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Abstract

Currently. two thirds of the European primary energy demand are imported. Although the further extension of
renewable energy production and the shift towards more and more electrification in every sector will reduce this
dependency, a European energy autarky cannot be assumed under the given short timeframe until 2050. Hence,
renewable energy imports will play a vital role within our future energy system. Being directly producible from H; and
CO: on a high TRL, methanol qualifies as an attractive Power-to-X product. Therefore. the research project “Closed
Carbon Cycle (C*)-Mobility” [1] — funded by the German Federal Ministry of Economics and Energy — investigates the
methanol production pathway, its further upgrading towards drop-in and alternative fuels and their respective
applicability in combustion engines for passenger and heavy-duty vehicles as well as marine engines. This contribution
will focus on the economic assessment of the methanol production in different global locations. The results show the
costs of methanol synthesis as a function of the respective local hydrogen production costs and CO; out of different
sources. An energy specific comparison to the alternative of importing liquid hydrogen demonstrates the influence of
the distribution costs and CO; prices on the total costs at the harbor of energy importing countries for the respective
renewable energy carrier.

Main results

Last year’s presentation of the Institute of Electrochemical Process Engineering outlined, that especially hydrogen
and carbon dioxide costs determine the final methanol production costs. As an extension. Table 1 visualizes this
dependency for a wide range of hydrogen net production costs (NPC) and carbon dioxide prices. Here, the net production
costs for methanol are given, using detailed process engineering modeling of a 300 MW (433 kt/a) methanol production
plant. The general methodology is described in Schemme et al. [2].

The resulting net production costs are placed into three defined categories depending on their respective cost
competitiveness against methanol market price levels of 2018 of approximately 400 €/t [3]. Since no surcharges for the
emission of greenhouse gases from fossil energy carriers are presently added to the current market price, it is assumed,
that a renewable methanol with net production costs of up to 150% of the current market price can be economically
competitive. In order to achieve production costs within this category, given in green in Table 1, renewable hydrogen
would have to be accessible for 2.50 €/kg or less. As the timeline in Table | shows, those costs are predicted for the
year 2030 at the latest [4]. With decreasing hydrogen production costs, the window for possible CO»-prices and hence
different CO;-sequestration technologies expands. The second category given in orange represents production costs of
150-300% of the current market price. A competitiveness against current fossil methanol would either require strong
legislative actions towards renewable energy carriers or a customer willingness to pay a surcharge for a renewable
product. As can be seen from Table 1. renewable methanol production costs in this category can already be achieved
with current NPC of hydrogen (2020) and CO; prices of up to 200 €/t. The methanol production costs, which exceed the
current market price level by 300% are marked red in Table 1 and considered not competitive. The input CO; prices are
qualitatively classified into the three main CO: sources discussed in the literature and investigated within the C*-Mobility
project: biomass. process-related industry emissions and direct air capture (DAC). The price range of CO; capture via
DAC currently faces the greatest uncertainties. Values of roughly 100-500 €/tco2 can be found in the literature [5, 6].
with recently discussed target prices around 100 €/tco> by the DAC industry {7].

For energy importing regions, the final prices for the renewable energy carriers do not only include the production,
but also the distribution costs. Since methanol is a liquid energy carrier, its handling and shipping properties are
beneficial compared to alternatives in gaseous state at atmospheric pressure. Hence, the total costs at the harbor of liquid
(cryogenic) hydrogen in contrast to methanol will be compared.









