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(2018, MNF)

„Renewable Energy storage is the challenge 

for implementing energy transition “

„Green hydrogen is necessary to achieve 

climate protection targets“

„Priority use for decarbonization 

of industry & mobility, 

not for the heating of buildings”

Green Hydrogen for energy transition



3

Development of electricity demand 

& power plant capacity

Electricity consumption will increase considerably from today's 

approx. 550 TWh/a

> 800 TWh/a (2050)
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Electricity 

demand 

development

P2G

P2H

Surplus Electricity 

RE 
Use of RE 

surpluses?

BMWK 04 2022

Fisch 2018

(2018, MNF)
RE : Renewable Energy
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Political Hydrogen goals 
Electricity system in transition

2023

Wind PV Wasser

Atom Kohle Gas

Renewable energies capacity

165 GWel

80 - 90 GWel

2030

x 2,3
Wind PV Wasser Gebäude

Gas BHKW

360 GWel

50 - 60 GWel

+ H2  + CH4 

x 200

45 %

55 %

20 %

80 %

Electricity 

production

Electrolysis capacity

Renewable energies capacity

0,05 GWel
Electrolysis capacity

10 GWel

Goal of German H2-Strategy 2030
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Balancing volatile generation only within electricity sector is not cost-efficient!

Sector coupling by PtH or PtG as key elements requested!

Payment to operators for shutdown 

Wind and PV systems

2023:  >  8 TWh/a   > 1 Billion €

Sector Coupling is the key
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German „Energiewende“ until 2050
Hydrogen demand 

▪ H2- Demand in 2050: 12 Mio.t

▪ 50% produced locally in Germany

▪ approx. 60 GWel Ely- Capacity req.

▪ Priority use in Mobility and Industry

Energy MobilityIndustry EnergyBuilding

Today

Hydrogen demand
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Based on:

Kosteneffiziente und klimagerechte 

Transformationsstrategien für das deutsche 

Energiesystem bis zum Jahr 2050. 

Forschungszentrum Jülich GmbH. 2019
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Production Costs- „Green Hydrogen“ 

Quelle: SIZ energieplus, 2021

M.N.Fisch, 2020

Location

South Germany

South Europe

MENA-Region

South DE South EU

Production
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radiation

Electricity yield 

Electricity price
Total
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Hydrogen in the city – why?

?
Excess

local PV 

electricity Renewable electricity

Heat

Power grid

H2
Storage of renewable electricity 

Sector coupling 

Electrolysis

η = 80 - 85 % η = 55 - 60 % η =  0 % 

Urban district

Electricity storage

Renewable waste heat potential in 2050 (60 to 80 GWel): approx 120 TWh/a 

(corresponds to today's district heating demand)

Mobility 
(Heavy traffic)

IndustryGas grid

curtailment

x
How to balance volatility?
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Urban district – Neue Weststadt Esslingen

ENERGY 
CENTER

UNIVERSITY
Keyfacts

▪ 12 ha, 85.000 m2
BGF, 80% Living (> 550 RU) 

▪ Project duration: 2017 – 2024 

▪ 13 interdisciplinary partners (City of Esslingen, 

research and science, real estate project 

development, energy suppliers, investors)

▪ Funding-relevant costs (T€)

13.227

9.614

Govermental funding Own funds

Funding rate: 

60%
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Energy concept

ELECTROLYSIS

POWER GRID

GAS NETWORK

GREEN HYDROGEN 
DISTRIBUTION

UNIVERSITY

H2 COGENERATION

ENERGY 
CENTER

BLOCK E + D BLOCK A + B + C

< 1 t CO2
per person / year

Buildings 

+ Mobility 
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Construction phase
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Underground energy center

H2 storage

H2 production

Heat supply

Components

▪ Electrolysis: Cooling the stacks 

 → 250 kWth (~ 55-60°C)

▪ Heat pump: Rectifiers, inverters, transformer 

→ 220 kWth (~ 65°C)

▪ H2/Biomethan CHP: 

 → 190 kWth (H2)

▪ Peak load boiler

Heat distribution & consumers

▪ Local heat network

▪ Low temperature systems 
(surface heating, decentralized fresh water stations)

▪ 50% of heat demand covered by emission-

free waste heat from electrolysis

Electrical supply
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Electrolysis

▪ Power: 2x 500 kWel

(Skid with 6 IMET Cell Stacks)

▪ Nominal: 2x 100 Nm³ H2/h 

▪ Operating pressure: 11,5 bar

▪ Elektrolyte: 30% Potassium 

hydroxide, 500 l

▪ Utilization rate: 5,2 kWhel / m³ H2

(ca. 60%)

▪ Waste Heat: approx. 60 °C 
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Concept map and H2 usage

C

D

ENERGY

CENTER

A

B

E

UNIVERSITY

H2

i. Short-term

Decarbonisation of the 

gas network of the city of 

Esslingen as a backup for 

an economic operator 

model

ii. Medium-term

Industry/Mobility: Fuel 

cell test stands

iii. Long-term

H2 Pipeline: Scaling the 

hydrogen economy in the 

region

H2

H2
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H2-Disabler

Sales market for green hydrogen 
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1-2 €/kg 1-2 €/kg

4 - 12 €/kg

2 – 8 €/kg

Bild: www.brennstoffzelle-test.de

Bild: Toyota

H2- Production costs Esslingen

6 – 8 €/kg*

H2- Production costs grey H2

3 – 4 €/kg*

*Costs before the crisis - status 2019



• Creates schedules based on energy 
generation and demand forecasts ‘Machine 
Learning’

• Considers external forcasts e.g. weather, 
Wind Power and electricity market prices 

• Smart grid marketing: electricity trading and 
portfolio management

Optimize

• Connection of the components in 
the neighbourhood to form a 
single unit (smart grid)

• Gateway for optimisers and 
interface for monitoring

• Control of individual components 
based on schedule from optimiser

Smart Grid control

• Security of supply for 
heat in the event of 
failure/disruption at 
higher levels

• Hydraulic control, 
storage management

Backup control

Base control

Control levels

Level 1
Building Control System 

Level 2
Building Control System 

/ EMS

Level 3
EMS*

* EMS: Energy Management System 

Energy Management System
Control levels



Quelle: Fraunhofer ISE / energy-charts.info

lots of conventional electricity

High electricity price

lots of renewable electricity

Low electricity price
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Electrical production and stock electricity prices in Germany - weak 3 / 2024

Not Renewable Renewable Day Ahead price

Using renewable electricity at low prices
Energy management system



Electrolysis: Energy flow diagram
2023 Jan – Dec

100% = 1.923 MWh

78 %

Electricity from RE

Losses

Electrolysis

Heat LT

Hydrogen

Electricity from RE [%]   

-1 Kelvin Tolerance

Heat HT

Losses [%] 

Heat LT [%]

Hydrogen heat value [%] 

Heat HT [%]

RE    Renewable Energies

HT    High Temperature

LT     Low Temperature



Green Hydrogen Energy-Center
Energy flow diagram: 2023 Jan – Dec

100% = 2.027 MWhel

Electrolysis & 

Heat Pump

District 

Heating (58°C)

Hydrogen (Hi)

Waste Heat (58°C) 
potentially usable *

Losses **

RE electricity 

market

Regional Wind 

Power (PPA)

District 

Photovoltaics

The shown energy balance includes the electrolysis, the heat pump 

using low temperature waste heat from the electrolysis to additionally 

support district heating, as well as some periphery.

* High temperature heat, that is potentially usable but was recooled

because of yet missing heat demands. More heat demand expected 

in the coming years.

** Losses of electrolysis, periphery and heating of the energy station 

in wintertime

RE: Renewable Energies

80 %
Potential efficiency

70 %
actual efficiency 

in 2023
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Up-scaling on the outskirts of the city 

Suburban

▪ Electrolysis > 10 ...100 MWel 

▪ 100% waste heat can be used

− Saisonal heat storage + High temperature heat pump

▪ Use of hydrogen via logistics (central H2-HUB)

− Transport to industry 

− Gas station for heavy traffic

▪ Electrolysis < 10 MWel

▪ High connection density, low distribution losses

▪ No space for long-term heat storage

▪ Direct use of hydrogen

− Urban mobility (Public transport)

− H2 Network (?)

Urban
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Project: Hydrogen districts H2Q

Maximilian Kamps, Agentur Blumberg GmbH
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Wind power
35 MW

73 GWh/a

Photovoltaics
14 MWp

14 GWh/a

Saisonal 

heat storage
20.000 m³

HT – Heat pump
+ Peak load generator

2,5 MWth

3,5 GWh

5 MWth

8.5 GWh

Elektrolysis

2 MWth

7 GWh

HT – Heat pump

10 MWel

700 tH2/a
H2-filling station

Wertheim-Autohof – time horizon 2026/27

2 MWth

4 GWh

Final expansion 20 MW for H2 

filling stations and supply of 

commercial buildings

P2G&H

P2H

P2H

P2H - Power to heat

P2G - Power to gas
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„Machen statt Reden! - Doing instead of Talking!“

We don't have a 

knowledge deficit
but rather

an implementation

deficit & a lack of 

information!

Everything is happening far 

too slowly!

Technologies 

Are available!

Do it! – Instead of more

Strategy papers 

Studies 

Road-Maps 

…
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