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n Hydrogen is not only an important chemical raw material but also efficient zero-
carbon energy. It has great potential in the energy field in the future. 

As a raw material, hydrogen is a necessity for petrochemical, semiconductor and other industrial 
processes.

Ø Hydrogen is the first element in the periodic table of elements. It is chemically active 
and many industrial reactions require the participation of hydrogen;

Ø Most organic chemicals are hydrocarbons, and hydrogen is an important component.
As an energy source, hydrogen has the advantages of high energy density, zero carbon and 
abundance.

Ø Among the common fuels, hydrogen has the highest heat value per unit mass. The 
heat released by hydrogen combustion is equivalent to 2.6 times that of natural gas, 
3.3 times that of gasoline；

Ø The combustion products are clean, and zero carbon emissions；
Ø Hydrogen is the most abundant element in the universe, and the water body 

accounting for more than 70% of the earth's surface area is an inexhaustible 
"hydrogen mine“.

1.1 What is hydrogen?
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1.2 Why green hydrogen?
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Ø Achieving carbon neutrality is the biggest driving 

force for the development of the green hydrogen 

industry. only when hydrogen realizes zero carbon 

emission at the source can it meet the needs of energy 

transition and low-carbon development.。

Ø The utilization of green hydrogen is equivalent to 

the extension of green electricity, which indirectly 

enhances the end level of electrification。

Ø Green hydrogen is the central link of the "energy-

matter conversion system."，Centering on green 

hydrogen, the demand for electricity can be further 

extended to the traditional chemical industry, so as to 

realize the "non-energy utilization"  of electricity.

Ø Green hydrogen and green electricity can be mutually 

converted. green hydrogen comes from green power, and it 

can also come from power generated by fuel cells or 

hydrogen gas turbines.

Ø Allow significant enhancement of operational flexibility 

for power system.

Ø Improve the supply guarantee ability of the power 

system. It has advantages of long storage time, high energy 

density, and convenient conversion between electricity and 

hydrogen.

Ø Provide support for the security and stability of the 

power system. The hydrogen turbine can be used as a safe 

and stable supporting electricity source.

Green Hydrogen and Energy Transition Green Hydrogen and New Power System



2. Coordinating Hydrogen with Electricity: 
GTSEP-EH model

n GTSEP-EH model integrates the hydrogen model into the GTSEP model for electricity. It is based on 
chronological operation simulation with variable balance timescale for electricity and hydrogen 
respectively.  
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n Three categories data with 18 items involved has been collected covering the whole world, as basic data for RE 
assessment. Resource data, such as stream flow, wind speed and GHI, etc., geographic information data, such as 
land cover distribution, etc., data related to human activities such as transportation and power grid infrastructure 
distribution, etc. 

n GREAN platform, a basic database of global renewable energy resource assessment, providing data foundation for 
research.
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3.1 Green hydrogen assessment 
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n Green hydrogen has great potential for development, far exceeding the hydrogen demand level. 
n Preliminary assessment on green hydrogen reveals, in 2060, the average production cost of green 

hydrogen in China is expected to be 9~10 RMB yuan/kg. 
n In 2060, 75 million tons hydrogen demand is expected, which is mainly concentrated in the eastern 

and central regions, accounting for 85% of the country. 

legend
legend

Unit: tons/km2 Unit: yuan/kg

Green hydrogen development potential assessment Green hydrogen development cost assessment
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3.2 Coordinating Hydrogen with Electricity
Why and what to solve? 

Hydrogen development pattern competition: 

1, Local hydrogen production mode

The demand for green hydrogen in seven regions is all 
met by hydrogen produced locally from local green. No 
inter-regional electricity transmission lines are added, 
and no new hydrogen transmission pipelines are built

2, Independent hydrogen network mode

Based on the local hydrogen production from 
green electricity in eastern and central China, the 
insufficient part is directly imported through 
pipelines from west China.

3, Replacing hydrogen transmission with 
electricity transmission mode

Based on the local hydrogen production from green 
electricity in eastern and central China, the insufficient 
green hydrogen is produced locally from green electricity 
transmitted from western China with better clean energy 
resources through UHV transmission channels.

4, Electricity-hydrogen coordination mode

Based on the local hydrogen production from green 
electricity in eastern and central China, direct hydrogen 
transmission or replacing hydrogen transmission with 
electricity transmission can be used for insufficient green 
hydrogen in  the  pr inc ip le  of  opt ima l  economic 
combination



3.2 Preliminary comparison: 
Power transmission vs. pipeline H. transportation
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UHV DC transmission technology is mature for long-distance and large-capacity power transmission. Take the distance 
of 2000 km and the annual hydrogen transmission capacity of 11 billion cubic meters (1 million tons) as an example for 
a preliminary cost calculation: 
Ø Power transmission: about RMB 0.06/kWh through ±800kV UHV DC transmission with 70% utilization rate.
Ø Hydrogen pipeline transmission: about RMB 0.09/kWh under same construction cost as that of natural gas with the 

same utilization rate.

Investment Cost
(RMB10,000 /km)

Transmission cost per unit 
of energy (RMB/kWh)

Power（±800kV） 410（Convertor Station excluded） 0.06

Hydrogen 
2020（1.5 times of that of natural gas） 0.14

1350（same as natural gas） 0.093

Natural gas 1350 0.033

Unit Cost of Power, Hydrogen, and Natural Gas Transmission



3.2 E-H coordinated optimization results  
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power transmission and hydrogen transportation scheme prospective 
for China carbon neutrality scenario 

Source: Jin et al., Cross-regional electricity and hydrogen deployment research based on coordinated optimization: Towards carbon neutrality in China[J]. Energy Reports 2022(8), 
https://doi.org/10.1016/j.egyr.2022.09.1912352-4847.

China carbon neutrality scenario prospective:
n The scale of cross-regional hydrogen transmission in China accounts half of the total demand, of 

which 25% is transported directly by pipeline and 75% transmitted by UHV DC instead.
n Two long-distance hydrogen pipelines construction are expected. 
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n The coupling between green electricity and green 
hydrogen significantly improves the flexibility of 
the energy system, providing both short term and 
seasonal flexibility. 

n With hydrogen power generation enabled, it can 
effectively improve the ability to ensure power supply 
security when the power system encounters 
continuous days of calm and dark weather. 

n The development and utilization of green hydrogen is 
of great significance for deep decarbonisation in 
power and energy sector.

3.2 Advantages for coordinating hydrogen and 
electricity 

 (a) hourly power balance

(b) Electrolysis load and schematic storage operation

(c) hydrogen storage by day



Inter-continental E-H interconnection:
Preliminary results
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n In the future, we will move onto inter-continental E-H interconnection case study for including the 
submarine hydrogen pipeline transportation besides onshore one.

n Preliminary results shows electricity transmission is still the main pathway for meeting the hydrogen 
demand. 
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