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Abstract: In order to study the influence of hydrogen production ways on the operation characteristics of
integrated energy system (IES) containing hydrogen under the goal of " carbon neutrality" , this paper
sets up a mathematical model of integrated energy system including renewable energy power generation
and hydrogen production equipment, cold — heat — electric energy conversion and storage equipment, car-
bon capture equipment and other types of energy utilization equipment, which takes the system daily op-

eration cost minimum as objective function, considering various load balance constraints, equipment op-
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eration and carbon neutralization constraints. Taking the integrated energy system of the simulation park as

a case study, the effects of the system energy supply network supplying hydrogen from different sources

and the system using distributed renewable energy to produce hydrogen on the system operation economy

and carbon emissions are analyzed. The research results show that the system has the highest operation

cost and the lowest CO, emissions when using hydrogen produced from renewable energy as fuel; under

the target of carbon neutrality, 98% of distributed renewable energy generating capacity used for power

supply and 2% for hydrogen production will reduce 26. 1% of operation costs and 19.7% of carbon emis-

sions compared with full renewable energy used for hydrogen production, while reducing 5% of carbon e-

missions and increasing 2. 85% of operation costs compared with full renewable energy used for power

supply ; under the target of carbon neutrality, after increasing the hydrogen production efficiency from re-

newable energy by 10% , the ratio of hydrogen production power in renewable energy output can be in-

creased from 2% to 5% for achieving the lowest system carbon emissions; after reducing the carbon cap-

ture equipment energy consumption by 10% , the ratio of hydrogen production power in renewable energy

output can be increased from 2% to 23% for achieving the lowest system carbon emissions.

Key words: integrated energy system( IES) , carbon neutrality, hydrogen production from renewable en-

ergy, carbon capture technology, economic analysis
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Fig. 2 Schematic diagram of multi-energy complementary structure of carbon neutral integrated energy system
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Fig. 3 Prediction of the generated output of photovoltaic,

wind and cold-heat-electric load in a typical day
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Tab. 1 Parameters of energy storage equipment
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Tab. 2 Parameters of energy conversion equipment
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Tab. 3 System structure in different scenarios
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Tab. 4 Cost and carbon emission comparison of four

typical hydrogen production methods in China

[E= VN AL EUR A TT L7 e ke
CTH 10 20.90
GTH 12.83 11.00
IBH 7.22 13.80
RTH 28.9 0
GPTH 27.06 32.06

K4 S5 1 RS T L SR B REIR R 5L
HWEAR . WE 4 FoR, SNERBE M Z h B A —
SEMAIET , REAAPRILT RTH J5 200 2 Ui
HEHCE e, AR5 MU TBH, GTH, CTH 752X, f
KT GPTH J5 =i & A R G AHR i e o 2
ARG AL R AR, HEUUORIRT RTH
77 3 RGERHE IR 42712 kg, R I T HAbT7 X

8. 5241 \12. 4 51 18.49 5. BRI R &l &
AR A R, SRS BRI R G A ORI T
RTH J7 A 2 U B B HE B < B M 2 A
FEROH i s o R i, A R Gl R IR T
RTH 77 2 0 e HE AR 2 (T 6 R AR Y
R Ghr R

9000 C]Rmﬁ;gg —:{}BTI'JH_@E% Y 9000
k- iz’
8000 | M TTy LAt —— CTH Z A THCR 18000
CICTH B~ CPTH-IE TR, et ¥
7000 =cTH-RRHbik e 17000
A~ CTH-EATHR A *
& 6000 s 16000
gﬂ 5000 /{,’& U H 15000 1R
= J000] J [
3, 4000 o=ttt L s 4000 &
S 3000 - 43000
2000 | 42000
1000 41000
0 0
0 0.10.20.30.4 0.5 0.6 0.7 0.8 0.9 1.0
BE/MH,%

B4 AEHEFXERELSG H,/CHREEST
MRSIZITH A COHIME
Fig. 4 System operating costs and CO, emissions with
different proportions of H,/CH, mixture under

different hydrogen production methods
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Fig. 5 System operating costs and carbon emissions under

different RTH power ratios in IES
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