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Heat pumps — The jewel in the crown
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Irena (2023). World Energy Transition Outlook
Why heat pumps are key for the 
electrification of buildings?

• High efficiencies

• Use of renewable heat

• Provide heat at temperatures 
required in buildings

• Reverse mode for the provision 
of heating and cooling

For all these aspects; prospects 
for heat pumps are huge
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Heat pumps have experienced a rapid cost reduction in the past decade

Heat pumps — Cost-competitiveness
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Heat pump cost trends in the 
residential and commercial 
sectors for air-to-air and air-
to-water systems in Italy, 
2016-2019

IRENA (2022), Renewable solutions in end-uses: Heat pump costs and markets
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Heat pumps are experiencing a stunning growth in major markets

Heat pumps — Markets

95

• In Europe, heat pumps market increased 34% between 2021 and 2022

• In 2019, the Chinese market for air-to-water heat pumps saw 1.8 million units sold, up 
from around 1 million units in 2013.In 2018, 42 million room air conditioners were sold.

• In Japan, already 86% of households have at least one room air-conditioner unit 
(average 2.4 per household)

• In the US, sales of air source 
heat pumps  reached 
almost 4 million in 2021, 
more than twice the 1.75 
million sales in 2010
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If we want to run heat pumps on green electricity, we cannot simply electrify 
in any way but pursue a smart electrification of the heating and cooling 
supply and the energy systems as a whole.

What does the smart electrification entail?
Systemic innovation approach across four dimensions

Heat pumps — But…..
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Heat pumps — IRENA’s Innovation Landscape Report 
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• A systemic innovation approach must be at the center 
of sound smart electrification strategies.

• There is no “one-size-fits-all” solution for smart 
electrification

• The toolbox includes 100 innovations in that can play 
a role in transforming and decarbonising the energy 
use sector with smart electrification strategies
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Heat pumps — 35 innovation and toolbox for power-to-heat
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Heat pumps — Focus on buildings
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IRENA (2023), Innovation landscape for smart electrification: Decarbonising end-use sectors with renewable power. Pages 98 ― 103
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Heat pumps — Focus on buildings
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IRENA (2023), Innovation landscape for smart electrification: Decarbonising end-use sectors with renewable power. 
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Heat pumps — Focus on buildings
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IRENA (2023), Innovation landscape for smart electrification: Decarbonising end-use sectors with renewable power. Pages 98 ― 103
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Heat pumps —Session’s aim
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Bring together innovative experiences and market knowledge that can help 
integrate more and more heat pumps in the energy system without 

compromising the power system from a systemic approach. 
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Accelerated deployment of heat pumps to achieve 
Japan’s net-zero 2050 commitment (Policy, Market & R&D)

Yoichi Fujita
Technical Researcher
New Energy and Industrial Technology 
Development Organization (NEDO)
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About NEDO

New Energy and Industrial Technology Development Organization (NEDO)

Business details
・NEDO is one of the largest public R&D management organizations in Japan. 
・NEDO is promoting and supporting R&D projects and integrating the combined efforts 
of industry, academia and government. 

Minister in Charge
・Ministry of Economy, Trade and Industry

Staff
・1,464 as of 2023/4/1

FY 2022 Budget (1.28 billion USD)
Energy Systems: 472 million USD
Energy Conservation and Environment: 341 million USD
Industrial Technology: 350 million USD
New Industry Creation and Discovery of Technology Seeds: 57 million USD
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Japan - Overview

Population : 124.77 million (92% in urban areas)

Households :   53.33 million (1/2/3/4/>5 pers.: 

35%/28%/18%/13%/7%)

Land Area : 378,000 km2 (≃Germany)

Population Density : 331 people / km2 (≃Belgium)

Rate of multifamily : 46 %

Mean temperature : 15.8℃ (Tokyo) (≃Madrid, Spain)

Tokyo (MT: 15.8℃)Sapporo (MT: 9.2℃) Naha (MT: 23.3℃)
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Policy - Decarbonization Source

- Japan’s commitment:  “Climate Actions tow ards net-zero by 2050”, MOEJ

- CO2 emissions by sector: “The GHG Emissions Data of Japan”, National Institute for 

Environmental Studies

https://www.env.go.jp/earth/リーフレット「2050年カーボンニュートラルに向けた取組」.pdf
https://www.nies.go.jp/gio/en/aboutghg/index.html
https://www.nies.go.jp/gio/en/aboutghg/index.html
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Policy - Decarbonization
Source

- Plan for Global Warming Countermeasures: MOEJ (JP)

- The Sixth Strategic Energy Plan: METI (EN, JP)

- Track record: The document of the Central Environment Council, METI (JP)

Plan for Global Warming Countermeasures and the Sixth Strategic Energy Plan

- Quantitative target are set for Industrial HPs and Commercial and Residential HPWHs

Progression rate = (Result 2020 – Result 2013) / (Prospect 2030  - Result 2013)

Commercial HPWHs Residential HPWHsIndustrial HPs[MW] [10k units] [10k units]

Progression rate: 
10 %

Progression rate: 
47 %

Progression rate: 
39 %

Revised 
prospect
1,590

Commercial and Residential HPWHs are going well but countermeasures are required for Industrial HPs

1,673 (prospect 2030)

http://www.env.go.jp/press/110060/117010.pdf
https://www.enecho.meti.go.jp/en/category/others/basic_plan/
https://www.enecho.meti.go.jp/category/others/basic_plan/
https://www.meti.go.jp/shingikai/sankoshin/sangyo_gijutsu/chikyu_kankyo/chikyukankyo_godo/pdf/050_04_00.pdf
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Policy - Energy
Source

- Energy demand by sector: The document by the METI (P.71) (JP)

- Electricity mix towards 2030: The document by the METI (P.70) (JP)

- Carbon intensity of electricity generation: FY2019 Energy Supply and Demand Report, METI (P.8) (JP)

Energy demand by sector

The Great East Japan Earthquake

fiscal year

Carbon intensity of electricity generation

Electricity mix towards 2030

2013 2014 2015 2016 2017 2018 2019 2030

2019 2030

fiscal year

■ Transport Sector

■ Residential Sector

■ Commercial Sector

■ Industries Sector

≃ 1,024 ≃ 934 TWh

Renewable

Nuclear

LNG

Coal

Oil, etc.

Final energy 
consumption
(million kloe)

Carbon intensity 
of electricity 

generation
(kg CO2/kWh)

Fossil fuel
≃ 76%

Fossil 
fuel
≃ 41%

Non-fossil
fuel

≃ 24%

Non-fossil
fuel
≃ 59%

H2 & NH3

≃ 1% 

https://www.enecho.meti.go.jp/category/others/basic_plan/pdf/20211022_03.pdf
https://www.enecho.meti.go.jp/category/others/basic_plan/pdf/20211022_03.pdf
https://www.meti.go.jp/press/2020/11/20201118003/20201118003.html
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Policy - Energy
Source

- Top Runner Program: Ministry of Economy, Trade and Industry (JP)

- The uniform energy efficiency labels: “Japan's ENERGY 2020”, METI

“Top Runner Program” 
(Efficiency standards for machinery, equipment and materials)

- 32 items are in scope (as of September 2023).

Air Conditioners, Electric Refrigerators, Electric Freezers, Gas 
Water Heaters, Oil Water Heaters, Vending Machines, Electric 
(HP) Water Heaters, Showcases, etc.

A new labeling for EcoCute
(HWHPs) since Oct. 2021

“The uniform energy efficiency labels”
(Energy efficiency labeling)

- The evaluation metric of a 41-point scale (1.0, 1.1, …, 5.0)
are now being used in retail outlets.

- The items mentioned above (except for vending machines
and showcases) are covered as of September 2023.

https://www.enecho.meti.go.jp/category/saving_and_new/saving/enterprise/equipment/
https://www.enecho.meti.go.jp/en/category/brochures/
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Policy - Awards
Source

- Efficiency improvement of HPs: Heat Pump and Thermal Storage Technology Center of Japan (HPTCJ) (JP)

- Energy Conservation Grand Prize Award: The Energy Conservation Center, Japan (ECCJ)
- Minister of the Environment's Award for Climate Action: MOEJ (JP)

Residential RAC

(COP value)

Residential HPWH

(COP value)

Residential HPWH

(APF value)

Commercial HPWH

(COP value)

Commercial HPWH

(APF value)

Residential RAC (APF value)

Centrifugal chiller

- Energy Conservation Grand 
Prize Award
(Since 1990)
awards excellent energy 
conservation activities and 
advanced energy conservation 
products achieved by technological 
development at private companies, 
…

- Minister of the Environment's 
Award for Climate Action
(Since 1998)
awards individuals or groups that 
have made significant contributions 
towards preventing global warming

Efficiency improvement of HPs

Efficiency has improved due to energy 
efficiency policies.
Awards are another driver for efficiency 
improvement

https://www.hptcj.or.jp/study/tabid/104/Default.aspx
https://www.asiaeec-col.eccj.or.jp/awarding-programs/
http://www.env.go.jp/earth/ondanka/min_action_award/index.html
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Policy - Subsidies
Source

- Subsidy for investments for advanced energy conservation project: Sustainable open Innovation Initiative (JP)

- Subsidy for high-eff iciency HPs in industrial and commercial sectors: Sustainable open Innovation Initiative (JP)

- Subsidy for “Net Zero Energy Buildings” (METI): Sustainable open Innovation Initiative (JP)

- Subsidy for “Net Zero Energy Buildings” (MOEJ): Shizuoka Environment Resources Association (JP)

https://sii.or.jp/cutback03/
https://sii.or.jp/hp02r/
https://sii.or.jp/zeb03/
http://www.siz-kankyou.jp/2021co2.html
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HospitalSchool Spa

Business Hotel

Resort HotelShopping Center

Fitness Club

Beauty Salon

Restaurant Welfare Facility
114

Market - Popular Heat pump type in Japan

Residential Room Air Conditioners Commercial Packaged Air Conditioners

Residential HPWHs (Ecocute) Commercial HPWHs
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Market - Residential Room Air Conditioners

Source

- The Japan Refrigeration and Air Conditioning Industry Association (JRAIA) (JP) 11
5

Air to Air

https://www.jraia.or.jp/statistic/index.html
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Market - Commercial Packaged Air Conditioners

Source

- The Japan Refrigeration and Air Conditioning Industry Association (JRAIA) (JP) 11
6

Air to Air

https://www.jraia.or.jp/statistic/index.html
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Market - Residential HPWH (EcoCute)

Source

- The Japan Refrigeration and Air Conditioning Industry Association (JRAIA) (JP) 11
7

https://www.jraia.or.jp/statistic/index.html
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Market - Commercial HPWH

Source

- The Japan Refrigeration and Air Conditioning Industry Association (JRAIA) (JP)

Air to Water

https://www.jraia.or.jp/statistic/index.html
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R&D - Utilizing Waste Heat (NEDO)

Recycle

THERMOELECTRIC

WASTE HEAT 
GENERATING

Reduce

HEAT STORAGE

THERMAL INSULATION Reuse

HEAT PUMP

Toray
Mino Ceramic Furukawa

Hitachi
Fujifilm
Furukawa Electric
Nippon Thermostat
Yasunaga
Panasonic

Toyota
Mitsubishi Plastics
Panasonic

Mayekawa
Mitsubishi Heavy Industry
Central Glass
Hitachi Appliances

Thermal
Management

Toyota
Mazda
Aisin
Calsonic Kansei

R&D Project on Innovative 
Thermal Management 
Materials and Technologies
(FY 2015 - 2022)

- Budget : 6.8 billion USD

- Technology to effectively reduce, 
recover and reuse untapped thermal 
energy

- Crosscutting heat management
technologies

- HPs can play a role in reusing thermal 
energy (e.g. high temperature HPs, 
high-efficiency chiller…)
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R&D - Utilizing Waste Heat (NEDO)

100% Efficiency 90%

100%

High-temperature Heat Pump

Conventional:

Using High-temperature heat pump:
1.75 times more efficient than boiler steam

Prototype of Heat Pump

Total Efficiency
=45%×COP =  158%

COP3.5

Boiler

Primary 
Energy 

Thermal Power Plant

・MAYEKAWA MFG. CO., LTD.

◆ REMARK
・180℃ supply with COP3.5

using unutilized thermal 
energy around 80℃

High-temperature HP
(Alternative to boilers and firing furnaces)

Efficiency 45%

Waste Heat

Heating process
(Food, Chemical, 
Medical factory)

Temperature Demand 180℃

Primary 
Energy 

It is used for general air-conditioning, freezing, refrigeration, 
and low-temperature heat sources in district heating networks.

Hitachi Johnson Controls Air Conditioning CO., LTD.

Double Lift Cycle Absorption Chiller
With World's Highest Efficiency

General air 
conditioning

Freezing / Refrigeration
Low temperature 
exhaust heat driven 
Absorption Chiller

Solar heat

Industrial waste heat
(factories and power 
plants)

Productization

◆ REMARKs
・ The world's highest-efficiency  

double-lift cycle absorption chiller 

・ Expands the utilizing temperature 
(Before: 95→75℃ After:95→51℃)

・ 4 units had been installed in 
Germany. (3 in office buildings and 1 
in factory)

Heat Recycle Absorption Chiller
(Driving with low-temperature exhaust heat)
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Summary

- Decarbonization: HPs are seen as one of key technologies to achieving Japan’s net-
zero 2050 commitment. Quantitative targets for 2030 are set for further deployment 
of IHPs and commercial and residential HPWHs.

- Energy: Cleaner electricity mix including nuclear power is the challenge on the 
supply side. On the demand side, HP efficiencies have been and will be improving 
thanks to EE policies like “Top Runner Program” and Awards.

- Incentives: Along with a subsidy for IHPs and commercial HPWHs, some subsidies 
for energy efficiency and ZEB are also applicable to HPs. 

- Market: Japan’s AC market is stable with slight increase in residential room ACs. We 
need to further deploy IHPs in line with the government’s target.

- Technology： R&Ds of such as High-temperature HP and Heat recycle Absorption 
chiller are being carried out in domestic research projects.
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Heat pumps as a commodity in the electric grid of the future

Thomas Nowak
Secretary general
European Heat Pumps Association
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h
tt

p
:/

/s
ta

ts
.e

h
p
a
.o

rg

1% -7% 3% 3% 13% 12% 12% 13% 19% 6% 34% 39%
YoY

4years x2

2023

+34%
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What about end-user demand?
The impact of the all-electric building

Heat pump

Thermal storage

Electric vehicles

Vehicle-to-building/grid

Photovoltaik

Battery storage

European heat pump markets - status and outlook | IRENA Innovation week  | Bonn | 25.10.2023 | Thomas Nowak
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Activating end-user interest and investment

European heat pump markets - status and outlook | IRENA Innovation week  | Bonn | 25.10.2023 | Thomas Nowak

Cost of electricity (ct/kWhel) 

Cost of gas (ct/kWhthermal) ≅2
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From “heat pump accelerator” to “heat pump action plan”

European heat pump markets - status and outlook | IRENA Innovation week  | Bonn | 25.10.2023 | Thomas Nowak
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200
Members

Heat pump manufacturers
Component manufacturers

National associations

Consultants

Research & test institutes

22
countries represented

EHPA
Rue d Arlon 63 - Brussels

Vision

In a fully decarbonised

Europe, heat-pump 

technologies are the 

number one heating 

and cooling solution, 

being a core enabler 

for a renewable, 

sustainable and smart 

energy system.

The European Heat Pump Association aisbl / founded 2000

International cooperation 
CECA, IEA, IEA HPC, IRENA, HPCJ

European heat pump markets - status and outlook | IRENA Innovation week  | Bonn | 25.10.2023 | Thomas Nowak
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Panel discussion 
Moderator

Thomas Nowak

European Heat Pump 
Association

Panellists

Stefan Moser

European 
Commission

Ezzeddine Jradi

Emicool

Kazuyoshi Nakano

CRIEPI

Matthias Grapow

MAN ES
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Closing remarks

Thomas Nowak
Secretary general
European Heat Pumps Association


