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Power-to-Gas could become a central enabler of the transition towards a sustainable economy
by reversibly converting electricity to hydrogen. Contrary to the common belief that fossil fuels are
indispensible, my analysis shows that reversible Power-to-Gas will be sufficiently competitive with
fossil-based energy sources so as to solve the challenges of intermittent renewable electricity

generation and widespread industrial decarbonization.

While wind and solar power sources have outpaced
early projections in terms of cost reductions and share
of power generation (Comello et al., 2018; Kok et al.,
2018), two challenges remain unsolved in the
transition to a decarbonized economy. First, the
production of electricity depends on intermittent
weather conditions and, second, decarbonization
measures must include other sectors, especially,
transportation and industrial processes. A promising
solution could be new Power-to-Gas (PtG) technology.
By converting and reconverting electricity to hydrogen
(Buttler and Spliethoff, 2018), reversible PtG can
effectively store electricity at large scale and provide a
clean energy carrier (hydrogen) to processes that are
otherwise difficult to decarbonize (Davis et al., 2018).
One objective of this paper is to assess when a
reversible PtG facility would be economically viable
and both electricity and hydrogen competitive with
fossil-based alternatives in the market.

For its economic viability, | find that a reversible
PtG facility breaks-even if and only if the average
contribution margin of operation exceeds a full cost
measure per unit of capacity, which | term the levelized
fixed cost (LFC). The measure accounts for the upfront
investment, fixed operating expenses and any tax-
related cashflows. As a technology that can store
electricity over time, the break-even point of reversible
PtG is widely thought to rely on the volatility in power
prices and the continuous switch between conversion
and reconversion. While my analysis confirms this tie,
it shows that the ability to trade the storage medium
(hydrogen) is even more important. Through access to
the market, reversible PtG receives a price for
hydrogen and the possibility to generate value from its
conversion without the need to reconvert after prices
have changed sufficiently. As a consequence, | find
that for conditions frequently observed in current
markets, reversible PtG will break-even when it largely
produces the one output that has the higher average
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price.

For the facility's competitiveness, an investor
would make use of the concept of levelized product
cost, which provides a useful metric. Since levelized
cost identifies the lowest price required to break-even,
the concept is widely used in the energy sector to find
the cheapest power generation technology to serve a
particular load that results from, say, insufficient
renewable production (MIT, 2007). Measuring the
competitiveness of electricity and hydrogen generated
with reversible PtG requires an investor to allocate joint
costs cross-sectionally and to find the allocation at the
break-even point of the facility. Here my analysis
shows that the cost allocation emerges as a main
driver of competitiveness as the economics of
reversible PtG divide the sizable joint costs into a large
and a small share. With the shift to renewable energy,
| find that the small share will be allocated to electricity
which enables a competitive levelized cost despite the
high cost for the new technology and using hydrogen
as a fuel.

The empirical part of the paper seeks to assess
the economic prospects for reversible PtG in Germany
and Texas, two jurisdictions that have exhibited a rapid
growth of renewables (IEA, 2017). Given the current
market environment, the numerical evaluations yield
that reversible PtG breaks-even only if the average

price of hydrogen is above the price of electricity and
the facility largely produces hydrogen. To break-even
on largely electricity production, the price of hydrogen
would have to be negative to generate a contribution
margin at the current electricity price that exceeds the
high cost of capacity. With regard to competitiveness,
the calculations show that electricity and hydrogen are,
in both jurisdictions, only competitive in niche
applications. Hydrogen, for instance, is competitive at
small- and medium-scale but not with the lower prices
paid for large-scale supply of industrial hydrogen
produced from fossil fuels.

Incorporating recent market trends, the
calculations line out a trajectory for reversible PtG that
corroborates its promising potential for solving the
challenges of intermittency and decarbonization.
These trends include sustained cost reductions,
efficiency improvements, and that reversible PtG is
integrated vertically with a co-located wind energy
source to benefit from operational synergies. Due to
these synergies, hydrogen produced with reversible
PtG becomes competitive with large-scale industrial
hydrogen supply already in the current market.
Electricity production remains presently more
expensive but is likely to become cheaper than
conventional power generators over the coming
decade.
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