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EU power grid needs trillion-dollar
upgrade to avert Spain-style blackouts

By Nina Chestney

LRSS

May 6, 2025 9:02 AM GMT+1 - Updated 15 days ago

Power lines connecting pylons of high-tension electricity are seen during sunset at an electricity substation on the outskirts of Ronda, during a
blackout in the city, Spain April 28, 2025. REUTERS/Jon Nazca/File Photo Purchase Licensing Rights [
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Heat pump markets and trends



Heat pumps are a critical technology for global heat
decarbonisation

Heating equipment stock
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More than 200m heat pumps installed globally

700+
—— Heat pumps installed to 2020
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EU heat pump deployment lagging behind targets
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Declining sales in 2024

Heat pump sales 2023 to 2024 per country
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Grid impacts
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Overhead cables
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Underground cables
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High-voltage direct current transmission
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Note: Depicts the Net Zero Scenario in BNEF's New Energy Outlook, which maps a

pathway to achieve net-zero emissions by 2050.
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Grids: the new frontier of the energy transition

New load
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Meaning of the color codes

(OTransparent: Transport capacity available

Yellow: Limited transport capacity available

Orange: No transport capacity available for the time being pending the outcome of the congestion
management study
@Red: No transport capacity available: congestion management cannot be applied

With congestion management

//Transparent hatched: Transport capacity available based on application of congestion management
#,Shaded yellow: Limited transport capacity available based on application of congestion management
#Shaded orange: No transport capacity available for the time being pending distribution of the released
capacity over the queue based on congestion management. (it is still unclear whether and how much
power will become available for new requests that are not yet in the queue)

@shaded in red: No transport capacity available: the limits for the application of congestion management
have been reached
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ELECTORAL ROGKET FUEL




e
f%‘%ﬁf‘, o -

| ." # \

.-

Solution 1: Efficiency






Benefits of fabric efficiency

Reduces

system cost

Provides thermal
storage

Contents lists available at ScienceDirect —

Energy

journal homepage: www.elsevier.com/locate/enargy

Mitigating heat demand peaks in buildings in a highly renewable
European energy system

Elisabeth Zeyen *°, Veit Hagenmeyer °, Tom Brown ™
* Institute for Automation and Applied Informatics (1AL}, Karisrue trititute of Technokgy (KITL. Forschungstentrum 449, 76344, Eggersitein-Lespoldshafen.

rmy
* Department of Enengy Systems, Focully of Process Engineering, Finiteinufer 25 (TA £, 10587, Berlin. Germany

ARTICLE INFO ABSTRACT
Articie history: Space and water heating accounts for about 40% of final energy consumption in the Eurcpean Unicn and
Received 18 March 2021 thus plays a key role in reducing overall costs and greenhouse gas emissions. Many scenarios to reach

Received in revised form

22 Apeil 2an1

Accepted 24 April 2021
Available oedine 17 May 2021

net-zera emissions in buildings rely an electrification, but mecting the heat demand peaks in the winter
can be challenging. particularly when wind and solar resources are low. This paper examines how to
mitigate space heating demand peaks most fectively in a top-down, pled madel with
carbon dioxide emissions constraint to be net-zero. It introduces the first model that co-optimises both
supply and efficiency simultaneously including all European countries with haurly resolution The

:EI:;:‘relmﬁu.l\g competition between technologies to address these heating peaks, namely building retrofitting, thermal

Space heating energy storage and individual hybrid heat pumps with backup gas boilers is examined. A navel thought

Energy system modelling experiment demonstrates that the level of building renovation is driven by the strong seasonal heat

Sector coupling peaks, rather than the overall energy consumption. If all three instruments are applied, total costs are

Optimisation reduced by up to 172 Buikling rencvation enables the largest benefit with cost savings of up to 14% and
allows individual gas boilers to be removed from the energy system without significant higher costs.

© 2021 The Author(s) Published by Elsevier Ltd. This is an open access article under the £ BY license

e < org/licenses/by/4.0/)

1L Introduction demand through an increased electrification. On days with cold

temperarure, calm wind and low solar radiation (so called ‘cold

A major part of the EUFs final energy consumption is used o
supply heat in buildings. In 2018, 75% of this energy was delivered
by fossil fuels, generating 36% of the EU's total COy emissions [1,2].
A structural change of the heating sector is needed not only to aveid
environmental impacts caused by emissions, but also to address
soctal challenges such as affordable heating and health of the res-

dark wind lulls’), the space heating demand is high while the feed-
in of wind and solar, as well as the efficiency of air-sourced heat
pumps, is low. Furthermore, the heating demand of buildings
compared to the other sectors electricity, ransport and industry, is
more seasonal and possesses stronger peaks. Several studies
have determined the increase in heat peak demand. But, despite its

idents. a o recl could
mitigate dependencies on fossil fuel imports. The literature on the
hearing transition is now reviewed, with a focus on important gaps
that are addressed by the present paper.

Numerous studies have already examined how to transform the
hearing secror. Most of them identify as key factors large-scale
elecrrificarion [3-5] and a srronger coupling between the sectors
electricity and heat In an energy system highly based on
renewable sources, this transition raises new challenges key
ssue is the weather dependency of bath thermal supply and

* Corresponding author
E-mail address: elisabeth seyerdkit edu (E Zeyen:

hitps:jidoi
0360-544,

o 2021 The Authori

Published by Elsevier Ltd. This is an open access article under the CC BY license (|

#, none of these studbes has quantified the costs and
impacts on system design of these heat demand peaks in a sector
coupled European model. The European perspective is important,
because energy markets are already strongly coupled internation-
ally, and a cross-sectoral perspective is necessary to und for
example, the impact of heat pump demand on electricity supply.
To enable the decarbonisation of the heating sector, renovation
of buildings is widely considered as a key factor. About 75-90% 9]
of the current building stock is still going to be used in 2050, and
therefore it is necessary to renovate the existing houses, As part of
the European Green Deal [10), the EU has called for a renovarion
wave, setting as goal 1o at least double the current renovation rate
of 1% of buildings per year 1o decarbonise the residential and non.




Thermal storage potential across Europe

Home temperature loss tado’

after 5 hours
With a temperature of 20°C inside and 0°C outside
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Solution 2: Flexibility



Early pilot project in Denmark

“Heat pump portfolio optimisation can reduce
the peak by 30% of the heat pumps’ own
contribution in the peak.”

“In 2/3 of the planned two hour optimisations
the heat pumps did not consume energy in the
full two hour period.”

DEMAND
RESPONSE
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Energy & Grid Management

TenneT to pilot household flexibility in managing grid congestion

Jonathan Spencer Jones ¢ Jun 04, 2021 Share @ X f in &

TenneT is partnering with software provider GreenCom Networks to pilot
securing flexibility on the blockchain-based Equigy platform.

The trial is aimed to test ways in which decentralised energy producers,
consumers and storage can be integrated to prevent bottlenecks in the
transmission system and to balance out fluctuations in power generation and
consumption.

To this end, GreenCom will aggregate the control of smart devices such as heat
47 pumps and electric vehicles of the test customers on the company’s own
platform and then offer these capacities on the Equigy Crowd Balancing
Platform. From there, TenneT, the transmission system operator (TSO) with
operations in Germany and the Netherlands, can call them up if necessary.
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Tariffs to reward flexibility
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Time-of-use tariffs make heat pumps flexible

Impact of heat pump adoption and heat pump
time-of-use tariff on consumption throughout the day
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Pilots from US confirm possibility of load shifting

S. DEPARTMENT OF ENERGY

JING TECHNOLOGIES OFFICE

2024 per Review

BTO Peer Review:

Load Flexibility with
Heat Pumps

Field study of heat pump load shifting
in rural cold climate regions

Presented by Chitra Nambiar

chitra.nambiar@pnnl.gov

Org: Pacific Northwest National Laboratory
Pl: Sam Rosenberg, Building Scientist
509-375-2685, samuel.rosenberg@pnnl.gov
Project No.: 1.4.1.19 Task 2 -




Large heat pumps can also offer demand response
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Solution 3: Storage



Heat batteries can help to shift load off-peak

Energy Consumed and Delivered by Time of Day: 40 ZEBs on Octopus Go.
2023-06-01 to 2024-05-31. 88.3% of energy consumed off-peak
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Thermal storage combined with district heating







Lyrics: I’'m Your Heat Pump by Michael T Roberts and Will Hammond Jr

I’m your heat pump

When you want it hot, I'm hot for you (I'm your heat pump)

When you want it cool, I’'m cool witchu, babe

'‘Cause | can do it all for you, baby

All you got to do is turn me on

And I'll g¢o on and on for you (check me out) Part of me goes inside (inside)

Part of me goes out (all of me pumpin' for you)

I’m precisely calibrated

To make you scream and shout (‘cause I'm electric in yo' hizzy)

‘Cause | can move heat in or out (in or out)

'Til you feel what you wanna be feelin’ You and me + electricity (come on) =
Climatic healing (Math y'all!)

SMichael I, “Roberts
“9'm Your

SHe

Wil giammond 9r. .
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