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The expansion of intermittent renewable generation results in increased flexibility
needs, both at a daily and multi-day level...

Daily Multi-day

= = Annual hourly average of electricity demand ~ ~ Monthly electricity demand

e== Monthly RES generation

e== Annual hourly average of RES generation

Hour Month
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Notes: 1) Data for Germany, TYNDP scenario 2040



BUSINESS CASE FOR LDES

... with new and innovative solutions emerging to meet these flexibility needs

EXISTING FLEXIBILITY SOLUTIONS

— Unabated gas generation,
interconnectors, hydro (including
pumped storage) and battery
storage

LOW-CARBON FLEXIBLE GENERATION

— Flexible low-carbon gas
alternatives, including gas
generation with CCS and
H2-ready GTs and CCGTs
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LDES TECHNOLOGIES

Longer duration and different
types of electrochemical

batteries, CAES, LCES and
hydrogen storage (in tanks or
underground)

DEMAND FLEXIBILITY

The demand-side has the
potential to completely change
the way we use electricity and
could be the key flexibility
‘resource’ in the future
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BUSINESS CASE FOR LDES

LDES key role in decarbonisation is their ability to
accommodate more renewables in the system

Provide stability to the
system through balancing
services and reserve
requirements

Reduce CO2 emissions
through lower redispatch
costs and reducing gas
generation

Load shifting of RES
generation from periods of
high generation and low
demand to periods of high-
demand and high-prices

Reduce RES curtailment,
by integrating the surplus
generation that the grid
cannot take
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BUSINESS CASE FOR LDES

Our analysis suggests each GW of LDES can help save €150m-€250m of operating costs

perannum

Variable cost savings (m€/GW-year)
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BUSINESS CASE FOR LDES

There is a range of long duration storage technologies that can be used to provide

flexibility
O am %

Surplus electricity from renewable sources and energy arbitrage opportunities

ELECTRO-CHEMICAL MECHANICAL THERMAL CHEMICAL
I - Pumped hydro Hydrogen
Lithium-lon batteries Molten salt thermal storage
. Compressed air Ammonia
Flow batteries
Liquid air / Liquid CO2 Methanol
Iron-Air batteries
Gravity storage Synthetic Methane

)
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Note: List of most prominent LDES technologies
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There is not one-size fits all solution

How to choose the right one, f ‘each market?...
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BUSINESS CASE FOR LDES

We performed an analysis across five countries and various LDES technologies with

different durations

| Duration | Total gross margins (€/kW) real 2025
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BUSINESS CASE FOR LDES

In wind-dominated countries like GB and Germany, some >24h technologies appear to
have no revenue inadequacy post 2040

m Total gross margins (€/kW) real 2025 LCOS
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BUSINESS CASE FOR LDES

In solar-dominated countries like Spain and Portugal, some technologies with <12h

appear to have no revenue inadequacy from 2030

m Total gross margins (€/kW) real 2025 LCOS
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BUSINESS CASE FOR LDES

Large price spreads in combination with long low-price events result in higher gross
margins in GB in 2040

HOURLY SNAPSHOTS OF WHOLESALE PRICE AND STORAGE FILLING LEVEL IN 2030, 2040 AND 2050

GBR, windy January week

2030

Days of year

Short low-price

events
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12

Large daily
spreads

= Wholesale price

= = Storage filling level of a 24-hr CAES plant
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BUSINESS CASE FOR LDES

Large price spreads in combination with long low-price events result in higher gross
margins in GB in 2040

HOURLY SNAPSHOTS OF WHOLESALE PRICE AND STORAGE FILLING LEVEL IN 2030, 2040 AND 2050

GBR, windy January week
= Wholesale price = = Storage filling level of a 24-hr CAES plant

2030 2040

Days of year

\4
Longer low- Large daily
price events spread

Short low-price Large daily
events spreads

- Offshore Wind

- Onshore Wind . .
|
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BUSINESS CASE FOR LDES

Large price spreads in combination with long low-price events result in higher gross
margins in GB in 2040

HOURLY SNAPSHOTS OF WHOLESALE PRICE AND STORAGE FILLING LEVEL IN 2030, 2040 AND 2050

GBR, windy January week

2030

8 9

Days of year

Short low-price
events
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10 Xj 12
Large daily
spreads

Longer low-
price events

= Wholesale price

2040

= = Storage filling level of a 24-hr CAES plant

2050

Days of year

A
Large daily
spread

Days of year \\\

v
Longer low- Smaller daily
price events spread
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Large price spreads in combination with long low-price events result in higher gross
margins in GB in 2040

HOURLY SNAPSHOTS OF WHOLESALE PRICE AND STORAGE FILLING LEVEL IN 2030, 2040 AND 2050
GBR, windy January week

= Wholesale price = = Storage filling level of a 24-hr CAES plant
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Impact in Gross Margins
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Longer low-
price events
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BUSINESS CASE FOR LDES

LDES may face two challenges: margin inadequacy/uncertainty and lack of efficient
long-term and short-term market signals

&

Project economics and financing Market design

There may be gross margin inadequacy and
uncertainty for investing in LDES solely on the
basis of energy markets and system services

Market signals do not always incentivise
behaviour that maximises social welfare — the
absence of more locational
prices/charges/incentives may result in
inefficient long-run (siting) and short-run
(dispatch) decisions
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BUSINESS CASE FOR LDES

Some form of market intervention is likely needed to address the challenges — explicit
procurement frameworks may be inevitable in the short-term

Some European countries are going ahead with schemes to promote
and/or procure storage — interesting ideas exist in most.

1. Wider market 1. Market reform

refz;f:::he Market reform should take place to help support LDES in the long-
run to include markets/products that recognise the benefits LDES can

bring to the system

Any scheme used should help de-risk projects and ensure there is no
‘missing money’, potentially giving also signals for investment in the
right locations

3. Focus on congestion
management

3. Congestion management

Need incentives for LDES to help manage congestion
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Thank you
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