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Introduction: Power-to-Liquid process
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RWGS (Reverse Watergas-Shift) CO2 + H2 ⇌ CO + H2O(g) ∆R𝐻
0 = 41 kJ/mol

FTS (Fischer-Tropsch Synthesis) CO + 2 H2 → (−CH2−) + H2O(g) ∆R𝐻
0 = −152 kJ/mol
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Power-to-Liquid process: Techno-economic process analysis and uncertainties

Technical Analysis

ηPtL, ηC, ηH

Process modelling and analysis

Adelung et al.: „Impact of the reverse water-gas shift operating conditions on the Power-

to-Liquid process efficiency“, Sustainable Energy Technologies and Assessments, 2021

Economic Analysis

NPC (€/kgC5+)
Net production costs estimation and analysis

Adelung et al.: Impact of the reverse water-gas shift operating conditions on the Power-

to-Liquid fuel production cost, under review

Uncertainty and Global Sensitivity Analysis

cdf, CI, Si, STi
Methodology for quantifying and allocating uncertainties
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Methodology: Process model in AspenPlus (5)

Plant Capacity: medium sized cement plant → 302 MWel Electrolysis (ηElec, LHV = 66.7 %)

Highly integrated system with recycles: 

Simulative approach to estimate optimum RWGS operating conditions

p (1-25 bar)

T (600 – 950 °C)

Gibbs-Reactor

(1) D. Leckel, M. Liwanga-Ehumbu (2006): Diesel-Selective Hydrocracking of an Iron-Based Fischer−Tropsch Wax Fraction (C 15 −C 45 ) Using a MoO 3 -Modified    Noble Metal Catalyst
(2) D. Vervloet et al. (2012): Fischer–Tropsch reaction–diffusion in a cobalt catalyst particle: aspects of activity and selectivity for a variable chain growth probability
(3) Roussanaly et al. (2017):Techno-economic analysis of MEA CO2 capture from a cement kiln– impact of steam supply scenario 
(4) Schmidt et al. (2017): Future cost and performance of water electrolysis:: An expert elicitation study
(5) Adelung et al. (2021) : Impact of the reverse water-gas shift operating conditions on the Power-to-Liquid process efficiency

(1) 
(4) 

(3) 

(2) 

Stream Spec

Rec-FTS Xinert= 50 mol %

Rec-Burn ሶ𝑄RWGS
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Methodology: Material and energy efficiencies
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Results - Carbon Efficiency to C5+
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Increasing pressure and decreasing temperature

→ recycle to RWGS increases = reforming of C2-C4 → C5+ output increases

→ higher C-Efficiency
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Results - Hydrogen Efficiency to C5+
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→ recycle to RWGS increases → water output increases

→ lower H-Efficiency
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Results – Power-to-Liquid Efficiency to C5+
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Results: Impact of RWGS operating conditions on material & energy efficiency

Less water production increases 
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Power-to-Liquid process: Techno-economic process analysis and uncertainties

Technical Analysis

ηPtL, ηC, ηH

Process modelling and analysis

Adelung et al.: „Impact of the reverse water-gas shift operating conditions on the Power-

to-Liquid process efficiency“, Sustainable Energy Technologies and Assessments, 2021

Economic Analysis

NPC (€/kgC5+)
Net production costs estimation and analysis

Adelung et al.: Impact of the reverse water-gas shift operating conditions on the Power-

to-Liquid fuel production cost, under review

Uncertainty and Global Sensitivity Analysis

cdf, CI, Si, STi
Methodology for quantifying and allocating uncertainties
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Methodology – RWGS reactor cost (allothermal operation)

ECRWGS = CFurnace + CTubes + CCatalyst

DLR.de  •  Folie 11

Tube Design: Optimum di & L for Minimum Tube Cost
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Results – RWGS reactor cost
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Methodology – Net production cost 1

General Plant Assumptions

Plant capacity 6.05 t/h H2 input

Full load hours 8,000 hours/a

Operating time of plant y 20 years

Interest rate IR 7 %

Base year 2019

Location Germany

Site Brownfield

Hydrogen Cost Cases 2

Low 2.3 €/kgH2

Base 4.1 €/kgH2

High 7.6 €/kgH2

1 Peters, M.S., K.D. Timmerhaus, and R.E. West, Plant design and economics for chemical engineers. Vol. 4. 2003: McGraw-Hill New York.
2 Bertuccioli, L., et al., Development of Water Electrolysis in the European Union. 2014, Fuel Cells and Hydrogen Joint Undertaking: Lausanne.
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Results: Impact of RWGS operating conditions on net production cost NPC

Maximize Power-to-Liquid Efficiency

Intermediate RWGS pressure and temperature, e.g. 5 bar and 800 °C, result in low NPC
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NPC in €2019/kgC5+ at 4.1€/kgH2
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Results – Cost breakdown at 800 °C & 5 bar and 4.1 €/kgH2

• Equipment cost only minor share of the NPC

• Equal contribution of the main equipment to the FCI

• Direct OPEX largest share of NPC

• Main cost driver: Hydrogen Cost
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Power-to-Liquid process: Techno-economic process analysis and uncertainties

Technical Analysis

ηPtL, ηC, ηH

Process modelling and analysis

Adelung et al.: „Impact of the reverse water-gas shift operating conditions on the Power-

to-Liquid process efficiency“, Sustainable Energy Technologies and Assessments, 2021

Economic Analysis

NPC (€/kgC5+)
Net production costs estimation and analysis

Adelung et al.: Impact of the reverse water-gas shift operating conditions on the Power-

to-Liquid fuel production cost, under review

Uncertainty and Global Sensitivity Analysis

cdf, CI, Si, STi
Methodology for quantifying and allocating uncertainties
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• Quantify: Range of uncertainty? Confidence Interval?

→ Uncertainty Analysis

→ Method: Monte-Carlo Propagation

• Allocate: Contribution of a input variable on the uncertainty? 

→ 1) Factor fixing and 2) factor prioritization

→ Global Sensitivity Analysis 

→ Method: Variance-based Global Sensitivity Analysis

Methodology: Uncertainty and Global Sensitivity Analysis

UA

GSA
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Summary and Outlook

Outlook: 

→Uncertainty Analysis 

→Global Sensitivity Analysis
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Research Questions: Results:
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