


Executive summary: report overview

Grids for Speed (GfS) is a comprehensive examination of investments and enablers needed to ensure that our grids are fit and ready for a more electrified society.

Failure to invest in distribution grid modernisation will stall much-needed connections of technologies, such as renewables, heat pumps and electric vehicles (EVs).
The anticipated upsides of reduced carbon emissions, greater energy efficiency and lower energy bills may not materialise, or at least not as quickly as the world
needs. GfS sets outs the vision and framework for the distribution grid to achieve the energy transition by 2050 in the EU27 countries and Norway (EU27+Norway). It
scrutinises the critical and sometimes underestimated role of distribution grid infrastructure in accelerating the shift towards sustainable, low-carbon energy systems.

Our starting point is Eurelectric’s REPowerEU 2050 scenario. Described in Eurelectric’s Decarbonisation Speedways report, the scenario integrates both the
European Commission’s Fit For 55 and REPowerEU policy packages. In GfS, we evaluate the scale of capital investment needed to:
* Increase the distribution grid’s capacity to deploy renewables

* Replace ageing infrastructure
* Integrate advanced technologies for efficient grid management and control

Our analysis is informed by data from distribution system operators (DSOs) serving more than 60% of European energy users. It also includes National Energy and
Climate Plans (NECPs), network development plans(NDP) and proprietary EY data. And it is modelled by EY and Imperial College London (ICL) through to 2050, using
ICL’s internationally acclaimed representative grid modelling methodology.

We identify the key enablers that must be in place to deliver the required investment and speed up grid development. In terms of regulation, we consider
adjustments to the current incremental and backward-looking regulatory framework, to a true forward-looking approach that supports the grid acceleration required
to realise the energy transition. And we determine how the supply chain, from materials to manufacturing, permitting and talent acquisition, must scale to deliver grids
for speed.

In this report, we explore the societal benefits that will be made possible by investment, including energy bill savings, job creation opportunities and, crucially,
decarbonisation.

In detailing investment needs, identifying appropriate regulations, formulating a supply chain action plan and addressing societal dividends, this GfS report becomes
a valuable roadmap towards the energy transition. For policymakers, industry stakeholders and investors across the EU27+Norway, it offers insights and brings clarity

to the strategic options they face, and their roles in facilitating a swift and efficient transition towards greener energy.
: EY


https://www.eurelectric.org/publications/decarbonisation-speedways-full-report

Executive summary: key findings

Policy

The distribution grid must be central to energy policy and system design, not an afterthought.

The distribution grid should develop at the speed of other societal mega shifts, such as decarbonisation,
electrification and digitalisation.

Electricity grid reliability and resilience are critical in an increasingly electrified society, where electricity will
make up 60% of all energy demand, compared with just 20% today.

Investment

€67 billion investment annually is needed to 2050 is needed to deliver a distribution grid that will enable the
energy transition. Failure to get the grid ready in time will not only slow the energy fransition but also
jeopardise energy security and the benefits of decarbonisation.

The electricity system is now in an exceptional period of growth, meaning that the investment profile is front-
loaded. Investment must double until 2040 from roughly €36 billion today, then continue at 1.7 times today’s
levels through to 2050.

Innovation in distribution grids is opening up new emerging grid strategies that can reduce the investment
required by around 18% to €55 billion annually when supported by right regulatory environment.

Those emerging grid strategies include anticipatory investment (i.e., proactively oversizing grid capacity
when constraints and other works occur, in anticipation of increased demand), asset performance excellence
(i.e., use of real-time data and artificial intelligence (Al) to optimise asset health) and grid-friendly flexibility
(i.e., actively managing demand during peak times across voltage levels to defer grid growth).

Anticipatory no-regrets investment is the most cost-effective strategy for building out distribution grid
capabilities that are fit for a decarbonised future.

Societal benefits

Efficiency gains from electrification will see energy bills almost halve by 2050 in a net-zero scenario, assuming
that tax remains constant in relative terms.

Today, direct and indirect jobs in the distribution grid sector represent around 0.4% of the EU workforce
(835,000 jobs). Delivering the required GfS investment could create more than two million additional jobs.
Reliable and resilient electricity supply has a massive societal value that far exceeds the cost of
implementation.

GfS investments in the distribution grid will support the connection of clean electricity technologies and the
realisation of net zero. Stagnated investment will fail to connect three-quarters of these technologies.

€67bn/year

investment is required
between 2025 and 2050
in the EU27+Norway

€12bn

saved/year
if emerging grid
strategies are realised &
supported by the right
regulatory environment

2X

current investment
between 2025 and 2040
in period of growth

1.7x

current investment
between 2041 and 2050

Anticipatory

investment is a no-
regrets approach to
opftimise investment

43%
of investment is for

demand-driven
reinforcement
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Executive summary: key findings

Regulatory enablement

Though DSOs are regulated differently across the EU27+Norway, regulations have enabled them
to jointly invest €33 billion annually between 2019 and 2023.

Regulation must now transform if DSOs and national regulatory authorities (NRAs) are to be
sufficiently flexible, agile and able to unlock early investment at a larger scale than in the past 30
years.

Prioritisation is needed to deliver large-scale investment that creates most value for society.

Capital expenditure (capex) for grid expansion must be accompanied by operating expenditure
(opex) that enables continued and efficient operation.

Reforms, such as the Electricity Market Design (EMD) agreement, that are already planned in
European regulation must be implemented quickly. New initiatives must be developed and

implemented as soon as possible this decade to support the acceleration of investment to 2040.

Supply chain enablement

Increased volumes of critical grid materials, such as copper, aluminium and electric steel, are
urgently needed.

Anticipated global shortages in copper this decade may trigger price surges.

Equipment manufacturing is under strain, with forecasts showing a need to double number of
transformers and increase grid length by 70% to 2050.

Policy support is critical to secure an agile and resilient supply chain, from mineral extraction to
procurement, for distribution grid development.

Empowerment to scale investment

Measures to support DSOs in competition for investment
by providing confidence and regulatory certainty should
also enable an attractive risk/reward investment profile,
with appropriate prioritisation and regulatory oversight.

Improved regulatory processes

By allowing decisions to be made quickly, transparently,
objectively and with confidence, regulation supports
DSOs and users with prioritisation.

2x transformers and 1.7x
grid length to 2050

Keeps financing cost allowances up to date and
minimises the lag between making the investment and the
start of cost recovery.
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Electricity distribution grids: the forgotten giants of the

energy transition

*  Electricity distribution grids deliver electricity directly
to homes, offices, businesses, factories and any other
places that use electricity.

» Distribution grids connect customers with the
transmission electricity grid, which in turn connects
very large users and power plants.

« Distribution grids are owned, developed, maintained
and operated by DSOs.

+ Distribution grids comprise physical elements, such as
substations, tfransformers, electric overhead and
underground lines, smart meters and associated
infrastructure. They also include digital control and
management systems. For more on digitalisation,
please see Wired for Tomorrow (2024), a new
Eurelectric report on the digitalisation of DSOs.

Transmission grid
Europe
-
Distribution grid
HV
Distribution grid SRR SRR
MV
Distribution grid ) x ‘@3 ﬂi [ @ m
Y - o=

Past Future
In the past, energy was generated at Energy flows are now bi-directional,

the fransmission level and flowed down with generation and consumption
to the distribution level where it was happening at every level. This changes

consumed. and increases DSOs’ responsibilities.

Transmission grid extra high voltage (EHV) Above 150 kV
Distribution grid high voltage (HV) Above 38 kV
Distribution grid medium voltage (MV) Up to 38 kV
Distribution grid low voltage (LV) 400V

Note: Voltage level definitions are indicative and may differ by country.
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Major societal shifts bring new electricity grid priorities

Societal mega trends are
changing energy systems at
disruptive speed

Growing electricity distribution

grid priorities

Increasing
reliance on
electricity

Cyber
threats

Increase in
severe
weather
events

@ Resiliency
and reliability

Electrification

of heat and
transport

Decarbonisation

Increase in

distributed

renewable
energy

v

Energy
affordability

New customer
expectations

L’\ Electricity demand

7 growth and variability

Digitalisation

B Empowering
22% customers
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Resiliency and reliability

Cyber
attacks lead

to data and
operational
losses

The number of cyber incidents is increasing. For
instance, a military cyber attack on a satellite in
February 2022, killed the internet connection to
approximately 5,800 wind turbines in Germany.

Number of cyber attacks

200 20%
100 10%
0 0%
P

i Other significant incidents
mmmm Electricity-related incidents

% of all attacks that were Electricity related

Source: Center for Strategic and International Studies (CSIS), International Energy
Agency (IEA).

Rising

reliance on
electricity

As electricity will meet 60% of all energy demand by
2050, distribution grid infrastructure becomes the
backbone of the economy and makes reliability and
resilience critical.!

Electricity % in final energy demand

80%
60%

40%
> m
0%

2015 2030 2040 2050

Source: Eurelectric.

1. Therenewable penetration forecast assumes a lower level of decarbonisation than the 45% targeted by the Renewable Energy
Directive. Electricity’s role in the energy mix is therefore likely to be higher should this target be met.
2. More information on grid impact of extreme weather events and Resilience is available in Eurelectric’s The coming storm : Building

electricity resilience to extreme weather.

10

More
SDUCHE

weather
events

Changing climate and more extreme weather events
impact grid resilience?. In 2022, climate-related losses
amounted to €650 billion in the EU.

Economic losses from natural disasters in EU (€bn)
100

50

2021
2022 W=

2017 mmm

2012 1
2013 W=
2014 W
2015 |
2016 W
2018 mnm
2019 m
2020 m

m Heat/cold waves, droughts and forest
fires

Source: European Environment Agency (EEA).
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Electricity demand growth and variability &y

By 2050, electricity generation will be largely About 70% of future renewable generation and The electrification of buildings (heat), tfransport and
decarbonised across the EU, requiring a rapid electricity storage will be connected to the industry will contribute significantly to growing
increase in intermittent renewables. distribution grid. Distributed renewable capacity in electricity demand, both in terms of growing capacity
L Europe will grow nearly six-fold fold from 2020 until and new connections. The deployment of EV chargers
Renewable penetration in EU 2050. This represents a massive increase in will require >15,000 new connections a day.
100% 849% intermittent capacity to add to the distribution grid.
= 80% 81% 83% ° Heat pumps and EV in the EU (millions)
S itv i 300
S 0% 50/%/ Renewable energy capacity in the EU e 251 17
@) 4000
S 40% 200
8 20% = 5000 150 ® Heat pumps
© . 100 69 mEVs
0% 0 — = . 50 7 54
2020 2030 2040 2050 2020 2030 2040 2050 o E . l
——Renewable Energy Sources Battery energy storage system (BESS) 2021 2030 2050
m Onshore Wind
m Solar PV
Source: Eurelectric. Source: Eurelectric. Source: Eurelectric, [EA.

Note: All analysis is REPower EU-inspired and does not factor in the 45% targeted by the recent Renewable Energy Directive. Renewable capacity, renewable penetration, heat pumps and EV demand in the EU are
likely to be higher should this target be met.
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Empowering customers

Rising

customer
expectation

Informed by their experiences in other sectors, such
as retail and banking, customer expectations of
critical infrastructure providers, such as grids, are
increasing.

>507%
>807%

EU consumers prefer to use digital
channels for all interactions

Daily intfernet use in the past decade has
increased most in rural areas (45%),
followed by towns (30%) and cities (29%)

EU customers believe that everyone
should try to reduce energy
consumption during peak hours

~81%

Digital preferences must be met while retaining
traditional channels, such as telephone, mail and
public announcements, to serve all customers with

same quality standards.
Source: EY Customer Experience Transformation (CXT) consumer research
survey 2022 and EU Eurobarometer.

1. Compound Annual Growth Rate.

12

Rising

affordability
concerns

The average energy bill in 2022 was more than a
month’s wages for low-paid workers in most EU
Member States.

~10%

EU population lived in energy poverty in
2022

~7% EU population had arrears on their utility
bills in 2022

EU consumers said they spent more on
electricity in 2022 than in 2023

52%

Source: Eurostat, European Trade Union Confederation.

0e®
P22

Digitalisation

Digital tfransformation is revolutionising processes,
products, services and experiences across all
industries, including the energy sector. Europe
accounted for 22.7% of global digitalisation
spending in 2023.

Global spending on digitalisation (US$ trillions)

3.9
4
® S
53 e
= 1,85
&+
4
0
2022 2027

Source: IDC Worldwide Digital Transformation Spending Guide 2023.
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Progress on distribution grid connections and reliability, but must go

faster

Customer
requests

More requests for new or larger connections (both
generation and demand) put significant strain on the
grid.

+ o New customers connected in 2022
19/0 compared with 2019

56% Smart meter penetration in 2022

_11% Reduction in grid outages between 2018

and 2021

In some areas, the grid is already at capacity,
and new connection requests will be furned
down or significantly delayed. Waiting lists for
HV connections can be up to eight years.

Source: Eurelectric Power Barometer 2023.
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Number of
substations

New substations are needed to keep the grid
reliable, and able to accommodate growing
customer numbers and integrate renewables into
the system.

+1 0/ Increase in primary substations between
270 2018 and 2021

o . .
+1-2/) Increase in secondary substations

between 2018 and 2021

This incremental increase will be insufficient
to accommodate the energy transition.

Distribution
line length

New lines are needed fo ensure distribution grids can
continue to connect customers.

Increase in total length (km) between
2021 and 2022

+0.8%
+1.7%

+0.8%

Increase in underground cables (km)
between 2021 and 2022

Increase in overhead lines (km) between
2021 and 2022

This increase in line length will be insufficient
to accommodate the integration of
renewables and more customers.

EY




Grid investment must keep pace with societal shifts

Major societal shifts are underway. Grids are modernising but investment must accelerate to match the disruptive speed of change.

Mega trends are occurring at an exponential rate ...

Key

Historic
(201222
statistic)

6x

increase in
cyber attacks

Future
(c.2020-50
statistic)

Present
(2022
statistic)

@

Resiliency and
reliability

14

200x

increase in EV
and heat pump

3x sales

increase in
electricity
share of total
energy 3x
increase in
renewable
13x capacity as %

! : of energy mix
increase in

economic
damage from
extreme 6X

weather . .
increase in

distributed
renewable
capacity

Electricity demand
growth and variability

%

25%
increase in
energy prices

80%
of customers
wanting
personalised
experience

50%
of customers
preferring
digital for all
interactions

0O
TN

Empowering
customers

.. the distribution grid is growing incrementally

1%
reduction
in grid
outages
(2018-21)

0.8%

increase of

distribution

grid length
(2021-22)

19% new
customers
connected
(2019-22)
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To adequately respond to the societal shifts, enhanced grid
requirements are needed

Cyber

* Societal mega trends create internal and external
challenges for DSOs.

threats

In response, DSOs must prioritise resiliency and
reliability, electricity demand growth and variability, and
empowerment of customers.

(2}
O
C
0
—
=
@©
(o)
0]
S
©
8
2
9]
0
»n

« To deliver the energy transition and resolve the
challenges, grid operators must enhance the grid
across all grid-related business areas.

Growing
grid
priorities

Resiliency and
reliability

Enhancements are needed across all grid business areas

(9]

(5 Customer §> Ggﬁ dpzlaasr;rgpg §> Infrastructure Grid §> F;g:lg:;réo;ngf
connections management clellven operations services
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The evolving role of the grid operator

Legacy
responsibilities

Evolving
responsibilities

For more on how digitalisation is being used to meet these growing requirements, please see Wired for Tomorrow (2024), a report by Eurelectric.

17

Facilitate the digitalisation of
processes and requests to
connect (contracts,
signatures, opinions, etc.).
Manage the steady flow of
new connections for
buildings, often in parallel
with multi-year construction
projects.

Customer connections

Cater to high volumes of
requests for new or
expanded connections for
distributed energy resources
(DERs), including solar
photovoltaic (PVs), EVs and
heat pumps (HPs).

Expedite customer site
assessment decisions.

Standardise diverse
connection options and
types(e.g., non-firm/flexible,
etc.).

|dentify current and
upcoming grid constraints
and reinforce as required
with grid solutions.

Determine reliability of
supply criteria and
assessments.

Manage and assess the
condition of assets with little
real-time operational
information.

Grid planning and asset

management

Use bottom-up customer
data and insights fo forecast
future demand.

Harness probabilistic/risk-
based reliability of supply
criteria and assessments.

Apply wired and non-wired
flexibility solutions to
address grid constraints and
increase resilience.

Adopt predictive asset
management practices.

Provide non-discriminatory
access to the distribution
grid for all customers and
users (e.g., end users, power
generators and service
providers).

Own and operate smart
metering infrastructure,
(including data exchanges
for supplier switching) in
some geographies.

Prioritise cost-efficient .
delivery of distribution
infrastructure projects.

Coordinate with other .
infrastructure projects.

Conduct real-time operation -
and load balancing for the

HV and MV distribution grid.
Coordinate field crew
intfervention for manual
switching and repair.

+  Ensure power quality meets
required thresholds.

Facilitation of markets and

Grid operations

Infrastructure delivery

services

Facilitate customer
participation (e.g., energy
sharing) in the electricity
markets, and incorporate
new actors (such as
aggregators and energy
communities).

+ Provide transparency on
flexibility needs (i.e., type,
location)

Increase grid visibility (real- -
time DER monitoring) down
fo the LV level.

Increase automation or
augment operation of assets
or field-crew dispatch.

Conduct real-fime
management of DERs (e.g.,
storage, wind).

+ Procure, contract and
activate flexibility resources.

Increase collaboration with ¢
local planning authorities to
manage permitting, and

liaison with other utilities to 0
address increasing
underground congestion.

Improve customer .
communications around
planned/unplanned
outages.

Meet social and governance

obligations in procurement. oL .
9 P Increase coordination with

the fransmission system
operator (TSO).

+ Integrate operational
technology cybersecurity
operations centres.



New grid responsibilities require different investment needs

Investment categories

Different cost categories for
stabilising, reinforcing or
modernising the grid

Demand-driven reinforcement /\/l
Investment in the grid to accommodate

growth in demand and connections due to:

- New or relocating customers

+ Electrification of heat, fransport and industry

Note: Savings from flexibility will be quantified
by comparing scenarios with different levels of
flexibility.

Generation-driven A
reinforcement

Investment in grid reinforcement to
accommodate reverse power flow from
renewable generation. This allows excess
generation to move to wherever it is most
needed.

1 For example, operational technology, cyber, AHM.

2. ADMS. GIS and data management or comms for RTUs and real-fime monitoring.
3. Distributed energy resource management systems (DERMS) and DER gateway.
4

ERP, CIS and CRM systems.

2
Renewal and replacement v

Investment in replacing assets, either

due to their age or condition, or because they
are coming to the end of their useful lives.
Excludes decommissioning costs.

¢ 5

Targeted resilience ?

Investment in targeted upgrades

that are not addressed by other

investment categories, such as:

- Undergrounding cables

- New feeder links to provide more backstop
capability

Excludes measures that strengthen overhead

grids (e.g., aerial bundled conductors).

Smart meter installations /ﬂ\%

Investment in:

+ Initial rollout of smart meters at customer
connection points and auxiliary systems

+  Upgrade and renewal of smart metering
infrastructure to deliver on growing demand
from customers and DSOs

+ Implement necessary information and
communications technology (ICT) software

System digitalisation’ and Dg_.

substation automation Flb

Investment in:

+  Operational systems?2

+  Flexibility systems3

+ Crew workforce and order management
systems

+  Core business systems4

- Data management/analytics

+  Cybersecurity

For more on digitalisation, see Wired For

Tomorrow (2024), a report by Eurelectric.

EY




EU policy goals: why operators must invest in modernising
grid infrastructure

GfS determines what is needed from a grid investment and 0

regulation perspective to deliver on EU policy Based on the REPowerEU scenario, four indicators will impact

future grid investment:

* Informed by the most recent political and market trends, Eurelectric’s
Decarbonisation Speedways depicts how Europe can achieve climate
neutrality in or before 2050, as well as reach ambitious targets in 2030.

* Eurelectric’s REPowerEU scenario adopts the EU’s REPowerEU policy plan, - ~
which accelerates European independence from Russian energy and the ‘ b
fransition to decarbonised energy sources. This scenario underpins the
demand and generation forecasts for GfS.

Change in electricity Connecting renewables (page
consumption (pages 20-21) 22)

* To achieve the EU's
political goals, grid
development and
modernisation are ¢/ L
essential. They will help /\\ -
fo secure a cost-
efficient, timely and
secure delivery of the
energy transition.

* GfS assesses related
grid investment needs
and the enabling
regulatory framework.

5,621

™ Grid age (page 24)

N

Million tonnes of CO, equivalent

v
1990 2020 2030 2040 2050
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https://www.eurelectric.org/publications/decarbonisation-speedways-full-report

Surge in electrification and consumption demands greater

grid reliability

Electricity consumption (TWh)

Rising consumption in the EU27+Norway

Last 30 years
5.000

4.500
4.000
3.500

3.000

Next 30 years

+ 2,000 (80%)

2.500 / 7
+ 500 (25%)

2.000

1.500

1.000

500

000

1990 2000 2010 2020

Source: Eurostat, Supply, transformation and consumption of electricity, Eurelectric, Decarbonisation Speedways.

Note: Annual electricity consumption variation in 2020 was not only affected by normal short-term variations such as weather and economic
activity, but also restrictive measures to slow down the spread of COVID-19. For reference, electricity consumption was 3% lower in 2020

compared with 2019.

20

2030 2040

2050

Observations and outlook

» After 20 years of stagnation, electricity demand will grow, becoming the
dominant fuel of the economy. This is due to increased use by existing
customers and new connections, as well as the electrification of
transport, industry, heating, etc. The decrease seen between 2010 and
2020 reflects weather conditions, economic activity and greater energy
efficiency.

* Reliable supply of electricity by distribution grids will become
increasingly important to the economy. Greater reliance on automation
across all voltage levels will identify faults and reconfigure the grid so
that electricity can be restored and outage tfimes minimised. Investment
in meshing the grid and automating open points will deliver these
benefits. In parallel, a seamless and secure supply chain will allow crews
to intervene, access critical network assets and correct system faults.

* Increased grid resilience means it can withstand external threats,
including natural disasters and cyber-attacks.

Investment needed in ...

opl ! anly
¥ & o

Renewal and replacement Targeted resilience Digital systems for crew workforce and order

management for grid repairs and outages
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Three sectors coniribute to greater electricity consumption
in the EU27+Norway

Electricity consumption by sectors (TWh)
Consumption in the EU27+Norway

Observations and outlook

* Buildings and industry currently represent 65%+ of electricity
consumption. Given the increasing electrification of transport over the
5 E g next 30 years, these three sectors will represent 20%+ by 2050.
HR - » Buildings and industry electrify their heat production, and use more
Buildings Industry Transport digital and IT services. However, increased consumption is partially offset
2500 by greater energy efficiency measures and the continuing shift from a
Last Next Last Next Last Next manufacturing- to a knowledge-based economy.
2000 30 years 30 ears‘ 30 years 30 years 30 years 30 years . . . .
+ 600 * While marginal today, the transport sector will grow exponentially to
1500 (40%) become the third-largest electricity consumer within the next 30 years.
500] +/-0 T » Torealise the benefits of energy security, decarbonisation and reduced
1000 /" (50%) +400 | local pollution, the electricity grid must be developed and reinforced so
00 (40%) that it can both transport electricity to where it is needed and swiftly
connect new loads from heat and transport.
/-0 +900
000
gé%%%%% g § § § § % % g % % § % g % Inves’rmen’rneededln...“.
i
System digitalisation and Demﬁiven Smart metering and increased grid visibility to
substation automation reinforcement know where growth occurs

Source: Eurostat, Supply, fransformation and consumption of electricity, Eurelectric Decarbonisation Speedways
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Connecting renewables to manage energy constraints,
production and consumption

Renewables production (TWh)

How onshore wind and solar PV will impact distribution grids in the Observations and outlook

EU27+Norway * Electricity markets operate across broad geographic zones or at national
levels. Distribution grids, however, are not restricted by physical
Last 30 years Next 30 years boundaries and can transport electricity beyond electricity markets.
5.000 * Most renewables are produced and consumed within the same
4500 distribution grid. This is more efficient as losses are lower with less
distance between production and consumption.
4000 + However, due to the intermittent nature of renewables, the distribution

3500 grid needs more real-time monitoring and management systems to

1 maintain reliability and stability.
5000 * The grid must be sized to ensure that electricity can flow from where it is
2500 produced to where it is consumed; otherwise, renewables production will
be curtailed.
2000 » Timely grid development is important o accommodate and connect
1.500 accelerating renewables capacity.
1.000 = +3.000 (600%) Investment needed in ...
: ° ol
500 '-‘,‘1: ”
000 System digitalisation and Generation-driven
1990 2000 2010 2020 2030 2040 2050 substation automation' reinforcement

Source: Eurostat, Supply, fransformation and consumption of electricity, Eurelectric Decarbonisation Speedways
1. ADMS to maximise the value of renewable energies
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Peak visibility is critical due to the anticipated change in
peak demand

Peak demand (GW)
Changing peak load in the EU27+Norway

Observations and outlook
* Peak demand or production denotes the maximum amount of electricity

required during a specific moment of the year. It defines grid sizing at
Last 30 Years Next 30 Years each voltage level. If peak demand can be lowered by shifting demand
700 to another moment, while still meeting customer requirements, then it
800 creates flexibility, which is a means to defer costly grid reinforcement.
i  Electricity grid companies must be able to identify peak loading for each
700 asset. This can be challenging, given the complexity of interconnected
400 systems and switching mechanisms, and the need to forecast electricity
+ 300 (60%) demand for each asset. | |
500 = * In the past, when demand was more predictable and steadier, DSOs
400 AQS%) [ relied on top-down forecasting and simulation models at higher voltage
levels only. This will no longer be sufficient. DSOs now need bottom-up
300 forecasting, using smart meter data and granular grid simulation tools,
across all voltage levels and time horizons, from microseconds to years.
200
100 Investment needed in ...
0
1990 2000 2010 2020 2030 2040 2050 System digitalisation and Demand-driven Smart meter installations
substatfion automation’ reinforcement

Source: European Network of Transmission System Operators for Electricity (ENTSO-E); Eurelectric Decarbonisation Speedways
1. Digital systems for data management, grid simulation and forecasting
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30% of today’s grid is more than 40 years old

Age of grid infrastructure (LV power lines)

Progressive asset ageing if none of the infrastructure is replaced after 2020 Observations and outlook
in the EU27+Norway + 30% of today’s grid is more than 40 years old on average, with some

assets significantly older.

» To ensure resilient and reliable grids, investment in grid replacement and
renewal is evaluated using a risk-based assessment and decision-making
100% framework.

* When prioritising the replacement and renewal of assets, age is one
factor in determining asset health. Other factors include the make, build,
environment surrounding the asset, location, public risk, loading, impact
of failure and inspection records.

 Advanced monitoring (including smart meter data) and maintenance datsa,
combined with predictive algorithms and digital twins, can help to
optimise asset health. However, periodic replacement and renewal remain
essential.

40%
» Overlaying grid expansion and customer connection requests with
30% advanced forecasting and simulation tools also supports anticipatory
20% investment.
10% l I . Investment needed in ...
0

2020 2030 2040 2050

System digitalisation and Renewal and Targeted resilience
m <20 years m20-40 years m>40 years substation automation! replacement!

90%

80%

70%

60%

50%

2

1. Renewing existing grid, while harnessing opportunities for strategic reinforcement, further monitoring (including smart meter data) and
digital asset health management systems.
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Various DSO investment is needed to enhance the rapidly
changing electricity system

3o |
S0 ' il
P = EEnpeln Change in~ Connecting Grid
o 0O electricity :
0 . peak demand renewables age
£ 0T consumption ;
L=
=
+ Current state of play: The electricity grids of the EU27+Norway
are entering a period of rapid change in terms of overall
electricity consumption (kWh), renewable generation and peak
. D demand (kW). At the same time, the existing grid is ageing.
m Demand- B  Renewaland @  Smartmeter @ kW) 99 9eing
w Inves’rmgn’r driven replacement installations « Enabling an electric future: To deliver on EU policy goals of
8) cafegories reinforcement carbon neutrality and energy security, GfS assesses distribution
9 grid investment needs through to 2050. This investment analysis,
8 presented in chapter 5, focuses on six investment categories,
= o : including physical grid growth, renewal, targeted resilience, and
& Generation- #  Targeted ? System C“f:- automation and digitalisation.
% driven resilience digitalization
o reinforcement and substation
= automation
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Grid investment needed to achieve REPowerEU and
decarbonisation goals

Grids for Speed (GfS) uses the demand and generation outlook to 2050, considers the investment required for the distribution grid to manage the additional
demand and generation and the impact of three key emerging investment strategies on this investment. Unlocking this investment and the physical realities of
delivering the grid are considered in an action plan to support the scale out of the distribution grid and the benefits this will bring.

1. Demand and generation outlook _ 3. DSO pathways

GfS is anchored in the demand and
decarbonisation scenario REPowerEU,
which is proposed in Eurelectric’s
Decarbonisation Speedways. This
scenario delivers the EU's 2050 goals, as
defined in the European Commission’s
REPowerEU and decarbonisation (Fit for
55) policies.

27

DSOs currently use multiple tried-and-tested investment strategies,
such as increasing the capacity of grid sections or asset renewal
cycles.

Additionally, GfS models three emerging grid investment strategies:
1. Anticipatory investment involves proactively expanding grid
capacity when constraints and other works occur to meet the

2050 demands, rather than merely making incremental increases.

2. Asset performance excellence is achieved by using real-time
data and Al o optimise asset health.

3. Grid-friendly flexibility means actively managing demand
during peak times across voltage levels to defer grid growth.

6 P
Anticipatory Asset Grid-friendly
investment performance flexibility
excellence

Pathways combine different investment strategies
that DSOs can take to achieve net-zero goals. GfS
examines how these three key emerging grid
investment strategies interact with each other and
current investment strafegies. It explores the impact
on the investment required.

Mam paThway Anticipatory investmen'r
@8)

Asset performance excellence Grid- frlendly erX|b|I|’ry
@@ ) @
GfS (all of it)

O Current practice O Emerging practice



https://www.eurelectric.org/publications/decarbonisation-speedways-full-report

Economics supports anticipatory investment in

distribution grid projects

Cost breakdown for a grid asset reinforcement project

Indicative representation of the cost breakdown for a grid overhead line
and cable installation project (other grid assets have similar characteristics)

©

increase in cost,
capacity can be

130%
120%

Typically, for a 10-20%

110% doubled
100% .
Variable cost
90% L .
(capacity-
80%
0% dependent)
° Regulatory and permitting
60% S
50%
40%
30% Installation & Fixed C'OST
20% Civil Works (capacity-
10% independent)
0%
reference 2x double B
“capacit ¥

Electrical capicity of asset
(e.g., tfransformer, cable, line)

Source: EY analysis, and ACER and PWC (2023), Unit Investment Cost Indicators
1. PM is project management
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Anticipatory
investment

Implication for distribution grid strategy
* Electricity grid projects are dominated by fixed costs for electrical

installation and civil works, along with permitting, engineering and project
management costs. Only material and equipment component costs are
variable, as these are determined by the electrical size or capacity of the
project.

Typically, increasing the capacity of a grid project (e.g., line, cable or
transformer installation) will only increase the cost of the project marginally,
if within the same voltage level. For instance, doubling capacity may
increase costs by around 10% to 20% yet provide additional capacity for
planned future projects, such as renewables integration, new housing
developments or heat electrification.

Where future strong load growth is likely, it may be prudent to strategically
size up capacity as an anticipatory investment during reinforcement or
replacement projects. This will reduce the investment required in demand-
and generation-driven reinforcement as additional capacity is available.

Investment impacted in ...

Generation-driven
reinforcement

Demand-driven
reinforcement




2

Asset performance
excellence

Asset performance excellence: optimising the use of the

grid

Asset performance excellence entails using health and risk-
based processes powered by data and Al

Advanced Al and machine learning (ML) algorithms
dynamically predict asset health and probability of failure
across extensive data sets of assets

Real-time
monitoring of asset
condition, such as
load, temperature

and pressure

Risk

V4

Targeted
ainfenance

Prepare condition-based asset
maintenance schedule and harness field
information to enrich asset health
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©

Implication for distribution grid strategy

Asset performance excellence harnesses the power of data, analytics and
Al for asset management practices that consider the real health and
condition of the asset.

As a result, asset replacement is optimised to a just-in-time basis and
investments are directed to the next most critical area.

Additionally, unplanned outages from asset failure are proactively avoided,
which improves reliability and customer outcomes.

Asset maintenance schedules are reduced, evolving from reactive to
condition-based maintenance, which further benefits reliability.

Asset health simulation can be applied to decisions about distribution grid
operations, further maximising asset lifespans.

Investment impacted in ...
L]

Renewal and
replacement

Digital systems for asset
performance excellence

EY
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Grid-friendly flexibility is needed to reliably optimise grid "

Grid-friendly

investment

Static market-driven or non-regional flexibility will create new 0

constraints and additional investment Implication for distribution grid strategy

* The electricity system operates on international, national and regional
= 100 250 levels, across HV, MV and LV grids.
O g0 mlluni 200 * Flexibility actions taken at the national or wholesale market level can cause
0 1T i T 150 S £ overloading and congestion in distribution grids, most importantly when
National U LT T Kns! £3 bringing demand back (demand synchronisation through loss of diversity).
40 —_— | B i I Using market-driven flexibility 100 = > o o
level Tl o without DSO input, friggered o @ » The graphic illustrates a wholesale market actor that wants to optimise at
- ly by wholesal ki L . a
<0 million 20 orices. 1o synctrenice domend 90 the national and wholesale level. The actor dispatches demand after 21:00,
from, for example, EV charging H i H i i
connections 0 T o ] Ao | O but significant load remains at the LV levels, which must be considered.
200 « If all flexibility resources are dispaftched simultaneously, demand will
800 synchronise and local peaks will increase.
v 400 EVs * To avoid the need for increased reinforcement in the distribution grid, near
ovel Grid-friendly flexibility considers real-tfime monitoring of grid loading is needed.
the grid load across all voltage . . e e . c
- 400 levels and optimises flexible + Grid-friendly flexibility optimises demand dynamically to defer grid
200 200 diamandl a¢gordiingly reinforcement.
connections : -
Investment impacted in ...
O O O O 0O 0000000000000 OOO0O OO OO oo
lslielieeNelielNeleNe e le e lelelNe e le e le e Ne leo e Ne| 000 017,:
SHI88SNILOLNEHT8BENIL0GE P~ ~» vl
20012022 21012022 Demand-driven Generation-driven Digital systems
reinforcement reinforcement for flexibility

Real-world data from 20 and 21 January 2022 in Germany.
Source: MITNETZ STROM and SMARD market data.
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How DSO pathways can interact to deliver REPowerEU

Decisions on grid investment strategies are
dependent on regulation, technology and
customer expectations:

* GfS estimates €67 billion grid investment is required
annually fo 2050 to deliver the energy transition, as
described in REPowerEU.

* However, uncertainty stems from future electricity
regulation and underlying incentives, evolving
customer expectations and technology
development.

+ To address uncertainty, GfS analyses conventional
distribution grid pathways, as well as three emerging
grid strategies. Together, they illustrate the
investment impact in reaching the REPowerEU target
in 2050.

* Each investment pathway is capable of realising the
REPowerEU EU targets, but at varying levels of cost,
benefit and societal impact.

Current investment practices are
considered across all pathways, but the
three emerging investment strategies
provide additional levers to optimise
investments:
:! DSO emerging
& investment strategies

Incremental investment

Anticipatory investment

Current asset performance

Q) Asset performance excellence

No grid-friendly flexibility'

) Grid-friendly flexibility

O Current practice Emerging practice

1. Assumption: Market-based flexibility may be used, but in ways that avoid synchronising customer demand and creating new peaks.
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GfS methodology overview
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Robust and comprehensive data sources underpin GfS

DSOs have provided

EY with their grid

development plans,

which include:

- Extensive current-

state information

* Future projections

* Regulatory

compliance plans

* Investment plans

34

DSO data
survey

The data survey had
high
representativeness,
with more than 60% of
connections in the
EU27+Norway covered
and representation
from 21 countries (17
countries for
regulatory
assessment), with 10
countries covering
more than 80%
customers.

@

EU regulation
and NECPs

Current and emerging

European regulation

were assessed.

EU NECPs were

reviewed to

understand:

* The 10-year plan of
the Member State

* Energy mix insight

* Policy measures

* Infrastructure
changes

EY data

EY has internal
proprietary data and
models, such as the
ERTA model, heat
pump and EV
forecasting tools,
power price forecasts
and RECAI reports
that were leveraged.

Public reports

Over 30 public
reports have been
used to support GfS.
Sources such as
Eurostat’s databases
and CEER’s report on
regulatory frameworks
are invaluable for the
up-to-date data they
provide.

Eurelectric
data

In the last year,
Eurelectric has
published 11 key
reports, including
positions on
electricity market
design and
anticipatory
investment. The data
generated to create
these reports was a
rich source of industry
information for GfS.
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Calculating investment: ICL representative grid

model and EY analysis

N

Imperial College London (ICL) developed a unique and internationally acclaimed methodology to realistically represent the distribution grid in whole-of-system

investment planning models.

For each EU27+Norway country, the distribution grid is modelled, investment assessed and flexibility valued by creating a representative grid. Representative grids
model each local geographic area based on its population density and assign a representative grid topology, adjusted for local conditions.

1
Demand-driven reinforcement 1
The REPowerEU demand is overlaid in !
the representative grid models to :
understand the level of investment required to

1
1
1
1
1
1

Investment categories
See page 18 for description of
scope

meet the scenario.

1
Generation-driven reinforcement |
We calculated investment needed for !
reinforcement of the grid to accommodate :
reverse power flows from renewables to move
electricity out of the area. We assumed thata |
local grid is only designed to export up to 1
double peak demand. Beyond that, !
generation customers will be either curtailed, :
or choose to own storage or to connectina
more favourable location. 1
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Renewal and replacement oate

Using the weighted average age of the

top five asset classes, and their useful

life, we calculated the annual depreciation of
the asset base. This is assumed to be the level
of investment required to renew and replace
the assets.

Targeted resilience '?'
We determined the number of cables
underground, and additional feeder links

used for targeted resilience upgrades. In
parallel, we calculated resilience
improvements from reinforcement and renewal
investments. Investment was calculated based
on DSO historical data, grid plans and current
estimates.

Smart meter /\%
Using historical data to set the baseline, ﬁ
we calculated how many smart m