
Transformation of the
German Energy System as a Key for
Decarbonising Transport
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German Aerospace Center –
Knowledge for Tomorrow
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Fields of activity
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Institute of Vehicle Concepts
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Our fields of innovation: 

Strategic cross-cutting topics:
1 ��������������
1 ��"���>�����
1 	��������������
�
1 �
���"
���''���������

!
��
������
���

!
��
�#�����
'������
�
������"
��
�
����

������������������
 
����
�

��&�!�
'�����&�!�����#���������	
��
�����#�!����"����$��
��%�������



DLR activities in energy scenario development & assessment
at the Institute of Networked Energy Systems, Stuttgart
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Energy Transition as major part of
the climate protection strategy

3 main targets of Climate protection & Energy 
policy in Germany:
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The German Energy Transition
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Energy Transition – main policies
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Energy Transition – some theses I
 The focus is on wind and solar! 
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Energy Transition – some theses II

 There is plenty of flexibility - it's just not worth it so far
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Energy Transition – some theses III
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 Grids, storage and sector coupling are the main options
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German Energy Transition – Recent
Challenges
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German Energy Transition – strategic
outlooks
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German Energy Transition

Where do we stand?
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Where are we on the road to climate neutrality?
Development of Greenhouse gas emissions in Germany
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Where are we on the road to the renewable power system?
Past increase and objective to 2030
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Where are we on the road to the renewable power system?
Past increase and objective to 2030, wind and PV added capacities
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Electricity generation 
and consumption in 
Germany
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Where are we on the road to renewable final energy?
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Where are we on the road to climate neutral heating?
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Where are we on the road to climate neutral transport?
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Progress in electricity grids

Example: High-voltage direct current transmission lines 
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Progress in decarbonising
energy and transport

Selected indicators
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Import strategies will be an important part of the solution for many 
countries: Example Net-zero scenario for Germany 
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To which extent can we deploy our own wind and PV potentials? 
Example Net-zero scenario for Germany
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Source * Simon et al. (2022): A Pathway for the German Energy Sector Compatible with a 1.5 °C 
Carbon Budget. Sustainability 2022, 14, 1025. https://doi.org/10.3390/su14021025



In many world regions, renewables are the most competitive energy
technologies
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Decreasing electricity production costs of wind and solar
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H2 generation costs strongly depend on full load hours
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Costs for car-driving
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Costs for electricity, gasoline and diesel per 100 kilometres 2019 to 2022
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Costs for private heating
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Heating costs for an average flat in an apartment building (70 sqm)
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German Energy Transition

Transport-specific topics:

Charging, eFuels, Hydrogen 
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Charging and Infrastructure in Germany
2 main official information resources
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Boosting the expansion of charging infrastructure
headline of 
Charging Infrastructure Master Plan II 
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For any information on charging infrastructure in Germany, 
this is the point to go first:
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Development
of power 
in the stock
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Fast charging: 
Characteristics of new
chargers
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Boosting the expansion of charging infrastructure

Charging Infrastructure Master Plan II
approved October 19th 2022
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Charging Infrastructure Master Plan II

October 19th 2022: Cabinet approves 68 measures to speed up 
development of charging infrastructure

Integrating charging infrastructure and the electricity system:
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Improving charging infrastructure through digitization:
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Empower municipalities as key players and involve them more closely:
… ����������
��'����#��
"����������"��"��������������
�����"
��#���"�����J������#�����
"���
��J��
�'���
�������'����>��"�'������"������''�� ���'���
��
�&

Initiate charging infrastructure for e-trucks:
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Charging and Infrastructure in Germany
High power chargers DC >149-299 kW are growing fastest

4�

Charge points by power category
01.01.2023 01.01.2022 Changes in %

1.791 1.549 16%
11.981 7.933 51%
53.516 40.811 31%

1.725 1.739 -1%
3.317 2.882 15%
1.174 782 50%
3.801 1.882 102%
3.236 1.969 64%

80.541 59.547 35%

0 - 3,7 kW
Number of charge points

> 3,7 - 15 kW
> 15 - 22 kW
> 22 - 49 kW
> 49 - 59 kW
> 59 - 149 kW
> 149 - 299 kW
> 299 kW
All power ranges

Amount of charging operations

Share of successful charging attempts

Average technical availability (Uptime)
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Where do PEV-users in Germany charge?

45
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Energy Transition in Transport

Analysis of future car market:
EVs / eFuels / H2
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Possible scenarios to
reach CO2 neutrality

4�

Climate neutrality in the transport 
system by 2045 

Existing political framework conditions
Moderate increase in transport demand  
Efficiency improvement of technologies
From 2035, only passenger cars and 

light commercial vehicles with zero-
emissions in DEL and H2

 In the PtX scenario, up to 10% proven 
e-fueled passenger cars possible

From 2040, only heavy-duty vehicles 
with zero emissions

The scenario analyses do not represent forecasts or recommendations. They describe possible paths (transformation paths) in the context of the underlying assumptions. 
Since the start of the project in 2018, the (global) political framework has changed very dynamically in many respects. In particular, the environmental policy changes are 
very welcome. However, not all legislative changes (especially the 2030 sector targets) could be fully considered in the modelling.
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VECTOR21: car and 
truck scenario and 
market analysis
software
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Resulting passenger car
vehicle stock
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Energy demand of
passenger car stock
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Model assumptions:
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Annual fuel demand of 
all road transport 
sectors in Germany
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 In 2045: Fuel demand in aviation and maritime is up 
to three times higher than for road transport 

 Current diesel needs of German agriculture is at 1.7 
million tons (not shown as not a transport sector)

 Current biodiesel consumption is at 2.5 million tons
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Hydrogen - Important for GHG reduction in transport

 Germany's ambitions: Climate neutral 2045
(Climate Protection Act, 2021)

 Total GHG emissions: - 65% (1990 vs. 2030).
 Transportation sector: 164 MtCO2eq.  85 MtCO2eq. (2019 vs. 2030)
\ Heavy-duty vehicles: ~ 1/5 of sector emissions

 Current studies on climate neutrality by 2045:
 H2 -demand in the transport sector primarily for

heavy commercial vehicles for long-distance transport
 Strong increase from 2025
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Heavy traffic
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Various different options to provide H2 to the end consumer

 The delivery of CGH2 and LH2 by 
means of truck semi-trailers 
predominates in the supply of 
today's H2 filling stations.

 On-site generation via electrolysis 
and the use of pipelines are other
CGH2 supply options.

 Alternative H2 carriers are possible, 
but not subject of investigation
(e.g. NH3 , CH4 O, LOHC )
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H2 -filling station ≠ H2 -filling station

 High refueling rates need (delivery 
quantity/fueling and refueling frequency).
 High H2 storage capacities
 High H2 compressor capacities

 Service station components are 
developed specifically to meet the 
requirements of the service station 
application

 LH2 -fueling station concepts for all
H2 -fuel options

LH2 storage

LH2 -Transfer- / Cryopump

Dispenser and fuelling nozzle

LH2

Medium pressure 
accumulator

Compressor, high pressure 
accumulator, precooling

CGH2

Dispenser and 
fuelling nozzle
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Optimal solutions depend on capacity and location
 The capacities of future HRS for trucks lie 

in the range of several tons per day
 High H2 demands require appropriate 

H supply paths2
 Must be site specific evaluated, designed, 

projected and implemented
 Pipeline connection especially for very 

economical, especially for very high volumes
 if necessary, further H2 customers to be taken into 

account 
 The delivery of pressurized hydrogen via truck 

comes up against its limits
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LH2 as a vector for all H2 fuel options.
 LH2 -Liquefaction capacities in Europe 

only available to a limited extent:
 Significant capacity expansion required 

(possibly supplemented by LH2 imports) to establish sLH 2
and/or CcH2 as a fuel.

 Technology development required:
 Increase plant capacity
 Reduction power demand
 Cost reduction

 LH2 -Know-how and technology are limited to a few suppliers worldwide
 Fueling stations with on-site generation and liquefaction are not anticipated

(H2 -delivery and H2 -fuel option)
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H2 fuels - cost reduction to ~ €5/kg expected

 Results of a meta-analysis:
 Cost today: 10 to 15 €/kg 
 Costs in the medium term: 4 to 6 €/kg 
 Limited study and data available for sLH2 and CcH 2

 Differences in terms of timing:
until 2030 vs. after 2030

 Crucial to the cost decline:
 Mass production and economies of scale 
 Good utilization of the supply and refueling 

infrastructure
 Optimized supply and logistics concepts
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Parity Fuel costs: 1.4 €/literD  3 to 5 €/kgH2

Assumption diesel costs: 1.4 €/L; fluctuation range (2020 to 2022) approx. 1.0 to 2.3 €/L

 Transport costs (€/tkm) relevant for logistics:
 Cost of vehicle, fuel, driver, toll, ...
 Fuel only one parameter

 Fuel Cost Consideration:
 Parity: Diesel = Cost H ?2 

 Parity: 1.4 €/LD = 3 to 5 €/kgH2

 Parity H2 -fuel costs possible 
at:
 High diesel procurement costs
 Differentiated energy tax rates
 Further increase in CO2 price
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H2 -fueling network for heavy-duty vehicles is in its infancy

 H2 filling stations are currently subsidized in Germany by up to 80%.
 Requirements
\ Possibility of 70 MPa refueling, 2 t H2 /d, TEN-T network (10 km) or 

within urban nodes, light and heavy commercial vehicles

 Evaluation criteria:
\ Subsidy input (€/kg)
\ Technology openness for 

35 MPa, LH2 , CcH2

\ Business model
\ H -reference concept2
\ Operating experience 

Applicant
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H2 –fueling stations: building-plans of stakeholder-initiatives

 Vehicle and/or infrastructure providers 
form cooperations 
Goal: coordinated roll-out of vehicles and 
infrastructure

 Increasingly
pay-per-use models are being developed
 fixed km flat rate (€/km) + maintenance 

including H2 -fuel supply
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