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Today ~95% of hydrogen production comes from fossil fuels…

Jefferson Riera
TU-Berlin Workgroup for Infrastructure Policy (WIP)

through steam reforming (SMR) of natural gas and coal.
• Hydrogen is primarily produced and used on site by the industrial sector
• Purpose: ammonia production and oil refining

So far there is no significant hydrogen production from renewables.
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International Trade of Hydrogen?

Jefferson Riera
TU-Berlin Workgroup for Infrastructure Policy (WIP)

Asian market will likely be the largest consumer of hydrogen à opens doors for 
exporting countries with low-cost electricity and with high-capacity factors.

Australia (south): significant renewable generation capacity and limited 
interconnection with the rest of the country. 

• Exports to Japan, South Korea, China, and Singapore

Chile: one of the best solar resources in the world (Atacama Desert) 
• low-cost, high-capacity renewables → low-cost hydrogen production for Asia 

Norway: Hydrogen can be produced by hydropower, offshore wind, and natural gas

Saudi Arabia: combination of complementary wind and solar PV to generate 
hydrogen, potentially transported as ammonia 
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GH2-MOD (current iteraDon)
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• Sta<c model of the year 2050
• Determinis<c
• Ten regions
• Transport of hydrogen as liquid and gas
• Includes market power
• Models different player in the value chain

IAEE 2021



Hydrogen Economy: Value Chain and Actors

Jefferson Riera
TU-Berlin Workgroup for Infrastructure Policy (WIP)

Demand

Lique-
fier

Regasi-
fier

Trader

LH2 Ships

DemandPipelines

Country A Country B

Producer*

IAEE 2021

* Production via SMR or Electrolysis 



Producer’s (Electrolysis) Optimization Problem
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Same type of optimization problem under constraints and market clearing conditions for all other
players, including producer (SMR)



Producer’s (Electrolysis) KKT
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Hydrogen Production Capacity (2050)
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Electrolysis capacity significantly 
larger than SMR

Largest capacities:
1. Rest of Asia
2. China
3. India
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Production Costs

Jefferson Riera
TU-Berlin Workgroup for Infrastructure Policy (WIP) IAEE 2021

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

4.00

4.50

Europe Africa North
America

South
America

Oceania China India Middle
East

FSU Asia

Pr
od

uc
tio

n 
C

os
ts

 [$
/k

g]

Region

Electrolysis

SMR

Production via electrolysis is generally 
more expensive than that by SMR
Exceptions:

1. China 
2. India
3. Africa

Highest
Rest of Asia (Electrolysis– $4.16/kg)

SMR – $2.353/kg)

Lowest
China (Electrolysis – $1.61/kg)
Middle East (SMR– $1.23/kg)

Source: Heuser et al. (2019); Brändle et al. (2020); IEA 2019 



Other Data Inputs
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Source: Heuser et al. (2019); Brändle et al. (2020); IEA 2019 

• Liquefac<on / Regasifica<on capaci<es and costs
• Transporta<on costs (shipping vessels and pipelines)
• Loss rates 
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Perfect CompeDDon



Hydrogen Demand – Perfect Competition 
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Half of European demand is met by 
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Hydrogen ProducDon – Perfect CompeDDon
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Rest of Asia and Europe are sole 
importers

Africa, China and the Former Soviet 
Union are exporters 

Electrolysis: 404 Mt/a
SMR: 230 Mt/a
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Market Power – Flows

Jefferson Riera
TU-Berlin Workgroup for Infrastructure Policy (WIP) IAEE 2021

Energies 2017, 10, 1468 7 of 28

3.1. Regional Disaggregation and Trade

In its current form, GENeSYS-MOD addresses global energy issues, and for this purpose it splits
the world into ten regions: Africa, China, Europe, Former Soviet Union, India, Middle East, North
America, Oceania, Rest of Asia and South America (see Appendix A.3 for a list of countries in each
of the regions). These regions represent geographical clusters of countries in which energy is both
produced and consumed (see Figure 3 for a graphical representation). At the same time, the regions
act as nodes connecting with other regions to allow for trading. All parameters, e.g., on demand and
production potentials (e.g., such as the potential area in which onshore wind generators could be built),
and other parameters such as costs and efficiency are defined for each region. Regions are able to trade
fuels via the set TradeRoutes, which define which regions are able to trade a certain type of fuel with
one another. Because of the large distances between regions, we disabled the trading of power for our
model calculations.
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3.2. Demand and Fuel Disaggregation

GENeSYS-MOD distinguishes three groups of final demand: electricity, heat, and mobility.
They are then split up into low temperature heat (used for water and room heating and cooling)
and high temperature heat (process heat over 100 �C) in the heat sector, and passenger and freight
transport demands in the mobility sector. Other fuels in the model are used for transformation purposes
(e.g., hydrogen or biomass), serve as an input (such as the conventional fossil fuels coal, natural gas,
or oil), or are used to define certain technical restrictions. These ‘area input fuels’ can be used to limit
the use of certain technologies (such as PV cells) by available suitable land on a regional basis, which
may serve as a superior indicator to capacity-based calculations.

As such, we defined the following fuels for our final demands (see Table 1).

Table 1. Fuel disaggregation.

Electricity [in PJ] Heat [in PJ] Mobility [in Gkm]

Power Heat low Heat high Mob. Passenger Mob. Freight

3.3. Modeling Period and Investment Restrictions

The modeling period covers the years 2020 to 2050 in 5-year-steps. The year 2015 is used as base
year with existing capacities. There are no fixed investment limits for technologies. Instead, we opted
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Hydrogen Demand – Market Power
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1. China
2. Africa
3. Rest of Asia

Makes up 50% of global demand

Global Hydrogen Demand: 520 Mt/a



Hydrogen Demand – Market Power
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Market Power – Flows
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Energies 2017, 10, 1468 7 of 28

3.1. Regional Disaggregation and Trade

In its current form, GENeSYS-MOD addresses global energy issues, and for this purpose it splits
the world into ten regions: Africa, China, Europe, Former Soviet Union, India, Middle East, North
America, Oceania, Rest of Asia and South America (see Appendix A.3 for a list of countries in each
of the regions). These regions represent geographical clusters of countries in which energy is both
produced and consumed (see Figure 3 for a graphical representation). At the same time, the regions
act as nodes connecting with other regions to allow for trading. All parameters, e.g., on demand and
production potentials (e.g., such as the potential area in which onshore wind generators could be built),
and other parameters such as costs and efficiency are defined for each region. Regions are able to trade
fuels via the set TradeRoutes, which define which regions are able to trade a certain type of fuel with
one another. Because of the large distances between regions, we disabled the trading of power for our
model calculations.
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3.2. Demand and Fuel Disaggregation

GENeSYS-MOD distinguishes three groups of final demand: electricity, heat, and mobility.
They are then split up into low temperature heat (used for water and room heating and cooling)
and high temperature heat (process heat over 100 �C) in the heat sector, and passenger and freight
transport demands in the mobility sector. Other fuels in the model are used for transformation purposes
(e.g., hydrogen or biomass), serve as an input (such as the conventional fossil fuels coal, natural gas,
or oil), or are used to define certain technical restrictions. These ‘area input fuels’ can be used to limit
the use of certain technologies (such as PV cells) by available suitable land on a regional basis, which
may serve as a superior indicator to capacity-based calculations.

As such, we defined the following fuels for our final demands (see Table 1).

Table 1. Fuel disaggregation.

Electricity [in PJ] Heat [in PJ] Mobility [in Gkm]

Power Heat low Heat high Mob. Passenger Mob. Freight

3.3. Modeling Period and Investment Restrictions

The modeling period covers the years 2020 to 2050 in 5-year-steps. The year 2015 is used as base
year with existing capacities. There are no fixed investment limits for technologies. Instead, we opted
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Hydrogen Production – Market Power
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China’s produc[on accounts for a 
fourth of global produc[on

Strategic trading, countries import 
and export to take advantage of 
external hydrogen prices.
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Hydrogen Prices
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Prices are generally higher 
with market power

Weighted Global Price
Perfect Competition: $2.72/kg
Market Power: $3.36/kg
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Future Work
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Model Expansion
• MulG-period framework 
• AddiGon of storage operators
• AddiGon of ammonia as a hydrogen carrier

• Hydrogenator and Dehydrogenator players
• SpaGal disaggregaGon of regions
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Hydrogen Economy: Value Chain and Actors
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