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Many studies describe technically and economically feasible strategies for a climate-friendly energy
system, but they propose structurally quite different transformation concepts.
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Climate protection only one sustainability goal among many others. A transformation strategy of the
energy system that considers onIy climate neutrality and Iow costs falls short!
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Motivation: Sustainable Transformation Strategies for Energy Systems

* Long-term goals:

» Multidimensional impact assessment for
transformation strategies of the entire energy system
as

* Decision aid to identify pros and cons of different
transformation strategies

« Early warning system to avoid undesired side
effects of the transformation

» Development of transformation strategies which are

sustainable in a broader sense :
Technical

» Approach for ecologic impacts: Coupling of energy system reliability
modelling with Life Cycle Assessment (LCA) data for
energy and transport technologies

- Estimation environmental impacts of transformation
strategies for all life cycle phases including impacts from
upstream processes

i DLR
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FRITS: Framework for the Assessment of Environmental Impacts of
Transformation Scenarios
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Junne et al.: Environmental sustainability assessment of multi-sectoral energy transformation pathways: Methodological
approach and case study for Germany, Sustainability 12 (2020), https://www.mdpi.com/2071-1050/12/19/8225
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Ecologic indicators used here
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Freshwater and terrestrial acidification

Freshwater ecotoxicity
Freshwater eutrophication
Marine eutrophication
Terrestrial eutrophication
Carcinogenic effects
Non-carcinogenic effects
lonizing radiation

Ozone layer depletion
Photochemical ozone creation
Respiratory effects, inorganics
Fossils

Minerals and metals

Land use

Dissipated water

'Aggregated indicator  Environmental Footprint 2.0

References: Fazio et al. 2018, Supporting information to the characterization factors of the recommended EF Life Cycle Impact Assessment Method — new models and differences with ILCD,
European Commission 2018, European Platform on Life Cycle Assessment. Developer Environmental Footprint (EF): EF reference package 2.0 (pilot phase)
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Scenarios selected as “inspiration”
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Harmonised re-modelling of scenarios necessary
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Life cycle perspective matters!

Life-cycle based total Greenhouse Gas emissions (2050)
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Life-cycle based environmental impacts of transformation strategies

—— average 80% scenario
— average 95% scenario
--- average all scenarios

--- base year (2020)
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Environmental impacts of the energy system
decrease in most impact categories by 2050
compared to today.

Exceptions: Mineral resources, land use,
depending on scenario also certain aspects of
human health and ecosystem quality

More climate protection does not always mean
lower other environmental impacts!

Cause: Higher degree of direct and indirect
electrification in ambitious scenarios requires

» Higher impacts from electricity infrastructure
(electricity generation and storage)

« Higher impacts from new conversion
technologies (P2X)

» Higher impacts from vehicles with "new"
drive concepts (BEVs, FCEVs, ...)




DLR.de < Chart 11 > Life-cycle based environmental impacts of energy system transformation strategies > T. Naegler et al. « OR 2022 > September 7th 2022

Life-cycle based environmental impacts of transformation strategies

Average share of sectors in total impact (enduse, not cumulative)
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Life-cycle based environmental impacts: EU Environmental Footprint (EF) as
an aggregated indicator

0.016
[ Climate Change HH: carcin. effects EEl HH: resp. effects, inorg.
[ EQ: acidification EZZ2 HH: ionising rad. [ RES: diss. water
0.014 EZZ1 EQ: FW ecotoxicity I HH: non-carcin. effects [ZZA RES: fossils
- N = EQ: FW eutrophication EEN HH: O3 layer depletion [ RES: land use H H H
ENNl EQ: MAR eutrophication [ HH: photochem. O3 creation Il RES: minerals & metals ° Agg regated enVI ronmental ImpaCtS decrease In a”

Il EQ: TERR eutropication

0.012 scenarios by 2050 compared with 2020

* Remaining (LC-based) GHG emissions and
mineral consumption are main drivers of EF

 Large spread among ,ambitious” strategies
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Ambitious climate protection offers the chance of
low environmental impacts, but also poses a risk
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Summary and conclusion

A climate-friendly transformation of the energy system generally leads to a reduction of other environmental
impacts as well (with some exceptions).

» There is a risk for comparably high impacts if the wrong strategy is chosen — in particular in ambitious
scenarios.

» Transport is responsible for a large share of impacts in most impact categories:
» Construction of vehicles with ,new"” drive trains
» Construction of power plants for direct or indirect electrification of transport
* Electrolyzers, methanation and biofuels
« Strategies for environmentally- and climate-friendly energy systems imply:
» Reduced number and size of BEVs (in particular batteries in those vehicles)
» Reduction of environmental impacts at construction stage (BEVs, FCEVs, ...)

« Electrification of heat and transport as moderate as possible: if possible direct electrification instead of
indirect electrification via P2X; if possible use of environmental, geothermal or solarthermal heat.

» Balanced power generation mix (no excessive PV installations)

i DLR
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