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Techno-economic & ecological assessment 
(TEEA) @ DLR
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Energy transition in the transport sector (EiV)

▪ EiV: funding 99 Mio. €  | 16 projects  | 100+ partner

▪ Renewable electricity based fuels for aviation, road transport and shipping

• BEniVer – Scientific supervision of „Energy transition 

in the transport sector (EiV)”

• BEniVer funding - 9 Mio. € (8 partner)

• Goal: Multicriterial assessment of different options for 

GHG abatement in transport

– Beniver: Scientific supervision 
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Assessment of Energy transition in the transport sector
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Merit-Order of GHG reduction technologies
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Option 9
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Option 11

Option 2

e-fuel concept 1 

???

EU instrument to reduce 

GHG emissions:

CO2-certificates

e-fuel concept 2 

???

Option 8

Goal: CO2 reduction @ minimized GHG-Abatement cost, 

either by reducing GHG footprint or costs!

Standardized methodology for LCA and TEA required!  
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Techno-Economic and ecological assessment 
TEEA methodology @ DLR
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❑ CAPEX, OPEX, NPC

❑ Sensitivity analysis

❑ Identification of most economic 

feasible process design

❑ Efficiencies (X-to-Liquid, Overall)

❑ Carbon conversion

❑ Specific feedstock demand

❑ Exergy analysis
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Techno-Economic and ecological assessment (TEEA)
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❑ CAPEX, OPEX, NPC

❑ Sensitivity analysis

❑ Identification of most economic 

feasible process design

❑ GWP

❑ Other impact categories
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drivers
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TEEA @ DLR
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Simulation & Process evaluation

Literature 

survey

1. Step

Exchange 

with project 

partners

Aspen-TEPET-

Brightway2-Link

Material and energy 

balance data

Variation of process 

parameters
4. Step

Identifying 

crucial 

process 

parameters

2. Step

Detailed 

process 

simulation

• Validation

• Upscaling

• Technical optimization

[1] Albrecht et al. (2016) - A standardized methodology for the techno-economic evaluation of alternative fuels – A case study, Fuel, 194: 511-526

[2] Mutel (2017) - Brightway: An open source framework for Life Cycle Assessment, Journal of Open Source Software, 2(12): 236

[3] Wernet, G et al. (2016) – The ecoinvent database version 3 (part I): overview and methodology. The International Journal of Life Cycle Assessment, 21(9): 1218–1230. 

[3]

3. Step

Techno-economic 

and ecological 

evaluation

• Economic calculation

• Sensitivity analysis

• Cases studies

• Heat integration 

(HEN)

• Exergy analysis

• LCA

[2]

[1]
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TEEA tool TEPET @ DLR (part 1)

10 [1] Albrecht et al. (2016) - A standardized methodology for the techno-economic evaluation of alternative fuels – A case study, Fuel, 194: 511-526
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Energy flows



• Dietrich, et. al • e-fuel options in private transport, aviation and shipping • Dusseldorf • 6th October 2022• DLR.de  •  Slide 11

TEEA tool TEPET @ DLR (part 1)

11 [1] Albrecht et al. (2016) - A standardized methodology for the techno-economic evaluation of alternative fuels – A case study, Fuel, 194: 511-526

Net production costs 

€/l – €/kg – €/MJ

Capital costs (CAPEX) Operational costs (OPEX)

Equipment 
dimensions

Construction

Equipment cost

Piping Engineering

Raw materials

Utilities Maintenance

Labor

Process simulation

[1]

Material & 
Energy flows

▪ Adapted from best-practice chem. 

eng. methodology 

▪ Meets AACE class 3-4, 

Accuracy: +/- 30 %

▪ Year specific using 

annual CEPCI Index

▪ Automated interface for 

seamless integration, 

heating networks, …

▪ Easy sensitivity studies 

for each parameter

▪ Learning curves, economy of scale, …
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TEEA tool TEPET @ DLR (part 2)
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[1] Albrecht et al. (2016) - A standardized methodology for the techno-economic evaluation of alternative fuels – A case study, Fuel, 194: 511-526
[2] Mutel (2017) - Brightway: An open source framework for Life Cycle Assessment, Journal of Open Source Software, 2(12): 236
[3] Wernet, G et al. (2016) – The ecoinvent database version 3 (part I): overview and methodology. The International Journal of Life Cycle Assessment, 21(9): 1218–1230. 
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[1]
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TEEA tool TEPET @ DLR (part 2)
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[1] Albrecht et al. (2016) - A standardized methodology for the techno-economic evaluation of alternative fuels – A case study, Fuel, 194: 511-526
[2] Mutel (2017) - Brightway: An open source framework for Life Cycle Assessment, Journal of Open Source Software, 2(12): 236
[3] Wernet, G et al. (2016) – The ecoinvent database version 3 (part I): overview and methodology. The International Journal of Life Cycle Assessment, 21(9): 1218–1230. 

[1]

Impact assessment 

methods/categories

Environmental impacts

e.g. kg CO2-eq./MJ

Life cycle inventory

Transportation

Waste treatment

Material supply

Products

Emissions

Energy supply

Additional 

databases

Literature,
project partners

[2]

[3]

Equipment 
dimensions

Material & 
Energy flows

Process simulation

▪ LCA conforms to ISO 14040 and 14044

▪ Current ecoinvent database applied

▪ Most recent LCA knowledge adaptable

▪ Automated interface for seamless integration

▪ Easy sensitivity studies for every parameter



• Dietrich, et. al • e-fuel options in private transport, aviation and shipping • Dusseldorf • 6th October 2022• DLR.de  •  Slide 14

14

ASSESSMENT OF „GENERIC“ FUELS

TEEA @ DLR
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Techno-Economic and ecological assessment
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Methane (97.7% CH4, 2% H2) Energy demand : 300.0 MWe – 15.9 MWe
*

Methane prod. : 169.1 MWLHV

𝜼𝑷𝒕𝑮 =
169.1MW𝐿𝐻𝑉

300.0 𝑀𝑊𝑒 − 15.9 𝑀𝑊𝑒
= 𝟓𝟗. 𝟓 %

* Steam cycle integrated into the TREMP Process

Electricity
H2
Generation

Electricity
CO2
Capture
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Methane (97.7% CH4, 2% H2)

▪ H2 is the cost driver

▪ NPCNG fossil:

 305 [€2022/MWh][1]

 36 [€2020/MWh][2]

[1] www.bundesnetzagentur.de/.../220826_gaslage.pdf, → Future September/22 NL, 26.08.22

[2] https://ycharts.com/indicators/europe_natural_gas_price, 06.2022
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192

Assumptions V3.2*

Basis year 2018

Full-load hours 8’000

CO2 €/t 69  

H2 €/t 4’742

Electricity €/MWh 55.7

*BEniVer general assumptions:

• 300 MWe power input

• generic costs - minimum 2018

http://www.bundesnetzagentur.de/.../220826_gaslage.pdf
https://ycharts.com/indicators/europe_natural_gas_price
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Methanol (99,85 wt.% MeOH)
Energy demand : 298.7 MWe + 9.5 MWth

*

MeOH prod. : 158.5 MWLHV

* External steam supplement assumed

Purge

MeOH 

synthesis 

loop

MeOH 

purificationCO2 

H2 
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CO2 

CO

H2

MeOH

MeOH

Water

CO2 

CO

H2

MeOH

Water

CO2 

Air

ሶQ

ሶQ ሶQ

𝜼𝑷𝒕𝑳 =
158.5 MW𝐿𝐻𝑉

298.7 MWe
= 𝟓𝟑. 𝟏 %

Electricity
H2
Generation
Electricity
CO2
Capture
Electricity
MeOH syn.

Steam @
245 °C

𝜼𝑿𝒕𝑳 =
158.5MW𝐿𝐻𝑉

298.7 MWe + 9.5 MWth
= 𝟓𝟏. 𝟒 %
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Methanol (99,85 wt.% MeOH)
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HPS sell

Other RM & UT

Electricity (2018, min.)

Carbon dioxide (2018, min.)

Hydrogen (2018, min.)

CAPEX Annuity

NPC

Assumptions V3.2*

Basis year 2018

Full-load hours 8’000

CO2 €/t 69  

H2 €/t 4’742

Electricity €/MWh 55.7

*BEniVer general assumptions:

• 300 MWe power input

• generic costs - minimum 2018

[1] www.methanol.org/methanol-price-supply-demand

▪ H2 is the cost driver

▪ NPCMeOH fossil[1]:

 ca. 120 [€2022/MWh]
 ca.   60 [€2020/MWh]

https://www.methanol.org/methanol-price-supply-demand/
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FT-Diesel / Kerosene (C5+)
[1]

[1] Adelung, S., Maier, S., & Dietrich, R. U. (2021). Impact of the reverse water-gas shift operating conditions on the Power-to-Liquid process efficiency. Sustainable Energy Technologies and Assessments, 43, 100897.

𝜼𝑿𝒕𝑳 =
121.6 MW𝐿𝐻𝑉

302 MWe + 13.1 MWe
= 𝟑𝟖. 𝟕 %

Electricity H2
Generation

Electricity CO2
Capture

Remaining
Energy Demand

Energy demand : 302 MWe + 13.1 MWe
*

C5+ production : 121.6 MWLHV

* External power for CO2 capture, compression work 
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FT-Diesel / Kerosene (C5+)
[1]

[1] Adelung, S., Maier, S., & Dietrich, R. U. (2021). Impact of the reverse water-gas shift operating conditions on the Power-to-Liquid process efficiency. Sustainable Energy Technologies and Assessments, 43, 100897.

𝜼𝑿𝒕𝑳 =
121.6 MW𝐿𝐻𝑉

302 MWe + 13.1 MWe
= 𝟑𝟖. 𝟕 %𝑚𝑎𝑥. : 40.8 %, adding a Clausius−Rankine cycle
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FT-Diesel / Kerosene (C5+)

▪ H2 is the cost driver

▪ NPC: 3.74 €2018/kgC5+ 

 3 time of fossil 

kerosene price [1]

[1] https://www.indexmundi.com/commodities/?commodity=jet-fuel&months=12&currency=eur Future September/22 NL, 03.08.2022

Assumptions V3.2*

Basis year 2018

Full-load hours 8’000

CO2 €/t 69  

H2 €/t 4’742

Electricity €/MWh 55.7

*BEniVer general assumptions:

• 300 MWe power input

• generic costs - minimum 2018
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https://www.indexmundi.com/commodities/?commodity=jet-fuel&months=12&currency=eur
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ASSESSMENT OF „DESIGNER“ FUELS

TEEA @ DLR
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Oxygenate from MeOH

DMC synthesis

MeFo synthesis

Cooperation with TU Delft

BASF patent[1]

OME3-5 synthesis

H2

CO2

MeOH synthesis

Process simulation 

in Aspen Plus

Technical analysis

Net production 

costs in TEPET

Economic analysis

[1] BASF SE – Patent Nr. EP2922815B1
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OME3-5 from MeOH

Graph: Mantei et al. (2022): Techno-economic assessment and carbon footprint of processes for the large-scale production of 

oxymethylene dimethyl ethers from carbon dioxide and hydrogen in Sustainable Energy and Fuels (DOI: 10.1039/D1SE01270C)
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OME3-5 from MeOH

▪ P1 and P3 (aqueous) 

have similar NPC

▪ P2 and P4 (anhydrous) 

have similar NPC

▪ P4 is the slightly better 

OME3-5 production option
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Labor costs
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Assumptions V3.2*

Basis year 2018

Full-load hours 8’000

CO2 €/t 69  

H2 €/t 4’742

Electricity €/MWh 55.7

*BEniVer general assumptions:

• 300 MWe power input

• generic costs - minimum 2018
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DMC from MeOH *

2-CP: 2-Pyridincarbonitril

2-PA: 2-Picolinamide

DMC 

synthesis
30 bar, 120 °C

DMC 

purification

Dehydration 

of 2-PA

Purification 

of  2-CP

2-PA2-CP

CO2 

MeOH 

2-CP

DMC

Wastewater 

ሶQ

ሶQ

MeOH 

synthesis

CO2 

H2 

Pel

ሶQ

ሶQ

Electricity H2
Generation
Electricity CO2
Capture
Electricity DMC
syn.
Electricity MeOH
syn.
Heat demand @
480 °C
Steam @ 185 °C

Steam @ 175 °C

Energy demand : 91.6 MWel + 34.9 MWth

DMC prod. : 50.1 MWLHV

𝜼𝑷𝒕𝑳 =
50.1 MW𝐿𝐻𝑉

91.6 MWe
= 𝟓𝟒. 𝟕 % 𝜼𝑿𝒕𝑳 =

50.1 MW𝐿𝐻𝑉

91.6 MWe + 34.9 MWth
= 𝟓𝟏. 𝟒 %

* Innovative lab scale process of TU Delft, publication pending
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MeFo from MeOH *

Electricity H2
Generation
Electricity CO2
Capture
Electricity MeFo
syn.
Electricity MeOH
syn.
Steam @ 144 °C

Steam @ 185 °C

Steam @ 265 °C

Na-Me: Natrium Methoxid

Na-Fo: Natrium Formiat

MeFo

synthesis
90 bar, 70 °C

MeFo

purification

MeOH 

CO

MeFo
Water

Na-Me

Na-Fo

ሶQ

ሶQ

MeOH 

synthesis

CO2 

H2 

Pel

ሶQ

ሶQ

RWGS 

process
1 bar, 900 °C

CO2 

H2 

Na-Me, Na-Fo

CO 

purification

Na-Me, Na-Fo

CO, MeOH

CO2, H2

Combustion 

chamber

Purge

CO, MeOH, MeFo

O2

Flue gasWater

Energy demand : 102.9 MWel + 17.7 MWth

MeFo prod. : 55 MWLHV

𝜼𝑷𝒕𝑳 =
55 MW𝐿𝐻𝑉

102.9 MWe
= 𝟓𝟑. 𝟒 % 𝜼𝑿𝒕𝑳 =

55 MW𝐿𝐻𝑉

102.9 MWe + 17.7 MWth
= 𝟒𝟓. 𝟔 %

* state-of-the-art BASFprocess, taken from patent Nr. EP2922815B1
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Oxygenate from MeOH

▪ Similar magnitude of NPC

▪ H2 is the cost driver

▪ OME P4 → lowest efficiencies

▪ DMC → highest ηPtL

▪ MeFo → highest ηXtL

▪ Application as drop-in fuels?
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Assumptions V3.2*

Basis year 2018

Full-load hours 8000

CO2 €/t 71  

H2 €/t 5 586

Electricity €/MWh 71.5

*BEniVer general assumptions:  

generic costs - average 2018
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CONCLUSION: PTX FOR TRANSPORT?

TEEA @ DLR
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Conclusion for e-fuels options in private transport 
Simple pictograms

▪ Present (2022)

▪ Future Dream 

(2018)
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Outlook: Transport beyond 2022

▪ Maximize mileage from green electrons

▪ Favor public over private transport

▪ Favor rail over road / air transport

▪ Favor electric over hydrogen over ICE

▪ Invent new / better electric locomotion

▪ Efficient public transport

▪ New e-bikes, -cars, -trucks, -planes, -ships

▪ Smart connection between transport options

▪ Don’t ignore the legacy fleet

▪ Instant drop-in fuels blending mandate

▪ Little electrification in marine and aviation

▪ Maximize GHG abatement at minimal cost
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E-Fuel options in private transport, aviation and shipping

THANKS TO THE TEAM. 
THANK YOU FOR YOUR ATTENTION. 
QUESTIONS?

Sandra Adelung, Felix Habermeyer, 

Nathanael Heimann; Simon Maier, 

Francisco Moser, Moritz Raab, 

Yoga Rahmat, Julia Weyand, 

Ralph-Uwe Dietrich


