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(short -term market)

1

(long -term market)

(capacity)

(energy
(reserve )

(day-ahead market)

(real-time market)

(medium -term maeket)

)

| REmE | PEmE AR EMS |
15~35% 34 #H —HA HA DA #E
MIZRE  PPANIRHIGH o
as BREMS
FHBN AR 75

%
B iy b

HoEz R rEEXaAtER

1

IEA(2016), Re-powering Markets
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1927 (
PJMInterconncetion  ( PJIM)
1998 PJIM

(Regional Transmission Organization, RTO)

PJIM 2013

ISO ) 6,500

1997 PJM
2001 PJIM

2 RTO SO
FERC

PJIM
Energy Regulatory Commission, FERC388
(Common Carrier)

(Power Exchange, PX)

PIM (System Operator, SO)

PIM

(Market Operator,

RTO

(Federal

MO)
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PJM RTO
(energy market) (regulation

market) (capacity credit market) (fixed

transmission right market, FTRmarket)

PJM

1.

(Locational Marginal Pricing, LMP)

(generation marginal cost)
(transmission congestion cost) (cost of marginal losses)

/
(Load Serving Entities, LSE)

PJM (Self-schedule)
PIM (Two Settlement System) ( 3
PJM )
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(7275) . I8 HE A BHEE B0 58 BENES 5 HIEER
T BiEmE HrMiETTHER HigssiE
3 PJM
2.
PJM 12:00
12:00~16:00 (
) 16:00
LMP 16:00 18:00
3.
14:15
14:15 PJM
LMP
PIM LMP
4,
PIJM (OTC)
monthly on/off peak bloc
/ ( hl [off k block)
(MW) (MW) (Hub)
Hub
OoTC
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PJIM

Reserve) (Regulation)

agreement(schedule 11)

7:00~10:00

(FTR)

FTR
FTR
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7:00~10:00

(Synchronized
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PIM 10:05
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FTR

RPS

FTR

FTR
FTR  (MW) LMP

(Renewable Portfolio Standards, RPS)

4 RPS RPS 2021

[WA: 15% by 2020 MN: 26.5% by 2025 ME: 84% by 2030
MT: 15% by 2015

Xcel: 31.5% by 2020 NH: 25.2% by 2025

\VT: 75% by 2032 MA: 41.1% by 2030 <190y
5-25% by 2025 (other utilities) J by 2030
. 14: 105 MW by 1999 o by 202
OH: 8.5% by 2026 _|NJ: 54.1% by 2031]

CA: 60% by 2030 [CO: 30% by 2020 (I0Us)

20% by 2020 (co-ops)

10% by 2020 (munis)
P I
é} AZ: 15% by 2025 INM: 80% by 2040 (IOUs)
% 80% by 2050 (co-ops)
|
|
|

TX: 5,880 MW by 2015

.Mo: 15% by 2021 ‘ DC: 100% by 2032

MD: 50% by 2030

VA: 100% by 2045 (Dominion)
or 2050 (Appalachian)

NC: 12.5% by 2021 (10Us)
10% by 2018 (co-ops and munis)

4

. HI: 100% by 2045

4 RPS RPS
Galen Barbose (2021)

(PPA)
(brokers)

31
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(National Renewable Energy Laboratory, NREL) 1

2022 2022
73%
5,714
1 2022
BE | BEEE | BESHL "
AREAPHASER | 166000 | 6 Honas) %%;E’J B
NEE R LR . 114 l -
L7 183,000 7 ik FRIBAP
BELEES 236000 | 9 | Fiame [EER
TEHBELEEEE | 1101000 | 40 ﬁcfg%ﬁ] %ﬁﬁﬂﬁ@ﬁ
HEEhEERAE | 146,000 5 (;ﬁ%"*ﬁ} %%%f”‘i
BE S 4(PPA) 901,000 33 @;ﬁ%%] %%@}5“’%
st 2733000 | 100

NREL (2022), Status and Trends in the Voluntary Market

2. PIM

(Electric Reliability
Council of Texas ERCOT) PIMGATS
5 PIM
PIM PIM (PIMEIS)
GATS(Generation Attribute Tracking System)

(Carbon Mitigation Standard, CMS)
(Zero Emission Standard, ZES)
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5 PJM
PJIJMEIS (2020), GATS Operating Rules
JEPX
2000
S
2003
(JEPX)

3&



40

2000

0.1MW
JEPX
FIT
2 JEPX
2 JEPX
30
:0.1MW
17:00
30
:0.1MW
24
24
:0.1MW
8 10
11 1
FIT FIT 8 11 | FIT
2 FIT
FIT FIT
14:00




2019 JEPX
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3. (

) )
5.
1.

2016 2030

(
FIT
FIT

2.

(Organization for Cross-regional

Transmission Operators, OCCTO)

JEPX

2018 5

- (GIO)

) 44%

FIT

Coordination of

(JEPX)



KWh( )
1 FIT
2 AT
3 AT
5,

2 FIT
1 FIT
FIT
2 AT FIT
JEPX

FIT

FIT
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(AIB)

(LCFS)

2024

(Renewable Gas

(ERGaR)

(RFS)

(IRA) 45V
GREET

(Clean Gas Certificate)

(GO)
(UDB)
(RIN)
457
(RGGO)
(ACCUs)
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2018 (RED I1) (Biomethane)

1 MWh ( )
(Guarantee of Origin, GO)
12 6

2023
(RED I (Residual Mix)

1
2024 5 (Hydrogen and Decarbonised Gas
Market Package) 2

( 2% : )

(European Network of Network Operators for Hydrogen, ENNOH)

2049
28.2 g COv/ M8
kg COv &dlvk g REDIII



MWh

GO
(Book and Claim)

( 19 )

(Association of Issuing Bodies, AIB) (European Energy
Certificate System, EECS)

(

ERGaR)
Europe
2024
ExtraVert

GO

DENA GGCS )

(European Renewable Gas Registry,

(Certificate of Origin, CoO) B Cert-X
GO

CoO ERGaR

(Union Database, UDB)
(Proof of Sustainability, PoS)
uUDB (Mass Balance)
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(Renewable Natural Gas, RNG)
(Renewable Fuel Standard, RFS}

(Low Carbon Fuel Standard, LCFS) 2022

(Inflation Reduction Act, IRA) 45V 457
® (United States
Department of Energy, DOE) (The Regional Clean Hydrogen Hubs,
H2Hubs) (Greenhouse

gases, Regulated Emissions, and Energy use in Technologies, GREET )’

(RFS) (United States Environmental
Protection Agency, EPA) (Clean Air Act)
(Renewable ldentification Number, RIN) RIN
RIN RIN(Assigned RIN)
RIN(Separated RIN)
RIN
RIN RIN
EPA (Moderated Transaction System, MTS)

RIN
RIN



2011 (California Air Resources Board, CARB)
(Low Carbon Fuel Standard, LCFS)
(Carbon Intensity, CI)

(Credit) (Deficit)
LCFS
(Well-to-Wheel)
(Argonne National Laboratory, ANL) CA-GREET
1
CARB
LCFS CARB
(2023 253 ) 2022 LCFS
LCFS
2022 45V
3
4
457
X
2025
GREET 2025
45V 457 GREET ( 45VH2-GREET 45ZCFGREET)
(GO)
(RFS) (LCFS)
RIN LCFS
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GO RFS LCFS
( ) ( )
(RED 11/111)
(AB 32)
( | ( RNG)  ( )
1 = 1 COs5 e

1MWh=1 GO
RIN 1

. 28.2 gCOS/ MJ’

:20% | :50%
3.38 kgCO:
( g | 60%
( ABERGaR ) ( EPAMTS ) (CARB )
(Book & Claim)
(EPA) (CARB)
2018 (RED Il 2007 2011
2023 (RED 1) 2024



GO

RFS
LCFS
(GO) 1 MWh 1 GO
(RFS) (RIN)
60%
(LCFS) 1
1
(GO) AIB ERGaR
(RIN) LCFS

(Renewable Gas Guarantees of
Origin, RGGOs} 1 kWh 1 RGGO
(The Japan Gas Association, JGA) 2024 4

10
(Clean Gas Certificate) ° 2024 (National Biogas Strategy)
Lo (Clean
Energy Regulator, CER) (Australian Carbon Credit Unit, ACCU)

11

S
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(GO)

ERGaR

(IRA) 45V 457

(ACCU)

(UDB)

(RFS)

(Biogas)

(LCFS)

(Clean Gas Certificate)

(RIN)

(RGGO)



. European Parliament & The Council, EDirective (EU) 2023/2413 amending
Directive (EU) 2018/2001 on the promotion of energy from renewable sources
(REDII) ¢ EURLex, 2023/10, https ://eur -lex.europa .eu/eli/dir/ 2023/2413/oj/eng

. European Commission, HHydrogen and decarbonised gas market packageg
European Commission, 2024/05, https ://energy .ec.europa .eu/topics/markets -

and-consumers/hydrogen -and-decarbonised -gas-market_en

. European Renewable Gas Registry (ERGaR), FAbout ERGaRg,

https ://www .ergar .org/about -us/abous -us/

. U.S. Environmental Protection Agency, Final rule: Renewable Fuel Standard for
202372025 and supplemental volume requirements ¢ United States
Environmental Protection Agency, 2025/07, https ://www .epa.gov/renewable -fuel-

standard/final -renewable -fuels -standards -rule -2023-2024-and -2025

. California Air Resources Board, How Carbon Fuel Standard (LCFS¥ Low Carbon
Fuel Standard - California Air Resources Board, https ://ww 2.arb.ca.gov/our -
work/programs/low -carbon -fuel -standard

. U.S. Department of the Treasury, EU.S. Department of the Treasury Releases
Final Rules for Clean Hydrogen Production Tax Creditg U.S. Department of the
Treasury, 2025/01, https ://home .treasury .gov/news/press -releases/jy 2768

. U.S. Department of Energy, BSREETmodel overview ¢ U.S. Department of Energy,
https ://www .energy .gov/eere/greet

. Green Gas Certification Scheme, HBAbout Renewable Gas Guarantees of Origin
(RGGOsEGreen Gas Certification Scheme,

https://www.greengas.org.uk/certificates

5=



54

9. Nippon Gas Co., Ltd., & Osaka Gas Co ., Ltd., First Clean Gas Certificate to help
make 2025 World Expo more carbon neutral: Providing the environmental value
of biogas from the Kagoshima City Nanbu Incineration Processing Plant #2024/11,
https://www.osakagas.co.jp/en/whatsnew/__icsFiles/afieldfile/2024/11/22/24110
1.pdf

10.Tng Yong Li, ES Korea unveils biogas strategy, eyes 1mn t/yr GHG cutg Argus

Media, 2024/06, https ://www .argusmedia .com/en/news -and-insights/latest -

market -news/ 2580858 -s-korea -unveils -biogas -strategy -eyes-1mn -t-yr-ghgcut

11.Clean Energy Regulator, FAustralian Carbon Credit Unit Schemeg Clean Energy
Regulator, 2025/05, https ://cer .gov.au/schemes/australian -carbon -credit -unit -

scheme
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