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| Fossil fuel price index trends | Wholesale electricity price trends in Japan
sy ora® | Nearly 30-fold rise in
Prices for natural gas and coal | : electricity prices from

at all-time highs, before rising .}/ 20 | normal JPY7-8/kWh range (L
a0 | further in wake of Ukraine

due to supply shortages

200

— = v — © na)XBPU] 30U

o0

i

Electricity prices remain
w0 | high due to spike in fuel
prices and insufficient

supply capacity

s ecr — e - - . .
20018/4 201810 20194 201910 202074 2020170 202174 202010

=Crude oll——MNatural Gas —Coal

Source: MRI, based on IMFE, Primary Commodity Prices and Japan Electric Power Exchange (JEPX) data
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| The net-zero scenarios from a number of research organizations and energy companies (global)

(%) 100
) Path balanci nergy
g - Teske Greenpeace consumpt and
@ economic wth
g IRENA o IPCC
+
% 60- F' th on neutrall y olf ; :
o energy * fm-mm"'w)
3 401 Path aiming to decarbonize®
& EQU'"W DNV GL sources of supply with
< ongoing high energy consumption
tn 20
o gl Current situation (2018)
2 ® (El/year)
m 0 T T T T T T T T T
400 450 500 550 600 650 700 750 800 850

Primary energy supply

Source: MRI, from IRENA, World Energy Transition Outlook 2021
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Demand side World where all three key points are
(behavior achieved (behavior change, net-zero
change) emissions for power, innovation)

I

Scenario ——two-pronged
approach:

Scenario 2—reduced demand:

Aim for carbon neutrality through reduced
energy use, reduced resource use, and
reduced consumption

Aim for carbon neutrality with both behavior
change and technology innovation

Supply side
(technological
innovation)

scenario 3—technological
innovation:

Scenario 1—continue on
current trendline:

No breakthroughs and gradual decrease

Aim for carbon neutrality mostly through
supply-side innovation

Source: MRI
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(1)Enersy supply/demand (3) Impacts on
Scenario 1 structures
current trendline (2) Energy and Economic economy and
Security employment

, (1)Energy supply/demand (3) Impacts on
redtf::gaggrﬁand — @ an:vdr; V]J?Ii Economic [ — 1 economyand
Energy Security Economic model employment
supply/demand (future input-
Scenario 3 model (TIMES) (1)Energy supply/demand output table) (3) Impacts on
technological — 5 é:‘;‘g;”;ﬁz T, —1 economy and
innovation Security employment
Scenario 4 (1)Eneray supply/demand (3) Impacts on
two-pronsed o e —{ economy and
approach Security employment

Source: MRI
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| Current Energy Flow(2018)
Primary Final

Supply consumption
Coal
Oil [’
Indgls;try
I | ]
tricity %_
— ’?I > .
NatoralCas. | Buildings
[ Nuclear Power I
s Renewable-Energy Tran}por‘t

| Energy flow under scenario 4(2050)
Primary . Final
Supply consumption

|Coal

oil \ -
lNatural Gas L g I. the

I Nuclear Power

More energy

W\i ' saving

Hydrogen ]
Electricity
N Indug y
i
Increased use of H
renewable eneray .
| Renewable Energy Builngs
I —-—_.-""”/ ’
Transport

Source: MRI estimates; actual figures taken from Total Energy Statistics from the Agency of Natural Resources and Energy

Vertical axis: 100% = total primary energy supply
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Production share of carbon neutral resources

| Energy self-sufficiency and market oligopolization

T— 100% 5,000
100% Eneray self-sufficiency may HHI for Each Resource
- improve to around 60% with 5
greater use of renewable 80% . 4,000 g
0% energy | L. Rgssaa H
i 3 Alstralia 2
& 60% 3,000 &
o 1 2
so% g :
w 40% 2,000 =
0% z &
2 ’ 20% 1,000 %
207 16% Average HHI '
o for fossil fuels
DU
O |- Sc 3 S == 4 Aluminum  Copper Silicon Lithium Cobalt
Actua[ enario 1 Scenario l?‘:“‘mcenarws cenario s Aismived  Solar Storage
201 B Lines POWer 80 LfCRs batteries

Source: (Left) MRI estimates, (right) MRI, from the U.S. Geological Survey, Mineral Commodity Summaries and BP, Statistical Review of

World Energy 20216
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| Change in value added between scenario 1 and 4 (including ripple effects)

Electric power related

Change in value 4 4.0
added from Industries that will =
scenario 1 expand as society Z 3.0
(Trillion JPY) 3 decarbonizes Electric Power, including| 2
onstruction ‘faciiity . 20
‘mroduction B
S 1.0
2 N 0.0
_\ — Renewable energy,
Electru:ai machinery (housing -1.0 Thermal power . hydrogen power
B Yo battery generation generation, power

eic.)

) General-purpose machinery
L (electrification equipment, atc.)

~_transmission, etc.

Automotive related

@
-40% -30% -20% 10% ; 20% 0% 40% -_-_' 20
g Growth in g 1.0
Patroleum, g added value =

Industries that will  coal products A from scenario 1 T 0.0
contract as soclety =l

decarbonizes -1.0

i . : 20

steel ' Bubble size indicates _3.p Car production *, Car production
Auto parts/production output in 2050 ; (existing) (EVs, FCVs,
atr.}

3

Note: Comparison of scenario 4 with scenario 1, includes ripple effects

Source: MRI estimates, based on the Input-output table for analysis of next-generation energy system for 2015 from the Institute for
Economic Analysis of Next-generation Science and Technology and Advanced Collaborative Research Organization for Smart Society
(ACROSS) at Waseda University. Value added calculated as the total of direct effects + primary ripple effects + secondary ripple effects.
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| Change in capacity utilization in 1-hour units | Change in capacity utilization in 1-month units

Solar 80%

General ‘ 70%
Hydroelectric General
A f ..' 60% Hydroelectric
)y |

50%

' {q\ | 5% VAN "

Wind 30% y i N
Vs N L~ Solar
\’\. [ 20% .
/ 'S

: 10%
"2018/4/1 2018/4/2 2018/4/3 2018/4/4 2018/4/5 o F ez R FE T a7 B
VIR ARG eVImME SNBSS T 2 5 ~&8 3 8 % &5 o 2

2018 2019

Source: MR], based on data from actual area supply/demand by general power transmission and distribution companies and power
survey statistics from the Agency of Natural Resources and Energy
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Asmayati Bt AbManan ~ PHUNG Quoc Huy * ZE# 5 » DU AN G EHEZE B S T4

AT G RARTFIEETRA  S#20F% 3 R « HFatamaed BB
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%% 3 APERC ELAFRFHE

Time Topic Briefer

10:00-10:30 Yang, Tsung-Lin

Integrated Resource Planning for 2050 Net-zero
Emission in Taiwan

10:30-11:00 Alexander [ZHBULDIN

Power model in the APERC Outlook modelling
framework

11:00-12:00 Discussion

13:30-14:00 Tseng, Hung-Hsiang

Current System and Future Prospects of Taiwan
Renewable Energy Certificate

14:00-14:30 Certificates (RECs) in Six APEC Southeast Asia Thanan MARUKATAT

The Implementation of Renewable Energy

Economies

14:30-15:30 Discussion

1.
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(1)APERC #¥ RS R R AR RE AR 1Al
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S ARTHERE R > i - AR AR A - SIS LOREIE - Filr2 s - BITHLAR AR
BUER ~ EEHRERS - APERC 4EBSHRIZLRELE 15 B -

APERC 28 75 H R OE KA B/ N T s AR 21 (EEORAS(IRED 21
{5 ] %470 » IRIZLREANE 16 Fror - A SEEE B BILETE K - Afkihar -
REVRERIRCHERS ~ BEA L HBLEGER A - A EERE - FERE - HEAEE
BUREME BRI EHGSRAG S  EERREEER DS R I ESE -
HepE B8R ERIiTEE - K5~ BT~ KITHAEFEEC CCS ~ ABRE - HiZL - 4
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TRANSFORMATION

Technical
parameters

r/
SUPPLY
: Production
Trade
h\_ > /
Existing and

future policies

APERC 4EBERLAI A S

» Utility-scale solar PV
* Rooftop PV

* Onshore wind

» Offshore wind

Inputs
* Demand (projected by demand
models)
- Electricity demand
- Heat demand
* Load curves
* Prices and costs
- Energy and fuel prices
- Capital and D&M costs
# Existing capacity
« Dperational information
- Plant availability
- Efficiency
- Capacity factors
- Reserve margins
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Electricity generation in REF (TWh) Electricity generation in CN (TWh)
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Electricity consumption in CN by sector, TWh
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Electricity consumption in CN by region, TWh
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APERC modelling framework and the Power model

APERC

s octc wromy Resorsn o

Energy demand and supply modelling framework

SUPPLY REPORTING

DEMAND TRANSFORMATION
Heat
TFC; TFEC
Investment
Transport
Hydrogen
. Emissions
Agriculture &
others
DATA
Historical Technical Existing and Scenario

Macro L. .
parameters future policies assumptions

energy

APERC
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Power model (1)

o Utility-scale solar PV
e Rooftop PV

* Onshore wind

e Offshore wind

Suppression control

Inputs
e Demand (projected by demand
models)
- Electricity demand
- Heat demand
e Load curves
® Prices and costs
- Energy and fuel prices
- Capital and O&M costs
e Existing capacity
e Operational information
- Plant availability
- Efficiency
- Capacity factors
- Reserve margins
® Policy information
- Development plan/targets
- Regulation

APERC

N P o R Govie

e Coal subcritical

e Coal supercritical and ultra-
supercritical

e Coal advanced ultra-supercritical

e Coal with CCS

® Gas turbine

* Gas combined cycle

* Gas with CCS

* Oil and petroleum products

® Nuclear

o Large-scale hydro

e Small and medium hydro

® Biomass (solid, liquid, biogas)

® Geothermal

e Other renewables

e Other fuel

® Pumped hydro
e Storage
® Solar SCP

Electricity

Net import

e Coal CHP

e Gas CHP

* Oil CHP

e Biomass CHP

e Heat-only power plants

reid |
Power grid  |[—>

Electricity
demand

Heat
demand

Power model (2)

* Open Source Energy Modeling System (http://www.osemosys.org)

» Cost optimization model

» Time representation in the model — timeslices (fractions of the year)

In the 8th edition 12 TS: 3 seasons, 2 day type, 2 daily time breaks

Outputs

o Capacity and
generation

o Fuel consumption

® Emissions

21 APEC economies — 21 power systems (no regional breakdown within the economies)

Key Assumptions for Selected Power Generation Technologies

Capital cost [USD/kW]

Llfetlme [year]

1900 -3700
40

Average CF [%] 73%
CO, Emission [million 0.0961
tonne/PJ

APERC

‘A e sy s Cerwe

740-1200 1500-6600  Figure
40-50 40-80 20-40
78% 90% 17%
0.0561 = =

Figure
30-40
30%

Coal SC/USC Gas CCGT Solar PV | Onshore
wind

400

Average Capital Cost of Wind and Solar PV
. Power Plants (USD/kW)

Wind

——Solar PV

203
2
2m3
2ms
2027
20m9
2031
2083
2085
2037
2089
2041
2043
2045
2047
2049



Power model (3)

Data sources:

» EGEDA database https://www.egeda.ewqg.apec.org

National Statistics and documents (programs, strategies)

International organizations

https://globalsolaratlas.info/map

https://globalwindatlas.info/

* And any information available

4p APERC

Key messages from the APEC Energy Demand and Supply Outlook 8th Edition
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Scenarios

Reference (REF) Carbon Neutrality (CN)

Definition Recent trends and current policies. Hypothetical decarbonisation
pathways for each APEC economy.

Purpose Provides a baseline for comparison ~ Additional energy sector
with the Carbon Neutrality scenario.  transformations that support
decarbonisation objectives.

Key assumptions Current polices and trends continue. Increased levels of energy efficiency,
electrification, behavioral changes,
fuel switching, and CCS deployment.

Limitations Assumes that recent trends, Does not consider non-energy
including relevant decarbonisation impacts on CO, or removal.
measures continue.

Note: does not represent APERC's recommendation or advocacy for a pathway or set of policies.

The analysis was performed prior to March 2022 and does not include current disruptions to international energy
markets.
4p APERC 9

Macroeconomic assumptions

Population in millions GDP in billion 2018 USD PPP
3100 160 000
- Projection - Projection
3000 /\ 140 000
2900 120 000
2800 100 000
2700 80 000
2600 60 000
2500 40 000
2400 20 000
2300 0
2000 2010 2020 2030 2040 2050 2000 2010 2020 2030 2040 2050

» Macroeconomic trends are expected to drive energy demand through 2050
 Trends vary by APEC sub-region and economy

dp APERC 10



Energy demand decouples significantly from economic activity

Energy demand by fuel in REF (PJ) Energy demand by fuel in CN (PJ)
300 000 300 000

- Projection i -> Projection

250000 M Others 250 000 i M Others
M Heat : M Heat
200 000 W Electricity 200 000 W Electricity
Hydrogen Hydrogen
150 000 X 150 000 X
M Biomass M Biomass
100 000 M Other renewables 100 000 : M Other renewables
W Gas i M Gas
50 000 ! oil 50 000 i oil
- - - -
0 0
2000 2010 2020 2030 2040 2050 2000 2010 2020 2030 2040 2050

 Energy efficiency gains and electrification lead to energy demand being almost one-quarter lower by 2050
(CN vs REF).

» Substantial fossil fuels demand remains even in CN.

<4p APERC 1

Electricity demand is increasingly met with generation from wind and
solar...

Electricity generation in REF (TWh) Electricity generation in CN (TWh)
30000 ; 30000 ;
; ot : - M Imports
! -> Projection B Imports | - Projection
25000 i 25000 ! B Other
i H Other i
H H Solar
20000 H Solar 20 000 1
: i Wind
Wind
15000 15 000 = Hydro
M Hydro
W Nuclear
10 000 ™ Nuclear 10 000 oi
ol Gas CCS
N
5000 m Gas 5000 o bas
W Gas
M Coal
0 0 X Coal CCS
2000 2010 2020 2030 2040 2050 2000 2010 2020 2030 2040 2050

* Growth in electricity generation to meet increased buildings and transport demand.
 Natural gas substitution for coal continues and provides balancing and ancillary services to the electric grid.

APERC 12

3 e e R corae



Yet, fossil fuels remain a large share of APEC energy supply

Energy supply in REF (PJ)

450 000
- Projection

400 000

350 000

300 000
250 000
200 000
150 000
100 000

50000

0
2000

2010

2020 2030 2040 2050

M Other fuels
Hydrogen
M Electricity
M Renewables
M Nuclear
W Gas
Qil
M Coal

Energy supply in CN (PJ
450 000 i
400 000
350 000 i

300 000
250 000
200 000
150 000
100 000

50 000

0
2000

2010

* Natural gas supply increases in both scenarios as coal declines.

2020

- Projection
M Other fuels
Hydrogen
M Electricity
M Renewables
M Nuclear
W Gas

oil
B Coal
2030

2040 2050

* Qil supply is level in REF and declines in CN as APEC and global oil use declines.

APERC

o Pk by e Cervo

Summary

* Energy demand decouples from economic growth

* Increased efficiency and electrification reduce demand

* Wind and solar generation grow

* Fossil fuels remain

» APEC on track to meet its energy goals

* Need both energy and emissions intensity reductions

* Oil and gas security remains a concern in CN

13

» Electric grid reliability is a challenge with increased wind and solar power generation

APERC
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APEC Power Sector in the APEC Energy Demand and Supply Outlook 8th Edition

<4p APERC 15

How much electricity will APEC need on the way to carbon neutrality?

Electricity consumption in REF by sector, TWh Electricity consumption in CN by sector, TWh
25000 25000
+63%
20000 H46% 20000
Men-specified Mon-specified
15000 15000
| Agriculture B Agric ulture
= Transport ® Transport
Te0ad B nd ustry 10.800 ® industry
Buildings Buildings
5000 5000
1] i
208 2026 2034 2042 2050 2018 2026 2034 2042 2050

+ APEC will need a lot more electricity: +46% in REF and +63% in CN

End-use sector contributions to growth through 2050:

Reference: Carbon neutrality:
* Buildings 52% ><: Transport 44%
* Transport 23% Buildings 33%
* Industry 18% > |ndustry 17%

APERC * Other 7% > Other 6% 6
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Regional breakdown of electricity consumption

Electricity consumption in REF by region, TWh Electricity consumption in CN by region, TWh

25000 25000

20000 20000

mLUSA HUSA
Southeast Asia Southeast Asia
15000 B China 1) m China
® Qceania B Oceania
16000 B Qther Americas Mg u Other Americas
o Northeast Asia ® Northeast Asia
5000 ® Russia 5000 B Russia
o 0
2018 2026 2034 o 2058 2018 2025 2034 2042 2050

* The increase in electricity consumption will be distributed unevenly among regions

China and the USA will remain the largest consumers

* Electricity consumption in Southeast Asia will increase by more than 2.5 times. SEA will become the
3rd largest consumer region in APEC

* Electricity consumption in Northeast Asia not expected to increase
APERC

s e e Resoar Cerve

Electricity generation and fuel-mix in the power sector

. . . HY)
Electricity generation, TWh Fuel-mix, %
10 000 100% —_— — _
am w Other
S0 F a0 B Other renevabies
0, =
20 000 59% 45%  28% 46% s & Geothermal
B Bismass
15 000 6% y 60% i
149 . S Salar
10 000 il A  Hydre
W Nuclear
- =
S 000 #o 2% 30% mGas
2% >
= 240 il
o
2018 2050REF 2050CN 10% mlipwie
0% uCoal

®m Combustible fuels: mHydre  ®Nudear Wind and Solar Other
2018 2050 REF 2060CN

Wind and solar generation increases more than 7-fold in REF and 10-fold in CN
Wind and solar shares increase from 6% to 28% (REF) and 47% (CN)
Fossil fuels share decreases from 67% in 2018 to 42% (REF) and 21% (CN)

Fossil fuels replaced by wind, solar, nuclear, hydro, and geothermal

APERC

e e e Rk cares

84% of the increase in consumption will be concentrated in 3 regions: USA, China and Southeast Asia
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CO, Emissions

CO, Emissions, million tonnes
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Change in gross CO, emissions, million tonnes
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2000 2010 2020 2030 2040 2050

* In CN, CO, emissions from the power sector fall by 74%
* Power sector share of CO, emissions falls from 46% in 2018 to 42% (REF) and 36% (CN)

* Reduced coal-firing accounts for 80% of reduced emissions

N P ey Resorn Cervo

How much generation capacity will APEC need?

Generation capacity, GW

Electricity generation, TWh

30 000

Y
25 000

59%

10 000

45%  28%

15 000

L0 000

5000

m Combustible fuels

2050 REF

mHydre mMNucear

® Wind and Solar

2050CN

Other

12 000

10000

8000

5000

4000

2 000

Carbon Neutrality

117%

2018 2050 REF

m Combustible fuels mHydro = Nudear

75% [ a4

m Wind and Solar

* In CN, a 10-fold increase in wind and solar generating capacity is required

* The share of renewables generating capacity increases from 14% to 44% (REF) and 64%

(CN)

2050CN

Dther

* The average capacity factor declines from 42% in 2018 to 36% in REF and 32% in CN

o e e s cores

W% Power (Other incl. CCSh

mm Power (Fuel Switching)
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Electricity generation

Figure 18-13. Electricity generation in REF, 2000-2050 (TWh)

-# Projection

= Cther

w Hydro
= Muclear
il
mGas
mCaal

2000 200 2020 2030 2040 2050
Sources: EGEDW, APERC analysk.

P Asa result of electrification trends, total electricity generation steadily increases until the
2030s in REF and CN. After the 2040s, electricity generation declines slightly more in CN
thar in REF

¥ In REF, genoration by coal powse plants is gradually reduced in proportion. On the other
hand, it is phased out rapidly for carban neutrality by 2050 in CN.

b Meanwhile, gas power generation remains a stable resource in both scenarios.
Renewables rapidly replace nudear power and then reach a balance in proportion with
gas power consumption.

» Specifically, concerns about the risk of nuclear disaster have made people more cautious
abaout using nuclear power in both scenarios. The assumption here is that nuclear power
operations will cease by 2025. In December 2021, there was a referendum regarding the
commerdial operation of the fourth nuclear power plant, and then the issue of restarting
was rejected,

» The government is pursuing an energy tansition strategy to achieve 20% renewable
energy generation by 2025. In particular, wind and solar are the primary sources of renaw-
able erergy.

APEC Power Sector in the APEC Energy Demand and Supply Outlook 8th Edition

21
18. Chinese Taipai
Figure 18-14. Electricity generation in CN, 2000-2050 (TWh)
= Othar
Salar
Wind
w Hydra
= Muclear
il
% Gas CCS
=Gas
uCoal
2000 2010 2020 2030 2040 2050
Sources, DGEDA, APERC analysis
¥ CN assumes that CCS technology will be gradually applied to gas power plants in the
future. In this scenarie, CCS with gas exceeds unabated gas-fired generation by 2040
» The expansion of EVs will consume mere generated electricity. In REF, about 17 TWh of
wluctricity will be used in 2050, about 8% of total electrivity generation. In CN, about 41
TWh of electricity will be consumed in 2050, about 14% of all generated electricity.
22
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18, Chinese Taipei

Generation capacity

Figure 18-15. Generation capacity in REF, 2018-2050 (GW) Figure 18-16. Generation capacity in CN, 2018-2050 (GW)
120 12
= Other
00 = Other 100 = =
T "
il Salar — i
80 _ ) “Wind
Wioe & Hydra
&0 ! u Hycro ] ' ':Jdm'
® MNuclear
. | | — —] =] & @ oil
=Gas CCS
20 »Gas 0 = Gas
= Coal
¥} o = Cosl
2018 050 2030 2080 2050 3018 2020 - 2040 2050
Sources: EGEDA, APERC analysis Sources: EGEDS, APERC analysis

» The power sector in Chinese Taipei has significantly relied an imported fossil fusls, such as
coal. However, in CN, coal power will be phased out by 2050 to support carbon neutrality.

» As Chinese Taipei currently adheres to the non-nuclear policy, by 2025, all nuclear power
plants will be closed, and there won't be any nuclear generation capacity.

* |n both scenarios, the capacity of renewsbles in the generation mix significantly increases
by 2050, displacing the shutdown nuclear power plants.

* |n particular, the govarnmant in Chinese Taipsi plans to expand offshore wind power to a
total of 15 GW of capacity from 2026 1o 2035. From 2026 to 2031, it will release the devel-
opment capacity up to 9.0 GW as the first szage. This increase in renewsbles capacity will
bring greater generation capacity in TN than in REF towards 2050,

» Gas power, abated and unabated, will become an impartant pawer source for Chinese
Taipei in the future to ensure a stable power supply while considenng the reduction of
greenhouse gas emissions like CO..

APERC 23
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Conclusions (1)

Challenges

High uncertainty in forecasting demand for electricity

The real cost of wind and solar power, considering integration into existing power grids
(dispatchable and variable power are different products) and scalability issues

Providing peak load with renewables

Displacing fossil fuels vs displacing fossil-fuel fired generation capacity by renewables
From dependence on fossil fuels to dependence on critical minerals

Grid reliability issues (storage, BEVs as a storage, reserve margin)

Demand respond

APERC 24



Conclusions (2)

For the 9th edition:

* Exploring 36 TS: 3 seasons, 2 day type, 6 daily 4 hours time periods
* More precise modelling of the own use of electricity, including CCS

* Modelling of battery storage, including Evs

* Use of H2 for electricity generation in importing economies

4pAPERC 2

dpAPERC

Thank you.

https://aperc.or.jp
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The Implementation of Renewable Energy
Certificates (RECs) in Six APEC Southeast Asia
Economies (Preliminary Result)

November 2022
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APERC is preparing a report on RECs in Southeast Asia

Importance of RECs in APEC Southeast Asia economies

* Consumer = Increase of RECs demand from corporates wishing to meet RE-
100 targets

* Producer/Generator owner =2 Increase of RECs supply from renewable power
plants to seek an additional source of revenue streams

* Policymaker = RECs are identified as a policy lever to boost investment in RECS_ JDSIX APE_C RECs in four APEC |
renewable energy to meet economies’ decarbonization targets SE Asia Economies | Advanced Markets

Purpose of this report l l

* To describe and analyze the emerging REC markets in six APEC economies in Expert ‘ Expert
’S\lzl;:?east Asia (Indonesia, Malaysia, Philippines, Singapore, Thailand, and Viet Reviews _ Reviews

+ To present the authors’ observations regarding the effectiveness and l l

challenges of RECs markets

Value of the report g
* Provides an examination of RECs markets in the six APEC economies X !
+ Describes how RECs markets are currently implemented in detail Recommendations E
+ Examines RECs in selected APEC-developed markets to learn from their success

and challenges
+ Identifies key challenges and provides recommendations for sustainable

development of RECs markets in six APEC economies in Southeast Asia

Conclusion &

4pAPERC g

REC How it works?

Using Grid-Average Power

Electric Grid i

=
=

W

Using Green Power

!

W

each REC the envi ik associated

with 1 MW of o zero-emissions resource

environmental attributes

* Renewable energy certificates (RECs) represent the attributes of electricity generated from renewable energy sources.

* The attributes are either bundled or unbundled from the physical electricity, and the two products—the attributes
embodied in the certificates and the commodity electricity—may be traded separately

‘r&gfg&g Sources: US EPA 4



Comparison of RECs in 4 Advanced Economies

U.S.A.

o Compliance market for
utilities and LSEs
» Voluntary market for retail

LTl G electricity consumers

and certificate
system

Japan

® GEC: for owned generation and
consumption

¢ J-Credit: targeted for voluntary
electricity customers to promote EE, fuel
switching, carbon sink

o NFC targeted for electricity retailers to
meet 44% non-fossil target by 2030

2019)

China

* GEC for large-scale grid-
connected solar and wind.

(It is the only certificate in China to
claim for the RPS target (launched

Australia

¢ LGC - Large Scale Generation
Certificate
e STC- Small Scale Technology
Certificate

e Compliance 258 TWh (2020)
o Voluntary 192 TWh (2020)
Estimated market

size
Total 450 TWh

e GEC 0.6 TWh
e J-Credit 1 TWh
e NFC 20 TWh (compliance market)

Total 21.6 TWh

e 8 TWh (2017) (tbc)

® 44 million LGC (TWh) (large
generator)
® 46 million STC (TWh) (small
generator)

Total 90 TWh (tbc)

o Different system in each
region (currently 10 systems

Trading and being used)

tracking system

o GEC: tracked by JQA (Japan Quality
Assurance Organization)

e J-Credit by J-Credit auction (online)
o NFC by JEPX (Japan Energy Power
Exchange)

e Using online China’s Energy
Trading System (ETS)

o National system (tbc)

* Nationalized REC system and
market

e Disaggregation of REC
attributes for other
environmental claims

Key challenges

o Limited availability of RE and
certificates

o Confusion and difficulty of the
certificate acquisition process

e Attributes not fully conform to
international standards

e Disaggregation of REC attributes
for other GHG claims such as NOx
o GEC attributes not fully conform
with international standards

» Disaggregation of REC attributes
for other environmental claims

APERC

ot e e o

RECs in the US

* REC Schemes:

Utility Green Pricing

Utikty green pricing programe e begin
With a renowablo enort

Tne ity iher owns e mmw
and retains REC or pur

RECs from a third-party P

- ‘
;f ==

GENERATOR

Basic utility green pricing program structure
Specific program structures vary

m wtilty retires the RECS on behaif of
reen pricing customers, who pay for
o RECs theough an additional line.
item on their utiity bil

unuTY

CUSTOMER

Utility Renewable Contracts

In a utility renewable contract, the
customer enters into a contract with
the utiity 1o procure power and RECs
from a renewable energy provider.
Unlike green pricing programs, the
customer may be able o specify the

resource for the product

The utiity provides the power and RECs
1o the customer. The customer continues.

10 pay the utiity with a modified green
tarif or bilateral contract rate.

uTILITY

GENERATOR
Basic utility renewable contract structure
Specific program structures vary

Competitive Suppliers

The competitive supplier provides the
customer with power and RECs. The utity
remains responsible for transmission and
distribution. The competitive supplier may
charge a premium for the green power
product

In restructured electricity markets, customers
may choose a competitive electricity suppler that
offers a green power product

CUSTOMER
[6)
COMPETITIVE SUPPLIER
= nin
Basic competitive supplier sales structure
Specific program structures vary

GENERATOR

Unbundled RECs

Eloctricity is “unbundied”
from the RECs and
delvered 1o the gnd, which
need not be in the same

service terntory as the -l
unbundied REC customer. % )

Unbundied REC customers purchase RECs
from renewable energy providers, typically
through a third-party REC marketer. The
unbundled REC customer does not (eceive
power in the transaction

CUSTOMER

II Ii\Li

II-- L LL}

=

GENERATOR

Basic unbundled RECs sales structure

Specific program structures vary

Community Choice Aggregation

ACCA “aggregates” the electricity
demand of many customers (residential and
non-residential) in order to pr y rom
an alternative supplier.

CCA customers “switch from an incumbent
utilty 10 8 local go

supplier with a green power product. The CCA

purchases electricity and RECs from an

altemative supplier. The investor-owned utiity

remains responsible for transmission and

distribution.

Py
0
a AGGREGATION
L) oA
i PPt
““ |ii| g m

Basic CCA structure

:h-}

GENERATOR

Specific program structures vary

Power Purchase Agreements

PPAe se genesty e e conracs o

CECE T ED
cusTomER

" GENERATOR

Basic PPA structure

Specific program structures vary

4p APERC
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RECs in the US

Different RECs Tracking Systems in the US

» RECs markets are regulated at the federal and state level, the
DoE and USEPA play key supporting roles.

* Regional REC tracking systems are used both in compliance
and voluntary market.

+ Coordination among regional tracking systems is essential to
avoid double accounting for inter-region trades.

ERCOT
W \-RETS
Michigan Renswable Enargy
Certification System (MRECS)
B Horth American
Renewables Registry (NARR)
B NEPOOL-GIS
I Morth Carolina Renewable Energy
Tracking Systern [NC-RETS) -
B WVTREC R
B NYSERDW (In development)
PIM-GATS.
B WREGls

4pAPERC

RECs in the Japan

Certification Process For Green Energy Certificate

- A S S PO SR
BAFENPIWER

CORPORATE CUSTOMER |l INTERMEDIARY RE GENERATOR APPLY FOA FROJECT REGISTRATION
RECINE GRIEN AEPORT ON BREEN GOVERNMENT = PROJECT PARTICIPANTS

ENERGY CERTIRCATES POWER CERERATION CAEDTS

J-Credit (Renewable) Scheme

ALCEPTANCE OF GREEN
PIRVER GENERATION RULE MAKING PROJECT CREDIT CERTIFIZATION

CRENTS

IBSURNCE OF BAEEN APSLICATION FOR EREEN
POWEA CERTIFICATE POWER CERTIFICATE

CERTIFICATION BY GREEN ENERGY CERTIFICATION CENTER, JAPAN
(UNDER JAPAN QUALITY ASSURANCE DRGANIZATION) USERS OF CAEDITS (PR
(INCLUDING VOLUNTARY BUYERS)

+ Three types of renewable energy attribute certificates: (EAC is measured per 1 kWh in Japan )
* Non-Fossil Certificates (NFC),
» Green Electricity Certificates (GEC),
+ J-Credits (renewable energy generation).

+ The system is quite complicated for the market participant as each certificate has its own specification for
issuance, method, and condition to use.

4p APERC



RECs in the Japan

Non FIT-NFC
“ Green Energy Certificate (GEC) J-Credit (Renewable) FIT - NFC G Ay e )

STANDARD SETTING METI, MOE and MAFF ANRE ANRE
BODY & ISSUER

Generation facility accredited JQA
TYPE/ELIGIBILITY

Solar, Wind Hydro, Geo-thermal,
Bioenergy

OWN USE/GRID Mainly Own use
ELECTRICITY

Purchase from issuing body

TECHNOLOGY

PURCHASING
METHOD

Owner name, Serial number,
Generation amount, Generation
period, Generation technology,
Date of issuance, Supplier name

TRACKING
INFORMATION

Corporates, local governments, etc
BUYERS

Mainly Own use

Generation facility accredited by J-
Credit Scheme Certification
Committee

Solar, Wind Hydro, Geo-thermal,
Bioenergy

Auction by J-Credit Secretariat, Sales
by J-Credit owner or broker

Credit ID, Project number, Project
operator name, Geographical area,
Project overview, Project type,
Certified period, Certified amount,
Renewable electricity amount

Corporates, local governments, etc

Generation facility certified as
FiT facility by the Government

Solar, Wind, small & Medium
Hydro, Geo-thermal, Bioenergy

Grid connected

Via auction in Japan Electric
Power Exchange (JEPX)

Facility ID, Facility Type, Facility
Name, Generator Name,
Generation Output, Certified
Date, Commission Date, Facility
Location, Allocated Amount

Retailers (Retailers can buy
NFCs on behalf of the
corporate customers), Broker,
and Electricity user.

Generation facilities using non-
fossil fuels without FIT

Solar, Wind, Hydro, Geo-
thermal, Bioenergy, Nuclear and
others

Grid connected

Via auction in Japan Electric
Power Exchange (JEPX),
bilateral contract

Facility ID, Facility Type, Facility
Name, Generator Name,
Generation Output, Certified
Date, Commission Date, Facility
Location, Allocated Amount

Retailers (Retailers can buy
NFCs on behalf of the corporate
customers)

4pAPERC :
Overview of RECs in six APEC economies in Southeast Asia
Total RECs Issued Six Economies, Total Registered RE Capacity of Six Economies,
MWh 29,153,598 MWh!' 12,833 MW!
9,000,000
8,000,000 || Wind
7,000,000
6,000,000
5,000,000 . Thermal
4,000,000
oo - I Solor -
2,000,000
1,000,000 .
— = om_ Hycro® I
2015 2016 2017 2018 2019 2020 2021 MW
M Hydro MSolar M Thermal M Wind 0 1000 2000 3000 4000 5000 6000
Notes: 1-Data from I-REC and APX reports, July 2022
2-Biomass and geothermal combined
* Demand side, RECs markets in APEC Southeast Asia started around 2015 and are growing exponentially.
* Supply side, the registered capacity of 12.8 GW is well under 30% of the total aggregated RE capacity (45.8 GW3in 2019).
<pAPERC 10



Comparison of RECs in six APEC economies in Southeast Asia

Type of market Voluntary Voluntary Voluntary Voluntary Voluntary Voluntary
mulative registered RE capacity,
1.5 2.3 1.4 0.8 3.9 2.9
GW (total 12.8)

Cumulative number of issued RECs,

million RECs 4.3 4.0 6.3 1.2 6.5 6.8
(total 29.1)
. GCC
RECs issuance and tracking system * 6ec IS ® 6cc * SPX * EGAT * 6ee
€ sy « APX « APX « APX « APX « APX
« APX
« I-REC
. « I-REC « I-REC « I-REC « I-REC « I-REC
Trading market « TIGRs-APX TIGRs-APX * TIGRs-APX « TIGRs-APX = TIGRs-APX  * TIGRs-APX

* mGAT (national)

‘P_wm__& 11

RECs in Indonesia

Total Registered RE Capacity in Indonesia (MW) Total RECs Issued in Indonesia, 2018 - July 2022 (MWh)
1,600,000

1,400,000
— APX

wind - | 1,200,000 = |-REC
~ e Thermal (Inc. Geo)
B |-REC ® APX 1,000,000
Solar - — Hydro
800,000 Solar
wero | —
600,000
Thermal (inc. 400,000
Geo)
200,000
200.0 400.0 600.0 800.0 1,000.0
MW

2018 2019 2020 2021 2022

Sources: I-REC and TIGR registries
REC Market

» REC market in Indonesia, voluntary market.
¢ REC Issuer: APX (TIGRS) and GCC (I-REC)

* The total capacity of renewable energy registered in IREC Standard and TIGRs APX until 2022 was around 1.5 GW,
with total accumulative RECs issues 4.3 million.

Sources: I-REC and TIGR registries

<pAPERC 12



RECs in Indonesia

REC Mechanism
TIGRs -APX:
¢ In 2020, Utility started selling unbundling REC (TIGRS APX).
¢ RECis retired immediately and can not be traded after.
I-REC :
* Since 2018, several renewable generations registered under I-REC.
* Nolocalissuer, GCC as REC issuer.

* Unbundle RECs are traded openly via I-REC platforms.

REC Issues and Challenges in Indonesia :

» The market has not been regulated for clear implementation in the country.

(ex. RPS, renewable under FiT, REC Fund, development new RE generation)
» Potential dispute on REC ownership from generator under PPA.
+ Challenge in avoiding double claims and counting.

» REC generated can be sold inside and outside the country

4pAPERC

RECs in Viet Nam

Total Registered RE Capacity in Viet Nam (MW)

Registered RE Capacity-Viet Nam, 2,945 MW
Wind -
s ]

e

0 200 400 600 800 1000 1200 1400 1600

APX W |-REC

Sources: I-REC and TIGR registries

REC Market
* REC market is voluntary.
¢ REC Issuer: APX (TIGRS) and GCC (I-REC)

PLN Unbundled REC scheme

\
nh‘l’liL

m
CUSTOMERY
ELRCTHICITY NETWSRK i

%ﬂgm

T
and paymert on MILI
the PLY REC Par@
=
| ! .li-‘ﬂﬂ
srmacs N " &

contact
center

Fogm
PO FLAT

nn.uuunn
s tha FLH

; iuun(m )
REC Furiel

| rasrunrin |
| inronmamion

PLN 175
e

Sources: PLN.

I-REC Energy Attribute Certificate Market

ISSUER €(<
REGISTRY / TRADE PLATFORMS
ATTRIBUTE ISSUANCE TRADE REDEMFTION SPECIFIED

END-USER CLAIM
*

Sources: Adopted from IREC.

* The total capacity of renewable energy registered in IREC Standard and TIGRs APX until 2022 was around 2.9 GW,

with total accumulative RECs issues 6.7 million.

<p APERC
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Total RECs Issued in Viet Nam, 2018 - July 2022 (MWh)
REC Issued-Viet Nam, 6,748,826 MWh
2500000
2000000
1500000
1000000
- I I
¢ — = N
2015 2016 2017 2018 2019 2020 2021 2022
W Hydro M Solar M Wind
Sources: I-REC and TIGR registries
14



RECs in Viet Nam

REC Mechanism

« Utility (EVN) and generator owners participate directly in the REC
market through I-REC or TIGRs platform. 1-REC Energy Attribute Certificate Market

» Unbundle RECs are traded openly via I-REC and TIGRs platforms.
ssuer RS

REC Issues and Challenges in Vietnam :

The market has not been regulated for clear implementation in AREOTE S o ol e
the country. ~ END-USER CLAIM

* Genco with FiT enter the unbundling REC-market, as regulation
does not mention how the environmental attributes of the
generated electricity are to be treated.

Sources: Adopted from IREC.

+ Challenge in avoiding double claims and counting.

4pAPERC 15

RECs in Malaysia

Total Registered RE Capacity in Malaysia (MW) Total RECs Issued in Malaysia, 2016-July 2022 (MWh)
1600 000
Thermal 1400 000
. 1200 000
1000 000
< 890,000
600 000
400 000
. — 200 000 -
0 J— | —
0 200 400 600 800 1000 1200 1400 1600 1800 2016 2017 2018 2019 2020 2021 2022
APX m|-REC W Hydro ™ Solar ™ Thermal
Sources: I-REC and TIGR registries
Note: The total registered RE capacity excludes the capacity registered for myGreen* scheme. Sources: I-REC and TIGR registries
REC Market

» REC market in Malaysia, voluntary market.

* In 2017, the myGreen+ scheme was introduced.

* In 2021, the myGreen+ scheme was replaced with Green Electricity Tariff (GET) based on the I-REC registry.
* In Sarawak, SEB launched the REC market platform under the TIGRS registry in 2019.

<pAPERC 16



RECs in Malaysia

mREC mechanism under mGATS platform

mMGATS

REC Mechanism mGATS

Power generator

« TNBX, as a registrant under the I-REC registry, publishes annual RE D
: + TNB/TNB's subsidi
generation and annual GET quota. hychopower stationt.
. .. « other RE power plants
* GCCissues mRECs to TNBX based on the annual total electricity generated. approved by EC

* TNB customers can buy REC through TNBX, and TNBX retires mRECs at the
I-REC registry for the customers.
Auditor/Verifier
- . X
TNB

REC Issues and Challenges in Malaysia : I —— e
* More than one platform for REC procurement in Malaysia, " o< l 1

+ Annual GET quota is lower than demand.

» Only TNB customers are eligible to purchase mREC under GET program. mREC purchasers /

GET subscribers
* TNB customers only

* The price to purchase bundled mREC under the GET program is higher than
unbundled REC in Malaysia’s REC market.

Notes:

=== Flow of mMREC issuance and redemption

# Flow of GET fund
4pAPERC &
L3 L3
RECs in Thailand
Thailand Registered RE Capacity Thailand Number of Issued RECs

REC Issued-Thailand, 6,469,043 MWh

Registered RE Capacity-Thailand, 3,934 MW 2500000

]
Wind 2000000
|
1500000
el e —
1000000 -
Sl
500000 -
o 0 — - .
2017 2018 2019 2020 2021 2022-7mo
0 200 400 600 800 1000 1200 1400 1600 1800
B Hydro M Solar M Thermal M Wind
APX M I-REC
Sources: I-REC Report and TIGR Report
REC Market

* The REC activities in Thailand started in 2017, voluntary market.
+ As of July 2022, registered RE generation capacity of 3,9 GW, total REC 6,5 TWh (34% solar, 25% biomass, 24% wind, and 17% hydro).

4p APERC 18

‘A Pl Enary aarc



RECs in Thailand

REC mechanism under I-REC Registry

ehanagw &8 RECSTANDARD
REC Mechanism ﬁ =
. . . . . 1. #:do rec tincate fegis 4. S REC
* registration of RE generation devices and issuance of RECs are ¥ 1
managed by both I-REC (GCC and EGAT) and TIGRS (APX) P | S T A |
+ Both bundled and unbundled REC is available in the Thai REC L . «
market. * EGAT Tveatsibih €K | LEGAT A0 100 [l
Process :
REC Issues and Challenges : 1.Buyer REC (Participant) notifies REC purchase request to REC seller (Registrant).
3 ) 2.REC sellers receive REC audit and certification from EGAT (Issuer).
* The market has not been regulated for clear implementation. 3.EGAT delivers certified RECs to REC buyers through the I-REC registry system.

.. . 4.The REC buyer pays the REC fee to the REC seller.
¢ REC generated can be sold inside and outside the country.

* EGAT as Generator owner and issuer at the same time. Sources: EGAT

4p APERC 19

Preliminary observations regarding RECs markets in Southeast Asia
economies

Each economy should establish a legal framework and governance body for its RECs market

e A robust accounting and reconciliation system should be established to ensure integrity and to prevent
double-counting

e When established in a balanced and pragmatic manner, a RECs market can encourage additional investment

in renewable energy generation capacity
e The interaction of RECs transactions across six economies and the development of an ASEAN power grid

needs further study
e The conflicts of interest between renewable generators with PPA and state-owned utilities need to be

resolved
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DISCUSSION
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Thank you.

Read the report at
https://www.aperc.or.jp/reports/outlook.php
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Figure 1. Common Sources of Emissions by Scope
https://www.epa.gov/sites/default/files/2018-03/documents/gpp_guide_recs_offsets.pdf
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Figure 2, Offsels

Figure 3. RECs

*Offset : used to address direct and indirect GHG emissions by verifying global emissions reductions at additional,
external projects. Offsets (verified emissions reductions) are subtracted from organizational emissions to determine net
organizational emissions

*RECs :used to address indirect GHG emissions associated with purchased electricity (scope 2 emissions) by verifying use
of zero- or low-emissions renewable source of electricity. RECs (MWh of renewable energy) are used in the calculations
of gross, market-based scope 2 emissions based on the emissions factor of the renewable generation conveyed with the
REC.
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To begin, this tables summarizes some of the basic differences between offsets and RECs.

Basic Differences Offsets i RECs
' Unit of Measure Metric tons of COz or COz Equivalent - Megawatt hours (MVWh)
Source Projects that avoid or reduce greenhouse  Renewable electricity generators.
gas (GHG emissions fo the atmosphere B
Purpose Represent GHG emissions reductions: Convev use of renewable electricity
Claims emissions outside their organization's a low or zero emissions source :
operations

Basic Differences

Additionality Test Required. Each project is tested for ' Not required. Project additionality is not
Requirements additionality to ensure that it is beyond - required for a renewable energy usage
business as usual. Tests include claim or to report use of zero-emissions

legal/regulatory, financial, barriers, common  power.
practice and performance tests. The

combination of tests that is best suited to
‘demonstrate additionality depends on the

type of project.

<p APERC

25



	一、 實習簡介與日程
	二、 實習內容
	(一) 日本聯齊科技NextDrive株式會社
	(二) 三菱綜合研究所(MRI)
	(三) 亞太能源研究中心(APERC)
	1. 2050淨零排碳電力結構規劃研討
	2. 亞洲地區再生能源憑證發展趨勢交流

	(四) Informetis株式會社

	三、 心得建議

