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Abstract: [Introduction] The paper aims to calculate the Hydrogen energy economy efficiency. In next decade, Hydrogen will
reconstruct the energy structure of China, as a strategic energy. The total cost of Hydrogen gas supplying chain will impact on the
society energy cost in future. Therefore, it is of great significance to study the economy of large-scale hydrogen energy supply chain
and analyze the supply chain mode of hydrogen energy in the future energy structure to predict the cost of hydrogen production,
hydrogen storage, hydrogen transmission, distribution and application in the era of large-scale hydrogen energy, and the trend of
future hydrogen energy marketization. Hydrogen has a layered structure in the hydrogen market due to the high storage and
transportation cost, versatility and different quality. In this paper, the concept of crude oil equivalent price (POE) will be put
forward to analyzes the comparable price of hydrogen energy and normal energy, to find the reasonable range of hydrogen energy
price in the future. To solve the supply chain problem is the key issued to obtain low-cost hydrogen energy, the "mainline gate
station model" is proposed to distribution of green hydrogen and the long-distance transmission. [ Method | Using the Equalization

Cost of Hydrogen analysis model (LCOH ), the large scale green hydrogen production project including Solar Power Plant, hydrogen
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generation and pipeline was measured to calculate the hydrogen transmission cost. The economy of hydrogen transmission from large-
scale renewable energy was analyzed with the LCOH. Based on different storage and transportation technologies such as gas
hydrogen, liquid hydrogen, solid hydrogen, organic hydrogen, pipe hydrogen. The Six-Quadrants Cost Formula was calculated for
cost of storage, transportation and unloading of hydrogen supply chain. [ Result] The results show that China has a wealth of green
hydrogen resources in west forest, with the decline in investment, it is expected that large-scale green hydrogen pipeline transport of
the city gate station, the Hydrogen LCOH will be less than 2. 0 RMB / Nm?®. Due to the low cost, the west green hydrogen will
become the main source in the future. At present, hydrogen storage and transportation technologies are including high press gas
hydrogen (>20 MPa) , liquid hydrogen, methanol, ammonia, organic hydrogen, hydrogen solid hydrogen, pipeline hydrogen.
With the increase in scale, the long-distance transportation of hydrogen will be achieved. Under the existed Hydrogen Transportation
technologies, the city gate station to the terminal transport, short-distance transmission mode forecast cost will be below 1. 2 RMB /
Nm?®. Assessing the total cost of the hydrogen energy supply chain, the hydrogen energy finally reaches the terminal in the mainline
gate station mode is about 3. 2 RMB/Nm’. the equivalent price POE is close to the gasoline price. Considering the energy efficiency
factor of the fuel cell, hydrogen energy car at 4. 0 RMB /Nm® hydrogen price, has a lower fuel cost than gasoline car. [ Conclusion ]
Therefore, as a strategic energy source, it is feasible to realize the green hydrogen replacement of hydrogen energy in China without
subsidies in next decade.

Key words: hydrogen; supply chain; technical economy; levelized cost of hydrogen(LOCH)
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Tab. 1 Demand and supplying structure of hydrogen market in China
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Tab. 2 Energy consumption comparison for hydrogen-powered
vehicles
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Fig. 1 Fuel costs comparison for hydrogen vehicles
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Tab. 3 Crude oil equivalent price(POE) comparison of hydro-
gen and other energy sources
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Tab. 4 POE of hydrogen gas from different raw materials
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Fig. 3 POE cost structure of hydrogen supply chain
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Tab. 5 Comparison of hydrogen generation techniques
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Tab. 6 Hydrogen cost measurement from coal and natural gas
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Tab. 7 Hydrogen cost measurement from renewable energy and fossil energy table
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Fig. 5 Cost comparison of different hydrogen production tech-
nologies
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Tab. 8 Comparison of existing hydrogen storage technologies
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Tab. 9 Cost analysis of hydrogen energy storage and transportation technology
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Tab. 10 Overview of China’s large-scale energy transmission channels
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VER Ak gk FA BEIRFH M * 97_8 fm 30042 m? 1 420/ RMB 1. 113 4 RMB/m’ —
12 MPa/@1 219 mm (T£)
VRIS AL WA 4 4 MPa/d508 s % 25 km 10. 057t 1. 54/, RMB 0. 08 RMB/Nm® —
BB K i A 4R fil 2B 2k 4 MPa =173 Kb 43 km 5J7t 1. 9642 RMB 0. 12 RMB/Nm® —
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Tab. 11 Comparison of investment and expenses in large-scale energy transmission channels

S e S LN s¥id e LR/ PiFE

R e R LU B 2000 km 800 kV 1000 Ji kW 2621/ RMB 0. 985 RMB/(GJ- EH /A HL) 6.5%
TR FE RAREAE LR 5000 km 12 MPa 30042 m¥/a 14201Z.RMB 0. 646 RMB/(GJ- H/AH) 0.5%
i i 2 25 km 4 MPa 10. 05 J7 t/a 1. 54/Z RMB 24. 9 RMB/(GJ- FH/AH) 0.2%
YRR ES] 43km 4 MPa 577 t/a 1. 96/ RMB 20.5 RMB/(GI- F/AHL) 0.2%
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Fig. 8 The conception of desert hydrogen field and pipeline hy-
drogen transmission system
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Tab. 12 Analysis of desert hydrogen field

il JCAR L FH i ) LW W
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23% Tab. 14 Basic data for economic analysis
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Fig. 9 Investment map of desert hydrogen field BE 2 2
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Tab. 13 Calculated earning of desert hydrogen fields HAETRL/% "
AR CL AR FTAR 2/ % 12.5
A HL/TWh 45 —
FL 4/ (RMB-kWh™) 0.3 0.27 § N
Iﬁ N NIl L
EEHLTWh 0. o6 - i H /Y IRR 1 NPVl 53 4 T ; 1E % B
B N 89, 04 _ 0.3 RMB/KWh HLff}, 2.2 RMB/Nm* [ ] 3 & 5514
ZAfr/[RMB- (Nm*)™' ] 2.20 1.98 T, BHIRRZ R 10%, i R4 T Mk x5t 5 $5 %¢
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Tab. 15 LCOH sensitivity analysis RMB/Nm?

e 1759/ZRMB  1862fZRMB  1966fZRMB  2069/ZRMB  2173fZRMB  2276/ZRMB  2379{ZRMB
VR T 85% 90% 95% 100% 105% 110% 115%
PEHET. 0% 2.06 2.16 2.26 2.36 2.47 2.57 2.67
PET. 5% 2.14 2.25 2.36 2.46 2.57 2.67 2.78
PrH#s8. 0% 2.23 2.34 2.45 2.56 2.67 2.78 2.89
PrHl#s8. 5% 2.31 2.43 2.54 2.66 2.77 2.89 3.01
PR 9. 0% 2.39 2.51 2.63 2.75 2.88 3.00 3.12
PR 9. 5% 2.48 2.61 2.73 2.86 2.98 311 3.24
PrlH 10. 0% 2.57 2.70 2.83 2.96 3.09 3.22 3.35
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Fig. 10 Results of LCOH sensitivity analysis
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Fig. 11 Diagram of the hydrogen mainline gate station trans-
mission mode
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Tab. 16 Model and efficiency comparison of large-scale green
hydrogen transport

i = A 31/ NS/ AN QA B i) /I[;iigl. REEOR
i AEE MW /(hea) /(tea) ) 1%
(Nm*)™']
JER+HBE 2025 100 1500 2000 3.8 37%®
KEHEER 2027 100 3500 5000 2.9 37%
FetR KEHRE 2029 500 2000 17000 2.8 41%

etk RHHEE 2030 500 2000 17000 2.7 1%

Jetk R HL+ i
e 2032 1000 2000 34000 2.6
HHLIRE

JEIR K+

2035 2000 2000 70000 2.5 ~50%
RARABA
JEIR KL+

2040 5000 2000 175000 2.2 ~55%
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N =mn, X, X7, x (1= n,) (4)
L NARGEARZCE (%) n WHIEHEE (%);
n, HIRAECE (%) ; n skl (%); 0, RS
AIHE (%)

E T e i R R L KR R B, 3k
THHY R G AR R LN . N=75%%61.6%X85%%
(1-5%) =37.3%.

F16TEQH, P HARTE (O T4 ML A fif
SR AR R R GERERLIT) A HT T A PR
TRAit b RHEURE AR R G RERU I HTRRY , B 5E 4 SR
KW CEEMRMRAE SR 84.17% . RBLRERL N
47.58%,



12 FE T REVR AR

%76

mE 2 iR, FEMARY K, AREMLRE I
AL TISEMM AL TR, B S RERELRY TR
il A A N R, A BEAEARKINT 2.0 RMB/Nm’,
456 MR E 0 A RE i iz T, 23 100 km 3
FBI PN Y LA 24 4 1.2 RMB/Nm® . A RE e 2 3] 3k 2 i
(I RLA 28 3.2 RMB/Nm®, POE /4% 244 200 USD/
BOE, SRl & HE T A — 2P R ny =5[]

4.0

3.5
3.0 ®
2.0

1.5

HrEMA%/[RMB-(Nm®)']

1.0
2020 2025 2030 2035 2040 2045
4y

E: o URHE o KHHRE;

Bt /NN ERR Jefk. UL+
oLtk . RHL+AHIE etk KB+ RARBE;
otk N +EEE,

12 FEMNEmENSENEEE
Fig. 12 Trend of hydrogen price in gate station
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