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n 1-1 Background

1. Introduction

Hydrogen energy is an important secondary energy
Promote the clean utilization of 

fossil energy and solve the 
curtailment of wind and solar energy

Contribute to economic 
development due to its long 

industrial chain

Contribute to decarbonization in 
many sectors

Production of hydrogen is one of the most important bottlenecks that limit the development of hydrogen energy
Sustainable hydrogen (blue and green hydrogen) is encouraged by Chinese government in its future plan for development of hydrogen energy 

The development of blue and green hydrogen relies on the government’s support policies in the People’s Republic of China

Investment in hydrogen production 
project is high

Several policies are promulgated by 
Chinese government

Enterprise and the government 
interact with each other in the game

It is necessary to investigate the impact of government policy on the interaction between the government and the enterprise with regard to the 
hydrogen production issues. 



n 1-2 Objectives

1. Introduction

Objective 1

Ø We investigates the impact of 
governmental preference on the 
enterprise’s choice between blue 
hydrogen and green hydrogen. 

Ø We use the difference between the 
government’s subsidy for blue 
hydrogen and the government’s 
subsidy for green hydrogen to 
represent the governmental 
preference.

Objective 2

Ø The impact mechanism of 
governmental factors, market 
factors and technological factors is 
explored in this paper.

Ø These factors either affect the net 
profits of the government or the net 
profits of the enterprises.

Objective 3

Ø Related policies are proposed based 
on the numerical results.

Ø Policies related to carbon market 
and technological innovation are 
proposed.



§ 2-1 Model assumption

§ For the government:
Ø 𝑅 is the social profits caused by developing sustainable hydrogen;
Ø Choice 1: support blue hydrogen

Ø 𝐶! is the government’s cost of supporting blue hydrogen;
Ø 𝐿! is the government’s subsidy if it chooses to support blue hydrogen;

Ø Choice 2: support green hydrogen
Ø 𝐶" is the government’s cost of supporting green hydrogen;
Ø 𝐿" is the government’s subsidy if it chooses to support green hydrogen;

§ For the enterprise:
Ø Choice 1: Invest in blue hydrogen

Ø 𝐶# is the investment cost which includes the CAPEX and OPEX;
Ø 𝑅! is the sale revenue of hydrogen;
Ø 𝑅" is the sale revenue of carbon quota;

Ø Choice 2: Invest in green hydrogen
Ø 𝐶$ is the investment cost which includes the CAPEX and OPEX;
Ø 𝑅! is the sale revenue of hydrogen;
Ø 𝑅" is the sale revenue of CCER quota;
Ø 𝑅$ is the sale revenue of electricity;

Ø 𝐹 is losses if the enterprise choose the wrong development direction.

2. Evolutionary game model between government and enterprise

Enterprise

Government

Invest in blue 
hydrogen

Invest in green 
hydrogen

Support 
blue 
hydrogen

𝑅 − 𝐶% − 𝐿%,
𝑅% + 𝑅& + 𝐿%
− 𝐶'
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Support 
green 
hydrogen

𝑅,
𝑅% + 𝑅& − 𝐶'
− 𝐹

𝑅 − 𝐶& − 𝐿&,
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+ 𝐿& − 𝐶(

Payoff matrix for the government and enterprise
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§ Static scenario
Ø 𝐿! and 𝐿" does not change with the action of the two players.

§ Dynamical system (I)

§ Corresponding Jacobi matrix J:

§ Stability analysis of equilibrium points under static scenario (condition: 0 < 𝐶! − 𝐶" − 𝑅# + 𝑅! + 𝑅" < 𝐹 + 𝐿$ )

n 2-2 Evolutionary game in the static scenario

2. Evolutionary game model between government and enterprise

(
𝐹(𝑥) = 𝑥 1 − 𝑥 − 𝐶% + 𝐶& + 𝐿% + 𝐿& y + 𝐶& + 𝐿&
𝐹(𝑦) = 𝑦 1 − 𝑦 2𝐹 + 𝐿% + 𝐿& 𝑥 − 𝐹 − 𝐶' + 𝐶( − 𝐿& + 𝑅& − 𝑅' − 𝑅(

𝐽 =

𝜕𝐹 𝑥
𝜕𝑥

𝜕𝐹 𝑥
𝜕𝑦

𝜕𝐹 𝑦
𝜕𝑥

𝜕𝐹 𝑦
𝜕𝑦

= 1 − 2𝑥 𝐿& + 𝐶& − 𝑦 𝐿% + 𝐿& + 𝐶% + 𝐶& −𝑥 1 − 𝑥 𝐿% + 𝐿& + 𝐶% + 𝐶&
𝑦 1 − 𝑦 2𝐹 + 𝐿% + 𝐿& 1 − 2𝑦 2𝐹 + 𝐿% + 𝐿& 𝑥 − 𝐹 − 𝐶' + 𝐶( − 𝐿& + 𝑅& − 𝑅' − 𝑅(

Point 𝐷𝑒𝑡(𝐽) 𝑇𝑟(𝐽) Result
(0,0) Uncertain Uncertain Saddle point
(0,1) Uncertain Uncertain Saddle point
(1,0) − Uncertain Saddle point
(1,1) − Uncertain Saddle point
(𝑥1, 𝑦1) + 0 Central point



§ Dynamic scenario
Ø Government’s subsidy is adjusted by the government’s action: 𝐿! = 𝑥𝑈#! and 𝐿" = 1 − 𝑥 𝑈#".

§ Dynamical system (II)

§ Equilibrium condition: 0 < 𝐶! − 𝐶" − 𝑅# + 𝑅! + 𝑅" < 𝐹 + 𝐿$ 𝑦
§ Equilibrium point: 𝑥∗, 𝑦∗

n 2-3 Evolutionary game in the dynamic scenario

2. Evolutionary game model between government and enterprise

(
𝐹(𝑥) = 𝑥(1 − 𝑥) − 𝐶% + 𝐶& + 𝐿% 𝑦 + 𝐿& 𝑦 𝑦 + )C& + 𝐿&(𝑦
𝐹(𝑦) = 𝑦(1 − 𝑦) 2𝐹 + 𝐿% 𝑦 + 𝐿& 𝑦 𝑥 − 𝐹 − 𝐶' + 𝐶( − 𝐿& 𝑦 + 𝑅& − 𝑅' − 𝑅(

𝑥∗ =
𝑄 − 𝐹 − 𝑈C&
𝑈C% − 𝑈C&

𝑦∗ =
𝑄 + 𝐶& − 𝐹 − 𝑈C% 𝑈C& − 𝐶&𝑈C%

)2 𝑈C% − 𝑈C& (𝐹 − 𝑄 − 𝐶% − 𝐶&

where 𝑄 = 𝐶' − 𝐶' 𝑈C% − 𝑈C& + 𝐹& + 𝐹 𝑈C% + 𝑈C& + 𝑅& − 𝑅' − 𝑅( 𝑈C% − 𝑈C& + 𝑈C%𝑈C&



§ 3-1 Two typical hydrogen production techniques

3. Case study and numerical simulation

Coal to hydrogen project with CCS

Coal preparation 
unit

Coal preparation 
unit

Gasification unit

Raw 
coal

Air

Pulverized 
coal

Oxygen
Treatment unit of 
limestone water

Limestone 
water

Purified 
water

Exchange unit Removal unit of 
acid gas

Pressure swing 
adsorption

Capture of CO2
Transportation of 

CO2
Storage of CO2

Refrigeration unit

H2

Mixed
gas

Gas
exchange

PropyleneLiquid
propylene

CO2

Profits of coal to hydrogen project with CCS

Profits of selling carbon quota

Carbon quota provided by the government Real emissions of 
blue hydrogen

Trading market of carbon quota

Traded carbon quota

Seller

Buyer

Profits of selling H2

Produced H2 are sold to the following sectors

Transportation Industry BuildingEnergy storage

Water electrolysis project powered by onshore wind power station

Control/ 
transformation unit

Generated
electricity Cooling unit of 

alkali liquor

Membrane for 
hydrogen 
separation 

Gas purification 
unit

Electrolysis cell

H2

Electrolysis 
electricity

H2, O2, 
circulating 
electrolyte

Water purification 
unit

Purified 
water

Water
Filter unit

O2

O2

Grid-connected 
electricity

Surplus
electricity

Profits of water electrolysis project powered by onshore wind power station

Profits of selling H2

Produced H2 are sold to the following sectors

Transportation Industry BuildingEnergy storage

Profits of selling CCER
Carbon quota verified by 

government following CCER 
regulation

Traded carbon quota

Seller

Buyer

Trading market of CCER

Profits of selling electriciy

Surplus electricity

Traded electriciy

Seller

Buyer

Electricity trading market

Choice 1 for the enterprise: Coal to hydrogen project with CCS Choice 2 for the enterprise: Water electrolysis project powered by onshore wind 
power station



Symbols Value Unit Data source

𝑄* 100 t/y Assumed by the authors

𝑁2 24 year [37]

𝐿𝐶𝑂𝐻%& 16.24 CNY/kg [8]

𝐿𝐶𝑂𝐻,- 26.63 CNY/kg [8]

𝑄. 9200 MWh/year Calculated by the authors with reference [8], [10], [38]

𝑄./ 5100 MWh/year [8]

𝑃* 20 CNY/kg [39]

𝑃+ 49 CNY/ton [40]

𝑃++ 53.67 CNY/ton [41]

𝐸%& 16.39 Kg CO2/ kg H2 [42]

𝐶𝐸%& 2 Kg CO2/ kg H2 [10]

𝑃/ 0.3 CNY/kWh Assumed by the authors

𝑁+ 21 year Regulated by the government

n 3-2 Values of key parameters in the game

3. Case study and numerical simulation



§ 3-3 Comparison of the evolutionary trajectory of the static and dynamic scenario

3. Case study and numerical simulation

Static scenario Dynamic scenario



§ 3-4 Impact of the governmental factors – cost of subsidy policy

3. Case study and numerical simulation

§ A decrease in 𝐶$ will enhance the probability 
of the enterprise choosing blue hydrogen;

§ A decrease in 𝐶# will increase the probability 
of the enterprise choosing green hydrogen;

§ Impact mechanism:

(a) the impact of a decline in 𝐶!

(b) the impact of a decline in 𝐶"

𝐶! ↓ Net profits of government supporting BH ↑

Government’s inclination for supporting BH ↑𝑥 ↑

𝐿! ↑, 𝐿" ↓ Enterprise tend to invest in BH



§ 3-4 Impact of the governmental factors – governmental preference

3. Case study and numerical simulation

§ Let ∆= 𝑈&$ − 𝑈&# to denote the governmental preference of a 
specific hydrogen production technique;

§ With an increase in the government preference for GH, both the 
probability of the government supporting GH and enterprise 
investing in GH declines;

§ Impact mechanism:

§ Government preference cannot change the action decided by the 
market.

(a) the impact of changes of ∆ on government

(b) the impact of changes of ∆ on enterprise

-∆↑ Net profit of government supporting GH is smaller than net profit of 
government supporting BH 

Government’s inclination for supporting BH ↑𝑥 ↑

𝐿! ↑, 𝐿" ↓ Enterprise tend to invest in BH



§ 3-4 Impact of the governmental factors – carbon quota of the BH project

3. Case study and numerical simulation

§ A decrease in 𝐸'( urge the government to 
provide support for BH. Meanwhile, it will 
restrain the enterprise’s tendency for 
investment in BH;

§ Impact mechanism:

(a) the impact of 𝐸%& on government

(b) the impact of 𝐸%& on enterprise

𝐸$% ↓ Net profits of enterprise choosing BH ↓

Enterprise’s inclination for choosing BH ↓

𝑥 ↑ Government need to provide subsidy to 
stimulate investment in BH

𝑦 ↓



§ 3-4 Impact of the governmental factors – electricity price for the GH project

3. Case study and numerical simulation

§ An increase in 𝑃) will push the government 
into supporting BH; whereas, it will also 
suppress the enterprise’s inclination for BH 
project;

§ Impact mechanism:

(a) the impact of 𝑃/ on government

(b) the impact of 𝑃/ on enterprise

𝑃& ↑ Net profits of enterprise investing in GH ↑

Enterprise’s inclination for choosing GH ↑

𝑥 ↑ Government are inclined to provide subsidy 
to BH

𝑦 ↓



§ 3-5 Impact of market factors – carbon prices

3. Case study and numerical simulation

§ Growth in carbon price in the quota trading 
market (𝑃*) will decrease the probability of the 
government supporting BH and improve the 
probability of enterprise investing in BH;

§ an increase in carbon price in the CCER 
market (𝑃**) will enhance the probability of 
the government supporting BH and reduce the 
probability of enterprise investing in BH;

§ Impact mechanism:

(a) the impact of 𝑃+ on government

(c) the impact of 𝑃++ on government

(b) the impact of 𝑃+ on enterprise

(d) the impact of 𝑃++ on enterprise

𝑃' ↑ Net profits of enterprise investing in BH ↑

Enterprise’s inclination for choosing BH ↑

𝑥 ↓ Government are inclined to provide subsidy 
to GH

𝑦 ↑



§ 3-6 Impact of technological factors – levelized cost of hydrogen

3. Case study and numerical simulation

§ A decline in LCOH'( will bring down the 
probability of the government supporting BH 
and enhance the probability of enterprise 
investing in BH;

§ a reduction in 𝐿𝐶𝑂𝐻+, will increase the 
probability of the government supporting BH 
and decrease the probability of enterprise 
investing in BH;

§ Impact mechanism:

(a) the impact of 𝐿𝐶𝑂𝐻%& on government

(c) the impact of 𝐿𝐶𝐻𝑂,- on government

(b) the impact of 𝐿𝐶𝑂𝐻%& on enterprise

(d) the impact of 𝐿𝐶𝑂𝐻,- on enterprise

𝐿𝐶𝑂𝐻$% ↑ Net profits of enterprise investing in BH ↑

Enterprise’s inclination for choosing BH ↑

𝑥 ↓ Government are inclined to provide subsidy 
to GH

𝑦 ↑



§ 3-6 Impact of technological factors – consumed electricity per kg H2

3. Case study and numerical simulation

§ A reduction in 𝐶𝐸𝑃𝐻 will result in an increase 
in the probability of the government 
supporting BH and a decline in the probability 
of enterprise choosing BH;

§ Impact mechanism:

(a) the impact of a decline in 𝐶!

(b) the impact of a decline in 𝐶"

𝐶𝐸𝑃𝐻 ↓ Net profits of enterprise investing in GH ↑

Enterprise’s inclination for choosing GH ↑𝑦 ↓

𝑥 ↑ Government are inclined to provide subsidy 
to BH



§ Conclusion

Ø (1) An asymptotic stable point exists in the 

dynamic scenario;

Ø (2) Government preference cannot change the 

action decided by the market;

Ø (3) Factors are classified into 3 categories, i.e., 

governmental factors, market factors and 

technological factors. Their impact mechanism 

is similar, they either affect the net profits of 

the government or the net profits of the 

enterprises.

§ Policy recommendation
Ø (1) The government should promote the 

development of the carbon market.
¡ Allow more companies from other industries to 

participate in the carbon market;
¡ Restart the CCER market.

Ø (2) The government should encourage the 
technological innovation of hydrogen 
production.
¡ Provide a loan with a low-interest rate or offer 

low taxes policies to enterprises which conduct 
research and development of hydrogen 
production techniques;

¡ Encourage the enterprises to collaborate with 
each on the research.

4. Conclusion and policy recommendation



Thank you for your attention!


