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1. HOwW 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.
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2. EXISTING ENERGY STORAGE METHODS
A small selection

Pumped Storage Plants Lithium-ion Batteries

+ Only a third of the electricity + Already very common

generated is lost  Lithium is rare and its extraction is

- High investment and operating costs complex
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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:

Energy

Electrolysis Storage
recovery
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2. HYDROGEN AS A SOURCE OF ENERGY

* Hydrogen can be safely stored
11000 L * Conventional methods of storing hydrogen include
* Compressed hydrogen
* Liquid hydrogen
* Underground hydrogen storage
Ambient pressure * We have the technology to store hydrogen in different
) capacities for different amounts of time
24 | . . .
* The example on the left illustrates how much space is required
Compressed by 1kg of hydrogen in different states of matter
Liquified
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Jahresstrombedarf Musterhaushalt Dorf
der Haushalte® (2Personen) (100 Einwohner)
2,9 MWh/a 145 MWh/a

Warmespeicher

Fernwirme-
speicher

Batterien

Stadt: Regensburg  Grofstadi: Berlin
(150,000 Einw) (3.5 Mio. Einwohner)
217 GWh/a 51TWhia

Power-to-Gas

Porenspeicher
(Methan)

Kavernenspeicher
(Methan, Wasserstoff)

Pumpspeicherwerke

Druckluftspeicher
(Kavernen)

Kondensatoren

Schwungmassen-
speicher

| chemisch
| thermisch
mechaniseh

| elektrachemisch
| elektromagnetisch
| elektrisch

* ohne Industrie und GHD; Strombedarf pro Person: 1,45 MWh/a
Die Datenwolken geben Bereiche an, in denen sich einzelne heute:
bereits realisierte Anlagen in Deutschland bewegen.

© Stemer, Thema; FENES, OTH Regensburg, 2016

1MWh 1GWh 1TWh

Speicherkapazitdt

Renewable Energi

Quelle: M. Sterner, OTHR
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2. HYDROGEN AS A SOURCE OF ENERGY

* 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. THE OVERALL EFFICIENCY

* Let’s try to calculate the overall efficiency
Electrolysis — Storing — Energy recovery
60% - 98% - 60% = 35%

85% -98% - 60% = 50%

* 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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* 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
1000 km long

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

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