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1.1 Global Warming [Tea24; Len+19]
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1.2 Energy consumption by source [RR20]
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• Note that the data shows the global energy consumption
• In Germany it’s not as bad
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1.3 How to overcome the problem

Here’s the plan:

1. Produce as much energy from renewable sources as
possible

2. Store it, so we have a backup when the sun doesn’t shine

We ignore 1. for now and focus on 2.

Let’s fix the world
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2.1 Existing energy storage methods
A small selection

Pumped Storage Plants

• Only a third of the electricity
generated is lost

• High investment and operating costs

Lithium-ion Batteries

VR™

• • • • • • • • • • • • •• • • • • • • • • • • •• • • • • • • • • • • • •• • • • • • • • • •

• Already very common

• Lithium is rare and its extraction is
complex
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2.2 Hydrogen as a source of energy

• Hydrogen is the most common element in the universe [Tea21]
• On earth, it’s primarily found in water

• Three steps to success:

Electrolysis Storage Energy
recovery
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2.3 Hydrogen as a source of energy Electrolysis

• We use (green) electricity to split water into hydrogen and
oxygen

• The electric energy gets transformed into chemical energy
• Efficiency of approximately 60% to 85% [Mil+18]

• But electrolysis isn’t the only way to produce hydrogen

And m
any more

Hydrogen from renew-
able electricity

Hydrogen from fossil
fuels (CO2 released)

Hydrogen from fossil
fuels (CO2 captured)

Lukas Pietzschmann Renewable Energies: Hydrogen How we can store Energy Page 7 / 18



2.3 Hydrogen as a source of energy Electrolysis

• We use (green) electricity to split water into hydrogen and
oxygen

• The electric energy gets transformed into chemical energy
• Efficiency of approximately 60% to 85% [Mil+18]

• But electrolysis isn’t the only way to produce hydrogen

And m
any more

Hydrogen from renew-
able electricity

Hydrogen from fossil
fuels (CO2 released)

Hydrogen from fossil
fuels (CO2 captured)

Lukas Pietzschmann Renewable Energies: Hydrogen How we can store Energy Page 7 / 18



2.3 Hydrogen as a source of energy Electrolysis

• We use (green) electricity to split water into hydrogen and
oxygen

• The electric energy gets transformed into chemical energy

• Efficiency of approximately 60% to 85% [Mil+18]

• But electrolysis isn’t the only way to produce hydrogen

And m
any more

Hydrogen from renew-
able electricity

Hydrogen from fossil
fuels (CO2 released)

Hydrogen from fossil
fuels (CO2 captured)

Lukas Pietzschmann Renewable Energies: Hydrogen How we can store Energy Page 7 / 18



2.3 Hydrogen as a source of energy Electrolysis

• We use (green) electricity to split water into hydrogen and
oxygen

• The electric energy gets transformed into chemical energy
• Efficiency of approximately 60% to 85% [Mil+18]

• But electrolysis isn’t the only way to produce hydrogen

And m
any more

Hydrogen from renew-
able electricity

Hydrogen from fossil
fuels (CO2 released)

Hydrogen from fossil
fuels (CO2 captured)

Lukas Pietzschmann Renewable Energies: Hydrogen How we can store Energy Page 7 / 18



2.3 Hydrogen as a source of energy Electrolysis

• We use (green) electricity to split water into hydrogen and
oxygen

• The electric energy gets transformed into chemical energy
• Efficiency of approximately 60% to 85% [Mil+18]

• But electrolysis isn’t the only way to produce hydrogenAnd m
any more

Hydrogen from renew-
able electricity

Hydrogen from fossil
fuels (CO2 released)

Hydrogen from fossil
fuels (CO2 captured)

Lukas Pietzschmann Renewable Energies: Hydrogen How we can store Energy Page 7 / 18



2.3 Hydrogen as a source of energy Electrolysis

• We use (green) electricity to split water into hydrogen and
oxygen

• The electric energy gets transformed into chemical energy
• Efficiency of approximately 60% to 85% [Mil+18]

• But electrolysis isn’t the only way to produce hydrogenAnd m
any more

Hydrogen from renew-
able electricity

Hydrogen from fossil
fuels (CO2 released)

Hydrogen from fossil
fuels (CO2 captured)

Lukas Pietzschmann Renewable Energies: Hydrogen How we can store Energy Page 7 / 18



2.3 Hydrogen as a source of energy Electrolysis

• We use (green) electricity to split water into hydrogen and
oxygen

• The electric energy gets transformed into chemical energy
• Efficiency of approximately 60% to 85% [Mil+18]

• But electrolysis isn’t the only way to produce hydrogenAnd m
any more

Hydrogen from renew-
able electricity

Hydrogen from fossil
fuels (CO2 released)

Hydrogen from fossil
fuels (CO2 captured)

Lukas Pietzschmann Renewable Energies: Hydrogen How we can store Energy Page 7 / 18



2.3 Hydrogen as a source of energy Electrolysis

• We use (green) electricity to split water into hydrogen and
oxygen

• The electric energy gets transformed into chemical energy
• Efficiency of approximately 60% to 85% [Mil+18]

• But electrolysis isn’t the only way to produce hydrogenAnd m
any more

Hydrogen from renew-
able electricity

Hydrogen from fossil
fuels (CO2 released)

Hydrogen from fossil
fuels (CO2 captured)

Lukas Pietzschmann Renewable Energies: Hydrogen How we can store Energy Page 7 / 18



2.3 Hydrogen as a source of energy Electrolysis

• We use (green) electricity to split water into hydrogen and
oxygen

• The electric energy gets transformed into chemical energy
• Efficiency of approximately 60% to 85% [Mil+18]

• But electrolysis isn’t the only way to produce hydrogenAnd m
any more

Hydrogen from renew-
able electricity

Hydrogen from fossil
fuels (CO2 released)

Hydrogen from fossil
fuels (CO2 captured)

Lukas Pietzschmann Renewable Energies: Hydrogen How we can store Energy Page 7 / 18



2.4 Hydrogen as a source of energy Storage

11 000 l

24 l

14 l

Ambient pressure

Compressed

Liquified

• Hydrogen can be safely stored
• Conventional methods of storing hydrogen include

• Compressed hydrogen often used in cars
• Liquid hydrogen used during transportation
• Underground hydrogen storage can store extremely large amounts

• We have the technology to store hydrogen in different
capacities for different amounts of time

• The example on the left illustrates how much space is required
by 1kg of hydrogen in different states of matter

Wasserstoff und Brennstoffzelle – wesentliche Bestandteile einer erfolgreichen Energiewende [Töp19]
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2.5 Hydrogen as a source of energy Energy
recovery

• Again, there are different methods to recover energy from
hydrogen

• Fuel cells are the most common one
• In a fuel cell, hydrogen and oxygen react to produce electricity,
heat, and water

• In this process, roughly 60% of the energy is converted into
electricity [Nor]
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3.1 The overall efficiency

• Let’s try to calculate the overall efficiency

Electrolysis→ Storing→ Energy recovery
60% ⋅ 98% ⋅ 60% = 35% lower bound
85% ⋅ 98%⏟

Hydrogen stored in salt caverns [EES22]
⋅ 60% = 50% upper bound

• Energy that’s lost to heat can easily be used to heat buildings,
thus increasing the efficiency

• The overall efficiency is worse than that of batteries
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3.2 Current state [Goo24]
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3.3 Current state

• Our current marked for green hydrogen is still small [Sch22]
• But we have concrete plans for the future [Inf23]

From 2025 on, we will import 500 000 tons of green hydrogen
from Canada

And in 2027/28, our network of hydrogen pipelines will be
1 000 km long

An electrolysis capacity of at least 10 gigawatts is to be built by
2030

Germany will need around 18 million tons of green hydrogen by
2050

Lukas Pietzschmann Renewable Energies: Hydrogen How Hydrogen performs Page 12 / 18



3.3 Current state
• Our current marked for green hydrogen is still small [Sch22]

• But we have concrete plans for the future [Inf23]

From 2025 on, we will import 500 000 tons of green hydrogen
from Canada

And in 2027/28, our network of hydrogen pipelines will be
1 000 km long

An electrolysis capacity of at least 10 gigawatts is to be built by
2030

Germany will need around 18 million tons of green hydrogen by
2050

Lukas Pietzschmann Renewable Energies: Hydrogen How Hydrogen performs Page 12 / 18



3.3 Current state
• Our current marked for green hydrogen is still small [Sch22]
• But we have concrete plans for the future [Inf23]

From 2025 on, we will import 500 000 tons of green hydrogen
from Canada

And in 2027/28, our network of hydrogen pipelines will be
1 000 km long

An electrolysis capacity of at least 10 gigawatts is to be built by
2030

Germany will need around 18 million tons of green hydrogen by
2050

Lukas Pietzschmann Renewable Energies: Hydrogen How Hydrogen performs Page 12 / 18



3.3 Current state
• Our current marked for green hydrogen is still small [Sch22]
• But we have concrete plans for the future [Inf23]

From 2025 on, we will import 500 000 tons of green hydrogen
from Canada

And in 2027/28, our network of hydrogen pipelines will be
1 000 km long

An electrolysis capacity of at least 10 gigawatts is to be built by
2030

Germany will need around 18 million tons of green hydrogen by
2050

Lukas Pietzschmann Renewable Energies: Hydrogen How Hydrogen performs Page 12 / 18



3.3 Current state
• Our current marked for green hydrogen is still small [Sch22]
• But we have concrete plans for the future [Inf23]

From 2025 on, we will import 500 000 tons of green hydrogen
from Canada

And in 2027/28, our network of hydrogen pipelines will be
1 000 km long

An electrolysis capacity of at least 10 gigawatts is to be built by
2030

Germany will need around 18 million tons of green hydrogen by
2050

Lukas Pietzschmann Renewable Energies: Hydrogen How Hydrogen performs Page 12 / 18



3.3 Current state
• Our current marked for green hydrogen is still small [Sch22]
• But we have concrete plans for the future [Inf23]

From 2025 on, we will import 500 000 tons of green hydrogen
from Canada

And in 2027/28, our network of hydrogen pipelines will be
1 000 km long

An electrolysis capacity of at least 10 gigawatts is to be built by
2030

Germany will need around 18 million tons of green hydrogen by
2050

Lukas Pietzschmann Renewable Energies: Hydrogen How Hydrogen performs Page 12 / 18



3.3 Current state
• Our current marked for green hydrogen is still small [Sch22]
• But we have concrete plans for the future [Inf23]

From 2025 on, we will import 500 000 tons of green hydrogen
from Canada

And in 2027/28, our network of hydrogen pipelines will be
1 000 km long

An electrolysis capacity of at least 10 gigawatts is to be built by
2030

Germany will need around 18 million tons of green hydrogen by
2050

Lukas Pietzschmann Renewable Energies: Hydrogen How Hydrogen performs Page 12 / 18



3.4 TLDR

Chances

• We can produce hydrogen
from renewable sources

• Hydrogen has potential
applications in various
sectors

Challenges

• Currently, hydrogen is
rarely green

• We don’t (yet) have the
infrastructure to

1. create,
2. transport, and
3. use

hydrogen in large enough
quantities
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