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OBJECTIVES

SURPLUS 
ELECTRICAL ENERGYSource: EIA

Power-to-Gas (from German)

“The term Power-to-Gas represents a concept where surplus power is 
used to produce hydrogen (H2) and if necessary in a second step, by 
using carbon dioxide (CO2) to convert to synthetic methane [or synthetic 
natural gas = SNG]. The storage for this and to a certain volume fraction
of H2 could be done by feed-in to the existing natural gas infrastructure 
[..]” 

Source: Federal Network Agency, see http://www.bundesnetzagentur.de
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INTRODUCTION
DEFINITION
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INTRODUCTION
PTG PROCESS

Source: 
http://www.powertogas.info

+

Storage

Re-usage
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INTRODUCTION
SNG AS A CHEMICAL STORAGE

 CO2 hydrogenation to CH4: Sabatier reaction (1902)

 High energy density and storage capacities
 14 kWh/kgCH4

 Storage capacity (Germany, 2008): 217 TWh (23 % SNG/a)

 High R&D interest in SNG 
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INTRODUCTION
SNG AS A CHEMICAL ENERGY STORAGE

0
2 2 4 24 2 ; 165 /RCO H CH H O H kJ mol     

 Conceptual design of the Power-to-Gas process

 Process integration into a Coal fired power plant (CFP) 

 Techno-economical analysis
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INTRODUCTION
CONTENTS
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 Combination of a PtG process with a Coal Fired Power Plant (CFP)
1/10 CFP block capacity (80 MWel) is led to the PtG process
 Reduction of the minimum operational capacity and peak load-shaving

 Educts (H2 and CO2) are supplied on-site through water electrolysis and 
CO2 capture from CFP flue gas

 Synthesis of synthetic natural gas (SNG), gas quality H 
(according to ISO standards), deliverable @ 60 bar to natural gas grid

 PtG integrated with CFP
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INTRODUCTION
PROCESS BOUNDARIES
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INTRODUCTION
WHY PTG AND CFP?

ELECTRICITY GRID
Min. capacity

PtG process

10 % 

Min. capacity – 10 %

10

Conceptual design
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CONCEPTUAL DESIGN
RESULTS
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Isothermal concept with two cooled 
(multitubular) reactors in series
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Power-to-Gas process

Process integration to a CFP
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POWER-TO-GAS PROCESS AND 
PROCESS INTEGRATION TO A CFP
OVERVIEW
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Economical analysis
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ECONOMICAL ANALYSIS
RESULTS

 Complete economical analysis: Factor method and data from literature
 CAPEX: M$ 126 // 3500 $/kWth,SNG
 Alkaline electrolysis highest asset (~80 %)

 OPEX: M$ 31-33 per year
 Assumption: O&M costs of CFP rise by 50% due to peak-load shaving
 Different scenarios assumed (800 h and 1200 h operation)

 Viability depending on different aspects:
 CAPEX (especially electrolysis)
 Number of operational hours
 Remuneration for peak-load shaving:

 Reduction of maintenance costs
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ECONOMICAL ANALYSIS
RESULTS

 PtG process is not economically viable in itself
 PtG process can compete economically if there is a remuneration for peak 

load shaving avoidance 

 Case I: Without CRED Case II: With CRED 
 Scenario A 

(800 h/a) 
Scenario B 
(1200 h/a) 

Scenario A 
(800 h/a) 

Scenario B 
(1200 h/a) 

CAPEX [M$] 126 126 126 126 
CRED [M$/a] -  35.0  54.0 
OPEX [M$/a]  30.8  32.5  30.8  32.5 
Profit/Saving [M$/a] -29.75 -30.95    6.25  23.1 
ROI [%] (after tax) - -    3.0  11.0 
PBP [a] 
Cost price SNG ($/kg) 

- 
15 

- 
10 

   7.6   4.7 
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50% O&M (CFP)
45 k$/h
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Wrap up & Conclusions 
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WRAP UP & CONCLUSIONS

 Technical concept possible!

 PtG CFP: Small process enhancements, little influence

 Techno-economical analysis

 Process efficiency: 53.5%

 CAPEX: M$ 126

 SNG cost price: 20-100 x natural gas market price

 Viability: Remuneration for flexibility of the CFP needed

80
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Electrolysis

Methanation
CO2 capture
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WRAP UP & CONCLUSIONS
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 With decreasing alkaline electrolysis costs in future PtG is a potential energy 
storage concept

 With increasing renewable energy share PtG is a potential solution to increase 
high capacity operational hours of conventional power plants

 With this PtG could play a key role for the usage of CO2 from conventional 
resources
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