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M Investment cost of CG

B Investment cost of PV and WT
[ Investment cost of ES

I Investment cost of AC and DC
[ Investment cost of P2H
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I Fuel cost of CG

[ Startup cost of CG
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Nomenclature

Indices and sets

p,E Index and set of provinces
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RPHS/RPS
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Cost;NVfE
Cos‘[;"g‘l\’[JE
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RPHS_CCUS
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RPS
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LCOH ,
Parameters
At

N"

dr

INV_WT/PV
c r

INV_ESP/ESE
Cp -

INV_AC/DC
Cpq

Index and set of CG, PV, WT, ES, P2H,
HS, AC line, and DC line

Index and set of clustered CGs in province p
Index and set of transmission lines con-
nected to province p

a subset of I'” representing the power out-
flow/inflow from p to ¢

Index and set of time period

Index of auxiliary period for CG

Annual cost of RPHS/RPS in province p
Annual cost of power-related RPHS in
province p

Annual cost of hydrogen-related RPHS in
province p

Annual investment cost of power-related
RPHS in province p

Annual O&M cost of the power-related
RPHS in province p

Annual operating cost of power-related
RPHS in province p

Annual investment cost of hydrogen-
related RPHS in province p

Annual O&M cost of hydrogen-related
RPHS in province p

Annual carbon emissions of the RPHS with
CCUS technology in province p

Annual carbon emissions of the RPS with
CCUS technology in province p

Annual carbon emissions of the RPHS
without CCUS technology in province p
Annual carbon emissions of the RPS with-
out CCUS technology in province p

LCOH in province p

Time interval

Capital recovery factor of equipment m
Lifetime of equipment m

Discount rate

Unit investment cost of WT/PV in prov-
ince p

Unit power and energy investment cost of
ES in province p

Unit investment cost of the AC/DC trans-

INV_CG

Cp.z

INV_CCUS

Cpi

O&M_WT/PV
oO&M
2
O&M_ACIDC
22

0&M CG
Cp.i

O&M_ESP/ESE
C p -

CG/SU

Cp’l

INV_P2H/HS
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C{(})& | s

PV/WT_MAX
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P
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Pq
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P
CCG_exist
p.i
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P
E
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H

DI’

CG
i

e

PV/WT

pp.t

hNG/HG

N/OFF
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G
NGS

Rd/w/p

Ru/Rd
i

o

P2H
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mission line between provinces p and ¢
Unit investment cost of the ith cluster CG
in province p

Unit investment cost of the CCUS equipped
on the ith cluster CG in province p

Unit O&M costs of WT/PV in province p
Unit O&M costs of the AC/DC transmis-
sion line between provinces p and ¢

Unit O&M cost of the ith cluster CG in
province p

Unit power/energy O&M cost of ES sys-
tems in province p

Unit fuel/startup cost of the ith cluster CG
in province p

Unit investment cost of P2H/HS in prov-
ince p

Unit O&M costs of P2H/HS in province p
Maximum installed capacities of PV/WT in
province p

Maximum installed AC/DC transmission
capacity between provinces p and ¢
Existing installed capacity of PV/WT in
province p

Existing installed capacity of the ith cluster
CG in province p

Existing AC/DC transmission capacity be-
tween provinces p and ¢

Existing HG/NG capacity in province p
Electric load in province p at time ¢

Annual hydrogen demand in province p
Carbon emission of the unit ith cluster CG
in province p

Unit output curves of PV/WT in province p
at time ¢

Annual utilization hours of NG and HG in
province p

Minimum on/off time periods of ith cluster
CG

Number of the ith cluster CG in province p
Forecasting errors of the electric load/WT
output/PV output

Maximum upward/downward ramping ra-
tio to online capacity of ith cluster CG

P2H conversion efficiency
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ES+/-

/ICG

ANG
/'LCCUS

CCcus

I
0

Variables
WT/PV
Cp

AC/DC
C[’q

(o
Cl(i?us
CS?*CCUS
C]ESP/ ESE

P2H/HS
CP

PCG

pit

CG_CCUS
P poit

CG_CCuUs*
PP» it

PV/WT
P,

HG/NG
P,

P2H
P Pt

ES+/—
Pp,t

PAC

pa.t

PDC

pa.t

ES charging/discharging efficiency

Ratio of the annual renewable power gen-
eration to the annual power demand
Minimum power generation levels of ith
cluster CG

Minimum power generation levels of NG
Capture rate of CCUS

Required power for per tonne CO, capture
and storage

Basic energy consumption rate of CCUS

Carbon intensity of electrolytic hydrogen

Newly installed capacity of PV/WT in
province p

Newly installed AC/DC transmission ca-
pacity between provinces p and g

Newly installed power capacity of the ith
cluster CG in province p

Newly installed CCUS capacity of the ith
cluster CG in province p

Capacity of the ith cluster CG with CCUS
in province p

Newly installed ES power/energy capacity
in province p

Newly installed power capacity of the P2H/
HS in province p

Power output of the ith cluster CG in prov-
ince p at time ¢

Power output of the ith cluster CG with
CCUS in province p at time ¢

Net power output of the ith cluster CG with
CCUS in province p at time ¢

Power output of PV/WT in province p at
time ¢

Power output of HG/NG in province p at
time ¢

Power consumed by P2H in province p at
time ¢

Charging/discharging power of the ES sys-
tem in province p at time ¢

Transmission power of AC transmission
line between provinces p and g at time ¢
Transmission power of DC transmission

line from province p to ¢ at time ¢

P Transmission power of DC transmission

line from province ¢ to p at time ¢

S5 Stored electricity of ES in province p at
time ¢

rl'fst Reserve power of ES in province p at time ¢

O/SU/SDS¢, Online/startup/shutdown capacity of ith

cluster CG without CCUS in province p at
time ¢

O/SU/SDS S ““Y®  Online/startup/shutdown capacity of ith
cluster CG with CCUS in province p at

time ¢
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