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Goodbye gas: why your next boiler should be a heat pump

INTRO

The climate crisis means we need to rethink how we heat our
homes, moving away from gas to more efficient solutions. Gas
boilers, which are used by millions of consumers across Europe, are
both polluting and leave us exposed to major price fluctuations.
As we’ve seen in recent months, this can have a major impact
on consumers’ energy bills. So, what will be the most affordable
alternative for consumers to sustainably heat their homes? And
therefore, what solutions should upcoming EU and national
legislative revisions promote?

To answer these questions, consumers organisations in ltaly
(Altroconsumo), Czech Republic (dTest), Poland (Federacja
Konsumentow), Spain (OCU) and BEUC commissioned a study
fromeconomic analysis firm, Element Energy.

The study estimates the cost of heating the two most typical homes
(a house and an apartment) in those countries by using electric
heat pumps, hybrid electric-hydrogen heat pumps and hydrogen
boilers in the period 2025-2040. This period was chosen as it is
when legislation on residential heating that is being revised or will
shortly be revised will enter into force and as 15 to 20 years is the
average lifetime of a heating appliance.

The cost of heating is calculated by considering the total cost of
ownership of the different appliances. It includes the cost of energy
generation, the cost of operating energy networks and make the
appropriate upgrades, the cost of insulating the buildings and the
cost of purchasing and installing the appliances.
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KEY FINDINGS

Electric heat pumps are the most affordable option for
consumers to decarbonise their heating. In high density
areas, district heating powered by heat pumps is also
competitive, but consumer rights must be improved to
match those in electricity. Hydrogen boilers and hybrid
heat pumps (hydrogen/electric) are the most expensive
option for consumers. Hydrogen will be far more expensive
than gas is today.

In cold climates, major home energy efficiency
improvements deliver significant financial benefits to
consumers, reducing consumption and helping to reduce
energy bills. This applies in all four countries, helping to
keep homes warm in winter. In warm climates, shading
(e.g. the use of blinds) can decrease consumption and
improve comfort.

J
‘Smart heating’ (e.g. when it’s cheaper at off-peak times)
with heat pumps will reduce consumers’ heating costs
by up to 25% compared to conventional heating. This
is because consumers using electricity smartly reduces
the need for investments in electricity grids. The savings

have the potential to reduce grid charges on consumers’
energy bills.

04 | -

If national governments roll out ambitious home renovation
programmes, allowing many consumers to improve the
energy efficiency of their homes, this could also mean
lower grid tariffs (and energy bills) for all if savings are
passed on to consumers.

The Bank

-4
[« 3
D

To be able to reap the benefits of lower energy bills,
consumers will need financial support (affordable and
green loans and/or grants) to help with the high up-front
investment to purchase a heat pump and pay for energy
efficiency improvements.

3/9



Goodbye gas: why your next boiler should be a heat pump

POLICY RECOMMENDATIONS

O1

EU and national policies should support a switch
to electric heat pumps as it will be the most cost-
effective heating solution for consumers. They
should not support reliance on hydrogen in the
residential heating sector, as it will never be a cost-
effective option

Consumers relying on gas for heating should not be switched

to hydrogen as a result of EU and national policies. The
European Commission and national governments should
prioritise the roll out of individual electric heat pumps and, in
urban areas, district heating with fully electric or with hybrid
hydrogen/electric heat pumps.

For this reason, the upcoming Gas Package should not set
a target for blending hydrogen into existing gas networks.
Similarly, national governments should not aim to decarbonise
heating by blending hydrogen in the gas networks.

02

National governments and local authorities should
financially support consumers to switch to electric
heat pumps and where needed to improve the
energy efficiency of their homes. To that end, EU
and national governments should also guarantee
consumers’ access to finance and ensure consumer
protections for credit

Switching to heat pumps and improving energy efficiency

brings significant financial savings for consumers and the
energy system, but up-front costs can represent a barrier
for many consumers.

Countries should provide grants of up to 100% of the initial
investment needed for vulnerable consumers to make the
switch.

Consumers should also have access to affordable green
mortgages/loans and on-bill schemes. Member States should
also introduce guarantee funds to reduce the risk of providing
loans or mortgages, so that banks can offer better interest
rates to consumers. At the same time, financial services
regulations should require banks to be responsible when
lending money and EU should foresee a cap on the total cost
of credit for green mortgages/loans under the Consumer
Credit and Mortgage Credit Directives.

03

Governments should ensure that all consumers
have access to trusted, tailored advice, and to a
skilled workforce

Consumers often struggle to find reliable professionals to
undertake renovation works or replace their heating appliance
or who could advise them on these works.

The Energy Efficiency Directive should require countries to
set up one-stop shops to advise consumers on renovation
works or heating appliances, and on where to find skilled
workers or financial support. Consumers should be advised
according to their individual situations as, for example, homes
in colder climates require more insulation than homes in
warmer climates.

The Renewable Energy Directive and the Energy Efficiency
Directive should require that the workforce specialised in
carrying out these works is available to all consumers.

04

Governments and regulators should ensure that
consumers have access to tariffs and to financial
rewards, giving them incentives to heat their homes
smartly and benefit of the reduction in the cost of
operating electricity networks

As smart heating (e.g. operating heat pumps at off-peak times)

will help reduce the cost of managing electricity networks,
these benefits should be passed on to consumers in the form
of financial incentives. This will be increasingly important
as the share of wind and solar power in the electricity mix
is expected to increase. Flexibility on the demand side will
greatly help reducing the cost borne by electricity networks to
balance supply and demand and will hence reduce consumers’
network tariffs.

Countries should swiftly implement the measures in the
Electricity Directive that give such financial incentives to
consumers to use energy outside peak times (i.e. allowing
them to sign up for dynamic electricity price contracts).

05

Ecodesign rules should not force consumers who
need to purchase a gas boiler to buy a hydrogen-
ready one

In the next decade, consumers whose gas boilers break down

may still need to replace them with a new one and may not
be able to switch immediately to a heat pump. There are
discussions on requiring all gas boilers on sale to be able
to function with hydrogen under the Ecodesign Directive.
Hydrogen may never become a reality for consumers, hence
this functionality may never be useful for them and may only
come at a premium. Hence, the new Ecodesign rules should
not require all gas boilers on the market to be hydrogen-ready.
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COUNTRY SUMMARY

i

.

CZECH REPUBLIC | o

Heating appliance

Heat pumps will be the cheapest heating option
for consumers in the Czech Republic. The total
cost of ownership of hydrogen boilers in this
period would be 65-80% higher.

The reason is that despite the higher up-front
cost of heat pumps, the running cost of hydrogen
boilers is typically more than double that of
heat pumps in the Czech Republic. The price of
hydrogen can be lower than the price of electricity,
but the efficiency of hydrogen boilers is much
lower, so more fuel is required.

Home renovation

Home renovation measures pay back in the Czech
Republic within 30 years, which is their average
lifespan. Deeper renovations are more cost
effective in single family homes than they are in
apartment buildings, where a medium renovation
can already bring significant monetary benefits.
The reason is that less energy is required to heat an
apartment. Hence, making additional investment
in deeper renovation would not bring significant
extra energy consumption (and bill) reductions.
Improving energy efficiency in homes would also
reduce the cost of operating electricity networks,
and hence network tariffs on consumers’ bills.

District heating

In urban areas, in the same period, renewable
electricity-based district heating will have similar
costs for consumers as individual heat pumps.
However, hydrogen-based district heating would
be 30% more expensive for consumers than district
heating with fully electric or hybrid hydrogen/
electric heat pumps.

Annual cost of heating a single family home in the Czech Republicin
the period 2025-2040 with different heating systems
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Annual cost of heating a single family home in Czech Republic in the
period 2025-2040 with a heat pump, with different levels of energy
efficiency improvements
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Similarly, as with the other countries, the best and
cheapest heating option for Spanish consumers,
would be an electric heat pump. The total cost
of ownership of hydrogen boilers would be 60%
more expensive for consumers than for electric
heat pumps in the period 2025-2040. It needs to
be noted that while heat pumps will be able to
also deliver cooling during the summer, hydrogen
boilers will not and consumers would need to
purchase a separate appliance, further increasing
their expenditure for energy.

Home renovation

Bill savings from energy efficiency improvements
in Spain, however, would often not be sufficient to
recover the initial investments over the lifetime of
such interventions due to milder winter and hence
less heating needs, even when savings on summer
cooling costs are factored in. Deep retrofits are
much more expensive for consumers over the
lifetime of the intervention than not carrying out
any energy efficiency measures, due to high costs
in Spain linked to higher labour costs.

Shallow retrofits lead to slightly higher annual
costs (+18%) but also offer other non-monetary
benefits, such as increased comfort. However, if
many consumers adopt such measures, this will
lead to a significant reduction in electricity grid

District heating

District heating networks could deliver heat at
an affordable cost to consumers living in urban
areas, which is 3% cheaper than using an electric
heat pump. However, rolling out district heating
to rural areas would not be cost-competitive with
individual solutions.

Goodbye gas: why your next boiler should be a heat pump

COUNTRY SUMMARY

Annual cost of heating an apartment in Spain in the period
2025-2040 with different heating systems
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Annual cost of heating an apartment in Spain with a heat pump
in the period 2025-2040, with different levels of energy efficiency
improvements
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costs (~€1bn/year), due to lower consumer demand and their ability to use
energy smartly. Hence public support for energy efficiency improvements
is important to help consumers reap their benefits.
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In Italy, the cheapest individual heating option
for consumers from over the 2025-2040 period
would be an electric heat pump. Hydrogen boilers
would be 90-140% more expensive than electric
heat pumps over their lifetime, while hybrid
hydrogen-electric heat pumps would typically
be 35% more expensive than fully electric. It
needs to be noted that while heat pumps will be
able to also deliver cooling during the summer,
hydrogen boilers will not and consumers would
need to purchase a separate appliance, further
increasing their expenditure for energy.

Home renovation

Improving the energy efficiency of homes in Italy
would allow consumers to make savings by using
less energy for heating and by using heat pumps
flexibly. This would reduce electricity grid costs
by 4% and flexibility would allow consumers to
save up to 31% in their electricity bills.

However, public support is needed to help
consumers retrofit their homes due to the
significant up-front costs, which often do not
have a payback period over their lifetimes. This
is due to higher labour costs and milder winters
which reduce heating needs.

While medium efficiency measures could be
more cost-effective in multi-unit buildings, as

District heating

District heating with electric or hybrid electric/
hydrogen heat pumps would have similar costs for
consumers as individual heat pumps and hence
could be an affordable solution in urban areas,
while hydrogen-based district heating would
typically be 50% more expensive.

Goodbye gas: why your next boiler should be a heat pump

COUNTRY SUMMARY

Annual cost of heating an apartment in Italy in the period
2025-2040 with different heating systems
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Annual cost of heating an apartment in Italy with a heat pump in
the period 2025-2040, with different levels of energy efficiency
improvements
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they would allow consumers to cut energy needs and operate their heat
pumps smartly without being too financially burdensome, deep retrofits
should be encouraged in single family homes.
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Heating appliance

Electric heat pumps would be the cheapest way
to decarbonise heat for consumers in Poland.
Typically, hybrid heat pumps would be 12-24%
more expensive and hydrogen boilers 63-95%
more expensive than electric heat pumps over
their lifetime.

Home renovation

Energy efficiency improvements would help
consumers make big savings on their energy
bills (20%), with the cost of investment paying
for itself within the works’ lifespan.

District heating

Renewable electricity-based district heating
networks could heat consumers” homes in urban
areas at a similar cost to individual heat pumps.
District heating with hydrogen boilers would be
approximately 40% more expensive for consumers
than district heating with electric heat pumps or
hybrid hydrogen/electric heat pumps.

Goodbye gas: why your next boiler should be a heat pump

COUNTRY SUMMARY

Annual cost of heating a single family home in Poland in
the period 2025-2040 with different heating systems
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Annual cost of heating a single family home in Poland with a heat pump
in the period 2025-2040, with different levels of energy efficiency
improvements
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CONCLUSION

The study shows that, although the cost of heating our
homes may increase in the future as we decarbonise our
energy, consumers will continue being able to heat their
homes affordably and can do so sustainably if EU and national
policies focus on proven and cost-effective solutions, such
as heat pumps. They should not focus on promises, such as
hydrogen, that may never materialise and, even if they do,
would be very expensive for consumers.

In addition, a switch away from gas boilers to heat pumps
powered with electricity that is increasingly produced with
wind and solar power will also mean more stability, as we will
be less exposed to volatility in global gas markets, which has
led to very high energy bills in recent months. Improving
the thermal insulation of our homes will also contribute to
reducing our energy bills.

Clearly, as switching to a heat pump and improving the energy

efficiency of our homes is a quite expensive investment,
government support will be essential to ensure that all
consumers, including the most vulnerable, are able to reap
the benefits of these measures.

In addition, we should not forget that the transition in the
heating sector will bring a wider range of benefits than
monetary savings alone. Well insulated homes will not only
also help with improving the air quality of our cities, but it will
also bring important benefits in terms of adequate thermal
comfort and health to consumers, as they will be warmer
during the winter and cooler during the summer.

Hence, BEUC calls on EU and national policymakers to
speed up the decarbonisation of the heating and buildings,
prioritising cost-efficient energy efficiency improvements in
homes and the deployment of heat pumps. This will bgnefit

both the environment and consumers.

The European
Consumer
Organisation
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Poland

Key messages

Impact of ambitious energy efficiency deployment in PL
Consumer costs of electrification vs hydrogen
Benefit of smart and flexible operation

Costs of district heating
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Key messages for Poland

e Heat pumps are the cheapest way to decarbonise heat for consumers, they are typically 12% cheaper than Hybrid heat pumps
and 95% cheaper than hydrogen boilers

e Operating the energy system flexibly lowers the total energy system cost by 3% in a high heat pump scenario, this saving can be
passed on to consumers

* Installing energy efficiency can provide cost savings to consumers in some cases, and also comes with additional benefits

* Installing additional thermal storage to provide system flexibility is cost effective for the system and so consumers should be
rewarded for providing this service to the energy system

* District heating is of comparable cost to building level heating systems, but provides flexibility and is easier to decarbonise, so
decarbonising existing district heating networks has significant consumer benefit

elementenergy |
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Overview of modelling methodology

1.

3.

4.

The archetype stock model calculates
the heat demand and final energy
consumption on an annual and hourly
basis for domestic dwellings in Spain.
The outputs are generated at the
building level and at the country-level
(i.e. including all buildings). Non-
domestic buildings are included in the
national demand although they are
addressed with less detail than the
residential stock.

Each residential building archetype
undergoes a flexibility assessment to
determine whether and how much its
heating demand can be shifted to
accommodate the needs of the wider
electricity system.

The energy demands and flexibility
potential of the heating system is
used by the ISDM in modelling the
hourly behaviour of Spain’s energy
system throughout 2040. The ISDM
predicts the retail costs of electricity
and green hydrogen.

The upfront and ongoing costs of
heating are calculated by the
consumer cost model for the
selected Spanish building archetypes.

Hourly demand
profiles

v

Hourly electricity

Building thermal
mass and additional
thermal storage

2. Flexibility Flexibility potential 2k [HnLE
assessment — by archetype (Power sector
Y P modelling)

l

Electricity and
hydrogen costs

l

4. Consumer cost

Building stock data demand by
archetype
1. Archetype model
of heating
Climate and fabric A Annual energy
. .. demand by
variations
archetype
e e all pt
1
1
Energy efficiency Heating system :
retrofit rates uptake :—
1
1
To be varied by scenario :
Key: Fixed inputs Scenario inputs
Model outputs Model components

n

model

}

Consumer cost of
heating
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Technology mix '

- Gas boiler
- Oil boiler
Il solid fuel (excl. biomass) boiler
B Biomass boiler
Direct electric heating
- District heating
- Heat pump
Hydrogen boiler
B Hybrid heat pumps

Heat pump Hybrid Hydrogen
scenario heat pump boiler scenario
scenario
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Agenda

Key messages

Impact of ambitious energy efficiency deployment in PL

Consumer costs of electrification vs hydrogen
Benefit of smart and flexible operation

Costs of district heating
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Energy efficiency scenarios

e 2 scenarios analysed
e Current renovation rate applied to 2025
* Higher rates below applied 2025-2040

* Baseline scenarios at 2% renovations per year is already
ambitious

Annual renovation rate (%)

3 B Baseline
5 | Efficient
2,5
1 1,5
O .
Shallow Deep

17% of homes renovated in Baseline scenario

Rising to 30% in the Efficient scenario

Non-residential

SFH New build
MFH New build
MFH Pre 1970
MFH Post 1970
SFH Pre 1970
SFH Post 1970
MFH Shallow
MFH Deep

SFH Shallow
SFH Deep

S _—

16%

20%
6%
10%

3% 1%

Baseline Efficient
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Heat demand savings '

e Savings in heat demand depend on size and age of the * Total heat demand increase by 4 TWh in Baseline
dwelling as well as level of retrofit scenario, and decreases by 11 TWh saving in Efficient
29.440 scenario.

* 8% reduction between Baseline and Efficient scenarios.

Hot water demand kWh 188 9%
I Heating demand kWh 177 t

28% 34% Hot water demand

1%
15%

37% SFH New build

MFH Pre 1970

3% /
- /I\/IFH Post 1970

SFH Pre 1970

/SFH Post 1970
/MFH Shallow

/MFH New build

11%

15% 11%

No EE  Shallow Deep No EE Shallow Deep

A 14% 11% | MFH Deep
HHH 70/
LI'L| s 20% 0% 4% m_°/SFH Shallow
) 10% =0 6% 9% ' SFH Deep
Pre 1970 Post 1970 _ A o% 29 e

2020 Baseline 2040 Efficient 2040
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Energy efficiency provides direct savings in older less efficient dwellings. '

Consumers can save 20% in large old homes by installing a shallow package, but they will not achieve the same savings in newer
smaller multi family homes where installing ee increases the cost of heat for consumers.

Installation of energy efficiency measures enables cost savings to the entire energy system.

Savings depend on the type of renewable heating system most commonly deployed, but are likely to be at least €2.8 bn per year.

Policy support is needed to achieve these high rates of deployment due to the significant upfront cost to households.

3500 3364
3000 2 2.957 @ @
684 B = 100 - F“l 98,6
2.500 - ] .. 81,6
2.000 - 1749 Bl Technology capex €/y *§
: B EE capex €/y "E’
1.500 - . Smart control capex €/y £
1.000 - - Conversion capex €/y 5
B Operational costs €/y S
500 - B Fuel cost €/y = 1 1 2 2 3 3
B Hot water cylinder costs €/y Baseline Efficient Baseline Efficient Baseline Efficient
0 _
SFH SFH SFH MFH MFH MFH |:| Non-heat electricity - Energy efficiency
Baseline Shallow Deep Baseline Shallow Deep B ruel [ ] Heat storage
Heat Heat Heat Heat Heat Heat - Renewable heating systems

pump pump pump pump pump pump
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Costs and savings of energy efficiency measures

Upfront cost €

* Energy efficiency upgrades require significant
capital outlay, again depending on the size and age
of the home and level of retrofit.

* Total outlay of €0.9bn/y in Baseline and €1.9bn/y
in Efficient scenarios.

21.191
16.375
11.576
3.157
Shallow  Deep Shallow  Deep

Pre 1970 Post 1970
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Agenda

Key messages

Impact of ambitious energy efficiency deployment in PL

Consumer costs of electrification vs hydrogen

Benefit of smart and flexible operation

Costs of district heating
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Heat pumps are less costly for consumers than hydrogen, with hybrid heat pumps in

between

-

Annual consumer cost (€/y)
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3.500
3.000
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0

‘ @ 3.384

3.032

SFH Heat pump
VA

Pre 1970

SFH Hybrid
heat pump

5.915

I Hot water cylinder costs €/y
B Fuel cost €/y
B Operational costs €/y
- Conversion capex €/y
smart control capex €/y
B ce capex €/y
B tech capex €/y

e s

515

1.221

heat pump

Post 1970

SFH Hydrogen MFH Heat pump  MFH Hybrid
boiler

MFH Hydrogen
boiler

High prevalence of heat pumps will lead to the
lowest costs of heating for consumers, with
hydrogen boilers leading to additional costs of
about 2x per unit of heat

Hybrid

Hydrogen
heat boiler
pump

Heat cost
€/MWh pre

1970 SFH 103 115 201

Heat cost
€/MWh post

1970 MFH 153 188 248
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Hydrogen boilers have significantly higher running costs than heat pump systems

-

Annual running costs €

6.000
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5.000
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4.000
3.500
3.000

2.500 -

2.000
1.500
1.000
500

0

2.368 2.436
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heat pump
ﬂ

L

Pre 1970

5.502

SFH Hydrogen
boiler

Hydrogen boilers typically cost 2.3x as much to run as a heat pump system

This is because the efficiency of hydrogen boilers is lower, so more fuel is required

Hydrogen can be cheaper than electricity, but not enough to outweigh the higher consumption

Hydrogen will be more expensive than gas is today

B fuel costs €/y
B opex €/y

MFH Heat pump  MFH Hybrid
heat pump

@

Post 1970

Fuel cost €/ MWh
(Efficient scenarios)

Electricity Hydrogen

182

146

1.592

MFH Hydrogen
boiler
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Hydrogen boilers have lower capex than heat pump systems, with hybrid systems most

expensive initially -

* Hydrogen boilers have the lowest up front cost for consumers out of the three options considered and hybrid heat pumps have
the highest up front cost

* Inapre 1970 SFH hydrogen boilers have 46% lower up front cost than heat pumps
Up front cost €

10.000 - 9.629

9.000 - 8.543 - I Hot water cylinder costs €
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3.000 A -
2.000 A
1.000 -

0 -

SFH Heat pump SFH Hybrid  SFH Hydrogen MFH Heat pump MFH Hybrid  MFH Hydrogen

heat pump boiler heat pump boiler

Pre 1970 Post 1970
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Impact of ambitious energy efficiency deployment in PL
Consumer costs of electrification vs hydrogen

Benefit of smart and flexible operation

Costs of district heating
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How does smart operation of heating help the energy system?

* Uncontrolled operation of heat pumps leads to a high peak demand of the overall electricity system

* Utilising the flexibility provided by thermal storage and thermal mass, smart operation of heat pumps moves demand from hours of high
demand to hours of low demand (from peaks to troughs, see graph below)

* This reduces the peak demand of the system and thus the required network capacity.

* In our models smart heat pumps are also operated to move their demand to hours of high generation from variable renewable energy sources?,
to reduce curtailment of the electricity they generate and the amount of dispatchable generation capacity required to ensure security of supply.

* Thermal storage provides a much higher degree of flexibility than thermal mass (see below chart showing total system demand with and without
flexibility from smart heating over a period of one week)

* System peak demand drops from 65.5 MW with passive heating to 64.5 MW when high efficiency buildings are operated flexibly. Flexibility from
thermal storage in building(s) lowers peak demand further to 61.3 MW.
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2 50 ' leading to lower
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In the Czech Republic, the whole system costs are always lower in the efficient compared

to the baseline scenario

-

= 100 . 98,6 l
. ¥ 83,4 84,6
* Across all technology scenarios, the whole % 30 - 806 - 5L8 - 816
system costs decrease in the efficient case ‘g’ -
compared to the baseline. This effect is most E i
significant in the hydrogen-led scenario. 2 40 1
>
* Inthe baseline, the heat pump-led scenario ; 20 -
has the lowest whole system costs, with 16% 2 0 . -
lower costs than the hydrogen-led scenario (83 = 1 1 2 2 3 3 [ ] Non-heat electricity
compared to € 99 b/y). Baseline Efficient Baseline Efficient Baseline Efficient [l Fuel
* In the efficient case, the total system costs are [ Renewable heating systems
similar across all scenarios with the heat pump [ Energy efficiency
case being fractionally the lowest. [ Heat storage
*  When the system benefits are only shared $ 50 -
across the heat sector the heat pump case has % 40 |
1.2b€/y lower costs than the next cheapest 2
scenario. E 30 1
[}
* The costs shown are from the system 2 20 1
perspective, rather than the consumer é}, 10 -
perspective. = 0
i i

1 1 2 2 3 3
Baseline Efficient Baseline Efficient Baseline Efficient
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In the Czech Republic, significant system cost savings are made by using flexibility -

The heating system fuel costs are significantly
lower in the efficient scenarios relative to the
baseline case.

The majority of the savings come from lower
electricity generation costs.

The costs shown are from the system
perspective, rather than the consumer
perspective.

Heating system fuel costs (b€/y)
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35
30
25
20
15
10

5

0

- Electricity tax

- Electricity generation
|:| Electricity network
- H2 tax

- H2 generation

|:| H2 network

|:| DH tax

- DH generation

|:| DH network

1 1 2 2 3 3
Baseline Efficient Baseline Efficient Baseline Efficient
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System savings from flexibility can be shared in different ways with consumer '

250

200

150

100

50

Both consumers who provide flexibility and those who don’t can benefit from system flexibility

Fuel cost savings could be distributed in different ways:

— Savings could be passed on to consumers who provide flexibility, e.g. with time-of-use tariffs or payments for reducing
demand at peak times

— Savings could be socialised over all heating electricity demand

The range of possible savings are demonstrated via a minimum and maximum fuel cost for each building type with the real

savings likely to fall somewhere between the two limits
€/MWh

244

Baseline

e (1) 234

Range of electricity
costs for buildings
which do not provide
flexibility

Range of electricity costs
for buildings which
provide flexibility to the
system

B Retail electricity cost €/ MWh

Flexible: savings
socialised over
all electricity

Flexible: savings
passed on to flexible
heat customers
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Providing flexibility can lead to cost savings for consumers in the heat pump scenario -

e Both consumers who provide flexibility and those who don’t can benefit from system flexibility

* The dashed bars show the range of different fuel costs that consumers might pay in different circumstances, the minimum and
maximum fuel costs that these represent are shown on the previous slides

* In SFH there are always system savings from flexibility relative to the baseline, but in MFH grants for EE or heat batteries may
be needed in so that flexibility savings can be passed onto consumers

Do not provide flexibility Provide flexibility Do not provide Provide flexibility

4000 -  3.888 3.888 3.933 flexibility B tech capex €/
L N 11% PEXEY
3.500 3.098 2.462 2% B e capex €/y
3.000 - i smart control capex €/y
2.500 - - conversion capex €/y
1.483 i
2.000 - 1.406 1406 - B operational costs €/y
1.500 - - hot water cylinder costs €/y
1.000 4 I heat battery costs €/y
.500 B fuel cost €ly
0 _
SFH Baseline  SFH Flexible SFH Deep SFH heat MFH baseline MFH Flexible = MFH Deep MFH heat
retrofit flexible battery flexible retrofit flexible battery flexible
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Heat pump running costs in different households will depend on how flexibility is rewarded"

The dashed bars show the range of different fuel costs that consumers might pay in different circumstances, the minimum and maximum fuel
costs that these represent are shown on the previous slide

If the benefits are fully socialised, larger homes may save around €100/y, with flats saving about €25/y

If savings are directed towards the households providing flexibility, large flexible households may save a further €380/y, for total savings of
€480/y over the Baseline case

Similarly, flexible flats may save up to €125/y
Buildings which have been retrofit may see reduced savings due to their reduced energy demand — it is important policy and the market

mechanisms for flexibility Wned to incentivise energy efficiency retrofit
]

L

Running costs €/y Pre 1970 Post 1970
Do not provide flexibility Provide flexibility Do not provide flexibility Provide flexibility
3.129 3.129

3.500 -

3.000
2.500
2.000
1.500
1.000
500

0

3.004 N potential savings

§425 - fuel cost

- maintenance

125

855 855 824

532
60

SFH Baseline  SFH Flexible  SFH Flexible  SFH Flexible MFH baseline MFH Flexible MFH Flexible MFH Flexible
Deep retrofit Heat battery Deep retrofit Heat battery
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HPs are also cheaper for DH than H2

e @Gas and oil CHPs will have to phased out

* DH can aid/accelerate decarbonisation because it’s easier to replace fewer larger heat generators

* Waste heat can be very cost effective

* Some waste heat can be used directly, other waste heat will require temperature increase with heat pumps
* We have not assumed significant waste heat usage in the current analysis

* Further comments on consumer protections to be added in text
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District heating has similar costs for consumers but provides more system flexibility

-

2.000

1.500

1.000

500

Heat pumps are the most cost effective way of decarbonising existing heat networks

District heating costs around the same or less than building level heating depending on the scenario, and can be a cost effective
way to provide system flexibility, especially in multi family homes

Trends shown below would be consistent with higher levels of energy efficiency.

1.496

1.838

B Hot water cylinder costs €/y

B Fuel cost €/y
B Operational costs €/y

- Conversion capex €/y

1.382
1.289

1.151

smart control capex €/y

B e capex €/y
B tech capex €/y

MFH Heat pump MFH DH MFH Hybrid  MFH DH hybrid MFH Hydrogen MFH DH
heat pump heat pump heat pump boiler Hydrogen boiler
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Key messages for Czech Republic

e Heat pumps are the cheapest way to decarbonise heat for consumers, they are typically 14% cheaper than Hybrid heat pumps
and 83% cheaper than hydrogen boilers

e Operating the energy system flexibly lowers the total energy system cost by 4% in a high heat pump scenario, this saving can be
passed on to consumers

* Installing energy efficiency can provide cost savings to consumers in some cases, and also comes with additional benefits

* Installing additional thermal storage to provide system flexibility is cost effective for the system and so consumers should be
rewarded for providing this service to the energy system

* District heating is of comparable cost to building level heating systems, but provides flexibility and is easier to decarbonise, so
decarbonising existing district heating networks has significant consumer benefit
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Energy efficiency scenarios

e 2 scenarios analysed
e Current renovation rate applied to 2025
* Higher rates below applied 2025-2040

e Baseline scenarios at 2% renovations per year is already
ambitious

Annual renovation rate (%)

3 - Baseline
> Efficient
2,5
1 1,5
O .
Shallow Deep

e 20% of homes renovated in Baseline scenario
* Rising to 34% in the Efficient scenario

Non-residential 14% 14%
SFH New build

MFH New build 9% 9%

MFH Pre 1970
MFH Post 1970

8%

0,
SFH Pre 1970\ 12%

/

SFH Post 1970

MFH ShaIIow\
\ 10%

MFH Deep
SFH Shallowkﬂ
SFH D 7% 3
€eP\ PR 6%

Baseline Efficient
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Heat demand savings

e Savings in heat demand depend on size and age of the

dwelling as well as level of retrofit

(Cas%

|G

Hot water demand kWh

- Heating demand kWh

10.930 |
10.059
T 9.057
I 5.603 |
No EE  Shallow Deep No EE Shallow Deep

{nd

Pre 1970

Total heat demand savings of 2 TWh in Baseline scenario,
with further 5 TWh in Efficient scenario.

9% reduction between Baseline and Efficient scenarios.

~ Hot water demand
23%  SFH New build
3% ZI\/IFH New build
9% MFH Pre 1970
6% _ MFH Post 1970
20% SFH Pre 1970
SFH Post 1970

14% ?MFH Shallow
17% 6% |/ MFH Deep
23% 0% mﬁ%_ 14% SFH Shallow
10% 9% SFH Deep
— 7 0% =T

2020 Baseline 2040 Efficient 2040
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Costs and savings of energy efficiency measures

* Energy efficiency upgrades require significant .
capital outlay, again depending on the size and age
of the home and level of retrofit.

* Total outlay of €0.4bn/y in Baseline and €0.8bn/y
in Efficient scenarios.

Installation of energy efficiency measures enables cost savings to
the entire energy system.

* Savings depend on the type of renewable heating system most
commonly deployed, but are likely to be at least €1,2 bn per year.

* Policy support is needed to achieve these high rates of

deployment due to the significant upfront cost to households.

22.004
= 35
3 30
13.415 vy
# 25
o
9.645 E 20
; g 15
S 5.881 > 10
+— (<))
5 g
B z 0
-
Shallow  Deep Shallow  Deep

)

Pre 1970

Post 1970

F‘“l

|:| Non-heat electricity

- 26,2 B ruel
- Renewable heating systen
- Energy efficiency
[ ] Heat storage

HHP

Basellne EfflClent Basellne Efficient Basellne EfflClent

® ® A

elementenergy| =0



Agenda

Key messages

Impact of ambitious energy efficiency deployment in CZ

Consumer costs of electrification vs hydrogen

Benefit of smart and flexible operation

Costs of district heating

elementenergy| =



Hydrogen boilers have lower capex than heat pump systems, with hybrid systems most
expensive initially

* Hydrogen boilers have the lowest up front cost for consumers out of the three options considered and hybrid heat pumps have
the highest up front cost

* Inapre 1970 SFH hydrogen boilers have 44% lower up front cost than heat pumps

{n)

@

Up front cost € Pre 1970 Up front cost € Post 1970 I Hot water cylinder costs €
11.000 - 10.320 9.000 - 8.742 " Conversion capex €
10.000 ' smart control capex €

9.234 8.000 4
9.000 - ) 6.960 - tech capex €
8.000 - 7.000 1 '
6.000 - 5189 5.000 - 4.689
4.000 A 3.000 -
3.000 -
2.000 a 2.000 7]
1.000 ~ 1.000 A
0 - 0 -
SFH Heat pump SFH Hybrid  SFH Hydrogen MFH Heat pump MFH Hybrid  MFH Hydrogen
heat pump boiler heat pump boiler
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The fuel demand for HPs is considerably below that for H2 boilers in all archetypes due to
system efficiencies

* Heat pumps have the highest efficiency of the technologies considered and so use the least fuel to provide heat
Using hydrogen boilers typically requires 4.5x as much electricity as using a heat pump, assuming the hydrogen is made via

electrolysis
28.269 Technology Heat pump Hybrid heat pump Hydrogen boiler
Efficiency 280% Heat pump 340% 85%
22.615 22.615 Hydrogen boiler 85%

Annual heat and fuel demand (kWh/y)

10.706
8.892 10.188
8.150 8.150
- Heat demand
2.779 3 853 I Hydrogen demand
- Electricity demand
H2 DH

Heat HP DH Heat |-||-|p

r b?.!.tle..r
Pre 1970 Post 1970
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Hydrogen boilers have significantly higher running costs than heat pump systems

Annual running costs €A

4.500
4.000
3.500
3.000
2.500
2.000
1.500
1.000
500

0

Hydrogen boilers typically cost 2.5x as much to run as a heat pump system

This is because the efficiency of hydrogen boilers is lower, so more fuel is required

Hydrogen can be cheaper than electricity, but not enough to outweigh the higher consumption
Hydrogen will be more expensive than gas is today

Electricity Hydrogen

. |_n_| 4.289

Pre 1970

i @ Fuel cost €/MWh 184 147
Post 1970 (Efficient scenarios)

1.624

834

633 B fuel costs €y

B opex €/y

SFH Heat pump SFH Hybrid  SFH Hydrogen MFH Heat pump MFH Hybrid  MFH Hydrogen
heat pump boiler heat pump boiler

elementenergy| =



Heat pumps are less costly for consumers than hydrogen, with hybrid heat pumps in
between

* High prevalence of heat pumps will lead to the lowest costs of heating for consumers, with hydrogen boilers leading to

additional costs of about 1.8x per unit of heat
Heat pump Hybrid heat Hydrogen

Annual consumer cost (€/y) pump boiler

a —.—¢ Heat cost €/MWh 98 112 181
5.000 ~ 4.729 pre 1970 SFH
4.500 - LI'LI Heat cost €/MWh 132 169 218
1970 MFH
4.000 A Pre 1970 post 1970
3.500 -
3.000 - 2.924
2500 - 2.571 @ B Hot water cylinder costs €/y
2.052 B Fuel cost €/y
2:000 1 1.586 B Operational costs €/y
1.500 A 1.240 | Conversion capex €/y
1.000 A - smart control capex €/y
500 - - ee capex €/y
B tech capex €/y
0 _

SFH Heat pump  SFH Hybrid SFH Hydrogen MFH Heat pump MFH Hybrid  MFH Hydrogen
heat pump boiler heat pump boiler
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In the Smart/Efficient scenario, heating systems thermal comfort to occupants while also
responding to the needs of the energy system

Baseline — Passive Efficient — Smart
Enerev efficienc * 2% per annum renovation rate * 4% per annum renovation rate
&Y Y (2025-2040) (2025-2040)
* Passive operation to supply building * Smart operation and interaction with energy
Heating operation heat demand system
» Static electricity tariffs * Incentives for dynamic operation of heating

* Flexible usage profile supplying heat while
mitigating system impacts

* Improved energy efficiency increases
opportunities for flexible operation

HPs * Usage profile based on heat demand

Boiler operated to supply building peak | « Boiler operated to mitigate system impacts and

HHPs 't

heat demand to supply building peak heat demand
* Hydrogen generated and stored to supply heat
GH * Hydrogen generated and stored to demands and mitigate system impacts
2 supply heat demands * Increased energy efficiency reduces heat
demand
. * Energy plant and thermal storage used to
DH Energy plant and thermal storage used supply heat demands and mitigate system

to supply heat demands

OO O @

impacts
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How does smart operation of heating help the energy system?

* Smart operation of heat pumps acts to move demand away from the peak demand

This means the total installed capacity of electricity generation can be lower, and less upgrade to higher capacity networks is
required

In addition the use of technologies can better map to periods of excess demand of renewable generation leading to higher load
factors of these technologies and less thermal generation
* Example plot, to be updated with data from CZ:

60

1) Space heating moves

demand away from peak
50 y p

40
30

20

Net Demand (GW)

10 . 2) Preheating increases
demand here

— M~ UM A 3~ WL~ WM A M~ 0N
N N M ST T N O~ WO 0O d NN M S N W

™ o Y 1 A A

—Passive net demand (GW) =—=Flexible net demand dom. heat (GW)
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Flexible electricity demand makes up a large fraction of heating electricity demand, but a
smaller fraction of total electricity demand

Flexible stock and heating demand in the Heat pump scenario

* In dwellings in Czechia consumers can provide flexibility via thermal mass by undergoing a deep retrofit, or consumers can
install a heat battery to provide flexibility via thermal storage

* In the Baseline scenario flexibility is only provided via electric vehicle charging

* In the Efficient scenario flexibility is provided via electric vehicle charging, district heating, and flexible operation of buildings
using building thermal mass and thermal storage

* Inthe heat pump scenario 58% of the building stock provides flexibility to the system via heating

Total dwellings (M): 5.791 5.791 Electricity demand (TWh): 115 113
24% 24% 9
: . 27% 15%

I Flexible electric heating demand TWh
Inflexible electric heating demand TWh

N Ev electricity demand TWh

B Other electricity demand TWh

17% Buildings not using electric heating
Inflexible buildings

26% Buildings flexible through district heating

B Buildings flexible through heat battery

B Buildings with flexible heating

76%

Baseline Efficient Baseline Efficient
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In the Czech Republic, the whole system costs are always lower in the efficient compared to
the baseline scenario

-18%
Z 35 31,9

* Across all technology scenarios, the whole % 30 26,2

system costs decrease in the efficient case 'g' 25 1

compared to the baseline. This effect is most E 20 A

significant in the hydrogen-led scenario. 2 15 -
* Inthe baseline, the heat pump-led scenario E 1(5) |

has the lowest whole system costs, with 40% 9 0 : T _

lower costs than the hydrogen-led scenario (26 = HP ) HHP HHP H2 boiler H2 boiler

compared to € 36 b/y). Baseline Efficient Baseline Efficient Baseline Efficient [ Non-heat electricity

- Fuel

- Renewable heating systems

- Energy efficiency
|:| Heat storage

* Inthe efficient case, the total system costs are
similar across all scenarios with the heat pump
case being fractionally the lowest.

* When the system benefits are only shared
across the heat sector the heat pump case has
0.4b€/y lower costs than the next cheapest
scenario.

* The costs shown are from the system
perspective, rather than the consumer
perspective.

Heating system costs (b€/y)

HP HP HHP HHP H2 boiler H2 boiler
Baseline Efficient Baseline Efficient Baseline Efficient
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In the Czech Republic, significant system cost savings are made by using flexibility

The heating system fuel costs are significantly
lower in the efficient scenarios relative to the
baseline case.

The majority of the savings come from lower
electricity generation costs.

The costs shown are from the system
perspective, rather than the consumer
perspective.

Heating system fuel costs (b€/y)

13,9

14
12
10

8
6
4
2
0

- Electricity tax

- Electricity generation
|:| Electricity network
- H2 tax

- H2 generation

|:| H2 network

|:| DH tax

- DH generation

|:| DH network

::::::\ 5,4

HP HP HHP HHP H2 boiler H2 boiler
Baseline Efficient Baseline Efficient Baseline Efficient
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System savings from flexibility can be shared in different ways with consumer

250

200

150

100

50

Both consumers who provide flexibility and those who don’t can benefit from system flexibility

Fuel cost savings could be distributed in different ways:

— Savings could be passed on to consumers who provide flexibility, e.g. with time-of-use tariffs or payments for reducing
demand at peak times

— Savings could be socialised over all heating electricity demand

The range of possible savings are demonstrated via a minimum and maximum fuel cost for each building type with the real

savings likely to fall somewhere between the two limits
€/MWh

Baseline

Range of electricity
costs for buildings
which do not provide
flexibility

.................... 1@ 166

Range of electricity costs
for buildings which
provide flexibility to the
system

B Retail electricity cost €/ MWh

Flexible: savings
socialised over
all electricity

Flexible: savings
passed on to flexible
heat customers
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Heat pump running costs in different households will depend on how flexibility is rewarded

Running costs €/y

2.500

2.000

1.500

1.000

500

The dashed bars show the range of different fuel costs that consumers might pay in different circumstances, the minimum and maximum fuel
costs that these represent are shown on the previous slide

If the benefits are fully socialised, larger homes may save around €200/y, with flats saving about €65/y

If savings are directed towards the households providing flexibility, large flexible households may save a further €220/y, for total savings of
€420/y over the Baseline case

Similarly, flexible flats may save up to €130/h

Buildings which have been retrofit may see reduced savings due to their reduced energy demand — it is important policy and the market
mechanisms for flexibility are designed to incentivise energy efficiency retrofit

()

Pre 1970 Post 1970
Do not provide flexibility Provide flexibility Do not provide flexibility Provide flexibility

W potential savings

N 205 1.819 B fuel cost
N 221 B maintenance

2.024 2.024

716 716 652

64 375 .69
33

SFH Baseline  SFH Flexible  SFH Flexible  SFH Flexible MFH baseline MFH Flexible MFH Flexible MFH Flexible
Deep retrofit Heat battery Deep retrofit Heat battery
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Providing flexibility can lead to cost savings for consumers in the heat pump scenario

e Both consumers who provide flexibility and those who don’t can benefit from system flexibility

* The dashed bars show the range of different fuel costs that consumers might pay in different circumstances, the minimum and
maximum fuel costs that these represent are shown on the previous slides

* In SFH there are always system savings from flexibility relative to the baseline, but in MFH grants for EE or heat batteries may
be needed in so that flexibility savings can be passed onto consumers

Do not provide flexibility Provide flexibility
3.000 - 2.838 2. 838 5 678 2.802 B tech capex €/y
0
| 3% N\ 8% B ce capex €/y
2.500 . - . -
Do not provide flexibility Provide flexibility smart control capex €/y
2.000 - 1794 ' conversion capex €/y
(o)
1.500 - 1.323 1.323 - 1366 B operational costs €/y
5% 5% - hot water cylinder costs €/y
1.000 ~ Y heat battery costs €/y
500 — B fuel cost €/y
N\ extra fuel cost €/kwh
0 _
SFH Baseline  SFH Flexible SFH Deep SFH heat MFH baseline MFH Flexible = MFH Deep MFH heat
retrofit flexible battery flexible retrofit flexible battery flexible
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In the hybrid heat pump and hydrogen scenarios providing flexibility can lead to savings for
consumers

* There are more significant savings for consumers to be made from flexibility in the hybrid heat pump and hydrogen scenarios
* This is because operating electrolysers flexibly brings more system benefit than flexible operation of heat pumps
e Operating hybrid heat pumps flexibly could help consumers save up to 8% on their total cost of heating, and operating

electrolysers flexibly to produce hydrogen could save consumers up to 21% relative to the baseline B tech capex €/y
* Even with flexibility, the annual costs to consumers are higher with these technologies than in the heat B cc capex €/y
pump scenario smart control capex €/y
3% 5 967 @ - conversion capex €/y
3.500 - ' P4 6.000 - . B operational costs €/y
3.189
3.000 - 2. 924 5 000 - 4799 B hot water cylinder costs €/y
B heat battery costs €/y
2.500 7 A~ 4.000 B fuel cost €/y
2.000 - —\5%
. -189
1.681 1. 586 3.000 - —(18%) |
1500 4 2.498
' 2.052
2.000 -
1.000 A
500 _ 1.000 -
0 - 0 -
SFH HHP SFH HHP MFH HHP MFH HHP SFH H2 boiler SFH H2 boiler MFH H2 boiler MFH H2
Baseline Flexible Baseline Flexible Baseline Flexible Baseline boiler flexible
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HPs are also cheaper for DH than H2

e @Gas and oil CHPs will have to phased out

* DH can aid/accelerate decarbonisation because it’s easier to replace fewer larger heat generators

* Waste heat can be very cost effective

* Some waste heat can be used directly, other waste heat will require temperature increase with heat pumps
* We have not assumed significant waste heat usage in the current analysis

* Further comments on consumer protections to be added in text
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District heating has similar costs for consumers but provides more system flexibility

2.200
2.000
1.800
1.600

1.400 A

1.200
1.000
800
600
400
200

Heat pumps are the most cost effective way of decarbonising existing heat networks

District heating costs around the same or less than building level heating depending on the scenario, and can be a cost effective
way to provide system flexibility, especially in multi family homes

1.586
1.364 1.390

1.824 B Hot water cylinder costs €/y

B Fuel cost €/y
B Operational costs €/y

| 1.240 | Conversion capex €/y
smart control capex €/y
| B ce capex €/y
| B tech capex €/y
MFH Heat pump MFH DH MFH Hybrid  MFH DH hybrid MFH Hydrogen MFH DH
heat pump heat pump heat pump boiler Hydrogen boiler
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Key messages for Spain

* Heat pumps are the cheapest way to decarbonise heat for consumers, they are typically 30% cheaper than Hybrid heat pumps
and 60% cheaper than hydrogen boilers.

e Operating the energy system flexibly lowers the total energy system cost by 1% in a high heat pump scenario, this saving can be
passed on to consumers.

* Installing energy efficiency can increase costs for consumers in the average dwelling due to a relatively low annual heating
demand, but can provide system-wide savings due to increasing the proportion of buildings that can operate their heating
flexibly.

* Installing additional thermal storage to provide system flexibility is cost effective for the system and so consumers should be
rewarded for providing this service to the energy system.

* District heating in both high and low DH rollout scenarios is of comparable cost to building level heating systems, but provides a
higher level of system flexibility and can be to decarbonise.

* New district heating networks should be designed and constructed to be low carbon from the start.
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Overview of modelling methodology

1.

3.

4.

The archetype stock model calculates
the heat demand and final energy
consumption on an annual and hourly
basis for domestic dwellings in Spain.
The outputs are generated at the
building level and at the country-level
(i.e. including all buildings). Non-
domestic buildings are included in the
national demand although they are
addressed with less detail than the
residential stock.

Each residential building archetype
undergoes a flexibility assessment to
determine whether and how much its
heating demand can be shifted to
accommodate the needs of the wider
electricity system.

The energy demands and flexibility
potential of the heating system is
used by the ISDM in modelling the
hourly behaviour of Spain’s energy
system throughout 2040. The ISDM
predicts the retail costs of electricity
and green hydrogen.

The upfront and ongoing costs of
heating are calculated by the
consumer cost model for the
selected Spanish building archetypes.

Hourly demand
profiles

v

Hourly electricity

Building thermal
mass and additional
thermal storage

2. Flexibility Flexibility potential 2k [HnLE
assessment — by archetype (Power sector
Y P modelling)

l

Electricity and
hydrogen costs

l

4. Consumer cost

Building stock data demand by
archetype
1. Archetype model
of heating
Climate and fabric A Annual energy
. .. demand by
variations
archetype
e e all pt
1
1
Energy efficiency Heating system :
retrofit rates uptake :—
1
1
To be varied by scenario :
Key: Fixed inputs Scenario inputs
Model outputs Model components

n

model

}

Consumer cost of
heating
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Technology mix in Spain

Low DH

27%
0%,
Heat pump Hybrid Hydrogen
scenario heat pump boiler scenario

scenario

High DH

Heat pump
scenario

21%

0%
Hybrid Hydrogen
heat pump boiler scenario

scenario

- Gas boiler
- Oil boiler
Il solid fuel (excl. biomass) boiler
- Biomass boiler
__ Direct electric heating
- District heating
- Heat pump
Hydrogen boiler
B Hybrid heat pumps
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Energy efficiency scenarios

e 2 scenarios analysed * 21% of homes renovated in Baseline scenario
e Current renovation rate applied to 2025 e Rising to 24% in the Efficient scenario
* Higher rates below applied 2025-2040 higher rates chosen
where additional retrofit benefits the system by providing
flexibility
e Baseline scenarios at 2% renovations per year is already
ambitious 14% 14% Non-residential
 In the Efficient scenario, the rate of shallow renovations to Bl sFH New build
SFH has been increased from 1.5% to 2.5% per year. Gic B MFH New build

e With a shallow renovation, SFH can provide flexibility, when
the building wasn’t flexible previously.

Annual renovation rate (%)

3 - - Baseline
Efficient
2 .
2
1 . 1,5
0 0,5
Shallow SFH Shallow MFH Deep SFH

Deep MFH

7% 7%
. . B ViFH Pre 1970

MFH Post 1970
B sFH Pre 1970
SFH Post 1970

25% 25%

o MFH Shallow
10% = i B MFH Deep
. 9%
9% % SFH Shallow
%7% 10% B SFH Deep
2% 2%
Baseline Efficient
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Heat demand savings

3!'\%' ’

WIFe

e Savings in heat demand depend on size and age of the

dwelling as well as level of retrofit

- Heating demand kWh
Hot water demand kWh

8oz
6941 4
6.516
Cas%
3.812 }
No EE  Shallow Deep No EE

)

Pre 1970

Shallow Deep

Post 1970

* Total heat demand savings of 5 TWh in Baseline scenario,

with further 1 TWh in Efficient scenario.
* 1% reduction between Baseline and Efficient scenarios.

(o)
29% i 209 Hot water demand
SFH New build
[
9% 2% 7 MFH New build
6% 7% MFH Pre 1970
MFH Post 1970
27% 21% 21%

SFH Pre 1970

/SFH Post 1970
18% /MFH Shallow
()
12% 10%

/MFH Deep
1505 0% - 6% 6% /SFH Shallow
0% 0% 0% BiA 6% 1% 9% '/SFH Deep

(o]

2020 Baseline 2040 Efficient 2040
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Costs and savings of energy efficiency measures

3.000

2.500

2.000

1.500 A

1.000

500

Installation of energy efficiency measures enables cost savings to the entire energy system.

Savings depend on the type of renewable heating system most commonly deployed, but are likely to be at least €0.8 bn per year.

Policy support is needed to achieve these high rates of deployment due to the significant upfront cost to households.
Annual consumer

cost (€/y) Without policy support

2.944

SFH SFH SFH MFH MFH MFH [ Hot water cylinder costs €/y

BaselineShallow Deep BaselineShallow Deep
Heat Heat Heat Heat Heat Heat

pump pump pump pump pump pump

tech capex €/y

B e capex €/y
smart control capex €/y

Whole system costs (b€/y)

- Conversion capex €/y
B Operational costs €/y

B Fuel cost €/y

Heat battery costs €/y
B Cooling electricity cost €/y

70

654 646 643 6356 083 6438

HP HP HHP HHP H2 H2
Baseline Efficient Baseline Efficient Baseline Efficient

|:| Non-heat electricity - Energy efficiency

- Fuel |:| Heat storage

- Renewable heating systems
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Costs and savings of energy efficiency measures with policy support

TRAnY
15
WA

Annual consumer cost (€/y)

Policy support is needed to achieve these high rates of deployment due to the significant upfront cost to households.

With a 50% public subsidy, homes that adopt a shallow retrofit see changes to their annual cost of heating of less than 10%.

Without policy support

3.000

2.500 -

2.000 -

1.500 A

1.000 A

500 -

SFH SFH SPFH MFH MFH MFH
BaselineShallow Deep BaselineShallow Deep
Heat Heat Heat Heat Heat Heat

pump pump pump pump pump pump

With policy support, 50% grant or rebate

3.000

2.500

SFH SFH SFH MFH MFH MFH
BaselineShallow Deep BaselineShallow Deep
Heat Heat Heat Heat Heat Heat

pump pump pump pump pump pump

B tech capex €/y

B ce capex €/y
smart control capex €/y

I Conversion capex €/y

[ Operational costs €/y

B Fuel cost €/y

B Hot water cylinder costs €/y
Heat battery costs €/y

I cooling electricity cost €/y
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Costs of energy efficiency measures

Upfront cost €

Energy efficiency upgrades require significant capital outlay, again
depending on the size and age of the home and level of retrofit.

Total outlay of €1.5bn/y in Baseline and €1.6bn/y in Efficient
scenarios.

31.137
25.362
17.623
5.020
Shallow  Deep Shallow  Deep

o s

Pre 1970 Post 1970
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Heat pumps are less costly for consumers than hydrogen, with hybrid heat pumps in

between

tﬁ

A

* High prevalence of heat pumps will lead to the lowest costs of heating
for consumers, with hydrogen boilers leading to additional costs of
about 1.6x per unit of heat

Annual consumer A

cost (€/y)
2.000 -

1.500

1.000

500 ~

Ll G

Pre 1970

(126%)

SFH Heat pump  SFH Hybrid
heat pump

1.883 POSt 1970
‘ 1.625

1.336

SFH Hydrogen MFH Heat pump  MFH Hybrid
boiler heat pump

Heat pump Hybrid heat Hydrogen
pump boiler
Heat cost €/MWh
pre 1970 SFH 144 182 237
Heat cost €/MWh
post 1970 MFH 158 205 252

B Hot water cylinder costs €/y
- Fuel cost €/y
B Operational costs €/y
- Conversion capex €/y
smart control capex €/y
B ce capex €/y
B tech capex €/y

MFH Hydrogen
boiler
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With shallow packages heat pumps are the most cost effective technology for consumers

* With shallow packages installed heat pumps are still the most cost
effective heating technology for consumers.

Annual consumer

cost (€/y)

2.200 -
2.000 -
1.800 A
1.600 A
1.400 A
1.200 A
1.000 A
800 -
600 -
400 -
200 -

Pre 1970

(133%)

SFH Shallow
retrofit
Heat pump

/X

L

1.856

SFH Shallow
retrofit Hybrid
heat pump

—@

SFH Shallow
retrofit
Hydrogen boiler

@O s

MFH Shallow
retrofit Heat

pump

1.684

MFH Shallow
retrofit Hybrid
heat pump

MFH Shallow
retrofit
Hydrogen boiler

B Hot water cylinder costs €/y
B Fuel cost €/y
B Operational costs €/y
- Conversion capex €/y
smart control capex €/y
B e capex €/y
- tech capex €/y
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Heat pumps are less costly for consumers than hydrogen, with hybrid heat pumps in
between

BI\%U ’

WILFe

e With Deep packages heat pumps are still the most cost effective
technology for consumers in both archetypes although the gap to
hydrogen boilers is smaller in.

)

Annual consumer Pre 1970

cost (€/y)
3.500 -
3.000 -
2.500 - B Hot water cylinder costs €/y
2.000 - B Fuel cost €ly
B Operational costs €/y
1.500 1 - Conversion capex €/y
1.000 - smart control capex €/y
500 B e capex €/y
B tech capex €/y
0
SFH Deep SFH Deep SFH Deep MFH Deep MFH Deep MFH Deep
retrofit retrofit Hybrid retrofit retrofit retrofit Hybrid retrofit
Heat pump heat pump  Hydrogen boiler  Heat pump heat pump  Hydrogen boiler
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Hydrogen boilers have significantly higher running costs than heat pump systems

Annual running costs €A

1.500

1.000

500

Hydrogen boilers typically cost 3x as much to run as a heat pump system

This is because the efficiency of hydrogen boilers is lower, so more fuel is required

Hydrogen can be cheaper than electricity, but not enough to outweigh the higher consumption
Hydrogen will be more expensive than gas is today

Electricity Hydrogen

; L,-LI 1.468 i Fuel cost €/MWh 144 134
b @ (Efficient scenarios)
Pre 1970 ii-Aaa
Post 1970 1.213

581
422

B fuel costs €y
B opex £/y

SFH Heat pump SFH Hybrid  SFH Hydrogen MFH Heat pump MFH Hybrid  MFH Hydrogen
heat pump boiler heat pump boiler

elementenergy| «



Hydrogen boilers have lower capex than heat pump systems, with hybrid systems most

expensive initially

* Hydrogen boilers have the lowest up front cost for consumers out of the three options considered and hybrid heat pumps have
the highest up front cost

* Inapre 1970 SFH hydrogen boilers have 36% lower up front cost than heat pumps

Up front cost €

9.000
8.000
7.000
6.000
5.000
4.000
3.000
2.000
1.000

0

{n)

Pre 1970

8.742

7.656

SFH Heat pump  SFH Hybrid
heat pump

4.889

SFH Hydrogen
boiler

@

Up front cost € Post 1970 I Hot water cylinder costs €
Conversion capex €

9-000 8.426 = smart control I:apex €

8.000 6.960 B tech capex €

7.000

6.000 .

5.000 4.869

2000 -

3.000

2.000

1.000

0

MFH Heat pump MFH Hybrid  MFH Hydrogen
heat pump boiler
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How does smart operation of heating help the energy system?

* Uncontrolled operation of heat pumps leads to a high peak demand of the overall electricity system

* Utilising the flexibility provided by thermal storage and building thermal mass, smart operation of heat pumps moves demand from hours of high
demand to hours of low demand (from peaks to troughs, see graph below)

* This reduces the peak demand of the system and thus the required network capacity.

* |n our models smart heat pumps are also operated to move their demand to hours of high generation from variable renewable energy sources!,
to reduce curtailment of the electricity they generate and the amount of dispatchable generation capacity required to ensure security of supply.

* Thermal storage provides a much higher degree of flexibility than thermal mass (see below)

* System peak demand drops from 65.9 MW with passive heating to 64.5 MW when high efficiency buildings are operated flexibly. Flexibility from
thermal storage in buildings lowers peak demand further to 62.0 MW.
70

O T e T R R T AT AT T

2
£ 60 ' Peak system
3 55 i demand is reduced |
Z 50 ' leading to lower
2 345 ' network capacity :
t 9 40 o S . : i !
@ i i Moving demand from peaks | requirements
GEJ 30 ' to troughs of system demand
(7] A O A OO A0 DA A0 OO dO oA cdO A0 dWO oA
46; TS AN AN OON TN O ONMNONOIDOODOO-HddAN NS DN OO
S Lo TR e B e TR e B o O o T e IR e R e O R e B B IO o |
< Hour

— Passive heating After thermal mass After thermal storage

------ Passive peak Peak after thermal mass------ Peak after storage

1) hours of low net demand, defined as demand minus generation from variable renewable energy sources elem entenergy | 67



Operating the system flexibly gives savings of up to 5%

RN COST 0 I
63 3 Low DH
70 o 65,4 64,6 64,3 63,6 '~ 64,8

|:| Non-heat electricity

- Fuel

- Renewable heating systems

- Energy efficiency
|:| Heat storage

* Across all technology scenarios, the whole
system costs decrease in the Efficient-Smart
case compared to the Baseline-Passive. This
effect is most significant in the hydrogen-led
scenario.

* Thisis due to a high energy efficiency cost and
a mild climate, which means retrofitting HHP  H2 boiler H2 boiler

buildings in Spain has a comparatively higher Basellne EfflClent Basellne EfflClent Baseline Efficient
cost than in colder countries.

* The heating system costs reduce in the hybrid
and hydrogen scenarios while staying constant
in the heat pump scenario.

Whole system costs (b€/y)

A

>
> 25 4
eap . 2 M
* Some incentives on energy efficiency uptake @ 20 - 17 [ Renewable heating systems
and smart heating operation will be needed to o ] .
) i o 15 Energy efficiency
realise these system savings. 5 o [ ] Heat storage
* The benefits brought by the additional 9 |
flexibility from the renovation still always W 5 -
outweigh the costs of energy efficiency. ‘5 0 -
I

1 1 2 2 3 3
Baseline Efficient Baseline Efficient Baseline Efficient
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In Spain, significant hydrogen fuel savings are made in the flexible scenario compared to
the baseline *
b 4

;ng w
Waa

Low DH

* The “fuel” category has been broken down in
its subcomponents to show more detail of how
they differ across the various scenarios.

* The fuel subcomponents reported here have B clectricity tax

been assigned based on the final use § I Electricity generation
technology. % 13 ] [_] Electricity network
*  For example, if electricity is used in a heat g 10 4 B H2 tax
pump, it will be logged under electricity. If it is T g [ H2 generation
used for generating hydrogen, then used in a "é 6 - [ H2 network
hydrogen boiler, it will be logged under g 4. [ DH tax _
hydrogen. If the electricity-generated & 5 (7] pH generation
hydrogen is then used to generate DH heat, it .:éf 0 [ DH network
is logged as DH. ;:3 1 1 2 2 3 3
«  Asseen previously, the large decrease in fuel Baseline Efficient Baseline Efficient Baseline Efficient
costs in scenario 3 is due to significant N @ /@1
hydrogen cost savings in the flexible compared Ll'l_l

to the baseline case.
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System savings from flexibility can be shared in different ways with consumer

160
140
120
100
80
60
40
20
0

Both consumers who provide flexibility and those who don’t, can benefit from system flexibility

Fuel cost savings could be distributed in different ways:

— Savings could be passed on to consumers who provide flexibility, e.g. with time-of-use tariffs or payments for reducing
demand at peak times

— Savings could be socialised over all heating electricity demand

The range of possible savings are demonstrated via a minimum and maximum fuel cost for each building type with the real

savings likely to fall somewhere between the two limits
€/MWh

Baseline

IO 148

Range of electricity
costs for buildings
which do not provide
flexibility

-------------------- 1 19

Range of electricity costs
for buildings which
provide flexibility to the
system

B Retail electricity cost €/ MWh

Flexible: savings
socialised over
all electricity

Flexible: savings
passed on to flexible
heat customers
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Heat pump running costs in different households will depend on how flexibility is rewarded éﬁ

=

-_—

The dashed bars show the range of different fuel costs that consumers might pay in different circumstances, the minimum and maximum fuel
costs that these represent are shown on the previous slide

If the benefits are fully socialised, larger homes and flats may save around €7/y

If savings are directed towards the households providing flexibility, large flexible households may save a further €122/y, for total savings of
€129/y over the Baseline case

Similarly, flexible flats may save up to €99/y

Buildings which have been retrofit may see reduced savings due to their reduced energy demand — it is important policy and the market
mechanisms for flexibility are designed to incentivise energy efficiency retrofit

Running costs €/y

1.000

800

600

400

200

Do not provide

ﬂ

L

Pre 1970

flexibility

520

SFH
Baseline

520

7 464

SFH Flexible SFH Flexible SFH Flexible SFH Flexible MFH baseline MFH Flexible MFH Flexible

Shallow
retrofit

Deep
retrofit

Provide flexibility

513

Heat battery

Do not provide flexibility

447

Post 1970

Provide flexibility

shallow
retrofit

W potential savings

- fuel cost

- maintenance

MFH Flexible
Deep retrofit
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Providing flexibility can lead to cost savings for consumers in the heat pump scenario

TRy
=i
WA

* Both consumers who provide flexibility and those who don’t can benefit from system flexibility
* The dashed bars show the range of different fuel costs that consumers might pay in different circumstances, the minimum and

maximum fuel costs that these represent are shown on the previous slides

* Since there is not a saving from providing flexibility in every case grants for EE or heat batteries may be needed in so that

flexibility savings can be passed onto consumers

Do not provide Provide flexibility Do not Provide flexibility
flexibility provide
Annual consumer )i
Cost (€/y) y
3.000 ~ 2.915 B tech capex €/y

2.500

2.000

1.500

1.000

500

0

2.478 5o, B ce capex €/y
4% smart control capex €/y

- conversion capex €/y
B operational costs €/y

I heat battery costs €/y

B fuel cost €/y
NN Potential savings €/y

SFH SFH Flexible SFH shallow SFH Deep  SFH heat MFH Baseline MFH Flexible MFH Shallow MFH Deep
Baseline retrofit retrofit battery retrofit retrofit

flexible flexible flexible flexible flexible elementenergy |

- hot water cylinder costs €/y
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We consider a sensitivity with increase DH uptake in Spain — 32% of homes vs 16% in the
central case

* Benefits/pitfalls of DH
— Consumer issues
— Greater flexibility
— Technology agnostic
— Less in-home disruption, although higher public realm disruption
— Requires coordination and funding for implementation
* DH should be built to be low carbon from the start
e Existing DH will need to be supported to transition to low carbon technologies
* Waste heat can be very cost effective
* Some waste heat can be used directly, other waste heat will require temperature increase with heat pumps
* We have not assumed significant waste heat usage in the current analysis
* Further comments on consumer protections to be added in text
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Heating system uptake under low and high DH scenarios

* The heat sources used in DH depend on the technology scenario.

* Extending DH uptake to 32% involves construction of DH in areas that are less heat-dense. These are likely to be in smaller
cities and large towns, while in the low DH case DH will be more concentrated in large cities.

" Gas boiler

- Oil boiler

Il solid fuel (excl. biomass) boiler
Bl Biomass boiler

__ Direct electric heating

B District heating

- Heat pump
Hydrogen boiler
21% I Hybrid heat pumps
0%
Heat pump Hybrid Hydrogen Heat pump Hybrid Hydrogen
scenario heat pump boiler scenario scenario heat pump boiler scenario

scenario scenario
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In Spain, a lower DH uptake leads to a reduction in whole system costs as DH is only taken

up where most cost-effective
r@—l -1%
68,3 6,

T 701 654 646 643 636 8

The results reported in this slide show the = 60 1
whole system cost difference between the 2 20 1

. . o 40 -
higher and lower DH uptake in ES. E Low DH
The main difference between the higher and 2 >0 |
lower DH penetration scenarios in Spain is a ; 10 - H- B e HH
decrease in total costs in the lower DH uptake 2 o L | , | |
case. = HP HP HHP HHP  H2 boiler H2 boiler
This is because DH is assume to be taken first Baseline Efficient Baseline Efficient Baseline Efficient ] Non-heat electricity

where it is most economical. Therefore, DH N N N B Fuel
added only in the higher DH scenario will be [ Renewable heating systems
|:| Energy efficiency

less cost effective that that added in both
scenarios 30 @ [ ] Heat storage

> .
S~
™) 70,1
It leads to an overall whole system cost 2 66,7 65,9 66,7 66,0 - 663
. P . (%] i
increase as it is also more expensive than 2 60
other heating systems alternatives. ; 40 4
2 High DH
& 204 L | L
LA B =
Ml =8 5085
é 0 — — —— — —— -

1 1 2 2 3 3
Baseline Efficient Baseline Efficient Baseline Efficient
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District heating has similar costs for consumers but provides more system flexibility

1.800
1.600
1.400
1.200
1.000
800
600
400
200

Heat pumps provide the most cost effective heat source for decarbonised heat networks.

District heating costs around the same or less than building level heating depending on the scenario, and can be a cost effective
way to provide system flexibility, especially in multi family homes.

Trends shown below would be consistent with higher levels of energy efficiency.

§4

4

1.644

i 1.331

MFH Heat MFH low DH MFH high DH MFH Hybrid  MFH low

pump heat pump heat pump heat pump DH hybrid

heat pump heat pump

1.024 993 1.025 I 1.055 I

1.082

MFH high MFH

DH hybrid  Hydrogen
boiler

1.392 B Hot water cylinder costs €/y

B Fuel cost €/y
B Operational costs €/y
- Conversion capex €/y

1.354

smart control capex €/y

B e capex €/y
B tech capex €/y

MFH low DH MFH high DH
Hydrogen Hydrogen
boiler boiler
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Key messages for Italy

e Heat pumps are the cheapest way to decarbonise heat for consumers, they are typically 35% cheaper than Hybrid heat pumps
and 142% cheaper than hydrogen boilers

e Operating the energy system flexibly lowers the total energy system cost by 4% in a high heat pump scenario, this saving can be
passed on to consumers

* Installing energy efficiency can increase costs for consumers in the average dwelling due to a relatively low annual heating
demand, but can provide system-wide savings due to additional flexible stock

* Installing additional thermal storage to provide system flexibility is cost effective for the system and so consumers should be
rewarded for providing this service to the energy system

* District heating is of comparable cost to building level heating systems, but provides flexibility and is easier to decarbonise, so
decarbonising existing district heating networks has significant consumer benefit
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Overview of modelling methodology

1.

3.

4.

The archetype stock model calculates
the heat demand and final energy
consumption on an annual and hourly
basis for domestic dwellings in Spain.
The outputs are generated at the
building level and at the country-level
(i.e. including all buildings). Non-
domestic buildings are included in the
national demand although they are
addressed with less detail than the
residential stock.

Each residential building archetype
undergoes a flexibility assessment to
determine whether and how much its
heating demand can be shifted to
accommodate the needs of the wider
electricity system.

The energy demands and flexibility
potential of the heating system is
used by the ISDM in modelling the
hourly behaviour of Spain’s energy
system throughout 2040. The ISDM
predicts the retail costs of electricity
and green hydrogen.

The upfront and ongoing costs of
heating are calculated by the
consumer cost model for the
selected Spanish building archetypes.

Hourly demand
profiles

v

Hourly electricity

Building thermal
mass and additional
thermal storage

2. Flexibility Flexibility potential 2k [HnLE
assessment — by archetype (Power sector
Y P modelling)

l

Electricity and
hydrogen costs

l

4. Consumer cost

Building stock data demand by
archetype
1. Archetype model
of heating
Climate and fabric A Annual energy
. .. demand by
variations
archetype
e e all pt
1
1
Energy efficiency Heating system :
retrofit rates uptake :—
1
1
To be varied by scenario :
Key: Fixed inputs Scenario inputs
Model outputs Model components

n

model

}

Consumer cost of
heating
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Technology mix

- Gas boiler
- Oil boiler
0% i solid fuel (excl. biomass) boiler
B Biomass boiler
 Direct electric heating
- District heating
- Heat pump
Hydrogen boiler
B Hybrid heat pumps

Heat pump Hybrid Hydrogen
scenario heat pump boiler scenario
scenario
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Energy efficiency scenarios

e 2 scenarios analysed 20% of homes renovated in Baseline scenario

e Current renovation rate applied to 2025 Rising to 24% in the Efficient scenario

* Higher rates below applied 2025-2040 higher rates chosen
where additional retrofit benefits the system by providing
flexibility

e Baseline scenarios at 2% renovations per year is already

ambitious Non-residentia

B sFH New build
" MFH New builc
B VFH Pre 1970

MFH Post 1970

Annual renovation rate (%) B SFH Pre 1970

37 i Baseline SFH Post 1970
Efficient MFH Shallow
o B VIFH Deep
1 =0k 1,50 1.50 2 a SFH Shallow
0 - I : 0,50 RAIE GER] 0,50 B SFH Deep
Shallow SFH Shallow MFH Deep SFH Deep MFH Baseline Efficient
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Heat demand savings

e Savings in heat demand depend on size and age of the

dwelling as well as level of retrofit
- Heating demand kWh

15.973 Hot water demand kWh

1
|
<

I
D)

No EE  Shallow Deep No EE Shallow Deep
VA

Pre 1970

* Total heat demand savings of 15 TWh in Baseline
scenario, with further 7 TWh in Efficient scenario.

* 2% reduction between Baseline and Efficient scenarios.

13% ' SFH New build
3% MFH New build
7% N
6% \I\/IFH Pre 1970
MFH Post 1970

V8 SFH Pre 1970

/SFH Post 1970

16% 16% /MFH Shallow
(0]

s MFH Deep
21% oy LA A" sk shallow
/0% 12% e SFH Dee
— 0% " == il P

2020 Baseline 2040 Efficient 2040
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Costs and savings of energy efficiency measures

* Installation of energy efficiency measures enables cost savings to the entire energy system.
* Savings depend on the type of renewable heating system most commonly deployed, but are likely to be at least €4 bn per year.
* Policy support is needed to achieve these high rates of deployment due to the significant upfront cost to households.

Without policy support = ) @ @ [ Non-heat electricity
3.500 3.430 ¥ 150 130,5
: - 112,8 1088 116,5 113,0 -~ 117,2 Bl Fuel
"g 100 ! - Renewable heating systen
3.000 ; [ Energy efficiency
2.500 : . : 2 5o [ ] Heat storage
. 2 S0 L
ta e
2.000 .8 o L= B
= HP HP HHP  HHP H2 H2
1.500 Baseline Efficient Baseline Efficient Baseline Efficient
& & &
1.000 LI_LI
500
B Technology capex €/y B Fuel cost €/y
0 | I3z capex €/y B Hot water cylinder costs €/y

SFH SFH SFH MFH MFH  MFH

BaselineShallow Deep BaselineShallow Deep
Heat Heat Heat Heat Heat Heat " Conversion capex €/y -Coolingelectricitycost€/y

pump pump pump pump pump pump -Operationalcosts€/y

Smart control capex €/y Heat battery costs €/y
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Costs and savings of energy efficiency measures with policy support

* Installation of energy efficiency measures enables cost savings to the entire energy system.
* Policy support is needed to achieve these high rates of deployment due to the significant upfront cost to households.
*  With a 50% public subsidy, pre 1970 single family homes with a shallow retrofit see annual cost savings of about €80/y.

Annual consumer @
cost (€/y) 5 150 - 130| : I | [_] Non-heat electricity
With policy support, 50% grant or rebate 2 : B el
3.500 ~ e 112,8 1088 116,5 113,0 ~.117,2 ue
'2 100 ! - Renewable heating systen
3.000 A E [ Energy efficiency
9 50 |:| Heat storage
2.500 % ,,,,,,,
@ | NN .
2.000 Y 2 ol ===
' = HP HP HHP  HHP H2 H2
1500 L Baseline E:fluent Baseline E:fluent Baseline EﬂffICIent
— & T ®
>00 I B Technology capex €/y [ Fuel cost €/y
0 | I3z capex €/y B Hot water cylinder costs €/y
SPFH  SFH  SFH  MFH  MFH  MFH Smart control capex €/y Heat battery costs €/y

BaselineShallow Deep BaselineShallow Deep
Heat Heat Heat Heat Heat Heat

pump pump pump pump pump pump

- Conversion capex €/y - Cooling electricity cost €/y
] Operational costs €/y
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Cost of energy efficiency measures

Upfront cost €

Energy efficiency upgrades require significant capital outlay, again
depending on the size and age of the home and level of retrofit.

Total outlay of €6.3bn/y in Baseline and €8.0bn/y in Efficient scenarios.

34.283

25.141

28.602

9.171

Shallow  Deep

)

Pre 1970

Shallow  Deep

‘(@

Post 1970
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Heat pumps are less costly for consumers than hydrogen, with hybrid heat pumps in
between

* High prevalence of heat pumps will lead to the lowest costs of heating Heatpump  Hybrid heat Hydrogen
for consumers, with hydrogen boilers leading to additional costs of pump Seler
about 2.4x per unit of heat Heat cost €/MWh

pre 1970 SFH 97 130 234
Annual consumer COSW Heat cost €/MWh
(€/y) I-,_LI ‘ post 1970 MFH 147 200 276
Pre 1970 :

3.500

3.000 A

2.500 - (+35%)

) 000 2.084 1.979 B Hot water cylinder costs €/y

. @ B Fuel cost €/y

1.500 A : B Operational costs €/y
1.057 | Conversion capex €/y
1.000 A
- smart control capex €/y
500 - - ee capex €/y
B tech capex €/y
0 _

SFH Heat pump  SFH Hybrid SFH Hydrogen MFH Heat pump MFH Hybrid  MFH Hydrogen
heat pump boiler heat pump boiler
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Hydrogen boilers have significantly higher running costs than heat pump systems

* Hydrogen boilers typically cost 3.75x as much to run as a heat pump system

* This is because the efficiency of hydrogen boilers is lower, so more fuel is required

* Hydrogen is also more expensive than electricity in Italy

* Hydrogen will be more expensive than gas is today Electricity Hydrogen

_ Fuel cost €/ MWh 129 160
Annual running costs €A (Efficient scenarios)

3.500 ~ I n I 3.303

3.000 4 Pre 1970

1.547
P

Post 1970

2.500 A
2.000 -
1.500
1.000 -

B fuel costs €y
B opex £/y

500 -

0 _
SFH Heat pump SFH Hybrid  SFH Hydrogen MFH Heat pump MFH Hybrid  MFH Hydrogen
heat pump boiler heat pump boiler
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Hydrogen boilers have lower capex than heat pump systems, with hybrid systems most
expensive initially

* Hydrogen boilers have the lowest up front cost for consumers out of the three options considered and hybrid heat pumps have
the highest up front cost

* Inapre 1970 SFH hydrogen boilers have 58% lower up front cost than heat pumps

Up front cost €
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How does smart operation of heating help the energy system?

* Uncontrolled operation of heat pumps leads to a high peak demand of the overall electricity system

* Utilising the flexibility provided by thermal storage and thermal mass, smart operation of heat pumps moves demand from hours of high
demand to hours of low demand (from peaks to troughs, see graph below)

* This reduces the peak demand of the system and thus the required network capacity.

* In our models smart heat pumps are also operated to move their demand to hours of high generation from variable renewable energy sources?,
to reduce curtailment of the electricity they generate and the amount of dispatchable generation capacity required to ensure security of supply.

* Thermal storage provides a much higher degree of flexibility than thermal mass (see below chart showing total system demand with and without
flexibility from smart heating over a period of one week).

* System peak demand drops from 125 MW with passive heating to 121.6 MW when high efficiency buildings are operated flexibly. Flexibility from
thermal storage in buildings lowers peak demand further to 107.3 MW.

-g TP DR R S /\ ................. 1 I
g ................ ' Peak system demand |
2 100 ' is reduced leadingto !
> i lower network i
2 = 80 | . : |
L3 | capacity requirements 1
E w 60 T TTTTTTTTT T T T T T T T T T T T T o T
o= i Moving demand from peaks i
GEJ 40 ' to troughs of system demand |
(V] =T O -1 O =+ O -+ O = O - O LDL;T_CD__\;i__L(_D__\—_I_CC;_\_—r_L;)__F—i__L(_D__H_ O =+ O -+ O + O - O
4‘;; TS AN AN OON TN O ONMNONOIDOODOO-HddAN NS DN OO
S Lo I e T B o O o R e O o TR R o B e R o B O T |
[}
Hour
— Passive heating After thermal mass After thermal storage
------ Passive peak Peak after thermal mass------ Peak after storage

1) hours of low net demand, defined as demand minus generation from variable renewable energy sources elem entenergy | 94



In Italy, the whole system costs are similar in all scenarios but the baseline hydrogen-led

scenario
130,5

= 140 -
o ¥ 150 - . 117,2
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In Italy, significant hydrogen fuel savings are made in the flexible scenario compared to the

baseline

As seen previously, the large decrease in fuel
costs in scenario 3 is due to significant
hydrogen cost savings in the flexible compared
to the baseline case.

In Italy, the fuel costs contribute to a higher
fraction of the whole system costs compared
to ES, and as a result, the decrease in fuel costs
between the baseline and efficient scenarios
are more closely aligned with that of CZ and
PL.
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System savings from flexibility can be shared in different ways with consumer
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0

Both consumers who provide flexibility and those who don’t can benefit from system flexibility

Fuel cost savings could be distributed in different ways:

— Savings could be passed on to consumers who provide flexibility, e.g. with time-of-use tariffs or payments for reducing
demand at peak times

— Savings could be socialised over all heating electricity demand

The range of possible savings are demonstrated via a minimum and maximum fuel cost for each building type with the real

savings likely to fall somewhere between the two limits
€/MWh

Baseline

Range of electricity
costs for buildings
which do not provide
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151

_______________________ 112

Range of electricity costs
for buildings which
provide flexibility to the
system

B Retail electricity cost €/ MWh

Flexible: savings
socialised over
all electricity

Flexible: savings
passed on to flexible
heat customers
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Heat pump running costs in different households will depend on how flexibility is rewarded

* The dashed bars show the range of different fuel costs that consumers might pay in different circumstances, the minimum and maximum fuel
costs that these represent are shown on the previous slide

* If the benefits are fully socialised, larger homes may save around €50/y, with flats saving about €30/y

* If savings are directed towards the households providing flexibility, large flexible households may save a further €150/y, for total savings of
€200/y over the Baseline case

* Similarly, flexible flats may save up to €85/h

* Buildings which have been retrofit may see reduced savings due to their reduced energy demand — it is important policy and the market
mechanisms for flexibility are designed to incentivise energy efficiency retrofit
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Providing flexibility can lead to cost savings for consumers in the heat pump scenario

* Both consumers who provide flexibility and those who don’t can benefit from system flexibility

* The dashed bars show the range of different fuel costs that consumers might pay in different circumstances, the minimum and
maximum fuel costs that these represent are shown on the previous slides

* In SFH there are always system savings from flexibility relative to the baseline, but in MFH grants for EE or heat batteries may
be needed in so that flexibility savings can be passed onto consumers
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HPs are also cheaper for DH than H2

* @Gas and oil CHPs will have to phased out where they exist

* DH should be built to be low carbon from the start

* Waste heat can be very cost effective

* Some waste heat can be used directly, other waste heat will require temperature increase with heat pumps
* We have not assumed significant waste heat usage in the current analysis

* Further comments on consumer protections to be added in text
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District heating has similar costs for consumers but provides more system flexibility

2.000

1.500

1.000

500

Heat pumps are the most cost effective way of decarbonising existing heat networks

District heating costs around the same or less than building level heating depending on the scenario, and can be a cost effective
way to provide system flexibility, especially in multi family homes

Trends shown below would be consistent with higher levels of energy efficiency.
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