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Fol lowing the thought-provoking debate at the REKK Power-To-Gas Forum in February 2020 this brief explains how Power-
To-Gas technology can be a viable solution for excess RES electricity and eventual ly al low natural gas infrastructure to have a
second l ife in Europe’s carbon neutral future. The main findings are the fol lowing:

T Remarkable advantage of the P2G technology is its capabi l i ty to store low-carbon renewable electricity in the form
of hydrogen (P2H) or synthetic methane (P2M).

T The Power-To-Hydrogen technology has widespread potential (transport, industry and even electricity production)
but existing assets must be upgraded.

T The Power-To-Methane technology is equivalent to natural gas and could be injected into existing gas
infrastructure without any conversion.

T Power-To-Gas processes are more expensive than producing hydrogen from fossi l fuels or buying natural gas at
TTF.

Whi le Power-To-Hydrogen provides carbon-friendly energy solution in numerous sectors, the Power-To-Methane is wel l
positioned to be a l ifel ine for future gas infrastructure in the European decarbonisation agenda.

http://rekk.hu/rolunk/rekk_alapitvany
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A further (bio)chemical transformation of hydrogen wil l
result another gas of high heat value: methane. This
methanation process uses the hydrogen and CO2 inputs to
produce methane as an output. This can be injected into
the existing gas networks as methane shares the same
characteristics of natural gas.

TECHNOLOGY OVERVIEW
USED FOR THE MODELLING

The calculations used to estimate the cost level of the
process are summarized in Figure 2. Three prevai l ing
alternatives for electrolysis which differ in their maturity
and costs are described (AEL, PEM, SOEC). The
methanation step considers two processes (thermocatalytic
and biological) that also differ in maturity and costs.

POWER-TO-GAS USING METHANATION
AS AN ENABLER OF SECTOR COUPLING

One of the key cost drivers is the wholesale electricity price
and the avai labi l i ty of renewable electricity at low marginal
cost. Thema et al . (2016) projects surplus electricity
produced by weather dependent renewables in Germany to
reach 60 to 100 TWh/annum by 2050 based on l iterature
review whi le their model l ing estimates 150 TWh/annum.

The concept of surplus electricity or excess RES electricity
refers to electricity produced by weather dependent power
plants that cannot be consumed at the source in real time–
i .e. the price of electricity is zero or negative.

ROLE OF POWER-TO-GAS
IN THE ENERGY VALUE CHAIN

Cl imate ambitions of the EU dictate the long-term phase-
out of fossi l fuels including natural gas. This decarboni-
sation chal lenge has been largely met by technology gains
in renewable energy production, which resulted in signifi-
cant increase of renewable electricity capacity.

Exceptional growth occurred in photovoltaic and wind
power plants, which are weather-dependent sources and
difficult to predict. Therefore, a storage solution is needed
for the quantity of electricity which could not be consumed
at the time of the production.

We argue that besides batteries, network connected
electric cars and pumped hydro, one of the most viable
energy storage solution is Power-To-Gas.

THE BASIC CONCEPT OF POWER-TO-GAS (P2G)

The main idea of Power-To-Gas technology is that the
electricity is used to transform water into hydrogen and
oxygen via electrolysis. After the electrolysis there are two
options: 1 ) the process stops with hydrogen as output
(Power-To-Hydrogen) or 2) CO2 and hydrogen are converted
into methane (cal led Power-To-Methane) (see Figure 1).

Hydrogen can be used directly as an alternative fuel in
numerous sectors: it is feasible to use hydrogen as a fuel
input in aviation, heavy duty rai lroad transport, rai l road
passenger vehicles (fuel-cel l) and shipping. Moreover, it is
technical ly also possible to use hydrogen in power plants or
for heating, and it could be stored in gas or l iquid form for
future usage. These characteristics make hydrogen an
alternative option for grid-balancing purposes, too. However,
for traditional vehicles/plants to run on hydrogen as input
fuel existing infrastructure must be upgraded. Furthermore,
storing and transporting hydrogen in the current natural gas
infrastructure is problematic, as the networks were bui lt to
accommodate methane-based natural gas. Network losses
and other problems (e.g. hydrogen embrittlement, corrosion
of steel pipes) l imit the potential of non-site consumed
hydrogen.

FIGURE 1: BASIC CONCEPT OF POWER-TO-HYDROGEN AND POWER-TO-METHANE (P2M)

FIGURE 2: TECHNOLOGY OVERVIEW OF POWER-TO-GAS PROCESS TYPES

Source:REKK

Source:REKK
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P2G solutions use the surplus RES-electricity and Power-To-
Methane technology integrates renewable sources into the
energy system with great potential for deep
decarbonization goals.

European support for pi lot P2G projects has increased in
the recent years along with the share of the Power-To-
Methane projects, reaching 70 MW by the end of 2018.

LEVELIZED COST OF ENERGY (LCOE)
CALCULATION FOR POWER-TO-GAS
SOLUTIONS

The current P2G projects rely heavi ly on publ ic funds from
green R&D programs because they are not yet mature and
competitive. This section assesses the LCOE values that wi l l
ensure the technological competitiveness without publ ic
support.

Methodology

We used the LCOE calculation to compare the unit cost of
energy production for P2G solutions using the fol lowing
formula:

Based on the ENEA study The potential of Power-To-Gas

(2016), the three electrolysis and two methanation
processes were compared (see Figure 2).

Results

The LCOE is driven mainly by the technology (electrolysis,
methanation) and input costs, e.g wholesale electricity
price. The cheapest processes are Polymer Electrolyte
Membrane Electrolysis (PEM) and Biological Methanation
process.

Based on Hungarian wholesale market in 2019, the
wholesale electricity market model l ing resulted in an
average price of 39 EUR/MW avai lable for 6490 hours. A
price of 50 EUR/ton was appl ied to the CO2 input and water
was not priced because the unit cost is very low in most EU
countries. However, it could be relevant in the future with
large-scale P2G uptake.

The results show (Figure 3) that the LCOE value of the P2H
process is around 100 EUR/MWh. The methanation
increases LCOE for P2M technologies but makes it
compatible with the existing infrastructure (gas pipel ines,
gas storages etc). Based on the Hungarian wholesale
electricity market characteristics, the cheapest LCOE value
of the P2M process is 1 10 EUR/MWh.

The LCOE of the methane produced by the P2M process is
around 10 times higher than the TTF price (13,6 EUR/MWh
on average in 2019), meaning it is not competitive.

Role of fuel costs on the LCOE

The same calculations appl ied to the 2019 German market
resulted in P2G LCOE 10-15 EUR lower due to cheaper
wholesale electricity (31 EUR/MW) and more avai lable
hours (7354). The P2M process is sti l l much more expensive
than natural gas at the TTF.

Role of technology cost on the LCOE

The potential technology cost reduction should also be
careful ly considered. The learning curve of the solar panel
has demonstrated that R&D and economies of scale can
result in a rapid fal l in CAPEX. The Store & Go project report
(2018) estimated that P2M technology costs are mainly
driven by the CAPEX of methanation, with CAPEX expected
to decrease 50% by 2050.

Thus, further support wi l l be needed during the upcoming
period to keep P2M in the game as a promising element of
the green transition.

ROLE OF P2M IN THE
EUROPEAN UNION’S
DECARBONIZATION TARGETS

P2G technologies can become
competitive in the longer term with
technological improvements and
demand driven economies of scale
but in the near term support is
required to keep them on track for
deep decarbonization of difficult to
abate sectors.

I t is worth to have a wider look on the
effects on cl imate goals. In the
basel ine case, the P2M process is
mainly based on renewable
electricity. However, it is also possible
to source from nuclear or coal power
plants which would raise
environmental issues.

FIGURE 3:LCOE VALUES OF THE P2H AND P2M PROCESSES USING HUNGARIAN MARKET (HUPX)

CHARACTERISTICS, 2019

Source:REKK



REKK POLICY BRIEF | 03/2020 4/5

WWW.REKK.ORG

Moreover, the P2M process depends on a large amount of
CO2 input which might accelerate the development of CO2-
capture technologies. REKK calculations assumed CO2 was
purchased on the market, but it is possible to capture CO2

from the air or from the emission of fossi l fuel plants:

T CO2 from fossi l power plants: Carbon capture is
considered the technology that can significantly
reduce CO2 emissions from fossi l fuel
combustion. Cebrucean at al (2015) finds that
this solution reduces the net efficiency of a plant
by up to 14% points and increase the cost of
electricity by 30-70%.

T CO2 from biomass: Schiebahn et al (2015)
concludes that the fermentation of biomass to
biogas or bioethanol offers an opportunity to
create CO2 free of charge as a waste product.
However, the volume of CO2 is l imited.

T CO2 from industrial processes: CO2 can also be
captured from the emission of industrial
processes; steel and cement have the greatest
potential . Heela at al (2018) calculates the
feasibi l i ty of capturing the 2,5 mil l ion tons of
CO2 from the cement industry in Switzerland to
produce methane from renewable H2 via P2M.

T CO2 from air: Technical ly it is possible to capture
CO2 directly from the atmosphere. A Canadian
start-up claims (Carbon Engineering 2020) this
can be done at a cost of about $100/ton.

CONCLUSIONS

The Power-To-Gas technology is a strong candidate for
storing energy with a logical appl ication to intermittent
renewable-sources. Meanwhi le, Power-To-Methane can be
injected into the existing natural gas infrastructure. REKK
derived the LCOE between EUR 110-210/MWh (based on
technology type), and finds that a fal l in the main cost
drivers (CAPEX and wholesale electricity price) does not
create much overal l savings.

The advantage of the P2M technology might not be
ensured by its standalone competitiveness but its
integration and value added to renewable energy sources
and the traditional gas sector.

P2G can conceivably be a major piece in the deep
decarbonisation chal lenge. I t ensures the possibi l i ty for
renewable H2 production and the rising P2M capacity might
accelerate the development of CO2-capture technologies.

Questions sti l l to be answered:

T Future role of P2G: What is the future role of
P2M in a decarbonized world? Is it the enabler of
sector coupl ing? A solution for energy storage?
Or the saviour of the gas companies’ business
model?

T Competitiveness of the technology: Shal l we
compare the LCOE value of the P2M to TTF gas
price or to alternative storage options?

T Learning cost forecasts: What can we expect for
the decrease of the P2G cost learning curve?

T CO2 extraction from pol luting sectors: Can the
CO2 from fossi l fuel power plants or industrial
plants or from the air be used in the
methanation process?

T Decarbonization point of view: To what extent
can we cal l P2M carbon-friendly? What is the
carbon-footprint of the process along the whole
value chain?

FIGURE 4: LEARNING CURVE ESTIMATION FOR METHANATION SYSTEMS WITH

AN UNCERTAINTY OF +/-15% ON INITIAL CAPEX

Source: Store&Go



REKK POLICY BRIEF | 03/2020 5/5

WWW.REKK.ORG

REFERENCES

Martin Thema, Michael Sterner, Thorsten Lenck, Phi l ipp Götz
(2016): Necessity and impact of power-to-gas on energy
transition in Germany, Energy Procedia 99 (2016) 392 – 400

Sebastian Schiebahn, Thomas Grube, Martin Robinius,
Vanessa Tietze, Bhunesh Kumar, Detlef Stolten (2015):
Power to gas: Technological overview, systems analysis and
economic assessment for a case study in Germany,
International Journal ofHydrogen Energy 40 (2015)

Jens Baier, Gabriel Schneider and Andre Heel (2018): A Cost
Estimation for CO2 Reduction and Reuse by Methanation
from Cement Industry Sources in Switzerland, 2018, Front.
Energy Research, 28 February 2018

ENEA (2016): The potential of Power-To-Gas, Technology
review and economic potential assessment

Store & GO, Andreas Zauner (2018): Innovative large-scale
energy storage technologies and Power-to-Gas concepts
after optimization - Report on experience curves and
economies of scale

Dumitru Cebrucean, Viorica Cebrucean, Ioana Ionel (2015):
CO2 Capture and Storage from Fossi l Fuel Power Plants,
Energy Procedia 63 (2014) 18–26

Carbon Engineering, https://carbonengineering.com/

Ágnes Törőcsik is a senior
research associate at REKK.
Her main areas of research
are enhancing regulatory
conditions of renewable
energy and feasibi l i ty studies
for different energy market
business plans. Previously she
worked on regulatory
strategies, impact assessment
of remedies and regulatory

cost accounting as a senior advisor at KPMG Budapest and
London offices. Ágnes has an M.A. in Economics from the
Corvinus University of Budapest.

Gábor Horváth joined REKK
as a research associate in
2019. He completed his
bachelor degree at Corvinus
University of Budapest in
Business Administration and
Management. After that he
started his MA degree in
economics at Eötvös Loránd
University and absolved in
2019. Before joining REKK he
was working as a data analyst
and research assistant.

Péter Kotek graduated in
2009 at the Corvinus
University of Budapest as an
economist, majoring in
market analysis. He joined
REKK in the same year as a
research associate. From
2015, he is working as a
senior research associate. His
areas of interest are anci l lary
services market in electricity,
LNG and gas storage markets.

He has participated actively in REKK's gas market
model l ing work since 2015.

Adrienn Selei has been
working for REKK since 2011 .
Her work especial ly includes
gas market model l ing, but
she has been also involved in
different works in the field of
electricity markets (mainly
analysing system reserves
market and topics of market
integration). She has already
finished her Phd studies in

Economics (at Corvinus University of Budapest). Due to her
studies and teaching experience she has a profound
knowledge in industrial economics and market model l ing.

REKK FOUNDATION
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formation of sustainable energy systems in Central Europe,
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