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ESS enable transition towards low-carbon electricity 
systems – CO2 imprint changes however remain elusive 

A holistic understanding of ESS’ CO2 effects in electricity systems is relevant to: (i) policy makers, 
fostering the low-carbon energy transition; (ii) investors, aiming to increase impact transparency 

focus 

Storage enabling CO2 reducing technologies Storage influences el. systems’ CO2 imprint 

• Embodied emissions from materials and 
manufacturing as well as logistics and 
commissioning of ESS have been intensely 
investigated 

 

• Evidence on emissions impact of the use-
phase of ESS is less well established 

• Losses due to ESS roundtrip efficiency 
increase emissions 

• Shifts in generation-mix from storage 
charging and discharging with non-trivial 
effects 

SOURCE: RMI 
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Schematic of a merit-order curve 

SOURCE Icons from www.flaticon.com  
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Storage in electricity systems impacts generation-mix 
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Existing literature painting rather negative picture, 
lacking cross-system and –application insights 

Existing research 

• Mostly looking at single electricity 
storage applications  

• Most literature from the field originates 
in the US, no studies investigating 
continental Europe 

• No systematic investigation of the role 
of underlying energy system contexts, 
often because use-phase related 
emissions are derived from past 
generation mixes using marginal 
emission factors 

 

Due to focus on past generation 
mixes and wholesale market 
applications, overall picture rather 
negative 

Research Questions 

• How does storage change the CO2 
imprint of European electricity systems? 

 

• How does this change with various 
storage applications? 

 

• How does this change with various 
electricity system contexts? 

1 

2 

3 

C
as

e 
Se

le
ct

io
n 

M
et

ho
d 



| | EPG | Energy Politics Group 

D GESS 

14.02.2019 Martin Beuse 6 

How we address this: Model coupling, bespoke model 
building for research questions at hand 

▲CO2 Emissions 
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Broad range of countries selected to understand 
various mechanisms at play 

Czech Republic 

Belgium 

Sweden 

Norway 

France 
Netherlands 

Greece 

Portugal 

Slovakia 

United Kingdom 

Turkey 

Germany 

Poland 

Italy 

Ireland Spain 

Hungary 

20

30

40

50

60

70

80

0 0,2 0,4 0,6 0,8 1

Av
er

ag
e 

W
ho

le
sa

le
  E

le
ct

ric
ity

 P
ric

es
 [€

/M
W

h]
 

Average CO2 Emissions [tCO2e/MWh] 

Total Electricity Generation 
[TWh] 

50 

500 

250 

SOURCE: Eurostat 



| | EPG | Energy Politics Group 

D GESS 

14.02.2019 Martin Beuse 8 

Applications with different dispatch profiles selected 
that are already relevant or have great potential 

C&I PEAK SHAVING VEHICLE-TO-GRID (B2C, night) 
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SOURCE Icons from www.flaticon.com  
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Changes in CO2 imprint by application and CO2 price 

Wholesale Arbitrage PV Self-Consumption Peak Shaving Vehicle-to-Grid 
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Mechanisms behind use-phase emission impacts 
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Clean-energy transition to be accelerated and CO2 
impacts to be incorporated in dispatch decisions 

• It is crucial to investigate the impact of 
electricity storage on systems’ CO2 imprint 
across countries (electricity system 
contexts) and applications, since results 
vary greatly 

 

• A higher CO2 price and subsequent fuel 
switch is likely to positively influence 
emissions imprint of ESS, in particular for 
“market-price-oriented” applications, such 
as wholesale arbitrage and vehicle-to-grid 

 

• Negative view on ESS use-phase 
emissions in literature is not justified, 
already today, certain applications and 
system contexts show positive impact 
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Key findings Implications 

Investors and policy makers need to take a 
nuanced view as to ESS’ emissions impact, 
beyond black and white 

Policy makers should accelerate the 
transition towards low-carbon electricity 
systems, e.g. via CO2 prices or support for 
Renewables 

It is generally possible to include emissions 
impact in ESS dispatch optimization; this can 
be taken into account in tariff designs, design 
of deployment policies, as well as by 
investors decision metrics 
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Contact information and credits 
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