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Whole life-cycle zero-carbon planning and multi-time-scale energy optimization for
integrated energy systems
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Abstract: To address the challenge that uncertainties in renewable energy sources and loads hinder the achievement of
zero-carbon targets in integrated energy systems (IES), this paper proposes a zero-carbon capacity planning and
multi-time-scale optimization method for IES considering uncertainties. Taking an IES in Xinjiang with electric, heating,
and cooling load demands as the study case, a multivariate joint distribution combined with the Monte Carlo method is
first employed to model the uncertainties and correlations of renewable energy sources and loads. Then, a whole life-cycle
zero-carbon capacity planning method for IES is proposed, in which carbon dioxide is absorbed by alkaline solution
generated during the electrolysis process of hydrogen energy storage. Finally, a zero-carbon emission dispatch framework
over the IES planning horizon is constructed to coordinate zero-carbon optimization across long-term planning and
short-term dispatch cycles. Based on this framework, a stochastic-rolling two-stage optimization dispatch model is
designed to cope with uncertainties in renewable energy and load, aiming to minimize the overall operation cost of the
IES. Simulation results verify the effectiveness of the proposed method in promoting renewable energy consumption,
reducing primary energy usage, and achieving zero-carbon emissions with economic operation.
This work is supported by the General Program of National Natural Science Foundation of China (No. 62273312).
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Table 1 Equipment capacity configuration and carbon

emission results for case 1

" - éEFLBﬁ& 4&5{?&
LY AUt
RAEHL 384.33 kW 19.79 3.28
H g 150.47 kW 7.03 1.13
IR Se =4 AL 301.49 kW 15.2 245
HLA L 241.18 kW 11.27 1.8
HLfifi e 312.5kWh 33.13 10.94
fikBe 250 kWh 7.83 1.39
ZUfikRE 0 kWh 0 0
KA 2007.09 kW 1372.25 0.18
etk 1301.68 kW 1431.85 0.03
P2G 1459.59 kW 1260.75 209.06
K PHBEAE RS 749.22 m* 820.4 3.75
FLEnS 601.37 kW 13.89 2.04

*2 262 RERESHHMER
Table 2 Equipment capacity configuration and carbon

emission results for case 2

" - iﬁﬁﬁ& Ll&c@%%
S LY
BRAEHL 351.26 kW 18.09 3
CERizY el 141.61 kW 6.61 1.06
IR Wz A AL 301.49 kW 15.2 245
AN 241.18 kW 1127 1.8
L fifi e 62.5 kWh 6.63 2.19
HpHEE 250 kWh 7.83 1.39
R 25 kWh 60.5 10
KA 1998.33 kW 1366.26 0.18
etk 1301.68 kW 1431.85 0.03
P2G 1445 kW 1248.15 206.97
K PHBEAE RS 725.12 m? 794.01 3.63
FLES 632.38 kW 14.61 2.14
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Table 3 Average annual cost of different cases in the

day-ahead operation stage

o
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2 187082137 409457173  317109.99 62825032
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Table 4 Average annual investment and operational costs for

different cases in the day-ahead operation stage

o

p AffERS WMBE ARG Wiz
BYA  BPEER B4ERAE BERAE

1 — 4284 11331 — 6479245.29

2 44550  4050021.73  2543.11 627 9960.09

H RS ATHr BAEM ARG, RYE% & 11
P FE B HETBORTR S 45 SR R 5 s
* 5 TRIEGIHFHEERHFIRILE R
Table 5 Average annual carbon emission and absorption

results for different cases

Hepe Rl SEATH L COslt
A pcon MR BSEHL PG BRI
1 236.21 9.34 590.4 -835.97 —
2 235.76 0.4 555.79 -787.17 -4.79

M3 5 ATRD, S 2 fEAE L [ B RIS AT Y
Bt BRI R A ) COL IR T 561 1,
XA B A ST BBk TES B8R 5 Ve S
ARG v A RO TR AT 2 L3 - LAt
SNk BEAE IS AT 1 R o 3 e B A YA VR ST B ) R YA
B, 204 R e FBRHEBUS R 0.6%, XK
WAL FRAR AR gt B O T BAT R4 7

CAZ M 2 9f, xF IES H BTOLALR B & 1545 1Y
REEIAE G BLHET 00T . 1ES TEAN[FIZET S8 B
FIFLRE. #aE. WRefiibas R aliniEl 4. &l 5 A

Kl 6 s
= L) EE ) MR o HEAERETE R
SP AN SRk SRR A
SRIENR S cRBR oPaGHh  m RIS
= fuRiEd — IS
2000 _ 2000
Z 1000 A 1ﬂFﬁﬁﬁjﬁg Z 1000[ e iR
# 0 zt ¥ o | HEEE EHH@
O el W2232252811 152
-1000 -1000
0 6 12 18 24 0 6 12 18 24
I E¢/h I Bt/h
() HF (b) B
2000
i 1000 " ][
£ o ki
-1000 UUUUUUUUUL:====:JL
0 6 12 18 24 0 6 12 18 24
i E/h i} Be/h
(o) B2 (@) %%

& 4 1ES HHEEMLLER

Fig. 4 IES electric energy optimization results
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Fig. 5 IES thermal energy optimization results
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Fig. 6 IES cold energy optimization results
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Fig. 7 IES intraday electric energy optimization results
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Table 6 Average annual cost, carbon emissions, and absorption

results of IES in the intraday operation stage
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Fig. 8 Full life cycle CO, absorption during the
IES operating cycle
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Fig. 9 IES gas consumption and transaction results
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Table 7 Average annual environmental and energy

results of different cases
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