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ESS enable transition towards low-carbon electricity
systems — CO, imprint changes however remain elusive

Storage enabling CO, reducing technologies

) storage influences el. systems’ CO, imprint

BATTERIES CAN PROVIDE
UP TO 13 SERVICES TO THREE
STAKEHOLDER GROUPS

‘ransmission : l-an;n’lss-nr‘

UTiLiTy SERVICES

DISTRIBUTION

BEHIND THE METER

DISTRIBUTED

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
0 charging and discharging with non-trivial
effects

A holistic understanding of ESS’ CO, effects in electricity systems is relevant to: (i) policy makers,
fostering the low-carbon energy transition; (ii) investors, aiming to increase impact transparency
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Schematic of a merit-order curve
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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 Research Questions

Mostly looking at single electricity
storage applications

Most literature from the field originates

in the US, no studies investigating How does storage change the CO,
continental Europe imprint of European electricity systems?

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

How does this change with various
storage applications?

How does this change with various
electricity system contexts?

Due to focus on past generation
mixes and wholesale market
applications, overall picture rather
negative
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How we address this: Model coupling, bespoke model
building for research questions at hand

INPUT DATA

= Demand Profiles

= |Import/Export Profiles
= RET Profiles

= Must-run Profiles

= Fuel Costs

= VOM Costs

= Net Capacities

= Efficiencies

= Plant Availabilities

= Carbon Factors

= CO, Emission Costs

©
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Optimal Storage Dispatch

Country 1

ENERGY SYSTEM MODEL

A CO, Emissions

€0)

®

Electricity Pricesl

Application 1

Application N

ELECTRICITY STORAGE
MODEL

©

(D

INPUT DATA

®

= Rated Power

= Energy Capacity

= Roundtrip Efficiency
= |nitial SoC

= (PV Profile)

= (Load Profile)

= (Demand Charge)

= (Tariffs per kW & kWh)
= (CAPEX per kW & kWh)

= Input Data Flow
= Output Data Flow

~~~~~ » Internal Data Flow

(...) Not relevant for all applications
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Broad range of countries selected to understand

various mechanisms at play

80
=
=
2 70 Ireland
- O
n
()
3 Greece
O 60 United Kingdig ‘
2
o
g
50 '
Q@
@® :
g Hungary
= G
e
=
()
o
E Slovakia
2 30 Czech Republic
< Sweden

20

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

Average CO, Emissions [tCO2e/MWh]

EPG | Energy Politics Group
SOURCE: Eurostat

Total Electricity Generation

500

250

50

Martin Beuse | 14.02.2019 | 7



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

WHOLESALE ARBITRAGE
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INCREASE OF PV SELF-CONSUMPTION
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Mechanisms behind use-phase emission impacts
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Clean-energy transition to be accelerated and CO,
Impacts to be incorporated in dispatch decisions

Key findings ) Implications
It is crucial to investigate the impact of Investors and policy makers need to take a
electricity storage on systems’ CO, imprint nuanced view as to ESS’ emissions impact,
across countries (electricity system beyond black and white

contexts) and applications, since results
vary greatly

e A higher CO, price and subsequent fuel Policy makers should accelerate the

switch is likely to positively influence transition towards low-carbon electricity
emissions imprint of ESS, in particular for systems, e.g. via CO, prices or support for
“market-price-oriented” applications, such Renewables

as wholesale arbitrage and vehicle-to-grid

It is generally possible to include emissions

e Negative view on ESS use-phase impact in ESS dispatch optimization; this can
emissions in literature is not justified, be taken into account in tariff designs, design
already today, certain applications and of deployment policies, as well as by
system contexts show positive impact investors decision metrics
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Contact information and credits

ETH Zurich

Professur flr Energiepolitik
Prof. Dr. Tobias Schmidt
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