Commodity
S

hedging (~34LtuJ—~i1~va~1Mt9)

4) PPP Frameworks & Government Support ~u9i~JuiTiFfl934U~ThvnTflJi’1J

tni~i~it~nini~ fl9~9 921 9’~fl9n~iii (policy stability) n9~1ThJ?1NU

i~o~weaqua~~ ii ni~,irngiiit,ji (import duty exemption)



21. Renewable Energy Auctions and Procurement

(Renewable Energy Auctions) Ln~Th14~’n~1W1S

~ t~sa~9$n9~LLn491’i~rn19

bn~fl9~ (developers) vtnhi~L ni~a wnmtJ4utA Li~1~J1919flT~a41W LL~t~’
V~I a

gi99U1YiE~fl9~l~Wi’tIt

n$~9tMNoqth~14P P1€~

1) n9~Wl9n11J14~1Ut~EflJ

2)~
V a v.., it

3) tThLnt9T~n11~Wfl~)1J

4)~

5) aN1JM91o4191Ja~a99a4thn)1PI

21.1 ulJLLn?ltnn1~nLaflJtYflUw~4~l (Auction Design)

n’fl88nLLUUflhLlfl2NW5€4YWfl A’)1~JL~J$ L~1~9L~

~rn$tP~fl9~ u1Jth’~lls~Y1Ja9na ‘IJILLH
1) Pay-as-Bid Auction (LLuuts~n~srwrnh1al4o) luUh~91JQi~t4tal~a

.Iii 4dP V a 4 it ~aw 4., I

LaU4l~llJflfl~LaU9WW1LL$1~~ 0LLa~9~9ZJLat9LL~JU 89~

LLw1g~8n1flhjbJ ¶U1LUU SltthtL~191~1a~tJ ~Jfl~j

2) Uniform Price Auction (,1~1L 114 at14~nM)~

~19~1L~1J~JTTh9rn19U)Th1Jt a1~1~Uafl~tUfl9 1øI~Y)2~9A1~WI9frI~

thlLa~,~lM~1n9nwnSJlN3~ 1U~fl~1P11ttJh1J

3) Vickrey Auction (Second-Price Sealed Bid) ~ Lat1tfl~Tick~9I~I11t ILP1

1UU~i~4eIU~ffm1IJ L ~4hN’Lrns,~np~lM1 t~tU1 i’Y~11A1LL~ I a

4) Hybrid Auctions 1t14~1UULlt~UUN~J t~lth~141F11U1VU91W~tfl
I a V V V a it

LL11Jfl19W1~U LLNt421Jfl1~flEfliTN 9E1aJPi9tL~1PflJfI ~UJ9~CWI911
V at VI . 4V at 4V

~ l~JU WI tft~.1n9~ Offshore Wind 14~4n1a$nNY~5~I1U

21.2 ~ 4n1i~nufl9~i’rn41lyith (Procurement Process)

tmolUU~n€nj~I~ei 6 Efl~i~’n Uiwc
1) Pre-qualification (PQ) n1n1~1 ~‘1$~i1J LtU 191J’flCflh1~1

fl9~1J Ufl95LIitA~n15 L~a mmii 1tL~WIÜ~I (technology certificate) n~u’mnt~
S. 4

2) Bid Submission n ~iJ 1?~1J€YVTh9L tvnan’~~J~nini L~J1J n91fl~l4~ilS9lJ

~(CAPEX/OPEX) 4IeLrnm Grid Connection



3) Bid Evaluation~ (LCOE ~4~E tariff-based) tfl]~.3TflU~J

9t~1n9~ aqnwltsn9e$i’lJn3ffil L~ n1n9Y~(9tL~mttta~ UtqIui~ii~W~

weighted evaluation rdti ~9Ffl 70% i~üanm 30%

4) Awarding & Contracting U ni iu~€4t iiat~v~i~gjqp PPAt~s~

~Un9~.~+wYqj ~iu Tariff structure~ 15—25 ti ni ~i~~in ~i9LL~9L~
a — I i 4 I

fl~9O4fl€~flL~fl 91i~1Junnn9~frna$t~1un’n~nt9

5) Financial Close acn tni 114~Thia~JfI9~J1J9L~€h (bankability) v9n~’

~ttl91J9~OfrnWu1$lUI.’Th’Mn9l4l~ t9~JnLvlflO€It

6) Project Delivery & Commercial Operation Date (COD) fl 9 P1 P1 P1 9 ~J

nnirnnni~n€wtn~ ni ~wiotntuu (commissioning test) fl9~ btthL419 UUP19~JL’)~i9 COD

~U4I~1S Win COD ~H~’9 tdu ~n~tU~ti’uwaiii~ (performance bond)

21.3~(Auction Risks & Failure

Factors)

1) tJnderbidding Risk (Lau 9P19Pf91~tl~3.~) Lfl tUlt 9P1LL~J4~u1~1 ~
n~i1Jø1atprun-n ~19lMaTn~bJLn1n~1

2) Grid Connection Bottleneck

3) Policy Instability n9~Lli~S LL4L1IEJU0d9 un~nfr~ij LtiIJ n9~

unL~n4t~druqn PPA~

4) Currency & Interest Rate Risks P1~I94~9tMtiU~(V11i9L4u9€pJnWi~

LCOE ~iiLat~ti’pi9Lflt~31

5) Off-taker Creditworthiness Risk LtIJ ~9a9Mfli ~rnl9t~fl9~L~l1

bnjtM$ q9l~un ~1t4L~un~~1 PPA~

3.3

10t191&flIflJ L4u9’kJ4lZJ ilfWth:tenniátUl~)
t S• I I — V t? V I

~

~ai1Jrn~1A1~99tJn9~1~N9Lrn9Pn

~

1. ~ii 9~nun~i’P1ny~J M 9tlP1~J1Ltfl~iM L P1bJI?1~ ~fl€J35n9~ttui 9 ~qa9~J9w

i9~J91Ultt~kN9tJfl9~1nw~fl L’WLJ UMUtltfl9P1Lflb*fl fl’fli’P1n9~P19f1J~t4 ~~uu
V —

Lfl1M~U9Q~tJ~
V V v4 V., ., a

2. øltnl 9tP1n9~1tl4t~J1J9U 9~q ‘IM 9~J9 laJmP1rnllaJwnlJ tr~ini~ W~V

Mu ininneTi~t/ BCG Economy! Smart Farmer!

LfThM~Pl9~1J8u919



3. tflTfll 941 9~J1LfltJnmtp~nfl’5 v1nsnt~n9o9zrn9n1m4Ani

94thn)wl ~rn1~1~’nwtJn9~$1ajnmn1*v5rnTh’hni

thuf~ 4 Vg~jwi qiJ~iri 1L:4aLalJoLLlJ~

4.1 fi~kjM1/qthfnfl
S o 4 a
~

~ 9~J1~N3JWbJfl€1J

thtUthtt~nM
, a V

4.2 qiariøi~i~ttattawuaLtw~

V U

~ m~liw’rnwna’n
a I U U I I .4 a, €

fl’1flØ1W994~

5 thfl:1~Tuiqn~NlunhJfrTh49tsd’ntn314
*~

IliJIIhnIIØ’L1W

~~
V 4 a, € ~ ~ 4iJ’

~11L’~Th~flJ T~ 9lJ$~)9ø1 LWIU ~1$t
a, w V ~t, a, .4 a, U ti

1. ~ LYlVU~1~tfl1~ltYYa149U

~LtIJ ~ I 44,11Jatv9~ *iUJ

~Q3ZJ~~

2. Un nn,iw3w.n ifiJ€iaf, (Low-carbon Agriculture) ThEJ1!9LLlfl~IL~84fl9~

ItlJ fl9~2J149

Ln~ffl~14LtUU~I11J Carbon Credit 14 tfl ~1JPnfIJtt14#t~Lfl1~ fl9~L~91?fl4~

1M~IV~V194fl9RtThWfl ~11UUfl9 ~1WUflfl9RN9ltWTh1fl,W~ ~rnNn9~n$I8n9aw1$uui~
a Li I

~9flfl~flU~19flJ8lJ

3. U~N1Jn1T~u1J1?I~0U11LZJ1J9U BCG Economy 1L~LTh14aJ1LJ Carbon Neutrality 2050 ThU

U~CU9fl9Th49trnAflStflUUtLflW~1NtJlJ fli 9W~$9~~

4. 1nUnmu1n~11au4L1U1~nun1~1Fifmt ~J14’1~11U9~’S ~

9th~L~P1~
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