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IEA Technology Collaboration Programme on
Heat Pumping Technologies (HPT TCP)

Research, Development, Demonstration, and Deployment of Heat Pumping Technologies

The HPT TCP is part of a network of autonomous collaborative partnerships focused on a wide range of energy technologies known as Technology Collaboration
Programmes or TCPs. The TCPs are organized under the auspices of the International Energy Agency (IEA), but the TCPs are functionally and legally autonomous.

Views, findings, and publications of the HPT TCP do not necessarily represent the views or policies of the IEA Secretariat or its individual member countries. WWW. heatpu m pl ngteCh nOIOg ies. org @’
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About Heat Pumping Technologies TCP

e A Technology Collaboration Programme
(TCP) within the IEA since 1978

 An international framework of
cooperation and networking for
different HP actors

e A forum to exchange knowledge
and experience

* A contributor to technology
improvements by RDD&D projects

19 member countries

Austria
Belgium
Canada

China

Czech Republic

Denmark
Finland
France
Germany
Italy

Japan
Netherlands
Norway
South Korea
Spain

Sweden
Switzerland
United Kingdom
United States
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Heat Pumping Technologies

Includes
* Heating and cooling
* Air conditioning
e Refrigeration

Covers applications in
* Residential and

commercial buildings \ : & Akey
* Industries A | 4 teiz:‘?llm:gy
* Thermal grids in cities and future
communities

e Other applications

www.heatpumpingtechnologies.org @
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HPT TCP Organization and Management

Executive Committee Natlonal teams National experts meeting Heat Pump Centre Annexes

* Executive Committee: The board of HPT TCP - one . . — o
reating new Annexes Evactiin DG
vote per member country knowledge

in Annexes

NT
National
Teams

* National Teams: Organizations representing national
HPT activities. A forum for discussion networking

' Annex 53

and creation of new ideas. Meet at joint National - eat pump
Experts meetings. mevavEe
* The Heat Pump Centre: The central program office | o
and communication center of HPT TCP MN":C
* Annexes: Elaborating new knowledge through ) | | e @
collaborative RDD&D work A e ‘
S —
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Information dissemination and communication
e Publications (e.g. project reports)
e HPT Magazine and Newsletter(digital)

e \Website
www.heatpumpingtechnologies.org

e Social media: LinkedIn, Twitter
(@heatpumpingtech) and WeChat

Program Support
e to ExCo, NTs and Project leaders (OAs)

Heat Pumping Ye:hnologles’
MAGAZINE

And R
e Generation of new activities W R
e National Experts meetings

e Support to IEA publications
e Qutreach activities
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Ideation according to the Strategic Work Plan of HPT TCP

Outcome from last
National Experts
Meeting October
2021 in Nuremberg

Next meeting in
October 2023

F/iowen

Topic Proposals for new Annexes/Projects

Bassam to discuss with Bjim P KTH

Safety Measures

Topic Proposals for new Annexes/Projects

Cowturwmey  Oetiale e | Challenges

Present Status

Solutions where both the cold and the
warm sides of the thermodynamic

W et

v =

cycleareused | Digitalization for heat pumping

Collal ion
Do 1 e e s o cdter
e
e Faomiic?
Outcomes
Wt e s P
1 sl sk mtgaton

H Topic Propasals for new Annexes/Projects.
T technologies —
resent Status
sspiratons ot ot
vl
E=
Lid Aspirations Challenges
- :
s Wt 15 s e
5y S0 m eminled =
W syt enatied camabesty vi Rolebidty
-
e it
e b e
S N—— -
" 18 & it st e
£330
il

www.heatpumpingtechnologies.org @
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HPT TCP STRATEGIC WORK PLAN
2023-2028

Vision of HPT TCP

Mission of HPT TCP » RDD&D Priority Areas 2023-2028

e

IEA TECHNOLOGY COLLABORATION PROGRAMME ON

HEAT PUMPING TECHNOLOGIES

STRATEGIC PLAN STRATEGIC OBJECTIVES STRATEGIC INITIATIVES
2023 - 2028 P r— B

www.heatpumpingtechnologies.org
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Expected energy developments

* According to the IEA Net Zero by 2050 Roadmap, 55% of the heating needs in buildings
should be met by heat pumps to reach net zero emissions by 2050, an increase by a
factor of 3-4 in 2030 and a tenfold increase to 2050.

| Heat pumps installed and share of buildings heating needs

180 million 600 million 1800 million
7% 20% 55% |

No new sales icki
[ - Half of existing More than 85% of
35 Buildings of fos_sil fuel All ne\-ov h:lldlngs:re Most ACsI are best buildings retrafitted buildings are
ag ilers zero-carbon reacy inclass to zero-carbon ready zero-carbon ready
~ Transport i levels H H
o= i
O o
—
O ;s

50% of heating
needs met by HEAT|
PUMPS

2020 2025 2030 2035 2040 2045 2050

No new unabated coal plants 1020 GW anhual solarand  Overall net zero electricity Net zero electricity Almost 70% of electricity
approved for development wind additions in advanced economies sector globally generation globally from

Phlase-cut of unabated-cual Phase-out of all unabated solar PV and wind
in advanced economies coal and oil power plants
lectric cars are| Electric heavy trucks
60% of sales are 50% of sales

Net Zero

Energy

Technology,
Perspectives™
2023




Expected energy developments

According to the IEA Net Zero by 2050 Roadmap, 55% of the heating needs in buildings
should be met by heat pumps to reach net zero emissions by 2050, an increase by a
factor of 3-4 in 2030 and a tenfold increase to 2050.

Heat pumping technologies can also contribute

considerably to decarbonizing the industrial
sector and district heating.

Flgure 3.20 = Share of heating technology by temperature level in light

industries in the NZE
Technal
2020 Fossil fuel heater
2030 i W Biomass heater
;W Electric heater
2050 . M Hydrogen heater
i M Heat pump
2020 Other heat sources
2030 |
2050 Sub-sectors
:  ®Mining and construction
. m Food and tobacco
2020 ' Machinery
2030 | W Textile and leather

| WM Transport equipment
! mWood and wood products

25% 50% 75% 100%

2050

EA. All rights reserved.

The share of electricty in satisfying heat demand for light indusiries rises
from less than 20% today to around 40% in 2030 and about 65% in 2050

Notes: Light industries excludes non-specified industrial energy consumption. Low/medium-temperature
heat correspends to 0-400 °C and high-temperature heat to >400 °C. Other heat sources includes solar
thermal and gecthermal heaters, as well as imported heat from the power and fuel transformation sector.
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Energy

Technology .,

Perspectives |
2023:

www.heatpumpingtechnologies.org @
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Expected energy developments

According to the IEA Net Zero by 2050 Roadmap, 55% of the heating needs in buildings
should be met by heat pumps to reach net zero emissions by 2050, an increase by a
factor of 3-4 in 2030 and a tenfold increase to 2050.

Heat pumping technologies can also contribute considerably to decarbonizing the
industrial sector and district heating.

Heat pumps (for heating and cooling) could and need to become flexibility providers to
stabilize the grid when the share of intermittent renewable electricity production
increases.

The demand for comfort cooling is set to soar during the coming decades. Without
further action to address equipment and buildings’ performance, energy consumption
for space cooling will almost triple by 2050.

Without a major acceleration in clean energy innovation, net-zero emissions targets will
not be achievable

Net Zero

Energy

Technology,
Perspectives™
2023
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Progress of Recognition of Heat Pumping Technologies

‘ Heat pumps IEAs 10-point plan to reduce
ETP2020 one of six, dependance on Russian gas REPowerEU
® Heat pumps most “Double the planned
ETP2017 need to important 2P Speed upthe replecement o ges yearly pace of
S 3 deployment of heat
Heat becomethe clean energy @ et s e e e P ){)umps"
. norm for technologies
PUMPINE ~ heating in analysed Heat pumps - action lan
E'I'P2008 technologies buildings to accelerate roll-out
iti Lo the EU
Heat pumps are ablc”?cal contribute to across the
first ena her ° decarbonizat The Future of Heat Net Zero Industry Act
mentioned in ::(IJ}E;:atic ion of the fupmps o0
ETP biti industrial 7
ampitions sector and Key‘t‘t'!chnologles
DH grids Yoz @ 2R @

Net Zero

.ETP2023

IEAs NZE by 2050 Roadmap:

“In 2045 50% of the heating demand
should be met by heat pumps”

Heat Pumps prioritized in US
Inflation Reduction Act (IRA)
Defence Production Act (DPA)

Onshore wind and offshore Sustainable
biogas/biomethane

Solar photovoltaic and
solar thermal

Electrolysers and fuel cells
renewables

Similar trends for recognition of heat pumps in
other regions of the world

Batteries and storage

Carbon capture and
storage

@
Heat pumps and
geothermal energy

.y

Grid technologies
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Vision
Heat pumping technologies are the cornerstone for a secure, affordable, high-efficiency, clean and
net-zero emission energy system for heating, cooling and refrigeration.

We are the key worldwide independent actor to achieve this vision across multiple applications
and contexts. We generate and communicate information, expertise and knowledge related to
heat pumping technologies as well as enhance international collaboration.

Mission
To accelerate the transformation to an efficient, renewable, clean and secure energy sector in our

member countries and beyond by performing collaborative research, demonstration and data
collection and enabling innovations and deployment within the area of heat pumping

technologies.

@)
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RDD&D priority areas 2023-2028

System integration

Robust, sustainable and

Extending operation

New technologies and

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

e The role of heat pumps in
integrated energy systems on

building, district and city levels.

e Heat pumps as an enabler for
sector coupling

e Methods for evaluating smart,
flexible heat pumps

affordable value chains

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

e Systems for circular economy for
heat pumps
e New business models

e Easy to install products
(plug and play and self-
commissioning)

e Standardization for scaling

e User behaviour/ acceptance of
HPT, comfort and flexibility

range and applications

—-
prm—
T

To fulfill demand from all climate
zones, new markets, new
applications and new demand.

Refrigeration in emerging countries.

e Heat pumps for industrial
applications

e Heat pumps for district heating
and cooling applications

e Heat pumps for retrofitting of
existing buildings with special
requirements

e Heat pumps/AC for cooling,
dehumidification and drying

e (Cold climate heat pumps

refrigerants

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

Refrigerants (low GWP, safety etc.)

e Non-vapour compression
technologies

e Other areas that need low TRL
level research

e Efficient operation, components
and systems for Low GWP
refrigerants

e Safety measures for operating
with low GWP refrigerants
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RDD&D Priority Areas 2023-2028

System integration

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

Robust, sustainable and
affordable value chains

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

Extending operation
range and applications

—-
prm—
T

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

New technologies and
refrigerants

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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Annex 61 — Heat Pumps in Positive Energy Districts ~“
E The issue

® Positive energy districts (PED) are a high-performant concept for parts of
cities, which can act as prosumers and provide flexibility for connected
n energy grids. Due to their unique features, heat pumps are favorable
B building technology systems for high-performance districts like PED.
[
[r—
e 4

Work to do

Based on a state-of-the-art analysis, heat pump integration options for PED
are elaborated as generic system concepts and are investigated in detail by
simulations. In parallel, real heat pump application in positive energy
districts is evaluated and optimized by monitoring.

Results & benefits
Results of heat pump monitoring and simulations are summarised to
guidelines for the heat pump integration in districts and enhanced design

and control strategies for high performance and energy flexibility are
derived.
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Annex 63 — Placement Impact on Heat Pump Acoustics

—
The issue

[S_—
5 0 Noise emissions are a potential threat to further spreading of heat

pumps in the years to come. Both acoustic emissions and immissions
are relevant as outdoor and indoor noise negatively affect the
acceptance of this technology.

Work to do

Each placement situation is unique and several aspects contribute to
successful installation. Therefore, as a proper installation is key to low
acoustic impact on the environment, the existing guides will be revised
and linked to the developed placement tools.

Results & benefits

Refinement of numerical and measurement methods. Generation of a
data base of acoustic characteristics of heat pumps. Guidance to
proper installation.

)
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The issue
How can we increase the use of heat pumps in
multi-family buildings?

Work to do

Identify barriers for heat pumps on these markets

and how to overcome them. Enhancement of heat
pump systems and/or heat pump components for

their adaptation in multi-family buildings.

Results & benefits

Demonstration of possible energy savings and the
utilisation of renewable energy by means of heat
pumps in buildings retrofitted with heat pumps
without improving the building envelope.

Image source: RISE Research Institutes of Sweden
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RESULTS — CATEGORIZATION AND CLASSIFICATION

combination
central-decentral

heat pump for a
number of apartments

heat pump for an
individual apartment

heat pump for
individual room

centralized heat pump system for
the whole building

w4

one HP for a
number of apart.

~ ~

ol )

I" [T

| B W]
HP for DHW,
other for heating
Fel=t]

L L - J
| |
one hybrid heat
pump for all

|4

1 st

|

apartments Iy heat pump for
grouped by mode = = individual room
] one apartment -
one mode

solutions

centralized
decentralized
solutions

- 4

heating — central
DHW - decentral EL

HP for heating,
other for DHW

www.heatpumpingtechnologies.org @
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HOLISTIC APPROACH TO PRESENT THE RESULTS OF ANNEX 50

General Description of Case studies Description of
classification each solution database each case study
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Annex 62 - Heat pumps for multi-family residential buildings in cities

The issue

E 0 To find the best solutions for heat pump implementation in all types of

buildings, there is a pressing need to search for and to provide optimal
solutions for heat pump implementation in high-density cities, with the
focus on new and existing multi-family buildings.

Work to do

This Annex will focus on heat pump solutions for multi-family

o houses in high-density cities. In respect to the demand of the
participating countries new buildings and retrofit will be considered,
as well as buildings with higher specific heating demand.

Results & benefits
6 Identification of robust and proofed solution helping the wide application

of heat pumps.
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Annex 58 — High-Temperature Heat Pumps

The issue
Electrically driven heat pumps are a promising technology for industrial
processes, increasing system efficiencies and decreasing GHG emissions.

Work to do

Provide an overview of the technological possibilities and applications for
high temperature heat pumps (up to 200°C) as well as to develop concepts
and strategies for the transition towards heat pump-based process heat

supply.

Results & benefits

Improve the understanding of the technology’s potential and provide
supporting material for the transition to a heat pump-based process heat
supply for industrial applications.

TR BSnESl]
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The issue
How to promote low-GWP refrigerant applications to
accelerate phase down of high-GWP HFCs?

Work to do

Develop design guidelines of optimized heat pump
components and system for low-GWP refrigerants
through the review of available low-GWP refrigerants.

Results & benefits

Replacing current high-GWP working fluid of vapor
compression technology to low-GWP ones while keeping
and/or improving its efficiency so that the environmental
impacts by the building’s cooling and heating systems
are minimized.

www.heatpumpingtechnologies.org @
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Examples of interim results from Annex 54
Codella (2022, Chemours) compared R410A alternatives: R32, R454B and R454C.

Efficiency SCOP Energy Consumption Energy Cost Total Emissions
- %kWhlyear Y%€lyear kgCO2year
418 101% 101% mDired Emissions = Indirect Emissions
416 100% 100% 2550
414 100% 100% 2500
412 99% 9% 2450
41 99% 99% 2400
408 98% 98% 2350
4.06 98% 98% 2300 I
4.04 97% 97% 2250
Freon™ R-32 R-454B R-454C Freon™ R-32 R-454B R-454C Freon™ R-32 R-454B R-454C Freon™ R- R-454B R-454C
410A Opteon™ Opteon™ 410A Opteon™ Opteon™ 410A Opteon™ Opteon™ 410A Opteon™ Opteon™
XL41  XL20 XL41 X120 XL41 X120 XL41  XL20

www.heatpumpingtechnologies.org @
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Examples of interim results from Annex 54

* Palm (2022, KTH, Sweden) provided the details of the Swedish HP market from smaller
residential units to larger residential and commercial units.

* He shared case studies and design guidelines for optimizing components and systems,
including a geothermal R290 HP for multifamily buildings, a CO, system for heating & cooling

the commercial building. and an R290 HP and chiller for the process cooling & heating.
Water to water heat pump

/‘ ~X
4.5 2
e Compressor speed = 2835 rpm

&4 j e s
(= % T1_4o & T;u‘ap,warer,in Vil iy &
43 ——93 gram ~=—96 gram
+—98 gram 100gram
4.2 —»-102gram  —+104gram
100g of R290 B

10 kW heating capacity B % = 3 & 5 B 2
33cc compressor Superheat [K] ( \
www.heatpumpingtechnologies.org @
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5 The issue

o It is likely that we in the future will see a market dominated by (mildly)
9, flammable synthetic refrigerants and flammable hydrocarbons. Better
EE understanding of the risks and novel ideas to limit the risks is necessary

to safe use of flammable refrigerants for larger capacity systems.

Work to do

Investigations of a selected set of measures to limit the risks

0 associated with using flammable refrigerants in heat pumps, AC-
systems, refrigeration systems or similar based on the vapour
compression cycle.

Results & benefits
Contribute to a broader safe use of flammable refrigerants.
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The issue

Global demand for space cooling, dehumidification,

and refrigeration is projected to see huge increases in the
coming decades, especially in the developing world.

Work to do

Investigate technology solutions for higher efficiency air-
conditioning/refrigeration systems focusing on two
principal paths: advanced vapor compression with low or
ultra-low GWP refrigerants and non-traditional
technologies (zero-GWP).

Results & benefits

Propose candidate technology solutions to help
minimize expected energy demand growth.

Future Path 1:

Advanced Vapor Compression

with Low or Ultra-Low GWP
Refrigerants

Future Path 2:

Non-Traditional Technologies
(Zero-GWP)




Technology Collaboration Programme
bylea

To summarize - Heat Pumping Technology

... is a proven efficient and clean technology available on the market

upgrades renewable energy & reduces CO, emissions
is an excellent flexibility provider to balance the grid to
handle intermittent production

contributes to improved energy security and resilience
contributes to improved energy efficiency

can deliver heating AND cooling

...but there is still a need for research, development and innovations

sharpen the technologies and widen the operating range
adopt solutions for complex building and retrofit market
adopt solutions for sector coupling and system integration
with other clean renewable energy technologies

safe and efficient operation with low GWP refrigerants
alternative cycles

to overcome non-technical barriers

o)
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Contacts

@.@.

' ‘ caroline.haglundstignor@ri.se

Metkel Yebiyo, Technical Expert
ACADEMIA

IEA HPT Executive Committee
Stephan Renz (Chairman)
info@renzconsulting.ch

Heat Pump Centre
Monica Axell (General Manager)
monica.axell@ri.se

Caroline Haglund Stignor (Assistant Manager)

metkel.yebiyo@ri.se

hpc@heatpumpcentre.org

www.heatpumpingtechnologies.org

www.heatpumpingtechnologies.org @
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