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- CO2-equivalent emissions of the transport sector amounted 

to more than 145 million tons in 2021

- This corresponds to 19.3% of total emissions in Germany

- Due to the German Climate Protection Act from 2021, the 

German transport sector must reduce its CO2-equivalent 

emissions by 48% compared to 1990

- The largest share of CO2-equivalent emissions in German 

transport is caused by the passenger car (59%) and truck 

sector (38%)

- The use of fossil fuels must be gradually replaced until 

climate neutrality is achieved in 2045
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Goal 

2030:

- 48 %

Emissions from transport in Germany 

in million t CO2 equivalent 

?

https://www.bmuv.de/pressemitteilung/klimabilanz-2018-45-prozent-weniger-treibhausgasemissionen/
https://www.bmuv.de/fileadmin/Daten_BMU/Pools/Broschueren/klimaschutz_in_zahlen_2018_bf.pdf
https://www.bmuv.de/fileadmin/Daten_BMU/Download_PDF/Glaeserne_Gesetze/19._Lp/ksg_aendg/Entwurf/ksg_aendg_bf.pdf
https://www.umweltbundesamt.de/daten/verkehr/emissionen-des-verkehrs#pkw-fahren-heute-klima-und-umweltvertraglicher


BEniVer 
Begleitforschung Energiewende im Verkehr

- Research project accompanying the funding initiative “Energy transition in 

transport” of the German Federal Ministry of Economic Affairs and Climate 

Action (BMWK) 

- Funding initiative comprises 17 research projects focusing on the production 

and usage of synthetic fuels made via the Power-to-Liquid process

- Projects cover the different transport sectors of road transport, aviation, and 

shipping as well as power generation

- BEniVer: Started in June 2018 and runs until May 2023

Aims:

➢ Comparison and evaluation of project results

➢ Networking and communication within funding initiative

➢ Development of roadmap for further research, production, and market 

launch of synthetic fuels
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The roadmap will be published in the upcoming days and can be accessed via: https://www.energiesystem-forschung.de/beniver

https://www.energiesystem-forschung.de/beniver


BEniVer Scenarios
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Model environment 
within the BEniVer 
project
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Vehicle Technology 

Scenario Model 
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LENS
Long-Term Energy 

Scenario Model

Energy 
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Development of the vehicle fleet

Energy Demand of Transport Sector

- Core objective of BEniVer:

Energy demand of German 

transport sector

- Multiple models included

within the project

- Road tranport sector was 

modeled by the DLR Intitute

of Vehicle Concepts with:

VECTOR21



VECTOR21: car and 
truck scenario and 
market analysis
software
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- Software developed in-house at DLR 

simulating future car and truck markets

- Detailed bottom-up market simulation 

- Hybrid of an agent-based and discrete 

choice market penetration model 

- Including all types of powertrain 

technologies

- Simulation of "synthetic fuel only" 

vehicles was developed within the work 

of this project



Scenarios considered
within the project
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✓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.



Key framework
assumptions
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- Increased drop-in of e-fuels assumed

- Constant share of biofuels assumed

- Environmental bonus for xEVs are

assumed to last until 2025

- Constant electricity and energy taxes

- Best case PtX production costs

assumed in all scenarios

- Until 2045 tax benefits for PtX fuels

PtX H2 DEL

E-fuels: blending

proportions

From 2026 1 % fast ramp-up until 

2045 (>90 %)
From 2026 <1 % moderate ramp-up to 2045 >90 %.

Share of biofuels 2020-2050: gasoline 3.7%, diesel 7.8%.

Passenger car 

technology costs 

(€2020)

Battery: approx. 120 €/kWh by 2030 

[Avicenne Energy 2020]; 

Fuel cell system: 58 €/kW by 2050

Battery: about €120/kWh by 

2030 [Avicenne Energy 2020] 

Fuel cell system: €58/kW by 

2030 [James et al. 2018].

Battery: about €70/kWh by 2030 

[BNEF 2020]; 

Fuel cell system: €58/kW by 

2050 [James et al. 2018].

Environmental 

bonus

Premiums until 2025 according to design in March 2022 (e.g. up to €9,000 for BEVs/FCEVs). The possible 

abolition of purchase premiums for PHEVs was not taken into account in the scenarios. 

Energy carrier Price component Values

Fossil gasoline

and fossil diesel

Energy tax
Constant extrapolation of the applicable nominal rates in March 2022 (assumption): 

Gasoline: €0.65/l; Diesel: €0.47/l

CO2 price transport

2021-2026: According to valid law Post-2026: Assumptions GHG100 scenarios (PtX, 

H2 and DEL): 

2030: 100 €/tCO2 (REF: 80 €/tCO2) 

2040: 200 €/tCO2 (REF: 100 €/tCO2) 

2045: 300 €/tCO2 (REF: 200 €/tCO2).

Electricity

Purchase price 

households 

(passenger cars)

Constant extrapolation of the average real price in 2021: approx. 32 ct/kWh [BDEW 

2022b].

Purchase price

industry (truck)
ca. 21 ct/kWh [BDEW 2022b].

PtX fuels

Net gas station price

FT gasoline / diesel

Source: BEniVer AP2 - TÖA. Production DE. Generic H2 production costs, minimum

value (minimum taxes and levies on electricity) 

Gasoline / diesel 2026: 2.35 €/l / 2.63 €/l; 

2040: 1.88 €/l / 2.11 €/l 

Incl. contribution margin (gasoline: 0.19 €/l; diesel 0.23 €/l).

Net gas station price

hydrogen

BEniver TÖA cost production DE: Generic H2 prime cost, minimum value

2030: 4.74 €/kg; 2040: 3.96 €/kg; 2045: 2.34€/kg Compression, transport+coverage: 

2040: 4.33 €/kg; 2045: 2.51 €/kg

Energy tax

0.15 €/GJ (proposal EC Energy Tax Directive [EU 2021/0213] for electricity, advanced

biofuels and PtX). 

From 2045: 10.75 €/GJ (according to proposal minimum tax rate for fossil fuels).
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Simulated market potential 
of different powertrain
technologies in GER 
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- PtX = synthetic fuel Scenario

- Increasing uptake of battery electric 

vehicles (BEVs) in all scenarios mainly 

due to CO2 regulations

- Plug-in-hybrid vehicles (PHEVs) as 

transition technology

- After 2030: up to 10% proven e-fueled 

passenger cars possible 

- Demand for synthetic fuel vehicles 

exists even with 40% to 65% higher 

fuel prices

BEniVer PtX scenario



Simulated market potential 
of different powertrain
technologies in GER 
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- DEL = scenario of direct electrification

- Faster ramp-up of BEVs compared to 

PtX mainly because of quicker 

infrastructure build-up and lower 

battery prices

- PHEVs get cannibalized by cheaper 

BEVs in 2030

- No more internal combustion vehicles 

allowed after 2035

- Only small market potential for fuel-

cell electric vehicles (FCEVs) due to 

high vehicle prices

BEniVer DEL scenario



Resulting passenger car
vehicle stock
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- Based on the modelled purchase 

decision, BEV vehicle stock will be at 

7 to 11 million vehicles by 2030

- In the most optimistic scenario the 

German policy target of 15 million 

BEVs will be reached in 2032

- By 2045 there will still be an amount 

of vehicles with internal combustion 

engine (ICE) in the fleet
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Energy demand of
passenger car stock
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Model assumptions:

❖ Slightly increasing mileage by 2024 then 

constant extrapolation

❖ Drop-in of syn. fuels from 2026 on with 

faster ramp-up in PtX than in H2 and DEL 

Results:

➢ Shift of energy demand to electricity; 

demand for liquid fuels continuously 

declining

➢ Higher efficiency of BEVs leads to lower 

final energy demand

➢ Demand for syn. fuels in road transport 

peaks around 2035-2040 

➢ Final energy demand in 2045, as well as 

cumulative: PtX > H2 > DEL

0

50

100

150

200

250

300

350

400

DEL H2 PtX DEL H2 PtX DEL H2 PtX

2030 2040 2045
P

a
s
s
e

n
g
e

r 
c
a

r
e

n
e

rg
y

d
e

m
a

n
d

in
 T

W
h
 

a
c
c
o

rd
in

g
to

B
E

n
iV

e
r 

s
c
e

n
a

ri
o

s

Syn Petrol Syn Diesel CNG Hydrogen Electricity Diesel Petrol

BEniVer scenarios



Annual fuel demand of 
all road transport 
sectors in Germany
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- Fuel demand in 2045 is driven by the existing 

vehicle fleet

- In 2045: Passenger car fuel demand still between 

3 to 6 million tons

- Commercial vehicles with slower decline in fuel 

demand [1]

- Busses, special vehicles (emergency vehicles, 

military, etc.) also account for a persistent demand

➢ 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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[1] Özcan Deniz: Development of a scenario model for the simulation of the technology diffusion in the

commercial vehicle market in Germany, 35th International Electric Vehicle Symposium and Exhibition

(EVS35), Oslo, Norway, June 11-15, 2022 https://elib.dlr.de/187389/1/EVS35-340138.pdf

https://elib.dlr.de/187389/1/EVS35-340138.pdf


Summary and conclusion

- BEVs will play a major role in road transport in all scenarios and sectors

→ A high share of BEVs contributes to an (energy) efficient system 

- Climate targets of the transport sector will be extremely challenging to achieve under the 

existing political and economic conditions

- Without further climate policy measures, synthetic drop-in fuels for existing vehicles with 

internal combustion engines would be needed to achieve climate neutrality in 2045

- If the necessary quantities of synthetic fuels cannot be provided, more measures for a 

comprehensive mobility shift (e.g. modal shift, demand reduction, etc.) are required

- There remains a segment for agriculture and special vehicles for which synthetic fuels 

may be the cheapest defossilisation option
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Thank you for your attention

Samuel Hasselwander

samuel.hasselwander@dlr.de

mailto:samuel.hasselwander@dlr.de
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Assumptions CO2
emission standards for 
passenger cars, Lnf and 
Snf
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Central assumptions of 
the BEniVer scenarios 
for road traffic
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Assumptions for energy 
prices (in €2020, unless 
otherwise stated)
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Assumptions of the 
BEniVer scenarios in 
terms of mileage 
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Li-Ion Battery Cost per 
kWh on pack level
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Energy prices incl VAT 
and CO2 price
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- Diesel in 2030: 1,48 EUR/l

- Syn Diesel in 2030: 2,44 EUR/l

- Gasoline in 2030: 1,57 EUR/l

- Syn Gasoline in 2030: 2,18 EUR/l
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