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i E TR, NbS ETERURAF AR JRGE R TT TR I 2 k. IR AL 5,
ARG A R NS 7 RREME N 30% i #AA5 15 75 R AE B o1k (Griscom et al., 2019), [HBxr
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Key methane facts

86X

more powerful
than CO» over
a 20-year period
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®— COy

Atmospheric lifetime of | {2 years

®

premature deaths
Causes 1{:!;0[1 per year

as a driver of tropospheric ozone formation
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3°C .
1 warmmg

avoided by 2040
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0: from respiratory 7 ]g‘ of staple
and cardiovascular crop losses

diseases
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& asthma-related ® lost work hours
hospital visits . to heat exposure
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Limiting warming to 1.5°C
at the lowest cost

ERRE
By 2030

methane emissions need to be reduced in
each of the three main emitting sectors:

Fossil Fuels Waste Agriculture
v v v

30% | 20%

0
RO 35% | 25%

Reductions relative to 2020 emiss. M€
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nature PERSPECTIVE
climate change Witpss//dol.org/101038/441558-021-01032.7

W) Check for updates

Potential and risks of hydrogen-based e-fuels in
climate change mitigation

Falko Ueckerdt '3, Christian Bauer "% Alois Dirnaichner’, Jordan Everall ©''3, Romain Sacchi? and
Gunnar Luderer 4

E-fuels promise to replace fossil fuels with renewable electricity without the demand-side transformations required for a direct
electrification. However, e-fuels’ versatility is counterbalanced by their fragile climate effectiveness, high costs and uncertain
availability. E-fuel mitigation costs are €800-1,200 per tCO.,. Large-scale deployment could reduce costs to €20-270 per tCO,
until 2050, yet it is unlikely that e-fuels will become cheap and abundant early enough. Neglecting demand-side transforma-
tions threatens to lock in a fossil-fuel dependency if e-fuels fall short of expectations. Sensible climate policy supports e-fuel
deployment while hedging against the risk of their unavailability at large scale. Policies should be guided by a ‘merit order of
end uses' that prioritizes hydrogen and e-fuels for sectors that are inaccessible to direct electrification.
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Fig. 2 | Energy efficiencies for major conversion steps from electricity input to useful energy. These are considered across sectors for e-fuel applications
(top) and direct electrification applications (battom); individual conversion efficiencies (black) and combined efficiencies (blue) are shown. The overall
electricity-to-useful-energy efficiencies of e-fuels range from roughly 10% (e-gasoline in a light-duty vehicle) to 35% (e-methane boiler), which translates
into (renewable) electricity generation requirements that are 2-14 times higher than for direct electrification alternatives, The underlying data originate
from life-cycle assessment inventories (Supplementary Information 51) and additional literature (references in the main text and in Supplementary
Information 52). PEM, proton-exchange membrane; T&D, transmission and distribution.
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Fig. 1| Basic principle of e-fuels in an energy system. Left: energy flows. E-fuels and hydrogen are forms of indirect electrification in which (renewable)
electricity can be used via electrolysis and e-fuel synthesis to meet energy demands that rely on gaseous and liquid fuels, A competing option is direct
electrification, which requires an end-use transformation to electric applications. Right: carbon flows associated with e-fuels when using CO, from
atmospheric or fossil sources. Only utilizing atmospheric CO, (through biomass or DAC) creates a carbon cycle that is compatible with carbon neutrality.
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