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Why solar thermal

* 90% of the solar thermal systems sold in Europe are manufactured in
Europe

e Approximately half the investment is allocated to the lower end of the
value chain, generating jobs and economic growth at the local level

* Almost 100% renewable
* Components are either reusable or recyclable

 Combines a low levelised cost of heat with short energy and carbon pay-
back periods

 Established quality mark (Solar Keymark)
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Solar thermal market in EU27 + Switzerland + UK

Total and Newly Installed Capacity (glazed collectors)

GW

40

35

30

25

© Solar Heat Europe / ESTIF 2022 15%

5%

-5%

-15%

-25%

2013 2014 2015 2016 2017 2018 2019 2020 2021

I Total installed n-1 (MW,,) Newly Installed (MW,,) Var. Newly Inst. Cap. (%)

Solar Thermal in Europe 2021

Source:

Solar Heat Markets In
Europe

By Solar Heat Europe
December 2022



100%

I 1 e Solar Thermal in Europe 2021

AV e

Shares of the European Solar Thermal Market
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The market in Italy

* [taly experienced the largest increase in absolute terms (85%
increase) -> 225.000 m? of new installed collector area.

* The main reason for the positive growth trend has been the new
“Super Bonus 110%”.

* This mechanism boosted the construction industry as a whole and
consequently also the solar thermal industry.

* It was successful mainly on single-family-houses.
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* Logistical problems regarding the supply of components existed prior
to the current crisis, having grown particularly during the pandemic.

* The inflationary pressure caused by the increase in energy prices
affects also the solar thermal sector, leading to an increase of solar
systems’ prices.

* The increase in the prices of gas and electricity has clearly improved
the competitiveness of solar heat.
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Why thermal storage

* Electricity is hard to be stored directly on a large scale (Direct electric
storage).

* Nowadays, pumped storage covers more than 90% of stored electricity in
the EU35 but is limited in expansion due to regional and environmental
restrictions.

e Storage options include
* Power-to-Heat
* Power-to-X processes
* Biomass and intermediate bioenergy carriers

* It is expected that storage capacity has to increase by 2 to 3 orders of
magnitude to avoid curtailing RES electricity.



Installed TES capacity

Taking into consideration only the electric DHW tanks
in EU28, a total storage capacity of about 125 GWh,, is
installed.

Installed Capacity of Thermal Energy Storage

Luisa F Cabeza, Harald Mehling, Joaquim Romani
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Ongoing research on TES

From Horizon Europe WP 2021-2022

* Energy Sector Integration: Integrating and combining energy systems to a cost-
optimised and flexible energy system of systems

 Demonstrate the use of high temperature geothermal reservoirs to provide
energy storage for the energy system

 Demonstration of innovative plug-and play solutions for system management
and renewables storage in off-grid applications

* Interoperable solutions for flexibility services using distributed energy storage
Thermal energy storage solutions
* Development of high temperature thermal storage for industrial applications



Ongoing research on TES

From Horizon Europe WP 2023-2024
* Waste heat reutilisation from data centres (Seasonal TES expected)

 Demonstration of innovative, large-scale, seasonal heat and/or
cooling storage technologies for decarbonisation and security of
supply

* Novel thermal energy storage for CSP



HYSTORE project

Develop and validate four innovative Thermal Energy Storage

concepts, based on PCM and TCM solutions. S T@ R E

Provision of hybrid services (related to heat and power) thanks to a yorid Services rom pdvanee
smart aggregator and an open-source multi-service platform. et rery torage Syens

Impact:

* Up to+120% energy density

e -50% CAPEX

* Allow TES to be coupled and integrated with grid-level aggregators

e Business Models will be developed from the perspective of end-
users and of technology providers

https://www.hystore-project.eu/




PARMENIDES project
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Solar thermal and TES

Committee (to be elected in June) Mixing
valve

Initial plans for the new ESTTP Steering _A
I\

e Update estimations on TES capacity installed
in Europe

* Discuss to what extent installed solar thermal
TES can be used for providing services to the
electric grid (Efficiency? Control?) . <

‘Q—Q boiler
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Overview of Different Biomass Technology Concepts for the Production of Syngas



Dual-fluidized bed biomass steam gasification
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Product gas’ or

Typical product syngasz Bed material, heat
gas composition

More challenging fuels will
cause an increase in tar and H,S
in raw syngas

Flue gas

- Higher efforts in raw and
fine gas cleaning before
synthesis Wood chips

- Economic trade-off between
fuel costs and gas cleaning
costs (CAPEX and OPEX)

BUT: Main gas composition only
slightly influenced by fuel
quality (unless CH-ratio in fuel
changes significantly)

Combustion reactor
(fast fluidized bed)
900 — 950 °C

Gasification reactor
(bubbling fluidized bed)
780 — 850 °C

Steam Bed material, char Air

1 e.g. far (incl. BTEX): 20-30g/m?®, H:5 ~100 ppm for biomass fuel 2 Syngas = cleaned from impurities
before any gas cleaning for downstream processing



»classic“ DFB
viore H, in product gas

Up to 32 MW DFB steam
gasification. Commercial
Lab-scale tests show over 70 operation for combined

vol% H, Sorption Enhanced heat and power production,
Reforming (SER), using woody feedstock.

Versatility of operation

Product gas contains more
hydrogen, but less CO and CO,

B H, Ico,
70 o J0% I co [ CH,
60 - Using Ca0 to
remove CO- in-situ.
50 -
43%

40 -

30 -
23% 23%

20

10

0 -

vol% (dry) SER - DFB Classic DFB

Lab-scale tests show an
increased CO yield of +30 %

Low H,/CO ratio, increased
carbon conversion rate

Using recycled CO- as additional
fluidization medium.

Maximizes carbon conversion, with
possible use of Hx/O; from electrolysis
as added ‘renewable’ benefit.

35%
31%

CO,-DFB



Process chains for syngas utilization (in general)
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Diverse complexity of process chains

Raw
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chips gas  JEEVES chips 9as Raw gas Fine gas SNG
' cleaning SERRS - cleaning cleaning SUGESE
raw SNG
Steam
CO, H,

separati separati

on on

RME Amine
scrubb . scrubb
er er

Steam Adsorbate

reform
er

Steam




100%

Ry &

Raw syngas

* Lowest production costs avoiding
CAPEX and OPEX intensive
downstream processes

e Substitution of natural gas (and
,opportunity fuels)

* Minor adapations of burners

* Possible limitations due to
impurities and hydrogen content

e Continuous use of raw syngas
required (= integrated on- or
near-site)

kHighest efficiency of value chain/

\emission trading

Advantages / disadvantages and limitations for the

different syngas qualities

SNG
e Very significant upgrading costs
(fine gas cleaning, synthesis
process, electrolyzer)
Integration of renewable
hydrogen to maximize carbon
conversion efficiency
Storage and distribution via
natural gas grid possible
e ,Drop-in“ substitution of natural
gas
Potential for carbon capture and

/

Hydrogen

» Significant upgrading costs (fine
gas cleaning, purification and
separation)

e Storage and distribution via
grids limited

e Adaptation or substitution of
burners required

* No go for certain applications
that do not sustain hydrogen

* No CO,-emissions linked to the

application

* Highest potential for carbon
capture and emission trading




Selected potential applications

Pulp and paper industry

* Raw syngas (or SNG) substituting natural gas in rotary kiln
* Using excess syngas waste heat recovery boiler

Steel industry

* All qualities of green syngas substituting natural gas in a number of processes
(competition with coke oven gas and hydrogen)

* For some applications SNG (or CH, from biogas) only green alternative (stainless steel)
Cement industry

* Substitution of natural gas and opportunity fuels in rotary kilns



Summary

DFB biomass steam gasification is

* A proven technology (TRL 9) to produce different qualities of syngas (TRL 5 to TRL9)
* A versatile technology in terms of fuel flexibility and product flexibility

Syngas qualities

 Differ according to the downstream efforts applied

* May be appropriately selected (process chain) for needs of specific application and boundary conditions

Syngas from DFB biomass (residues, waste) steam gasification offers a
tremendous potential for greening large energy intensive industries

Green alternatives for high-temperature heat

* Fixed bed gasification and biogas for relatively small applications and electricity based hydrogen
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Presentation from ETIP Geothermal — Fausto Batini, Chairman of ETIP Geothermal
* Breakdown of ETIP G Working Groups

Presentation of EGEC on RHC-ETIP — Luc Pockele, R.E.D. srl IT
e Strategic Research & Innovation Agenda for Geothermal Technologies
o GEOTHERMAL Panel’s New Working Groups 2022-2025

M B Renewable
:‘T~ Heating & Cooling N A E G E C

GEOTHERMAL

European Technology and Innovation Platform
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From ETIP G Working Groups...

O\ W G 1.Geo Resources Assessment
~&=3 (previously Exploration)

_%—@_ W G 3.Power systems
(previously Surface Systems / Generation)

W G 5.Materials
(previously Production Technologies)

o
|l

W G 7.Circularity and Sustainability
(previously Documentation & Presentation
and Environment)

" ETIP-DG

European Technology & Innovation
Platform on Deep Geothermal

WG 2.W ellTechnologies
(previously Deep Drilling)

WG 4.Heating & Cooling systems
(previously Surface Systems / Generation)

WG 6.Environment
(previously Production Technologies)

W G 8.Market Uptake
(previously Non-Technical)

www.etip-dg.eu



ETIP G Working Groups integrating the geothermal panel of RHC ETIP

GEO RESOURCES
ASSESSMENT

Exploration technologies

Reservoir modeling

Catalogues &
geothermal database

Cutting edge &
supercritical resources

Resources &
reserves estimation

&) ETIP-

European Technology & Innovation
Platform on Deep Geothermal

WELL
TECHNOLOGY

Drilling technology

Completio
n
technology

Well logging

Productio
n
technolog

y

POWER
SYSTEMS

Closed loop

Power cycles
& efficiency
improvement

Advanced
binary cycle

heat & power
flexible
production

Hybrid plants

H&C
SYSTEMS

Heat pumps

Heat storage

Smart &
integrate
d

systems

heat supply
to industry

Geothermal
panel WGs:
Technologic
al
development
for shallow
geothermal

MATERIALS

Scaling
prevention

Corrosion
preventio
n

High
temperature
sensors & tools

Eco-
friendly
chemicals

Eco-
friendly
materials

ENVIRONMENT

Lca approach

Emissions
impacts
mitigation

Foot
print
reduction

Seismicity control

Underground
water protection

CIRCULARITY &

SUSTAINABILIT Y

Lithium & other
minerals
exploitation

Materials recycling

Chemical’s
production
(hydrogen,
etc)

Other uses of geo
resources/
streams (i.e. Co2
and heat)

Water use
manageme
nt

MARKET
UPTAKE

Social welfare

Financing &
risk mitigation

Policy &
regulator
y

Education
& training

Dissemination/
CO mmunication

www.etip-dg.eu



ETIP DG — Main previous Achievements: towards a new SRIA
in 2023

oecrceorenua. f © VISION FOR DEEP GEOTHERMAL (September 2017 - March 2018)
New vison will be published in 2023

* STRATEGIC RESEARCH AGENDA (March 2018 - April 2019)
Updated SRIA in 2023

« ROAD MAP (May-June 2019).
v'Annual roadmaps: every year

&) ETIP-DG

European Technology & Innovation
Platform on Deep Geothermal

www.etip-dg.eu



The making of...

* First Strategic Research Agenda (2011) and Roadmap (2012)

* Second version, update, SRIA 2020 towards the 2021 - 2027
period:

* Technologies & Resources
* Hybrid systems and integration
°* Non —technical topics & market uptake

www.rhc-platform.org - Tel: +32 2 318 40 50 - Email: info@rhc-platform.org 7
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.10 GEOTHERMAL Panel’s New Working

Groups 2022-2025

1) Technological development for shallow geothermal
Cooling

Reduce installation costs

Buildings renovation

2) Geothermal h&c in the energy transition: opportunities
System integration

Low-temperature District Heating and Cooling Systems
Business models and financing, Communities’ engagement
Analyse loopholes for GSHP development

Challenge about decarbonising the peak demand

3) Technological development for Geothermal: in cooperation with ETIP-G
Hybrid systems
Thermal storage
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FLEXIBLE, ADAPTING

¢ In the short-term to the
energy supply and demand
situation.
* Inthe medium-term by
adapting the temperature level
in existing networks and the
installation of new distributed micro-networks
* [n the long-term by aligning the network development
with urban planning.

EFFICIENT

They are ] —
designed
to achieve
the highest
overall efficiency of the energy system,
by choosing the optimal combination
of technologies and enable a maximum
exploitation of available local energy
resources by cascade usage.

SMART
GRID

COMPETITIVE ==

They are cost ‘ 1 5%) l
effectivein a ‘
—

way that makes
operation
affordable, both for consumers and businesses.
They increase the cost efficiency of heating
and cooling supply, and create opportunities
for customers to participate.

N

These systems can be both
applied for neighbourhood

level or city-wide,
according to the d

INTELLIGENT

They are intelligently planned and
operated, and enable the end-user to
interact with the heating and cooling
system. They can,
for instance, supply
heating or cooling
back to the network
and to off-grid
applications.

|

THERMAL

INTEGRATED

They are integrated in the whole
urban energy system from a
spatial point of view (related

to urban planning parameters
and processes), and from an
energy system point of view
(e.g. optimising the interfaces
to other urban

networks —
electricity,
sewage, waste,
ICT, etc).
SECURING
ENERGY SUPPLY
They increase Ll
security of l I l

energy supply

ata local level

by using local sources of energy for
heating & cooling.

of heat and cold.

www.rhc-platform.org - Tel: +32 2 318 40

Geothermal district heating & cooling for

sustainable and smart cities

€/MWh
g B

o8 3888

Graphique 6 : LCOE DE LA CHALEUR COLLECTIVE ET DES CHAUFFERIES AU GAZ

113 140

B . . 96
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- 57
3

T T T
Solaire  Champs
collectif desondes

T T T T T

Solaire  Aquiferes Biomasse
s/reseau  superf. collective
<3MW

Chaufferie gaz « 500 kW s Chaufferies gaz0,5- 3 MW

— Chaufferies gaz > 3 MW

In France, already in 2019 a
geothermal DH was 3 times cheaper
than a gas boiler !

25% of the EU population could be
heating by geothermal DH systems
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IEA - The global perspective of heat pumps (1)

* Heat pumps identified by IEA as the main heating solution to reach the ambitions in their Net Zero by 2050
Roadmap (2021) - 55% of the heating needs in buildings should be met by heat pumps by 2050 - an
increase by a factor of 3-4 in 2030 and a tenfold increase to 2050 (compared to 2019).

| Heat pumps installed and share of buildings heating needs

180 million 600 million 1800 millien
7% 20% 55%
No new sales Half of existi More than 85% of
ildi ; All new buildi Most ACs are best "e
35 Buildings  of fossil fuel ze’r':_cwar::,n"::::’e os " :I:: € buildings retrofitted buildings are
ilers v to zero-carbon ready zero-carbon ready

Transport i levels

5
— ; ; ' Source:
2020 2025 2030 2035 2040 https://www.iea.org/reports/net-zero-
Mo new unabated coal plants 1020 GW anhwal solar and  Overall net zero electricity Net zero electricity
approved for development wind additions in advanced economies b y ‘2050
Phase-out of unabated coal Phase-out of all unabated
in advanced economies e e Al T S

lectric cars are Electric heawvy trucks
60% of sales are 50% of sales


https://www.iea.org/reports/net-zero-by-2050
https://www.iea.org/reports/net-zero-by-2050

Figure 1.7 = Heat pump capacity in buildings by country/region and

scenario, 2021 and 2030
Figure 1.12 = Global heat pump capacity and coverage of heating needs

in the APS and NZE Scenario, 2021-2050

: 31100 30% Rest of world
(&)
Japan and Korea
2500 e s B U - 25% p = B 000  seorssorsnasrisanssenssusssssssessnsonissassasserosg v 60% Share of heat pumps in
® China © buildings energy use for
2000 e e = North America heating (right axis):
M Europe N0 (0] R LTI TR IR 40% ® 2021
1 500 .............................................. Share Of heat pumps APS
in global heating
1000  +osers SRNNNEER+++++++ s+ NN . v oo otsesd demand (right axis) T R - - e 20% ® NZE
- )
_ .
2021 2030 2030 2021 2030 2050
STEPS APS NZE NZE
IEA. CC BY 4.0

IEA. CC BY 4.0.
Global heat pump capacity nearly triples by 2030 in the NIE Scenario and then doubles

Around 20% of heating needs are met by heat pumps in 2030 in the APS,
again by 2050, with stronger policies than those already planned needed beyond 2030

with China, North America and Europe remaining the leading markets

STEP: States Policies Scenario, APS: Announced Pledges Scenario, NZE: Net Zero Emissions by 2050

International
Energy Agency

World Energy Outlook Special Report

Source: |IEA, The Future of
Heat Pumps(2022)
https://www.iea.org/report
s/the-future-of-heat-pumps
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* |EA 10-point plan

* REPowerEU

Strong Policy Support for Heat Pumps

* Heat Pump Action Plan

* Net Zero Industry Act

Key technologies

= i)

Solar photovoltaic and
solar thermal

Batteries and storage

Electrolysers and fuel cells

Carbon capture and
storage

G @

Onshore wind and offshore  Sustainable
renewables biogas/biomethane

H .«

Heat pumps and
geothermal energy

Grid technologies
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Impact: Reduces gas use for heatng by an
addtonal 2 bem In one year

]

ACCELERATE
CLEAN ENERGY

VA

REPowerEU

PHASE OUT DEPENDENCY
ON RUSSIAN FOSSIL FUELS

DIVERSIFY [

ENERGY

SOURCES [@on]
SMART INVESTMENT
National and European plans:

reforms and investments,
faster permitting and innovation

A total additional deployment of 10 million
hydronic heat pumps over the next 5 years
and 30 millions by 2030 (hydronic only)
Faster deployment of large district heating
and cooling network heat pumps.
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AV R Deployment

1. a platform/accelerator/partnership of the Commission, Member

European
States and the sector

Commission

2. Communication on available Heat Pump solutions and a dedicated
Heat Pumps skills partnership.

3. Ongoing legislative work

4. More accessible financing
» Call for evidence open until May 26, 2023

» Open consultation during 12 weeks, 4 scheduled stakeholder
meetings



100%

Ry ®

IEA - The European perspective

Heat pumps help reduce EU natural gas dependency

Figure 1.14 = EU heat pump installations and stock and related cumulative
natural gas savings in the APS, 2021-2030

Annual heat pump Natural gas savings
installations from heat pumps

g 10 ...... Enrraanasaan 50 ‘é New buildings PP - 25 E
5 S 2
§ 8 e e 80§ B Existing buildings 20
3 s Stock (right axis)

B e 30 15

4 20 10

2 - 10 5

2021 2025 2030 2025 2030
IEA. CC BY 4.0.

New heat pump installations cut the consumption of gas by 7 bcm in 2025
and 21 bem by 2030 in the APS, roughly equal fo 15% of Russian imports today

Source: IEA, The Future of Heat Pumps(2022) https://www.iea.org/reports/the-future-of-heat-pumps
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The European perspective
Heat Pumps Create Jobs

BUSINESS AS USUAL SCENARIO COMPARED TO
THE MODELLED HEAT PUMP SCENARIO

MEETING EU HEAT PUMP TARGETS WILL CREATE
3 MILLION JOBS IN THE EU

Q0
2,000,00 ap
1,789,000 . Mining &
factured fuel
BUSINESS AS USUAL SCENARIO HEAT PUMP SCENARIO mandfactured fuels
1,500,000 . Manufacturing
Construction
- Energy price projections based on - Energy price projections based on ®
REPowerEU forecast REPowerEU forecast @ ransoort
© 1,000,000
- COz2 price on heating fuels (ETS2) and - COz2 price on heating fuels (ETS2) and : (0 senvices
power sector decarbonisation by 2050 power sector decarbonisation by 2050 8
E‘ -Othﬂ’ economic secl:o_rs were not
- Renovation rate increases from 1% to - Renovation rate increases from 1% to x 500,000 486,000 :':E'j;;i’l;‘:;_’m"“ the impact was
1.5% by 2030 3.5% by 2030 390,000
*Includes businesses, public
- Continued high use of gas boilers and - Large uptake of heat pumps (in individual 796000 :;gtﬁ;;':ﬁzgtﬂd;erg:jctjﬂbs in
fossil fuels; no implementation of heating and district heating) in line with R : yeeer
REPowerEU's heat pump target REPowerEU

-500,000

Source: Europé’s Leap to Heat Pumps https://www.ehpa.org/publications/europes-leap-to-heat-pumps/ based on based on the Cambridge Econometrics report ‘Modelling the socio-economic impacts of zero carbon housing in Europe
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Sales statistics - global and European

oo e e Europe

] | Total heat pumps
Gloal heatpumps ' Market growth ‘10 — '22 | HP stock?922¢est: 19,9 mill. installed
Air-to-water heat pumps 3000 000 @25% pa
N+38% 22
6 million

Global air-to-water heat pumps
m Brine-water m Air-water m Air-Air m Sanitary hot water Other

E 2 500 000
urope
P +34%
Japan 2000 000 I 2025
7 4years 2
China 1 500 000 l o
l ©
Air-to-air heat pumps . L
Global air-to-air heat pumps @ 1 000 000 n [ | CD
- [ | &
] | F = m B T
Europe @ 500 000 Kz
=
T n il 3
=
United States (] I I I L
- | 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022e A
RenWEfnergy efficiency | Observations on the energy transition | Thomas Nowak | 27.4.2023 Eeh pa.:
China © 1% 7% 3% 3% 13% 12% 12% 13% 19% 6% 34% 38%e

Source: IEA (2023 https://www.iea.org/commentaries/global-heat-pump-sales-continue-double-digit-growth



100%

Ry &

* Heat pumps have strong support from policy
in many countries — however more is needed

* Massive market growth seen in many
countries

* Challenges with high upfront cost and lack of
skilled workers

* Many announcements of investments in
increased production capacity — still a gap!

Source: IEA, The Future of Heat Pumps(2022) https://www.iea.org/reports/the-future-of-heat-pumps

Strong support, but barriers remain

Figure 4.10 Heat pump manufacturing capacity by country/region according to
announced projects and in the NZE Scenario

= 500
O

400
300
200

100

2021 Announced 2030 NZE
@China mOther Asia Pacific @Europe ®North America BRoW ®NZE demand BNZE residual capacity

IEA.CCBY 40

Notes: RoW = rest of world; NZE = Net Zero Emissions by 2050 Scenario. Announced capacity includes existing capacity.
The manufacturing capacity needed to meet projected demand in the NZE Scenario (NZE demand) is estimated assuming
a utilisation rate of 85%. NZE residual capacity, thus, represents the manufacturing capacity that would remain unused, on
average, which provides some flexibility to accommodate demand fluctuations. Heat pump capacity (in GW) is expressed
as thermal output capacity. By and large, Europe is the main region to have concrete public expansion plans from
manufacturers in place.

Announced heat pump manufacturing capacity covers only one-third of NZE Scenario
requirements for 2030, but short lead times mean that capacity could expand quickly.
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What about cooling?

All heat pumps have a cold and a warm side — a heat
source and a heat sink

* If needed a heat pump can deliver heating and cooling
at the same time

* May heat pumps can operate in reverse mode to
deliver heating in winter and cooling in summer

* Thereis a large, non exploited potential for improved
energy efficency by using both sides of the heat pump

* Large heat pumps in district heating and cooling grids
are suitable for providing simultanous heating and
cooling



HPT TCP by IEA Strategic Work Plan 2023-2028
Prioritized Areas for RDD&D

Robust, sustainable and
affordable value chains

Extending operation
range and applications

New technologies and
refrigerants

Sector coupling, energy efficiency,
flexibility, resilience, storage,
digitalization, positive energy
districts

® Annex 56: loT for Heat Pumps

® Annex 57: Heat pumps in multi-
vector energy systems

® Annex 61: Heat Pumps in Positive
Energy Districts NEW

® (CB for cooling and
dehumidification

® Sector Coupling - Survey of
practical examples

@ Digital Services for Heat Pumps

Improving affordability, securing
value chains, circular economy,
removing barriers for mass
deployment

® Annex 63 Placement Impact on
Heat Pump Acoustics NEW

Heat Pumps in a Circular Economy

New or alternative business
models for heat pumps

-

|
To fulfill demand from all climate

zones, new markets, new
applications and new demand.

Refrigeration in emerging countries.

® Annex 60: Retrofit Heat Pump in
Larger Non-domestic Buildings

® Annex 58: High Temperature Heat
Pumps

® Annex 59: Heat Pumps for Drying

® Annex 62: Heat Pumps in

residential multifamily buildings in
cities NEW

Non-traditional heat pumping
technologies (for heating and
cooling)

Refrigerants (low GWP, safety etc.)

® Annex 53: Advanced cooling and
refrigeration technology
development

® Annex 54: Heat Pump Systems
with low GWP Refrigerants

® Annex 64: Safety Measures on
Flammable Refrigerants NEW
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Towards 100% renewable energy-based heating and cooling
in Europe: A secure energy supply in times of crisis

Ralf-Roman Schmidt

Powering Communities with Resilience: AITAUSTRI AN INSTITUTE
The Role of District Heating and Cooling OF TECHNOLOGY

in Securing Energy Supply TOMURROW TODAY

This presentation has been created based on results from the
project HeatHighway: funded by the Climate and Energy Fund

of the Federal Government of Austria within the framework of the
Energy Model Region NEFI and the Austrian State of Upper Austria



https://nefi.at/de/projekt/heat-highway

MOTIVATION

« The provision of energy supply security and resilience in heating and cooling
systems is connected with handling different uncertainties, e.g.

- Electricity prices (average values and hourly fluctuations)
* Prices of renewable fuels (especially H2, biomethane and biomass),

* Availability of alternative heat sources (especially waste heat, but also deep
geothermal energy) and seasonal storage.

- What are the benefits of district heating (and cooling) networks compared to
individual supply systems?

12/06/2023 53



EXAMPLE: INTERREGIONAL HEAT
TRANSPORT NETWORK (HTN) IN AUSTRIA

 |dentification of the most promising heat
sinks and sources (8 industrial waste heat
suppliers + existing biomass heating plants).

Hypothetical HTN east of

« Elaboration of a basic pipeline route + costs

« Calculation of economic efficiency via
seasonal balances (no optimisation)

« Performing a risk analysis in comparison to
an "Individual" heat supply using Monte Carlo
simulation N

Focus of this presentation
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from hourly to
seasonal \ 5:
g values 7%
Generating = .
random g SEEET - Seasonal Energy Economic i
> o) Economic Evaluation Tool assessment a0
samples a;, = kb
I i h .
bi; Ci c 70- 75- 80- 8- 90- 95- 100- 105- 110- 115- 120- 125-
GJ 75 80 8 90 95 100 105 110 115 120 125 130
(?) LCOHin €/MWh
k j mEinzel mHHW

Monte Carlo simulation:
conduct i trials (repeat steps i
times)

Assembly of all trial results into
output distribution and calculate the
risk

Assignment of
PDF‘s/CDF‘s

AIT Internal
calculation Tool

Input data for the simulation tool
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@ DEFINITION OF THE UNCERTAINTY FACTORS

Lambda=0-> Lambda=1->
a) Prognoses of energy prices oty R ivedit
prices

prices

2023 2028 2033 2038
* Houerly electricity prices

* Monthly biofuel prices
* Yearly biomethane prices (= Gas price + Premium) Lambda draw
« The distribution of the energy price scenarios is

Source: Gas price: EU Energy Outlook 2060, electricit prices: 6ffentlich verfigbare Studien, Schwankungen: VAR-Model, Biomassepreise: Biomasst
described by a beta distribution
. Price = Lambda - Pricey,, + (1 — Lambda) - Pricey;n

everband

b) Availability of waste heat

» Little data available on when and under what conditions

the supply of waste heat fails
 Here: Use of WKO statistics on company insolvencies,

calculation of the average probability per year.



© SZENARIO DEFINITION

« Example of a draw X

year, when waste heat is not longer available

. Waste heat|Waste heat|Waste heat |Waste heat |Waste heat | Waste heat|Waste heat|Waste heat
Scenario Lambda . . . . . : : .
supplier 1 |supplier 2|supplier 3 |supplier 4 |supplier 5|supplier 6 |supplier 7 |supplier 8
X 0.73 2033 - 2040 - - - - -

e * N draws will be done and handed to the simlation tool

° « For each draw, the economic full load hours of CHP and WPs are calculated using the
hourly electricity prices + aggregated to seasonal values




© TECHNO-ECONOMIC EVALUATION

° USing the simulation programme ,,SEEET“ (developed within the project MEMPHIS 2.0)

« Consideration of seasonal differences with regard to the main influencing parameters
(heat demand and generation, electricity prices, etc.)

« Comparing two configurations

INDIVIDUAL HEAT HIGHWAY
« Decarbonization on municipal level « Connecting all municipalities via a
« Exchange of oil and coal heating with interregional DH transmission network
biomass and heat pumps (90% connection rate)

« Exchange gas heating with biomethane / Maximizing the waste heat utilization
biomass/ heat pump  Integration of large scale CHP and HP

12/06/2023 58


https://www.iea-dhc.org/the-research/annexes/annex-xiii/annex-xiii-project-02

CALCULATION OF THE LEVELIZED COSTS OF
© HEAT (LCOH)

LCOH INDIVIDUAL

LCOH HEAT HIGHWAY

Energy Cost

* Biomass
* Electricity
* Biomethane

Energy Cost

* Biomass
* Electricity
* Profits from electricity sales

—_—"]
J)

(

CAPEX

« Individual generation plants

CAPEX
« Individual generation plants

Depreciation

* Heating plant

* Networks

* CHP

* Large-scale heat pump
* Storage

Depreciation
* Heating plant

S e

(o
«

OPEX

* All generation units

OPEX

+ All generation units

REYES

» Assumption: Existing individual plants are at 50% of the
service life

D |||®. %0)/ 1) ()

RENESE

» Assumption: Existing individual plants are at 50%
of the service life

[
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© RESULTS
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CONCULISION

Uncertainties regarding energy prices have a considerable influence on the economic
efficiency of individual heat supply.

Compared to individual heat supply options, district heating networks can
« optimize the use of waste heat (favorable base load), utilize

* heat pumps (use when electricity prices are low) and

«  CHP (use at high electricity prices)

and as a consequence, form a very robust system

However, individual heat pumps enable the use of locally generated PV, participation
In energy communities, provision of cooling, etc., which was not considered in the
context of this study

12/06/2023 61
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