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Overview
Electricity will increasingly be generated with renewable energy sources such as wind and sun. As wind and solar power are related to weather conditions, generation from these sources is highly fluctuating from time to time
and cannot be predicted with 100% accuracy. Because the electricity system needs to be in balance at all times, an
increase in renewable power generation consequently requires more flexibility within the system. Conventional fossil fuel power plants are currently the main providers of flexibility in many electricity systems, but in future systems
with high shares of renewables these plants will be less available or not available anymore at all. Such systems will
therefore have a large demand for flexibility from other sources.
Power-to-gas (PtG) is one option that could provide flexibility in a renewable energy dominated power system.
In PtG, electricity is used to split water into hydrogen and oxygen with an electrolyser. The hydrogen can be stored
and used later to regenerate electricity, whereby PtG thus serves as an electricity storage technology. Alternatively,
the produced hydrogen can be used in the industrial or mobility sector. In this case, PtG is not an electricity storage
technology but it can be a demand side response technology that also offers flexibility to the power system.

Methods
In our paper we investigate to what extent PtG is a feasible option for providing flexibility to the power system
as a demand side response technology. We analyse the market conditions (i.e. the electricity prices) under which
PtG is able to operate economically. This means that we analyse the maximum electricity price a PtG plant operator
is willing to pay in case the investment in the plant is already made (short-term) as well as when the operator still
needs to make the investment (long-term). Next, we explore the feasibility of these maximum prices.
To determine the willingness-to-pay (WTP) for electricity, we assess all costs and revenues of PtG plants. The
short-term WTP for electricity determines the number of operating hours in a year and depends on the costs of water, the revenues of the hydrogen and the efficiency of the plant. The long-term WTP for electricity depends on all
costs and revenues of the PtG plant, including CAPEX and OPEX. The burden of these costs is spread over the total
volume of hydrogen that is produced during the lifetime of the plant (for CAPEX) or during the year (for OPEX).
The long-term WTP for electricity therefore depends on the yearly full load hours of the plant and is not a single
number but a functional relationship.
Because PtG is still in an early development state, there are no widely accepted values for most of the cost and
revenue parameters. In addition to a base case, we defined an upside and downside boundary for all parameters
based on literature sources. The boundaries are used to illustrate the effect of the uncertainty in the parameters on
the business case of PtG. We compare the WTP for electricity with current market prices, using recent (2013 –
2017) data from the day-ahead (DA) and intraday (ID) markets of four western-Europen countries (DE, FR, NL and
DK) with different power system characteristics in terms of power generation portfolio, interconnection and market
design. Data are taken from (Bloomberg LP, 2017; EPEX SPOT, 2017; Nord Pool, 2017).
After evaluating PtG under current market conditions, we assess the future business case of PtG. The technology is still in the development phase and it is expected that electrolysers will become more efficient and significantly
cheaper in the near future (e.g. (Bertuccioli et al., 2014). We assess the potential developments that influence the
WTP for electricity and also explore the future development of electricity prices.

Results
Taking into account our base case assumptions for the cost and revenue parameters of PtG, the short-term WTP
for electricity was found to be 21.06 €/MWh. To put this value in perspective we determined the amount of hours in
a year that the price was below this WTP in the different countries and years. Under the most favourable current
market conditions – represented by Denmark 2015 – the electricity price was below the short-term WTP for 38.3%
of the time (Table 1), meaning that the plant would be able to operate for 38% of the time at most. Under average
current western-European market conditions – represented by Denmark 2013 – the plant would be able to buy electricity only during 6% of the time (Table 1).

In the long-term, the WTP for electricity was found to be negative for all operating hours in the base case. Even
under the upside boundary assumptions for the cost and revenue parameters, the PtG plant needs to run for many
hours during the year at very low prices that do not currently exist in western-Europe. These findings are in line with
other studies that investigated the profitability of PtG plants under current market conditions (e.g. (Baumann et al.,
2013; Jørgensen and Ropenus, 2008; Mansilla et al., 2013).
Three future effects in the cost and revenue parameters were identified that would increase the WTP for electricity: a higher efficiency, lower CAPEX and higher hydrogen selling price. The influence of these effects on the
short-term WTP for electricity is given in Table 1. Lower CAPEX has no effect on the short-term but was found to
be crucial on the long-term. With the three future effects combined, a long-term profitable business case was found
under the most favourable current market conditions as represented by the electricity price profiles of Germany and
Denmark in the years 2015 and 2016. In other years and countries, however, the electricity price was still not sufficiently low during a sufficient amount of hours in the year.
Table 1: The short-term WTP in the base case and under three different future effects.
Base case

Higher efficiency

Lower
CAPEX

Higher H2
selling price

All changes
together

CAPEX electrolyser system (€/kWel)

1250

1250

500

1250

500

Efficiency electrolyser (% HHV)

67%

75%

67%

67%

75%

Hydrogen selling price (€/kg)

1.25

1.25

1.25

2.25

2.25

21.06

23.57

21.06

38.07

42.62

Short-term WTP for electricity (€/MWh)
Share of DK1 2013 below this price (%)

6.0%

7.1%

6.0%

56.5%

73.8%

Share of DK1 2015 below this price (%)

38.3%

49.4%

38.3%

91.1%

94.1%

The future electricity prices in Europe will be determined by the layout of the whole power system in the region, including both power generation and power consumption portfolios and interconnection between countries.
PtG plants might be able profit from negative and low electricity prices in the short-term but it can be expected that
power systems will eventually adapt to the new circumstances. If electricity becomes available at very low prices
during many hours of the year, flexible power consumers (including PtG plants) will start a competition for the
cheap electricity, thereby increasing the price up to their WTP (Brunner, 2014). Large-scale application of PtG
plants will ultimately change the optimal power generation portfolio (Green et al., 2011).

Conclusions
Current market conditions do not result into profitable business cases for PtG plants in which all investment
costs can be covered. A combination of higher hydrogen revenues, lower CAPEX and a higher efficiency leads to a
profitable long-term business case when assuming the lowest recently observed electricity prices. For large-scale
investments to come off the ground, however, the electricity price must be structurally lower than the long-term
WTP. Future prices are hard to predict but will depend on the overall layout of the whole power system in a region.
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