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IDENTIFYING TIPPING POINTS TO ACCELERATE ASEAN’S GREEN GROWTH

Identification of key factors for market tipping points
will accelerate mass adoption of low-carbon solutions
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Initial tipping points analysis will cover strategic

sectors that covers ~40% of ASEAN GHG emissions

Acting on policy, market, and industry
levers are key to achieve tipping points
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ACCELERATING ASEAN’S GREEN GROWTH

Reaching tipping points in strategic sectors

%}“{ will create cascading effects for ASEAN's
Net-Zero transition, accelerating ASEAN'’s
green growth.
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WHAT IS A TIPPING POINT?

Figure 1: The historical adoption of a sample of infrastructure and energy systems
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Figure 2: The historical adoption of a sample of manufactured goods
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Socio-economic tipping points happen when a new
solution (technologies, practices etc.) advances to a
level where it starts to rapidly outcompete and
replace the existing solution.

Once you cross a tipping point, the new solution
grows exponentially and forces the old one out of
the market quicker than anyone could have
predicted.

Triggering tipping points could offer an opportunity to
rapidly increase the deployment of low-carbon
solutions and drastically cut global emissions.

Many examples in history of new inventions hitting
tipping points - some reached full adoption incredibly
quickly (especially in a pre-internet era).
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TIPPING POINTS CAN BE TRIGGERED THROUGH ADDRESSING 3 KEY ASPECTS: AFFORDABILITY,
ATTRACTIVENESS, AND ACCESSIBILITY

Cost-competitiveness. Critical variable in relation to tipping points is cost-
competitiveness of low-carbon solutions, which depends crucially on scale.
e.q., improved TCO of e-buses

AFFORDABILITY

In some sectors, the low-carbon solutions
have already reached affordability and
accessibility but are not accessible due to

lack of infrastructure.

Sectors may also reach affordability and
accessibility, but struggle with attractiveness
due to lack of product-market fit or lack of
push from regulatory/consumer side.

Non-cost benefits orimproved
performance from low-carbon solution
relative 1o the existing solution in place

e.qg., early buyers in China driven by
increased vehicle range and reliability
of electric 2-wheelers

Supporting infrastructure. Many low-carbon
solutions require supporting infrastructure to
be in place before large-scale adoption.
e.g., telecommunications infrastructure build-
out enabling online services (e.qg., ride-
hailing, e-commerce)
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ATTRACTIVENESS

=

ACCESSIBILITY

Low-carbon solutions may also be accessible and attractive, but not
yet affordable due to high technology price or lack of
subsidy/incentive to switch.

SYS5TEMI G




WE PRIORITISE 6 SECTORS BASED ON GEOGRAPHIC RELEVANCE, GHG EMISSIONS REDUCTION
POTENTIAL, GLOBAL IMPACT AND LOW-CARBON SOLUTION READINESS
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regional emissions contribution (cumulatively ~40% of ASEAN total), and the state of readiness of respective
low-carbon solutions (e.qg., solar & e-mobility).
S SYSTEMIQ

Notes: 1) Emissions in 2020, approximate calculation from IEA and Systemiq analysis. ; 2) Relevancy is based on a) country’s production within the sector and projected
contribution to economic growth and strategic positioning in the global economy; 3) Larger number indicates better readiness and adoption status for the technology.

l ) Prioritisation rationale. These 6 sectors have high regional socio-economic relevance, global frade impact,




ASEAN MUST FOCUS ON ACHIEVING ENABLING CONDITIONS IN POWER, ROAD TRANSPORT, AND
LOW-TEMPERATURE INDUSTRIAL HEAT TO REACH RESPECTIVE TIPPING POINTS

SECTOR EMISSIONS RELEVANT SOLUTION SOLUTION ENABLING CONDITIONS TO REACH MARKET TIPPING POINT ENABLING CONDITIONS

COUNTRIES  INFOCUS STATUS AFFORDABILITY  ATTRACTIVENESS  ACCESSIBILITY NEXT STEPS
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3% OF TOTAL ASEAN

&=, GREEN AMMONIA FOR FUEL IN SHIPPING e 3%

SECTORAL CONTEXT TIPPING POINT LEVERS DdO®E®

+ Shipping accounts for 2 to 3% global CO2e emissions. ~85% from
heavy/very-heavy ships (e.g., containers, dry bulk). Cost Parity: requires $1.6kg green hydrogen price +
$100/ton carbon price or equivalent subsidy

* Low-carbon solution focus will be on green ammonia as
shipping fuel given energy density limits for elecftric ships &

hydrogen. ~ HFO + Carbon Price or Equivalent Subsidy
+ Green ammonia for shipping requires 4 aspects to be fulfilled: 1) = \Green Ammonia (HFO equivalent)
Bunkering infrastructure; 2) Green ammonia production; 3) Ship §
engine development; 4) Handling safety. = " Historical average Heavy Fuel Oil (HFO)
+ ASEAN'’s position in shipping corridors, existing ammonia
infrastructure, and Singapore’s 20+% share of global bunkering Historical range*
demand makes ASEAN significant for global shipping. Since cost parity is only available for very low

0 cost of hydrogen, ASEAN is better positioned

KEY SHIPPING AND AMMONIA VALUE CHAIN LOCATION IN ASEAN |55 ottt ettt to contribute as an infrastructure (bunkering)

provider, not production.

Legend 2020 2025 2030 2035 2040 2045 2050
@ Major shipping ports

Ammonia loading port facility PRUGRESS & NEXT STEPS Legend: tLJ?:t\?:iers f)eo\;r?g:sl ggfﬂers
. Ammonia unloading port facility PRUGRESS KEY A[ITIUNS

°
R® — O Policy adjustments: Carbon tax for HFO usage in shipping.
o i O Green ammonia development. Incentive for green corridor development, including ammonia bunkering
AFFORDABILITY and other technology investments.
Mostl R hed i Not yet
TIPPING PUINT STATUS Legend: regscf?ed cigginecc;geslzl re%c);?ed X . X . L.
o O Policy and regulation adjustments. Stricter regulation in ports related to pollution and emissions.
L ] . rZ O Market incentive. Green premium for ships using low-carbon or alternative fuel.
D TIPPING POINT1  + Tipping point will be focused on the ATIRACTVENESS O Facilitate market coalitions for green shipping.
Cost of Green cost of green ammonia vs Heavy Fuel
Ammonia Qil.
($/Ton) Vs * Since fhis solution is in development Q Facility readiness: Improve bunkering capabilities
Heavy Fuel Ol , ippi i 290 : -
y stage, the fipping point has not been = Q Ship design: Accelerate manufacturing capabilities of green ammonia-fueled ships.

reached ye. ACCESSBILTY /' O Regulatory change: Incorporate ammonia handling/usage in global safety standards and regulations.



: DIRECT ELECTRIFICATION OF INDUSTRIAL HEAT sz < 4%
SECTORAL CONTEXT TIPPING POINT LEVERS 0S000®=Q

* Industrial heating accounts for ~50% final energy consumption LOW TEMPERATURE HEAT: LEVELIZED COST OF HEATING (LCOH) OF INDUSTRIAL HEAT PUMPS (AIR-SOURCED)
(107 EJ), where coal (40%) is dominant.
100 81
+ Focus of analysis is on direct electrification of heat. 80 99 5 r—= 61
* 2 solutions that were analysed: Heat pumps & Electro-Thermal 60 — _?g_ — |z%1282L ,,,,,,,,, = 7 —10- == e - _ _'19 _
Energy Storage (ETES) e h 3 -13 T u
20 39
0 0
INDUSTRY HEAT REQUIREMENT (°C) RELEVANT COUNTRIES LCOH OF GAS GAS PRICE CARBON TAX  POST-LEVER LCOH OF LCOH OF CAPEX CHEAPER 24/7 ENERGY POST-LEVER
0 200 400 STEAM BOILER FLUCTUATION GAS STEAM BOILER HEATPUMPS  REDUCTION  ELECTRICITY  EFFICIENCY LCOH OF
Precic mm 0222006 AT UM
MEDIUM-TO-HIGH TEMPERATURE HEAT: LCOH OF ELECTRO-THERMAL ENERGY STORAGE (ETES)
@prt  — 0280 i A
80 9 5 —=— | 29 | 1= pwmm n Fossil fuel LCOH
0 res e i L Z | K 21% A ETES LCOH
40 —_ _15_ I D 15 67 _38 -
2 39 _ - Range of cost
-« Minerals - HPAL Q (’ 0 ya Additional but
w Nickel HEAL LCOH OF GAS GAS PRICE CARBON TAX  POST-LEVER LCOH OF  LCOH OF ETES CAPEX LOWERED POST-LEVER * uncertain
STEAM BOILER FLUCTUATION GAS STEAM BOILER REDUCTION ~ RENEWABLE  LCOH OF ETES Range of
LCOE tipping point

Legend: Low Several High
TIPPING PUINT STATUS Legend: Mostly Reachedin I:I Not yet PRUGRESS & NEXT STEPS g barriers barriers barriers
K reached certain cases reached PRUGRESS KEY ACT'UNS

LOW HEAT TIPPING - Low-temperature heat has a closer s a Policx qdjt{stment: Preferential electricity price for clean heat or carbon taxation to support direct
POINT path to the tipping point. Determined (2] electrification of heat
by market conditions, particularly ArForDaiLTY / A Financial support: Grants, tax incentives, lending mechanism, and access to low-cost financing.
IL-COH 2f|_|_(|:eg|: energy costs (i.e., coal/gas vs. O Commercial pilot project in ASEAN
c umps electricity prices). i i . , , .
as for Low Heat QO Policy adjustment: Enabling power wheeling access to lower-cost PPAs from renewables developers.
ﬁ%j O Energy efficiency or emissions standard: Mandate to improve industry energy-efficiency standards.
. B e s arracvENEsss O Market advocation: Key end-markets that are buyers of products from ASEAN (e.g., fashion brands buying
MED-HIGI.II’(I]lIIEG'T TIPPING ’r\\Aaid:;Ty:; ::gzhh: da:i:)h;;::;ggfiﬁs due textiles) should signal the need for low-carbon products.
LCOH of ETES < to the technology's readiness (still o Q Increase reliability of grid: To increase accessibility of heat pumps even in remote industrial locations.
Gas for Medium- early commercial deployment Q Accelerate technology introduction: Soliciting OEMs should be courted to introduce tech in ASEAN.
High Heat stage). accessury - A Industrial park electrification mandate: Increasing uptake in electrification through industrial park

managing entities.



&0 ELECTRIC 2-WHEELER IN ROAD TRANSPORT sopmssovs oy 4%
SECTORAL CONTEXT TIPPING POINT LEVERS Oe0S020®Q

« Electrification is faster in 2-wheelers than cars. Sales of E2W

accounted for 44% of new BEV sales last year, dominated by 5-YEAR TOTAL COST OF OWNERSHIP MASS-MARKET STICKER PRICE E2W REDUCTION
China. 20% of global 2W are in ASEAN. (TCO) FOR E2W VS ICE ($) LEVERS ($)
* Indonesia (47%), Vietnam (31%), Thailand (9%) are 2W hotspots, l_R-eau-ce_d-baﬂ-e’;, K
accounting for 90% of ASEAN 2W fleet. 3000 , 2900 : cost could !
. ope I
+ Fleets are main driver in electrification. Mass adoption from 2,500 1 s;gcn’;;lg‘fl:il% C’;(eelf |
fleets, e.g., ride hailing or logistics, will be key in triggering scale 2,000 1500 1 price parity 1
needed for fipping point. 1,500 25% co50 | il = el 1,220 : although more :
* Peneftration rate of E2W is not at expected rate. Issues ranging 1.000 -300 -150 ,o%e for 240 | hglp fr om better 1
- ) . . = ' 5% . financing rates
from accessibility (e.g., charging stations, supplier capability for 500 —20% ] cost pority SN 1 will help increase 1
mass orders) and atfractiveness (e.g., branding, product-market 0 N > I : aliractiveness. !
o . N o M I
fit, charging time) persists. ICE2W TCO E2W TCO E2W TOTAL 2023 STICKER | REDUCED  FINANCING REDUCEDVAT POST-LEVER @ ——————=—=—=—-
. ACQUISITION COST PRICE BATTERY SUBSIDY STICKER PRICE
Mostl R hed Not yet
TIPPING PUINT STATUS Legend: regi:g/ed ci\g‘ginecéges D recc):lcyheed COSTS
. . . mm Sficker Price Financing Cost Fuel & OM VAT mm Battery Suspension Elecfronics ma Chassis =7 Range of cost
TPPINGPOINT 1~ * [Yys Mas been reached In mejor
countries. vietnam, Indainanag, . L Several High
TCO of E2W < Malaysia, Philippines have reached PRUGRESS & NEXT STEPS tegend: b%vr:iers barriers barriers
TCO of ICE this due to lower operational
2W/3W expenses subsidies and regulation. EROGRESSH I BREGAL TION
— O Policy adjustment: Infroduce additional policy to incentivize E2W penetration to manufacturer, to further
TIPPING POINT 2 « This tipping point can be viewed from L reduce cosfs.
I:I S BIEE 6 cashflow perspective: higher cashflow AFFORDABILITY © OO Investment for battery: Scale up battery production to obtain benefit from the economies of scale.
EOW <F§Ticker payments due to sticker price, even O Improved financing costs: Enable banks and lenders to reduce the cost of financing and lease rates.
price ICE 2W with similar financing costs,
discourages mass market adoption. o 0 O Support R&D for OEM: Develop domestic R&D achieve product-market fit and reduce manufacturing costs.
= Q Introduce more incentives: Identify non-cost incentives to further attract markets.
e - - ATTRACTIVENESS ) Improved financing costs: Enable banks and lenders to reduce the cost of financing and lease rates.
I Even though TCO has been reached, very high sticker |
I X : ) . I
I p",-iengrgof%g';%?vgecgsg'g#g;eesfﬁtﬁ?g;g:?gg?esf!gat I 000 Q Infrastructure advancement: Enhance public charging infrastructure and electricity reliability.
| cashflow status I =

L e e e e e e e e e e e Y Y Y 1 ACCESSIBILITY



2% OF TOTAL ASEAN

-7 E-BUS IN ROAD TRANSPORT oHgEwssons 2020 %
SECTORAL CONTEXT TIPPING POINT LEVERS OE0Z202025Q

+ Electrification of public transportation is important to reducing 5- TCO OF E-BUS VS UPFRONT COST REDUCTION LEVERS FOR
7% of global emissions, and maijor cities has started the process. ICE BUS ($/KM) E-BUSES (IN $)
* Low penetration. With a still growing bus fleet, penetration rate 1.0 1 0gs 091
of E-buses in ASEAN is sfill quite low, estimated to be under 5%, P Y
even though ASEAN countries have E-bus manufacturing 0.8 1 30% 0
capability. 05 4 12% 455,000 455 UUU,,,,, Reduced upfront

S 63,000 I ) g ”357000 R

costs and policy

* In ASEAN, there are 2 tipping points: 1) Total Cost of Ownership support can pull
u u

TCO) of e-Bus < TCO of ICE Bus; and 2) Reti t of existi 4 - (509 - 21500
I(CE ngsofleee’rus o] us; and 2) Retirement of existing 0.4 4 (50% 108 000 -60,000 | us close To even
. 09 | 350,000 Target rahge sticker price
_ for cost garity  parity.
Legend: Mostly Reachedm I:I Not yet 0.0 |
TIPPING PUINT STATUS reached certain cases reached ICE E-BUSES E-BUS 2023 REDUCED POLICY REDUCED POST-LEVER I_ _________
L . . BUSES ACQUISITION  STICKER ~ BATTERY  LEVERS  FINANCING  STICKER
TIPPING POINT 1 + 1sttipping point has been reached in CosT PRICE™  COSTS®™ (SUBSIDIES)  COST PRICE
TCO of e-Bus < certain cases/rt_agions, due fo lower Upfront Cost of Battery & Chassis & Chargin Cost Range of
TCO of ICE Bus fOUzII\/C\:OSf (electricity vs. fuel) and - cgsf B (i oncing Fuel oM ml Electrinéol suspension Infras%rugture BN cquction &= redL?cﬁon
. Redué:ed sticker price and build-out _ L S | High
of charging points will be key in PRUGRESS & NEXT STEPS tegend: b%vr:iers beo\;r(l?;?s bgrriers
improving TCO of E-buses. PROGRESS KEY ACTIONS
TIPPING POINT 2 + Whilst this is not a socio-economic
D Early retirement tfipping point, operators with younger . O Policy adjustment: Regulatory support (e.g., procurement process or permits for non-operators to contract
of existing ICE ICE fleets has seen this as a barrier for ¢ with transport authorities) for innovative business models.
Bus fleet E-bus adoption. arroroagiLY - O Investment for battery: Scaling up battery production to obtain benefit from the economies of scale.
» Resolving this issue is an important d Innovative business financing: Continued efforts to access carbon financing or set-up of financing facilities.
tipping point to unlock large-scale
adoption. ot Q Policy adjustments: Regulatory support for innovative business models to be successfully implemented.

P e ——————————— - r QO Societal push: Further strengthen the push for better air quality in metropolitan cities.
I Even though TCO has been reached, very high sticker 1 ATTRACTIVENESS
I price and transitional changes such as behavioural and |
I regulatory has been another non-cost barrier that is !
1 slowing down the uptake of electric buses ! 060 Q Policy adjustments: <see above>.
e ! = Q Innovative business model/financing: <see above>.

ACCESSIBILITY



& SOLAR & STORAGE IN POWER - COUNTRY GROUP 1 ooemsos o 9%

SECTORAL CONTEXT

+ Group 1 consists of countries with higher solar deployment (>1.5
GW), stronger enabling policy environment, more mature
market (lower risk), and more ambitious VRE planning in its PDP*
(by 2030)

+ Vietnam leads with 13% of VRE penetration (Phase 3 of VRE
integration), whereas the rest are stillin Phase 1 (<5% VRE).

» Other countries in Group 1 may soon reach Phase 2 (5-10% VRE)
and must start planning investment in transmission & distribution
to prevent near-future power system imbalance and
curtailment.

TIPPING POINT STATUS tecenc: [ 12320 11 EEGin cores L rencne

« Tipping point 1 has been reached in
TIPPING POINT 1 . S
LEOR of solol < Group 1 countries. Coal moratorium is

also in place in most of the countries.
new coal/gas P

TIPPING POINT 2 « Tipping point 2 has been reached in

LCOE solar + certain cases, especially against
storage < new CCGT. Against coal it may happen if
coal/gas there is no domestic price cap
l | - Tipping point 3 has been reached in

Group 1, mainly due to coal and gas

TIPPING POINT 3
I LCOE of solar < I

Iexisﬁng coal/gasl price fluctuation

L - 1

l TIPPING POINT4 | - Tipping point has not consistently been
| LCOEsolar+ | reached in ASEAN. This is relevant

| storage < I particularly for Vietnam. High battery
Iexisﬁng COCII/gGSJ prices are the main barrier.

TIPPING POINT LEVERS ° @ @ <’

COUNTRY GROUP 1: VIETNAM, THAILAND, MALAYSIA, PHILIPPINES

OPERATIONAL LEVELIZED COST OF TIPPING POINT 3 LCOE FOR NEW-BUILD
ELECTRICITY (LCOE) FOR EXISTING COAL ($/MWH) UTILITY-SCALE SOLAR ($/MWH)
100 20 5 9 76
gg 54 | ezzom S 13 !: _?2:1 *"""":4_-—:[8 I-: ————————— - sﬂﬂ'.r 777777777
25 44 16
0
COAL OP-LCOE COAL PRICE CARBON POST-LEVER SOLAR LCOE GOVT LAND IMPROVED POST-LEVER
FLUCTUATION TAX COAL OP-LCOE SUPPORT MARKET RULES SOLAR LCOE
OPERATIONAL LCOE TIPPING POINT 4 LCOE FOR NEW-BUILD
150 FOR EXISTING COMBINED-CYCLE GAS ($/MWH) UTILITY-SCALE SOLAR + STORAGE (S/MWH)
5 107 106
o p— ————————— . E ) . E ™ ~an ™ an T e i e — 91
wyo om0 V7] _ 37 e S
0
CCGT OP-LCOE GAS PRICE CARBON POST-LEVER SOLARLCOE ~ REDUCED GOVTLAND  IMPROVED  POST-LEVER
FLUCTUATION TAX OP-LCOE BATTERY CAPEX ~ SUPPORT ~ MARKET RULES SOLAR LCOE
Fossil fuel LCOE Solar / Solar + Storage LCOE == Range of cost E&Z Additional but uncertain change Range of tipping point

PROGRESS & NEXT STEPS tccerc: O e - b O Dorer

PROGRESS

— O Policy adjustment: Set ambitious VRE deployment target to make full use of solar (+storage) tipping points.
i d Procurement adjustment: Utilize large-scale solar auctions to further bring down LCOE of solar (+ storage).
AFFORDABILITY

ot O Policy adjustments: Plan for flexibility needs in the power system (toward net zero); Streamline rigid PPA
(2 renegotiation to unlock more system flexibility.

ATIRACTVENESS. (1 Procurement adjustment: Take benefit of the price discovery effect of reverse auction-based procurement.

00 4 Investment for grid: Attract foreign direct investments to further develop grid ability for increased
= renewable penetration.
ACCESSBILTY © O Infrastructure advancement: Invest in new tfechnology to improve grid connectivity and energy access.



5 SOLAR & STORAGE IN POWER - COUNTRY GROUP 2 ooemsos o 9%

SECTORAL CONTEXT

+ Group 2 consists of countries with lower solar deployment (<500
MW), less ambitious VRE planning, less mature market, which
resulted from weaker enabling policy environment.

+ All countries except Cambodia (4% VRE) have <0.4% of VRE
penetration. Each has its own specific barriers e.g., system
overcapacity, carbon lock-in, rigid market, political instability.

+ Group 2 countries have existing technical flexibility (via gas or
hydro) to accommodate first 5% of VRE penetration without the
need for deploying storage solutions.

TIPPING POINT STATUS tecenc: [ 12320 11 EEGin cores L rencne

|j——————
|  TIPPING POINT 1 :
LCOE of solar < |
I new coal/gas |
L - - 1
TIPPING POINT 2
LCOE solar +
storage < new
coal/gas
P= - T |
|  TIPPING POINT 3
LCOE of solar < |
:exisﬁng coal/gasl
______ d
TIPPING POINT 4
I:I LCOE solar +
storage <

existing coal/gas

Tipping point 1 has been reached in
Group 1 countries. This is sfill relevant
for the group since coal moratorium
is found only in Indonesia.

Tipping point 2 is not relevant yet.

Tipping point 3 has been reached in
Group 2, mainly due to coal and
gas price fluctuation, except
Indonesia (due to domestic coal
price cap)

Tipping point 4 is not relevant yet.

TIPPING POINT LEVERS 0 Q 6 @

COUNTRY GROUP 2: CAMBODIA, LAOS, MYANMAR -- AND INDONESIA (W/ PRICE CAP)

° O @ LCOE FOR NEW-BUILD TIPPING POINT 1 LCOE FOR NEW-BUILD
COAL-FIRED POWER PLANT ($/MWH) UTILITY-SCALE SOLAR ($/MWH)
100 20 5 97 99 77777777 83
} B “ B O ]
50 S - :
COAL LCOE COAL PRICE CARBON POST-LEVER COAL LCOE SOLARLCOE ~ GOVT LAND  IMPROVED CARBON POST-LEVER
FLUCTUATION TAX SUPPORT ~ MARKET RULES ~ REVENUE  SOLAR LCOE
@ LCOE FOR NEW-BUILD LCOE FOR NEW-BUILD
COMBINED-CYCLE GAS TURBINE (5/mwiy 1P FING POINT T UTILITY-SCALE SOLAR ($/MWH)
150 0 5 120 "
s B ——— ] I~ 31 2 78
o £ I N/ T | B
gl ———- L 14 e 3 a1 |
3 9 v
0
CCGT LCOE GAS PRICE CARBON POST-LEVER LCOE SOLARLCOE ~ GOVT LAND  IMPROVED CARBON POST-LEVER
FLUCTUATION TAX SUPPORT ~ MARKET RULES ~ REVENUE  SOLAR LCOE

Fossil fuel LCOE Solar / Solar + Storage LCOE == Range of cost & Additional but uncertain change Range of tipping point

PROGRESS & NEXT STEPS teseno: O 2 © 2orics O Cires
PROGRESS Jl KEY ACTIONS

— a Policy adjustment: Plan a gradual phase down of fossil fuel subsidies to create a level playing field for
(&) renewables. Accelerated coal phase out financing will also help.
AFFORDABILITY © 0 Market design adjustment: Improve market rules by creating market certainty, improving fair allocation of
risks for PPAs, and providing clear & consistent regulation.

N a Policy adjustment: Streamlining national coal phase-out strategy and rigid coal PPA renegotiation to
hE enable higher system flexibility.
AmRACTVENESS, O Procurement adjustment: Developing gigawatt-scale solar pipelines and design large-scale solar auction to
bring down "local” solar LCOEs through economies of scale.

0 Q Policy adjustments: Enable power wheeling to increase accessibility to renewable energy.
o= Q Transmission infrastructure investment: Invest in improving fransmission lines.
ACCESSBIY /' Interconnectivity improvement: Accelerate inferconnection execution to accelerate renewable build-out.



TWO SUPER-LEVERAGE POINTS COULD TRIGGER A CASCADE OF TIPPING POINTS FOR ZERO-CARBON
SOLUTIONS IN SECTORS ACROSS ASEAN

SUPER-LEVERAGE POINT 1

Zero-emission vehicles mandate to two-wheelers and buses
(30% ZEV mandate amounts to minimum of ~75 GWh battery demand

ROAD TRANSPORT SECTOR ~ N
_ ——————————————— ﬁ POWER GENERATION (25%)

I ROAD PUBLIC TRANSPORT (2%) 2W ROAD TRANSPORT (4%) &% [l IEENCINIClyE Solution:
I I - Solar PV - Air-source heat pumps
- Battery energy storage - Electric-thermal energy storage (ETES)
I solution: s solution: |
| - Electric buses F, - Electric two-wheelers |
! 1 MINERALS REFINERY (1%)
| . 7 7\ 7 7 | | solution:
I ~7 ~7. | - Renewables for nickel refinery
. . 4
: Solution: (not assessed) Solution: (not assessed) : A SHIPPING (3%)
| . Solution:
l SUPER LEVERAGE PUINT 2 - Green ammonia for shipping fuel
|_ ______________________ I RE mandate in critical minerals industrial parks
fo increase uptake of low-carbon power & heat p
FERTILIZER (2%)
CROSS-CUTTING KEY ACTIONS “Creen ammon for

© Continue investments & development of battery industry

@ Develop local manufacturing capability for solar PV LEGEND: (X%) % OF ASEAN EMISSIONS
@ Incentivize industrial park to push for clean electricity and direct electrification of heat IRANCELRT INDUSTRY [ CROSS-CUTTING ACTION

POWER FOOD & LAND USE 6 CROSS-INDUSTRY CONNECTION

O |dentify potential Special Economic Zones to implement low-carbon technology
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HOW BLENDED FINANCE COULD HELP CATALYZE THE TRIGGERING OF THE TIPPING POINTS
o

POWER Solar (VRE) + GROUP1 08938 . Technical assistance to support the low-carbon power system transition (VRE adoption or coal retirement)
5 TVWLER
storage - Guarantees (e.g., first-loss mechanism) for VRE projects
GROUP 2 2500 - Guarantees or concessional loans for power grids (T&D) expansion or upgrade
- Concessional loans/grants for early coal retirement (from philanthropic and public capital, i.e., MDBs)
9-WHEELERS Electhic two- - Grants for E2Ws R&D (on product performance and attractiveness) to help achieve product-market fit
IN ROAD TRANSPORT wheelers - Concessional loans for charging infrastructure
|]1| I“ BUSE Electric bus - Concessional loans for e-buses (mass) procurement and charging infrastructure
M - Technical assistance to support the government in creating the enabling policy and environment to atiract invesment
INDUSTRIAL HEAT Industrial - Grants/technical assistance for feasibility studies for low-carbon industrial heat projects
l | heat pumps - Grants for low-carbon industrial heat technology’s proof-of-concept (R&D)
- Concessional loans for first-of-a-kind (FOAK) low-carbon industrial heat projects
Electric thermal - Equity investment for early-stage technology providers/companies, especially for ETES
energy storage
SHIPPING G - Concessional loans for green ammonia refueling and bunkering infrastructure (port)
reen
% ammonia - Grants/technical assistance on supporting studies to accelerate green ammonia-fueled ships uptake (ship engine
development and handling safety)
VRE + storage - Concessional loans for VRE + storage and/or ETES adoption and local grid upgrade
INDUSTRIAL PARKS and ETES | L . o . . .
- Innovative financing to accompany capital investment in green industrial parks
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1% OF TOTAL ASEAN GHG

7 SOLAR & STORAGE AND ELECTRIFICATION OF HEAT IN NICKEL REFINERY *irizaine <™
- Ao

INTEGRATING VRE IN NICKEL PROCESSING CAN CREATE
UP T0 2.8 GW DEMAND OF VRE SOLUTIONS

ASEAN HAS WORLD-LEADING NICKEL RESERVE AND IS
FOCUSING ON DOWNSTREAMING THE NICKEL INDUSTRY

EXISTING NICKEL PRODUCTION IS ENERGY INTENSIVE,
DUE TO HIGH ELECTRICITY & HEAT CONSUMPTION

* Nickel will be an important mineral for O o om0 a0y + Using projected Nickel production routes,
energy transition. Low-carbon technologies 700 T =1 tonne contained nickel mandating renewables use can create ~1.7

for the transition, especially batteries that 600 ¢ to 2.8 GW demand for low-carbon solutions
use CAM technology, need Grade | Nickel for power?, depending on scenario.

LOW-CARBON TECHNOLOGY NICKEL

s00 | 485

400 9

300

ENERGY CONSUMPTION
(GJ/T-ALLOY)3

UTILITY-SCALE BATTERIES wop | 14 17 v
EV BATTERIES 100 Jl
EV CHARGERS 0 * With the right timing, Indonesia can further
SOLAR PV 80 unlock enabling conditions for power and
WIND 70 | R medium-to-high industrial heat, creating a
HIGH MODERATE ( LOW = = 60 § cascading effect into the low-carbon
* Indonesia & Philippines are key players in 5 g il w § solution ecosystem.
nickel value chain. These 2 ASEAN countries 2= - \\\\E §
has ~10% of global nickel mining and S 8 zz ’ §§ ) § NP
possess ~25% of global reserve.? =E [ N N
13 _ §§ §§ \‘§ N § + Achieving low-carbon nickel production will
FLASH RKEF RKEF RKEF :
NICKEL SMELTING | (LATERITETO | (LATERITE | (LATERITE also affract new markets, thus adding the
M'"('E}‘; (SULFIDE)  {NICKELOXIDE): TOFEND i TONPD potential of establishing green corridors to

battery production regions (e.g., EU),
Current Grade | nickel processing in Indonesia is very creating cascading effect to the shipping
energy and emissions intensive. Rotary Kiln Electric sector.
Furnace (RKEF) and Nickel Pig Iron (NPI) method,
both of which are emissions intensive due to reliance
on coal, are main methods for production.

Notes: 1) IFC (2022), Net Zero Roadmap for Copper and Nickel; 2) McKinsey (2020), How clean can the nickel industry become?¢ and Bloomberg NEF; 3) Wei et al (2020),

Energy Consumption and Greenhouse Gas Emissions of Nickel Products; 4) Systemiq analysis using assumptions: Class | Nickel through 50% RKEF-NIO and 25% RKEF-FeNi,
at 23 MWh/tonne Ni

GLOBAL
NICKEL
RESERVE
(MTONNES) ‘{------------ -
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