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The market for heat pumps is steadily increasing throughout the world. At 
the same time, large efforts are made to decrease the energy use in build-
ings through numerous regulations and directives. Passive house concepts 
and zero emissions buildings are also becoming increasingly popular. This 
could change the market conditions for heat pumps in the future. This issue 
presents some technologies and views on the role heat pumps could have in 
the future.
Enjoy your reading!

Roger Nordman
Editor, HPC Newsletter
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Foreword

What will heat pumps look like in 2050? Where will they be used? 
What is their market potential? Questions like these are very impor-
tant in the current era of energy effi ciency and climate change. Some 
issues that will affect heat pump developments up until 2050 are 
discussed below.

Utilising renewable energy that other technologies cannot.
Heat pumps have the ability to utilise heat sources that no other 
heating technologies can, namely low temperature ambient heat and 
ground heat that is upgraded in the heat pump unit. The proportion 
of this heat that can be used in the total heat generation depends on 
heat pump effi ciency, which is likely to improve by year 2050. 

Electricity production and distribution
Electricity production is currently dominated by fossil fuels, espe-
cially coal. Global average CO2 emissions per kWh electricity are 
505 gCO2/kWh in 2006 (source: CO2 Emission from fuel combus-
tion 2008 edition, IEA). With increasing electricity production from 
green technologies such as solar PV, wind and biomass-fuelled CHP 
plants, CO2 emissions will probably decrease. With accumulators, 
heat pumps could take an increasing role in energy storage in distri-
bution systems to level out peak production.

Changing operating conditions in buildings
Buildings account for 30–40% of global energy use and 20% of GHG 
emissions. Building codes are aimed increasingly at reducing ener-
gy use, and reductions of 50–75% could be achieved by low-energy 
or passive houses. These savings mainly apply to new buildings, 
but the retrofi t market is progressively adopting stricter energy use 
codes. Heat pumps will therefore face new operating conditions, 
with a much larger share of DHW production, and a total lower heat 
supply. Product development and new innovations that will meet 
these new demands are already in the pipeline.

Product development
Product innovations and ongoing development could lead to large 
heat pump effi ciency gains. For example, Japan has launched a pro-
gram to double the effi ciency and halve the cost of heat pumps by 
2050. Such bold programs are expected to take place in other parts 
of the world as well. 

New markets
Since heat pumps are a mature technology, their market is expected 
to continue to grow steadily. Few other technologies have the same 
CO2 saving potential.
But this is no reason to think of heat pumps as being for space heat-
ing and DHW production only. There are already tumble dryers and 
washing machines using integrated heat pumps. In principle, only 
the imagination is the limit when conceiving new applications where 
heat pumps could supply heating, cooling or both simultaneously.

In conclusion, heat pumps represent a mature, reliable technology that is 
already cost effi cient, and with future improvements on the way, their use 
will become even more widespread.

Roger Nordman
Editor of the HPC newsletter

Heat pumps in 2050 – a saga 
of success 
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10th IEA Heat Pump Conference

Early Notice – Call for Papers
May 16 – 19, 2011, Tokyo, Japan

The Conference program will cover 
the following topics:

• Environment-friendly 
Technology

 Advances in equipment design 
and development

• Systems and Components
 Advanced electrically and ther-

mally operated systems, and 
ground source systems

• Applications
 Demonstrated energy effi ciency 

and environmental advantages
• Research and Development
 New developments and new re-

frigerants in heat pumping tech-
nologies

• Policy, Standards, and Market 
Strategies

 Government, utility and profes-
sional society activities related on 
heat pumps

• Markets
 Market status, trends and future 

opportunities
• International Activities
 Discussion of actions in response 

to climate change initiatives

Papers: Papers will be presented 
both orally and as posters. Abstracts 
(200 - 300 words)
should be submitted through our 
website, www.hpc2011.org by 30 
June 2010.

The abstracts will be screened by an 
appropriate Regional Coordinator 
then authors will be advised of ac-
ceptance by 31 August 2010. Full pa-
pers will be required by 31 January 
2011.

Workshops: There will be opportu-
nities for organization of workshops 
during the Conference. Interested or-
ganizations should contact one of the 
Regional Coordinators.

Exhibition: There will be an exhibi-
tion in connection with the Confer-

The 10th IEA Heat Pump Conference

ence. For those interested in exhib-
iting, please contact your Regional 
Coordinators.

Web: For more information, please 
log on to the Conference website at: 
www.hpc2011.org

Regional Coordinators
For information on papers and work-
shops, conference program, etc., 
please contact the Regional Coordi-
nator for your area:
• Asia and Oceania: Mr. Makoto 

Tono, tono.makoto@hptcj.or.jp
• North and South America: Mr. Ger-

ald Groff, ggroff2@twcny.rr.com
• Europe and Africa: Mrs. Monica 

Axell, monica.axell@sp.se
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Heat pump news

General

IEA welcomes 
Copenhagen Accord 
but calls for more 
efforts
(Published 22 December 2009)
The International Energy Agency 
welcomes the Copenhagen Accord, 
which provides guidance on the 
next steps towards a legally-binding 
agreement on climate change. The 
Accord provides a clear environmen-
tal goal of limiting the increase in glo-
bal temperature to 2 degrees Celsius. 
It calls for emissions to peak as early 
as possible as well as for a collective 
commitment by developed countries 
to fi nancially support developing 
country actions in AGW mitigation 
and adaptation. It also lays out the 
foundation for supporting develop-
ing country actions, over and above 
their unilateral actions. The IEA esti-
mates that developing countries will 
need to invest around USD 200 bil-
lion annually by 2020 to move to less 
carbon-intensive energy systems. 
The USD 100 billion pledged by de-
veloped countries is a signifi cant 
contribution towards that goal.

However, IEA calculations show 
that emission reduction pledges to 
date fall short of what is needed to 
limit the long-term concentration of 
greenhouse gases in the atmosphere 
to 450 parts per million (ppm) of 
CO2-equivalent, in line with a 2 de-
grees C increase. The IEA has pro-
duced a blueprint for achieving the 
450 ppm goal in the energy sector 
(see World Energy Outlook 2009), 
and in the fi rst half of 2010 it will as-
sess the possible gap between coun-
tries’ commitments and actions un-
der the Copenhagen Accord and this 
goal. The Agency will work with all 
countries to ensure that best energy 
and climate policy practice is widely 
shared and can be put to work to 
reach a higher level of ambition at 
the lowest cost for society. 

Climate policy is an integral part of 
the energy policy portfolio. The IEA 

intends to ensure coherence between 
environmental, economic and secu-
rity goals, which is crucial to an ef-
fective climate policy response. 
Source: http://www.iea.org/journalists/
index.asp 

EGEC presents na-
tional geothermal 
targets
EGEC (European Geothermal En-
ergy Council) has presented national 
targets for geothermal heating & 
cooling and geothermal electricity in 
2020. Recommendations on how to 
reach these targets will be presented 
in the beginning of 2010 in order to 
help EU Member States write their 
Renewable Action Plans (NREAPs).
Source: http://www.egec.org/index.html
(click on “News”, then see 4.12.09)

AHRI publishes 
standard for walk-in 
coolers and freezers
The Commercial Refrigerator Manu-
facturers Section of the Air-Condi-
tioning, Heating, and Refrigeration 
Institute (AHRI) has approved the 
publication of AHRI Standard 1250-
2009, Performance Rating of Walk-In 
Coolers and Freezers. The standard, 
which is available for free down-
load at www.ahrinet.org, establishes 
defi nitions, test requirements, rat-

ing requirements, minimum data 
requirements for published ratings, 
operating requirements, marking 
and nameplate data, and conform-
ance conditions for walk-in coolers 
and freezers. 
Source: http://www.ahrinet.
org/Pages/ShowMeMore.
aspx?src=single&lpk=1160

From frankincense 
to fridges – camels 
bear cool answer
Forget the three wise men and their 
‘precious’ gifts of gold, frankincense 
and myrrh, camels are now transport-
ing medicine to remote African com-
munities by bearing solar-powered 
refrigeration units on their backs. 
Convoys of camels have been kitted 
up with lightweight saddles each car-
rying a solar-powered generator and 
a refrigeration unit full of medicine. 
Medicines requiring refrigeration 
can be transported through rough 
terrain to the desired destination 
where the solar power generators are 
used to power clinics. The project is 
currently being tested in isolated ar-
eas of Ethiopia, and the Laikipia and 
Samburu areas of Kenya. 
Source: http://www.acr-news.com/news/
news.asp?id=1844&title=From+frankin
cense+to+fridges+%2D+camels+bear+
cool+answer
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Working 
Fluids

EPA issues R-22 
rules 
The EPA has ‘pre-released’ two 
long-awaited fi nal rules on the R-22 
phase-out. This phase-out impacts 
contractors and the entire HVACR 
supply chain. The rules took effect on 
January 1, and can be found at EPA’s 
website (see below). ACCA (Air Con-
ditioning Contractors of America) 
will release a ‘plain English’ analysis 
for its members as soon as possible.

One rule covers the production and 
consumption of HCFCs, including 
R-22, for 2010-2014; the other relates 
to the sale, installation and distribu-
tion of appliances pre-charged with 
R-22 on or after January 1, 2010.
See http://www.epa.gov/Ozone/title6/
phaseout/22phaseout.html
Source: http://www.acca.org/press/
news.php?id=260

AREA calling for 
prevention of illegal 
import of HCFCs into 
the EU
AREA (the European association rep-
resenting refrigeration, air condition-
ing and heat pump contractors) calls 
on European Union Member States 
to take the necessary steps to prevent 
illegal imports of HCFCs into the EU. 
Indeed, in line with EU Regulation 
(EC) 1005/2009, as of January 1, 2010, 
the use of HCFCs will be banned in 
the European Union, with the excep-
tion of HCFCs reclaimed and recov-
ered when servicing equipment. 

However, HCFCs are still used in a 
wide variety of applications, includ-
ing process chilling, food storage and 
air conditioning, and the amount 
of recovered HCFCs is only a small 
fraction of the amount of HCFCs cur-
rently used for service and mainte-
nance of air conditioning and refrig-
eration equipment. This may lead to 
the creation of an illegal market for 

the importation of HCFCs from out-
side the EU, as previously happened 
with the phase-out of CFCs. 
Source: http://www.fl uorocarbons.org/
templates/_NewsDetail/index.php?page
=65f4c7c703c51d71d1a31d4d0f87d921
&detail=e3b11ac572cf7033552901d13d
e56e2b&lang=en&category=
Original source: http://www.area-eur.
be/_Rainbow/Documents/AREA%20
letter%20HCFCs.pdf

Technology

Heat pump technolo-
gy gains momentum 
in household appli-
cations
Since heat pumps are at the core 
of several household appliances, 
CECED, the European household 
appliance manufacturers’ associa-
tion, has created a new issue group 
to support further technological de-
velopment for the use of renewable 
resources in the household.
Heat pumps are one of the fast-
est growing domestic technologies. 
They are part of heating, ventilation 
and air conditioners; recently their 
use was also extended to water heat-
ers and dryers. This relevant techni-
cal development for sustainability 
needs to be better promoted towards 
policy makers in Europe and each 
member state.

Domestic heat pumps fall under 
the scope of the Renewable Energy 
Sources (RES) Directive which places 
declaration requirements on manu-
facturers as a way of promoting re-
newable energies.

The new issue group will focus on 
strengthening the representation of 
the technology used in domestic heat 
pumps at European level. The group 
will coordinate their activities with 
existing organisations to identify 
common heat pumps issues covering 
the renewable energy fi eld in order 
to ensure full coherence of proposed 
policies.

Source: http://www.ceced.eu/ICECED/
easnet.dll/GetDoc?APPL=1&DAT_
IM=20E302

AREA publishes 
recommendations 
to national authori-
ties for setting up 
national certifi cation 
schemes for heat 
pumps installers
AREA has published its recom-
mendations to national authorities 
for setting up national certifi cation 
schemes for heat pumps installers, 
with the aim of assisting the EC and 
member states in ensuring the suc-
cessful transition of those aspects of 
the Renewable Energy Sources (RES) 
Directive 2009/28/EC, relating to 
heat pumps, into national schemes 
by 2012. 
Please refer to the AREA Position 
Paper, at http://www.area-eur.be/_
Rainbow/Documents/AREA%20
PP%20ImplRESDir.pdf

Markets

Pilot building en-
ergy labelling pro-
gram launched by 
ASHRAE with lead-
ing owners and de-
signers 
A new program to inform building 
owners and operators, tenants and 
prospective buyers on the energy 
use of buildings, similar to nutrition 
labels on food or miles per gallon 
ratings on cars, was launched today 
to encourage the building industry 
to fi nd ways to cut energy use and 
costs.

The Building Energy Quotient pro-
gram, which will be known as Build-
ing EQ, will include both As De-
signed (asset) and In Operation (as 
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operated) ratings for all building 
types, except residential. It also will 
provide a detailed certifi cate with 
data on actual energy use, energy 
demand profi les, indoor air quality 
and other information that will en-
able building owners to evaluate and 
reduce a building’s energy consump-
tion. The program is administered 
by the American Society of Heating, 
Refrigerating and Air-Conditioning 
Engineers (ASHRAE). 
Source: http://www.ashrae.org/press-
room/detail/17380

Heat pump boost 
from Darling’s pre-
budget report
Heat pump manufacturers got a 
welcome boost from the British gov-
ernment’s decision to offer £400 to 
householders to help fi nance the up-
grade of their G-rated boilers with ‘a 
new boiler or renewable heat unit’.

Chancellor Alistair Darling’s 2009 
pre-budget report stated the Greener 
Boiler Incentive scheme will benefi t 
125,000 UK households. The Depart-
ment of Energy and Climate Change 
said it will work with industry to 
launch the scheme at the earliest op-
portunity in 2010. 

“We were initially concerned that the 
scheme would only look at replacing 
old gas boilers for new gas boilers, 
which would have penalized green 
technologies such as air source heat 
pumps, so we are delighted that they 
have been included in the scheme,” 
said John Kellett, General Manager 
of Mitsubishi Electric’s heating sys-
tems division.
Source: http://www.acr-news.com/news/
news.asp?id=1833&title=Heat+pump+
boost+from+Darling%27s+PBR+ 

Sainsbury’s starts 
selling heat pumps 
in stores
Sainsbury’s has become the fi rst su-
permarket to sell heat pumps in its 
stores, its Home Energy Centres 
opened at three stores in the UK 
during December 2009. Customers 

will have a range of energy saving 
and renewable energy products to 
choose from, including air source 
heat pumps. The products will be 
delivered to customers’ homes and 
installed by EDF Energy fi tters. The 
initiative has the backing of the En-
ergy Savings Trust (EST). 
Source: http://www.acr-news.com/news/
news.asp?id=1814&title=Sainsbury%
27s+starts+selling+heat+pumps+in+s
tores+++

Ongoing Annexes
Bold text indicates Operating Agent.

Annex 29
Ground-Source Heat Pumps - 
Overcoming Market and Technical 
Barriers 29 AT, CA, JP, NO, SE, US

Annex 30
Retrofi t heat pumps for buildings 30 DE, FR, NL

Annex 31
Advanced modelling and tools for 
analysis of energy use in supermarkets. 31 CA, DE, SE, UK, US

Annex 32
Economical heating and cooling 
systems for low-energy houses. 32 CA, CH, DE, NL, SE, US, JP, AT, 

NO

Annex 33
Compact Heat Exchangers In Heat 
Pumping Equipment 33 UK, SE, US, JP

Annex 34
Thermally Driven Heat Pumps for 
Heating and Cooling 34 AT, DE, NL, US

IEA Heat Pump Programme participating countries: Austria (AT), Canada (CA), France (FR), Finland (FI)
Germany (DE), Japan (JP), The Netherlands (NL), Italy (IT), Norway (NO), South Korea (KR), Sweden (SE), 
Switzerland (CH), United States (US). All countries are members
of the IEA Heat Pump Centre (HPC). Sweden is Operating Agent of the HPC.
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Challenging future of heat pumps 

Vasile Minea, Canada

Introduction
Historically, world primary energy 
consumption has been based chiefl y 
on oil (35%), coal (25%) and natural 
gas (21%) at relatively cheap costs 
(Figure 1). Today, the price of natu-
ral gas is rising and is putting up 
the cost of 20% of world electricity, 
while the cost of coal remains rela-
tively low and is the favoured fuel 
for 40% of the world’s power plants. 
However, coal causes pollution and 
power companies will have to pay 
for carbon dioxide as pollutant. At 
the same time, the supply of petro-
leum will peak as consumption con-
tinues to grow and new reserves be-
come harder to fi nd. The global rate 
of fossil fuel usage will inevitably 
lead to an energy crisis during the 
21st century. Global CO2 emissions 
(23,579 million tonnes/year) come 
from power generation (40%), indus-
try (17%), buildings (14%) and trans-
port (21%). According to the Kyoto 
Protocol, the industrialized nations 
are required to reduce greenhouse 
gas emissions to below 1990 levels. 
In spite of this, our reliance on fossil 
fuels is not expected to change sig-
nifi cantly between now and 2050. 

World energy demand could effec-
tively grow by as much as 55% by 
2030 and potentially double by 2050 
[1]. This context opens up opportuni-
ties for developing alternative renew-
able and clean energy sources, such 
as solar, wind, hydrogen, water hy-
drokinetic, nuclear, ambient air and 
geothermal. The key strategic policy 
will concern energy effi ciency and 
security, and the reduction of related 
greenhouse gas emissions by invest-
ments in technology development, 
manufacturing and commercializa-
tion of emerging clean technologies.

Canadian energy 
context
Canadian energy production in 2007 
is shown in Figure 2a [2]. Of the 
country’s total annual energy pro-
duction (18,028 PJ), industry con-
sumes 48% and residential and com-
mercial buildings 28%, of which 70% 
is for space and domestic hot water 
heating (Figure 2b).

Global issues such as commod-
ity prices and economic growth will 
continue to be the dominant driv-
ers for changes in energy demand 

Figure 1 - Word primary energy consumption by fuel (2004) (source: IEA)

Figure 2 – Canada’s domestic energy production by energy source (a) and end user demand by sector (b)
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in Canada. New technologies, poli-
cies, regulations, and even changes 
in consumer energy use behaviour 
will infl uence future energy demand. 
This is projected to grow at a rate of 
between 0.3% and 1.4% per year, or 
by up to 35% by 2030, and energy 
intensity is expected to improve. 
Emerging technologies and alterna-
tive energy resources will also grow, 
but they will not play a large role in 
meeting Canadian demand. 

Conventional energy sources, such 
as fossil fuels, will continue to be 
predominant. Signifi cant changes 
are expected in the Canadian elec-
tricity supply sector, owing to the 
resurgence of nuclear energy in On-
tario and the development of wind 
technology in Quebec. New interpro-
vincial transmission projects and in-
ternational connections will increase 
electricity exchanges and exports. 
At the same time, overall Canadian 
greenhouse gas emission intensity 
will decline modestly as a result of 
energy demand management pro-
grammes. This will mean fewer 
greenhouse gas emissions to produce 
the same amount of goods and serv-
ices. In order to achieve the Canadi-
an government’s target of a 20% re-
duction in greenhouse gas emissions 
by 2020, reduction strategies will be 
found in agriculture and forestry car-
bon sinks, as well as in international 
emissions trading. 

Major investments are also needed to 
develop new sources of energy and 
materials with little or no infl uence 
on the global environment. 

Heat pumping con-
text
The peak electric demand of Cana-
dian cold climate HVAC systems is 
increasing in both heating and cool-
ing modes. Heat pumps are used 
for upgrading low-temperature free 
heat from renewable sources such as 
air, water, ground and waste heat, to 
useful temperatures. As components 
of air-conditioning systems, heat 
pump compressors and evapora-
tor fans absorb most of the electrical 
power (up to 75% and 10%, respec-

tively) while neglected maintenance 
accounts for about 10% of energy 
use. A lot of resources are also spent 
troubleshooting problems and im-
plementing remedies, and refriger-
ant leakage remains high today. At 
lower ambient temperatures heating 
capacity decreases, while in cooling 
mode at higher ambient tempera-
tures, compressor power input in-
creases and cooling capacity decreas-
es. At the same time, dirty evapora-
tors and condensers reduce heating 
and/or cooling capacities by up to 
40% while increasing the total power 
input by, for example, up to 60% in 
cooling mode.

Past R&D activities in Canada have 
targeted design and control im-
provements in low, medium and 
high-temperature heat pumps used 
for industrial drying, especially for 
hardwoods, softwoods and food 
products, in order to provide safe 
and effi cient operations and to ac-
celerate industrial implementation. 
Heat pumps have been successfully 
implemented as heat recovery de-
vices in advanced supermarkets [3], 
as well as in combined space and do-
mestic hot water heating systems [4]. 
Studies aimed at overcoming market 
and technical barriers to ground-
source heat pumps [5] and provid-
ing economical heating and cooling 
systems integrated into low and net 
zero energy houses [6] have contrib-
uted to the development and promo-
tion of heat pumping technologies in 
cold climates. Several works on inte-
gration of heat pumps with commer-
cial building HVAC systems, such as 
ice rinks and retail stores, industrial 
processes and cogeneration units for 
residential applications, have been 
successfully performed in the recent 
past.

Current R&D projects in Canada aim 
at improving the effi ciency of resi-
dential, commercial and industrial 
heating and cooling/air-condition-
ing processes reduce the total costs of 
ground-source heat pump systems, 
effi ciently using the heat pumps in 
future low/net-zero energy houses, 
and the further use of natural refrig-
erants (ammonia, CO2) and hydro-

carbons. Projects aim at developing 
industrial heat pumps for agricul-
tural industries and the effi cient in-
tegration of ground-source and ex-
haust air heat recovery heat pumps 
into commercial/institutional, multi-
apartment community buildings and 
cold storage plants. 

Financial incentives 
The biggest drawback for geothermal 
heat pumps is that their initial cost is 
higher than that of traditional heat-
ing and cooling systems. A Canadian 
geothermal heat pump system costs 
roughly US$2,500 per ton (3.5 kW) 
of nominal cooling capacity, so an 
average-size home using a 3-ton unit 
would end up paying US$7,500. To 
that we must add the cost of up to 
US$7,600 per home for drilling, gen-
erally vertically deep underground. 
However, while geothermal systems 
cost more than conventional oil- or 
natural-gas-dependent systems, the 
cost of running heat pumps is ac-
tually less than for a conventional 
system using fossil fuel. Geothermal 
heat pumps can thus pay for them-
selves over time with reduced en-
ergy bills. A homeowner can save 
30 to 70% on heating and 20 to 50% 
on cooling costs over conventional 
systems. These savings allow simple 
payback periods of 10 to 12 years. 
Durable and almost maintenance-
free because their components are 
sheltered underground, geothermal 
heat pumps are guaranteed to last 25 
to 50 years. 

Canadian fi nancial incentives, as 
described below in this section, will 
be needed in the next few decades 
to stimulate the implementation of 
heat pumps in residential and in-
stitutional buildings and industrial 
processes.

Natural Resources Canada [7] cur-
rently provides fi nancial support to 
homeowners, small and medium-
sized businesses, public institutions 
and industrial facilities for the in-
stallation of earth-energy systems 
with ground or groundwater energy 
sources compliant with Canadian 
standard CAN/CSA-C448. 
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The ecoENERGY programme helps 
with the implementation of energy 
saving projects that reduce energy-
related greenhouse gases and air pol-
lution. Single-family homes, includ-
ing detached, semi-detached and 
low-rise multi-unit residential build-
ings are eligible. The maximum grant 
for a single home is US$4,500. For the 
replacement of a heat pump unit in 
an existing earth-energy system, the 
grant is US$1,600 per unit replaced. 
For the installation of an ENERGY 
STAR qualifi ed air-source heat pump 
for both heating and cooling, the 
grant is US$450 per unit installed. 

The New Brunswick effi ciency pro-
gramme offers owners of detached, 
semi-detached or row houses either 
a grant (maximum US$1800), or an 
interest-free loan of up to US$9,000, 
repayable over a maximum 6-year 
term. 

In Ontario, three electrical utilities 
offer fi nancing for amounts from 
US$1,800 up to US$45,000 with 
amortization periods of up to 120 
months through the PowerHouse pro-
gramme. 

The power utility SaskEnergy offers 
rebates of US$3,150 per installation 
of CAN/CSA-C448 compliant geo-
thermal systems. 

The Hydro-Québec electricity utility 
offers grants when work is carried 
out by contractors accredited by the 
Canadian GeoExchange Coalition. The 
grant is US$2,520 for new homes, 
while for existing houses 100% heat-
ed by electricity before retrofi tting, 
the grant for a new geothermal sys-
tem is US$1,800. Additional grants 
for existing detached houses are 
available through the Rénoclimat pro-
gramme offered by Québec’s Agence 
de l’effi cacité énergétique, as well as 
through the ecoENERGY Retrofi t pro-
gramme. The total grant for an exist-
ing house may amount to US$7,000 
[8]. 

Finally, Manitoba’s Residential Earth 
Power Loans assist homeowners with 
the costs of new installations and 
retrofi ts of geothermal heat pumps. 

The fi nancing is up to US$18000 for 
a maximum term of 15 years at an 
interest rate of 4.9% over the initial 
5-year term. 

The future of heat 
pumps
In the future, most countries will 
continue to be net energy importers 
exposed to supply security risks. 
In this context, heat pumps could 
contribute to reducing these risks 
through the use of electricity as a 
multi-fuel based energy carrier. Thus, 
end-users will be less dependent 
on one particular fuel source, since 
electricity can be generated from a 
wide range of fossil and renewable 
sources. This will put heat pumps in 
a good position compared to wind, 
biomass and solar energy installa-
tions. In a context where most devel-
oped countries recognize aerother-
mal, hydrothermal and geothermal 
energy as renewable sources, next 
generation heat pumps will have to 
use electrical energy effi ciently in 
order to reduce the demand for fos-
sil energy for heating and decrease 
greenhouse gas emissions. 

Future factors infl uencing the use of 
heat pumps will be higher demand 
for air cooling and dehumidifi cation 
as a consequence of climate changes, 
and changes in building and living 
standards (e. g. a lower specifi c ener-
gy requirement for heating, a higher 
demand for domestic hot water, and 
a growing demand for a more com-
fortable indoor climate in both sum-
mer and winter). Other global en-
ergy issues such as higher prices for 
primary energy sources and higher 
production costs will also motivate 
investments in heat pump technolo-
gies to make them more competitive 
with, for example, wind, hydro, solar 
and nuclear energy.

Global targets
By 2030, institutional and commer-
cial buildings will have to use 25% 
less energy. Almost all new buildings 
and 75% of retrofi t buildings will be 
equipped with heat pump technolo-
gies, and 25% of industrial waste 
heat will be recovered. 

The heat pumps’ annual performance 
factors, in contrast to present levels, 
including heat pump water heaters, 
will increase by 25% by 2020, 50% 
by 2030 (Europe), and 200% by 2050 
(Japan). About 20% of overall energy 
consumption will be renewable. 

The initial cost of heat pumps will be 
reduced by 15% by 2020 and 25% by 
2030 compared to 2000. The total cost 
of heat pump systems compared to 
current levels would be reduced by 
50% by 2050. Finally, global green-
house gas emissions will be reduced 
by 20% by 2020, while future build-
ing regulations and subsidy schemes 
will be provided.

Low GWP refriger-
ants
Refrigerants currently in use still af-
fect global warming. Future effi cient 
heat pumps using low GWP working 
fl uids will help to reduce the envi-
ronmental impact from refrigerants. 
The focus will gradually turn toward 
natural refrigerants regarding global 
environmental preservation. Ammo-
nia, and CO2, as well as hydrocar-
bons (propane, etc.), are considered 
to be future low GWP refrigerants. 
Although these refrigerants are excel-
lent in terms of global environmental 
preservation, they possess shortcom-
ings in chemical characteristics and/
or thermo-physical properties. How-
ever, the toxicity of ammonia does not 
weaken its excellent thermo-physical 
properties, and zero ozone deple-
tion and warming potentials. Safer 
installation and operation measures 
along with new national standards 
will have to be implemented for the 
large-scale use of ammonia.

Because CO2 has a low boiling point, 
systems are designed to run at high 
service pressures, as the refrigerant 
exceeds the critical point. Compo-
nents that use CO2 are already on the 
market. The target of R&D activities 
is to improve the performance of ex-
isting components and to expand the 
application fi eld by developing new 
types of compressors, heat exchang-
ers and controls. 
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Because hydrocarbons are fl amma-
ble, it will be necessary to take meas-
ures to reduce the amount of refrig-
erant charges and to prevent leakage 
and/or accidents. 

Advanced compo-
nents and controls 
Particularly in cold climates, the 
compression ratios of air source heat 
pumps are large and subject to harsh 
operating conditions at very low 
ambient temperatures. They lower 
both heating capacity and perform-
ance. To improve overall heating 
performance, heat pumps have to be 
equipped with inverter-controlled 
or double-stage compressors (scroll, 
rotary) with or without refrigerant 
injection at intermediate pressure. 
Capacity modulation allows better 
matching of capacity and load. 

Recovering expansion work and us-
ing it for compression in the case of 
high-pressure refrigerants as CO2 
is another challenge. The most dif-
fi cult things to control are expander 
and compressor rotating speeds for 
maximum power recovery, and to re-
duce the internal friction losses and 
leakage. 

The development and integration of 
simple or cascade ejectors in mechan-
ical vapour compression and absorp-
tion heat pump cycles will improve 
the thermodynamic cycle and the co-
effi cients of performance. Future sys-
tems with distributed liquid refriger-
ant and charge control will deliver 
refrigerant where it is necessary for 
best performance and improvement 
of system effi ciency and reliability. 
The development of cost-effective 
and effi cient micro-channel gas-to-
water and gas-to-air coolers for CO2 
heat pumps with small temperature 
approaches and improved joint and 
insulation technologies is another 
R&D objective. Effi ciency improve-
ments in heat pump evaporator heat 
transfer by means of nanofl uids and 
advanced defrosting strategies will 
also be necessary.

Cost-effective ground heat exchang-
ers, including direct expansion coils 

with CO2 as secondary fl uid for new 
and retrofi t low-energy houses and 
buildings, will need to be devel-
oped. 

Compact micro-fi n absorbers will 
reduce the size of absorption heat 
pumps and optimize overall heat 
transfer coeffi cients. 
Improvements in control strategies 
will involve forecast technologies, 
intelligent on-board fault detection 
and diagnostics, smart user inter-
faces, bi-directional connectivity and 
demand response readiness. 
In cold climates, double-source (bi-
valent, hybrid) (e. g. coupled with 
gas boilers) and multi-function heat 
pumps (e. g. simultaneous or alter-
nate space and domestic hot water 
heating, radiant fl oor and air heating 
and cooling) will be developed. For 
industrial applications, both electri-
cally and thermally driven high-tem-
perature heat pumps will capture the 
market. 

Other projects will target such emerg-
ing technologies as chemical, desic-
cant, secondary coolant fl uids (CO2, 
brines), magnetic and thermoelectric 
systems. 

Building and process 
integration
Future low energy buildings will 
be provided with tighter insulation 
and lower infi ltration losses and will 
probably have higher cooling de-
mands.

Most of the buildings of 2050 are al-
ready built and consequently it will 
be a retrofi t market. In this future 
market context, heat pumps will 
have to be designed around pre-
vailing climatic conditions and inte-
grated further with energy, automa-
tion and smart metering systems in 
buildings. 

Future targets concern advanced de-
sign methods and effi cient integra-
tion in low/net-zero energy houses 
(with photovoltaic and solar ther-
mal heat recovery devices, passive 
thermal storage and cogeneration 

units) and in industrial processes (e. 
g. food, pulp and paper drying), as 
well as in district heating and cool-
ing systems.

Pinch analysis of industrial processes 
will provide a powerful tool for the 
effi cient integration of heat pumps. 
Combined systems using air-to-air, 
water-to-air and water-to-water heat 
pumps with solar thermal energy 
as the main or secondary (back-up) 
heating system will be further devel-
oped. 

Heat pumps will be integrated in 
future cold climate district heating 
systems to recover heat, for example 
from disused mines, city sewers, riv-
ers, lakes and the sea. 

Advanced heating and cooling sys-
tems will have to include low tem-
perature distribution systems (e. g. 
radiant heating fl oors and cooling 
ceilings) with little or no fan energy 
consumption, multi-zones with heat 
recovery and variable refrigerant 
fl ow, and ductless indoor distribu-
tion systems. 

Being effi cient at exhaust air heat re-
covery, heat pump applications will 
be extended in cold climates to su-
permarkets, ice rinks and cold stor-
age plants and to residential heating 
at very low ambient temperatures, as 
well as for snow melting. 

In some applications, such as ground-
source heat pumps in community 
and large-scale building applica-
tions, seasonal underground heat 
storage will improve the annual per-
formance factors of HVAC systems. 
Heat pump installation costs will be 
reduced by optimizing the design 
and developing new concepts, cost-
effective packaged units, materials 
and thermal fl uids. 

A major issue is cost reduction, espe-
cially of ground-source heat pumps, 
by designing effi cient and more com-
pact ground heat exchangers. 

It will be important to harmonize, re-
gionally and/or globally, calculation 
methods of Seasonal Performance 
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Factors for combined heat pump sys-
tems. 
Periodical analysis of market poten-
tial and economic issues, the develop-
ment of new standards, simulations, 
laboratory tests and fi eld demonstra-
tions of various prototypes will all 
help heat pumps achieve future tech-
nical, economical and environmental 
targets. 

Finally, utilities, manufacturers and 
governments need to work in closer 
cooperation to improve the energy 
effi ciency and market penetration 
of future electric and gas-fi red heat 
pumps. 

Environmental im-
pact
Because of the synergy between heat 
pumping and lower-carbon electrici-
ty supply, heat pumps can effi ciently 
help to reduce not only energy de-
mand and consumption, but also the 
carbon footprint of buildings. They 
could effectively save 50% of build-
ing sector and 5% of industrial sector 
CO2 emissions. This means that 1.8 
billion tonnes of CO2 per year could 
be saved by heat pumps, correspond-
ing to nearly 8% of total global CO2 
emissions [9]. 

Conclusions 
Finding new ways to produce and 
use energy to minimize environmen-
tal impact is one of the key challenges 
the world faces in the 21st century. 
In this context, industrial processes 
and higher market penetration of heat 
pumps in new low energy buildings 
will increase energy savings, lower 
power demand and reduce exposure 
to supply risks in many countries. 
Wider use will also reduce carbon di-
oxide emissions because heat pumps 
are often more carbon effi cient than 
the direct use of fossil fuel for the 
same purposes. A 30% market pen-
etration of heat pumps in retrofi t 
heating markets would reduce total 
global emissions by up to 8% be-
cause heating energy effi ciency will 
be improved and electricity genera-
tion can become less-carbon-inten-
sive. Finally, global warming issues 

will drive new regulation, force new 
government subsidies and infl uence 
consumer behaviour. 

As a direct result of this it is expected 
that new technology-related business 
opportunities over the next 30 years 
will represent several tens of trillions 
of dollars. 

Heat pumping technologies certain-
ly have a promising, brilliant future 
in the context of the world’s declared 
energy crisis. 
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Thermally driven heat pumps in future 
energy systems

Giovanni Restuccia, CNR-ITAE, Italy

This paper presents a short survey of closed-cycle, thermally driven heat pumps. Following a concise 
description of operating principles and of the main components of liquid absorption and solid adsorp-
tion technologies, a comparison of their main properties and performance is presented. Subsequently, 
different products commercially available are mentioned together with the main producers. Finally, a 
technology perspective is provided.

Background
Thermally driven heat pumps/air 
conditioners, using environmental 
friendly refrigerants, represent an 
energy effi cient technology [1]. Their 
use, in comparison with traditional 
vapour compression systems, can 
create benefi ts in terms of reduction 
of electricity peak load, mitigation of 
global warming potential and prima-
ry energy saving, especially where 
waste heat or solar energy are used 
as primary energy sources [2].

Basically, heat-driven heat pump/
chillers work at three levels of tem-
perature: the machine is driven by a 
heat source at high temperature; heat 
is rejected at medium temperature 
and collected at low temperature. 
The heat rejected at medium tem-
perature is the useful effect provided 
in a heat pumping operation. The 
cold produced at low temperature is 
the useful effect provided in chilling 
mode. The most important examples 
of heat-driven cooling systems are 
closed absorption and adsorption cy-
cles. Other options adopting an open 
cycle are available such as the desic-
cant cooling systems for direct cool-
ing and drying of air. Only closed-cy-
cle cases are discussed here. Sorption 
technologies range from small units 
of 10 kW (or even less) to huge units 
of a few MW, and may be driven by a 
large variety of heat sources, includ-
ing waste or solar heat and the direct 
combustion of fuel. Another advan-
tage is the utilization of a “thermal 

compressor” instead of a mechanical 
compressor, ensuring silent opera-
tion, which is particularly attractive 
for applications in buildings such as 
residential houses, museums, thea-
tres, etc.

Liquid absorption 
and solid adsorption 
closed-cycles 
Both technologies are based on a 
working pair of a refrigerant and 
a sorption medium. In absorption 
devices the refrigerant is absorbed, 
i.e. dissolved, in the liquid sorption 
medium changing the former’s con-
centration. Most common working 
pairs are Lithium Bromide/Water 
and Ammonia/Water. In the case of 
adsorption chillers, the refrigerant 
is adsorbed in the pores of the solid 
adsorption medium. Most common 
working pairs are Zeolite/Water, 
Silica Gel/Water, Activated carbon/
ammonia, and Activated carbon/
methanol [3]. Both technologies are 
thermodynamically similar and 
have analogous basic confi gurations, 
which consist of four main compo-
nents: a reactor called a generator, 
where the sorbent (liquid or solid) is 
heated at high temperature; the con-
denser, where the desorbed refriger-
ant vapour is condensed into liquid; 
the evaporator, where the cooling 
effect is produced, and a reactor 
called an ab/adsorber that receives 
refrigerant vapour from the evapora-
tor. In the case of liquid absorption 

machines, a pump is used to continu-
ously circulate the rich solution from 
the absorber to the generator and the 
weak solution back to the absorber. 
The two reactors in a solid adsorption 
machine operate in counter-phase to 
ensure continuous useful cooling ef-
fect and are alternately heated for de-
sorption and cooled for adsorption. 
In contrast to absorption machines, a 
circulation pump is not required. For 
further details about basic operating 
principles of absorption and adsorp-
tion systems, please see [4] [5].

In order to increase the performance 
of the machines, more sophisticated 
confi gurations have been developed, 
such as double and triple-effect liq-
uid absorption machines and multi-
bed or thermal wave solid adsorption 
machines [6]. Such advanced con-
fi gurations are thermodynamically 
more effi cient but may be driven by 
a heat source at higher temperature 
and usually require complex hy-
draulic arrangements and elaborate 
control criteria.

Table 1 summarises the technologies, 
the pairs used and compares the 
main properties and performance 
of the most-used thermally driven 
products.

In general, liquid absorption ma-
chines can guarantee high COP in 
both cooling and heat-pumping 
modes. Some practical hazards still 
exist such as crystallization and cor-



IEA Heat Pump Centre Newsletter Volume 27 - No. 4/2009 www.heatpumpcentre.org
14 14

Topical article

Process Adsorption Absorption

Refrigerant/sorbent water
silica gel

water
zeolite

water/LiBr
Single-effect

water/LiBr
double-effect

ammonia
water

Temperature
Heat source [°C]

60–90 75–150 75–110 135–200 100–180

Capacity [kW] 7.5–500 7–15 15–12000 200–6000 18–700

COP heat pumping 1.4–1.6 1.3–1.5 1.4–1.6 1.8–2.2 1.4–1.6

COP cooling 0.5–0.7 0.4–0.6 0.6–0.7 0.9–1.3 0.5–0.7

Table 1 – Available thermally driven heat pumps

rosion problems and high circula-
tion pump energy consumption. 
Ammonia/water machines require 
specially designed solution pumps. 
Solid adsorption machines have 
lower thermodynamic effi ciency but 
can be driven by lower driving tem-
peratures, which makes this technol-
ogy particularly interesting for the 
exploitation of low grade waste heat 
or solar energy. Moreover, operation 
of solid sorption machines is not af-
fected by motion, so that another at-
tractive application is the cooling/
air conditioning of automobiles or 
boats.

The diffusion of ther-
mally driven heat 
pumps
Absorption chillers/heat pumps 
have been extensively studied and 
developed and are now considered 
a mature technology; high quality 
products are sold by several manu-
facturers. Absorption heat pumps for 
space heating and cooling are often 
gas-fi red, i.e. are integrated with a 
gas boiler that produces the driving 
thermal energy of the sorption heat 
pumps; in this case good integration 
of the condensing boiler with the 
sorption device is needed in order to 
obtain an effi cient overall system. 

On the market here are several gas 
fi red absorption heat pump products 
available that are generally ready for 
small-to-medium capacity sorption 
devices. Of these products, one of the 
most interesting is based on the am-
monia/water pair and is produced 
by Robur (Italy). It is integrated with 

the boiler and is able to supply heat 
for ambient heating and cooling with 
a seasonal global performance factor 
as high as 1.4. 

Different lithium bromide/water ab-
sorption machines have been avail-
able on the market for many years, 
in single or double-effect confi gu-
rations and driven by various heat 
sources (direct fi red, hot water, dis-
trict heat and steam). Triple-effect 
machines have been developed only 
as pre-commercial prototypes that 
require very high driving tempera-
tures (>200°C). Many manufacturers 
of LiBr/water machines are located 
in Asia (Sanyo, Yazaki, Broad, LG, 
Hitachi, etc.) and the USA (Carrier, 
York, TRANE, etc.). Frequently, LiBr-
water absorption chillers are inte-
grated with cogeneration plants or 
solar-assisted systems. However, a 
single-effect machine might require a 
heat source of about 88°C or higher, 
so that expensive evacuated tube col-
lectors must be employed instead of 
cheaper, fl at-type collectors.

Solid adsorption systems have been 
studied and developed to lesser de-
grees than liquid absorption sys-
tems, so there is still a wide margin 
for development in process optimi-
sation, performance improvement 
and reductions in manufacturing 
costs [7]. Historically, the fi rst silica 
gel/water adsorption chillers pro-
duced by Nishiyodo and Mycom 
(Japan), appeared in the market in 
the late 80s. Such chillers, still avail-
able on the market, have different 
cooling capacities (30–470 kW) and 
can be effi ciently driven by hot wa-

ter at 60–90°C, ensuring a COP of up 
to 0.6. Germany is the country most 
recently active in the development 
and construction of solid sorption 
heat pumps/chillers, especially for 
small-capacity systems, thus exploit-
ing one of the most interesting prop-
erties of solid sorption devices, i.e. 
a non-reduction of performance for 
small-capacity systems. Nowadays 
there are a couple of small German 
companies (SorTech, Invensor) pro-
ducing chillers based on silica gel–
water and zeolite–water with cool-
ing capacities starting from 7 and 5 
kW respectively. 

Furthermore, Viessmann and Vaillant 
are ready to launch a product consist-
ing of a boiler integrated with a solid 
adsorption heat pump for single-
apartment heating that would have 
a fi eld seasonal heating performance 
factor higher than 1.2. Viessmann and 
Vaillant (solid sorption), Bosch Ther-
motechnik and Robur (liquid sorp-
tion), in collaboration with Ruhrgas 
and other gas utilities, are participat-
ing in a very interesting joint project 
‘Gas Heat Pump Initiative (www.
IGWP.de)’, whose main aim is to 
continue to develop absorption and 
adsorption heat pump technology to 
market maturity, through practical 
laboratory tests and fi eld trials [8]. 
Other signifi cant contributions in the 
development of this technology are 
provided by a couple of companies 
located in China (DY Refrigeration 
and Jiangsu Shuangliang). 

A special contribution, at mate-
rial level, is provided by Mitsubishi 
Chemical (Japan), which has devel-
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oped a new class of adsorbent ma-
terials (AQSOA-FAM), specifi cally 
designed to be used in adsorption 
chillers. These new adsorbents, hav-
ing a crystalline structure, are prefer-
able to amorphous silica gel and can 
be regenerated with a thermal source 
in the range 60–90°C. Nowadays, ac-
tivity on solid adsorption machines 
is almost absent in USA.

Technology perspec-
tive
Until now, most of the installed sys-
tems are large units for buildings 
and also in district heating and cool-
ing networks. However, as the small 
units have the potential to form the 
larger proportion of the market, 
deeper market penetration by ther-
mally driven heat pumps/chillers 
can be achieved when small (5–20 
kW), compact, effi cient and cost-ef-
fective machines become available. 
Accordingly, there are several aspects 
still under investigation to improve 
machine design and overall perform-
ance. Concerning liquid absorption 
systems, the most important direc-
tions in today’s R&D are the reduc-
tion of driving temperatures, miti-
gation of corrosion problems, and 
investigation of novel working pairs 
such as ionic fl uids. Concerning solid 
adsorption systems, results present-
ed in the recent state of the art are en-
couraging, but a lot of advancements 
are still expected, especially with 
reference to heat transfer intensifi ca-
tion, improved cycles, development 
of novel adsorbent materials with 
advanced sorption properties, re-
duction of size and techno-economic 
optimization. 
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The role of heat pumps in future energy 
systems

Takashi Yatabe, Japan

Introduction
The 2009 United Nations Climate 
Change Conference, commonly 
known as the Copenhagen Sum-
mit, was held at the Bella Center in 
Copenhagen, Denmark, between 7 
December and 18 December, 2009. It 
included the 15th Conference of the 
Parties (COP 15) to the United Na-
tions Framework Convention on Cli-
mate Change and the 5th Meeting of 
the Parties (COP/MOP 5) to the Kyo-
to Protocol. COP15 initially aimed 
at determining the new greenhouse 
gas emission reduction target and 
adopting a new legally binding pro-
tocol. However, the greenhouse gas 
emission reduction target remained 
stalled over disputes between the 
developed and developing worlds, 
which resulted in a document called 
“the Copenhagen Accord” instead 
of the new legally binding protocol, 
which has instead been carried over 
to the following year.

After the so- called “the Lehman 
Shock”, discussions over the global 
economic crisis and measures to deal 
with the crisis, and to prevent similar 
crises in the future, took on a higher 
priority than environmental prob-
lems. However, environmental prob-
lems are regaining world attention.
In Japan, for instance, as soon as the 
government changed in the summer 
of 2008, the Hatoyama administra-
tion made a policy pledge to reduce 
CO2 emissions by 25% by 2025. And 
Brazil, as the fi rst among emerging 
countries , has set a voluntary target 
to reduce CO2 emissions by a maxi-
mum of 39% by 2020.

Global environmental problems 
have broadened our view from do-
mestic issues to encompass interna-
tional trends. In the past, there were 
many issues that could have been 
dealt with globally in theory, but in 

reality, these issues were not handled 
globally because ultimately the coun-
tries involved were limited or had 
limited objectives. But now that all of 
us -- nations, corporations and each 
and every individual in the world -- 
are both perpetrators and victims at 
the same time, can we not agree that 
climate change is a truly global, mu-
tual issue?

As is well known now, global warm-
ing is mainly caused by an increase 
of CO2 emissions resulting from fos-
sil fuel combustion. We have enjoyed 
comfortable lives by exploiting en-
ergy obtained from the combustion 
of fossil fuels since the Industrial 
Revolution. Modern life cannot go 
on without fossil fuels.
Until now it was mainly developed 
countries that benefi ted from fossil 
fuels, but the emerging BRIC econo-
mies are increasing their consump-
tion of fossil fuels signifi cantly these 
days in line with their socioeconomic 
development.

An increase in consumption (de-
mand) is said to be responsible for 
pushing up the price of fossil fuels 
and other natural resources. In the 
late 90s the price of crude oil was 

stable around at around USD 10 per 
barrel, but it exceeded USD 100 per 
barrel in 2008; in other words, the 
price surged by more than 10 times 
over the last 10 years. After 2008, the 
price dropped in line with a down-
turn in demand due to the economic 
crisis. After another price rise at the 
end of 2009, prices are currently 
around USD 80.

On top of the environmental prob-
lems, economic issues have compli-
cated things further. Because fossil 
fuels are vital for our modern way 
of life, price has enormous impact 
on household fi nances and business 
activity. A quick way to solve the dif-
fi cult problems of CO2 emissions and 
fossil fuel prices would be to reduce 
the consumption of fossil fuels to 
become more independent of them. 
For instance, in our everyday lives 
the challenge could be met and over-
come by taking measures against 
heating water and rooms by fossil 
fuel. Under these circumstances, heat 
pump technology attracts attention 
as an effi cient, eco-friendly measure 
that can be taken without changing 
present-day household comforts and 
business advantages. 

Figure 1  CO2 refrigerant heat pump water heater (EcoCute)
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In Japan, in particular, electrical heat 
pump appliances in the household 
and buildings sectors, such as the 
heat pump washer-dryers, have in-
creased sales volumes considerably 
since their launch in2005. The Eco-
Cute heat pump water heater has 
also shown a remarkable increase. 
(Figure 1)

Global Warming 
Countermeasures 
and Energy Security
Apart from the environmental prob-
lems arising from the fossil fuels 
which have brought us such comfort-
able lives, we also face serious issues 
over energy security. The 1973 Arab-
Israeli War was one that caused an 
entire world to understand that crude 
oil was no longer an inexpensive en-
ergy option. And it taught countries 
like Japan that depended heavily 
upon imports for resources to realize 
that their energy supply and demand 
structures were very vulnerable. This 
was the turning point where energy 
conservation technology innovation 
accelerated the development of ener-
gy sources other than oil. Energy sup-
pliers have devoted ceaseless efforts 
to the development of alternatives 
such as wind, hydroelectric, solar, nu-
clear and biomass power generation, 
in addition to existing fuels including 
natural gas. It is important to estab-
lish an energy supply structure that is 
independent of oil by creating a best 
mix of the advantages of the above al-
ternatives. In other words, it is critical 
for suppliers to prepare for a variety 
of options and alternatives. 

Consumers are also required to try to 
overcome the problems. In order to 
reduce energy consumption, it will be 
important to establish energy-saving 
standards for factories, offi ces and 
stores, and to make efforts to live up 
to such standards. Would not coun-
tries with more energy conservation 
measures and a greater choice of en-
ergy source options be less affected 
by wild fl uctuations in oil prices? Ef-
forts by suppliers and consumers on 
their respective sides of the equation 
will result in highly effective counter-
measures. 

Applications of Aero-
thermal, Geothermal 
and Hydrothermal 
Energy
The promotion of energy conserva-
tion is inseparable from global warm-
ing countermeasures. Decreasing the 
consumption of fuels by applying en-
ergy conservation measures means a 
reduction in CO2 emissions caused 
by combustion, which will lead to 
measures against global warming. 
It was believed energy conservation 
was associated with tolerance. How-
ever, the tolerant image has changed 
a little. Take automobiles as an ex-
ample. Hybrid vehicles and diesel-
powered vehicles which get 30 km or 
more per litre have been launched on 
the market.  Fuel effi ciency improved 
without a reduction in performance. 
Some of them not only show per-
formance as good as ordinary gaso-
line-powered vehicles, but also boast 
better acceleration. With an ecologi-
cally aware approach, you can save 
energy driving these eco-friendly 
cars without undue mental effort. 

In Japan one hears advertising slo-
gans such as “Dry laundry by dry 
air” or “Boil water by heat from the 
air” in commercials from power 
companies and electrical appliance 

manufacturers. Through such com-
mercials the public has begun to rec-
ognize that “heat from the air” could 
be the key to future energy conserva-
tion. The key phrase is “heat pump”. 
Panasonic and Toshiba put “heat 
pump” in their washer-dryer brand 
names, which promotes heat pumps 
in general. (Figure 2)

Heat pumps have been predominant 
in refrigerators, freezers and cooling 
appliances in buildings for a long 
time due to a lack of cooling and re-
frigeration alternatives. Neither were 
they popular in water heaters, heat-
ing appliances and washer-driers. 
Because heat pumps were expensive 
and complicated and because other 
inexpensive options were available 
such as fossil fuel boilers and water 
heaters, heating appliances and inex-
pensive gas combustion systems for 
washer-driers. However, technologi-
cal developments over the last few 
years have brought acceptable prices 
and higher performance heat pump 
equipment to market, which makes 
it possible to increase their market 
share.

A heat pump has two major fea-
tures. Needless to say, one is the 
technology to pump up heat (heat 
transport), while the other is energy-
saving technology. When speaking 

Ref. Panasonic catalogue 
Figure 2  Heat pump washer-dryer
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of new technologies, fuel cells often 
spring to mind. While it is important 
to research and develop new tech-
nologies, we must take immediate 
action against global warming and 
we do not have time to sit and wait 
for new technologies to mature. Heat 
pumps are very effective at reducing 
CO2 emissions, and are also already 
commercially available, which is one 
of their great advantages. The major-
ity of technological developments 
have resulted from a steady stream 
of improvements being applied time 
after time. The heat pump is one of 
the leading, highly effi cient eco-
technologies.  But we must continue 
with research and development in 
the search for greater effi ciency, be-
cause actual COP is only 1/4 to 1/5 
of theoretical COP.   

Heat Pumps High-
ly Anticipated in 
Households and 
Buildings Sector
Housing is one of life’s necessities. In 
the modern age, comfort is a housing 
requirement over and above such 
basics as protection from wind, rain 
and the elements. While the econom-
ic effi ciency of household appliances 
is regarded as important, new func-
tions have been added in respect of 
information, crime prevention, nurs-
ing and so forth. As a result, energy 
consumption is steadily increasing.

In the average Japanese household, 
about 40% of all energy is consumed 
by electrical appliances (excluding 
air conditioners), about 30% by heat-
ing and cooling appliances (mostly 
heating) and the remaining 30% for 
water heating. In Europe and North 
America on the other hand, heating 
accounts for about 50% as they have 
longer cold periods. The closer to 
the equator a region is, the higher 
the proportion of cooling. Although 
heating in cold districts was essen-
tial to prevent people from freez-
ing to death, cooling was generally 
considered a luxury since being hot 
is not generally fatal. But cooling ap-
pliances are now considered one of 
the necessities of life now that we are 

getting wealthier and experiencing 
more extremely hot days.

Energy-saving measures for electri-
cal appliances and lighting include 
frequent switching off and the con-
trol of stand-by power. On the other 
hand, measures for cooling, heating 
and water heating whose energy 
sources are heat, include appropriate 
temperature settings, more insulation 
in homes and the introduction of so-
lar water heaters, these are miniscule 
and remain plenty of room for fur-
ther measures remains. The Japanese 
government gives particularly high 
priority to water heaters among glo-
bal warming countermeasures, given 
the fact that soaking in the bath is a 
part of Japanese culture. 

A water heater equipped with heat 
pump systems and nicknamed Eco-
Cute was launched under the policy 
in 2001. Its formal name is “CO2 re-
frigerant heat pump water heater” 
and it is the fi rst domestic water 
heater in the world to use CO2 as a 
refrigerant. At the meeting of the en-
ergy conservation task force under 
the Agency for Natural Resources 
and Energy in 2002, the prototype 
2001 model was reported as being 
able to save more than 30% energy 
compared to conventional combus-
tion-type water heaters. EcoCute 
alludes to two ECOs; one is “Ecol-
ogy” which refl ects the facts that it is 
equipped with a highly effi cient en-
ergy conserving heat pump system 
and that its refrigerant is CO2 from 
Mother Nature. The other is “Econ-
omy” which refl ects the fact that its 
running cost is one-fi fth or less than 
that of conventional units through its 
taking advantage of the economical 
option for night time power use pro-
vided by power companies to prac-
tice electricity supply load levelling.
  
In Japan there is a widespread, en-
trenched perception that water is 
heated by fi re. Conventional com-
bustion-type water heaters domi-
nate domestic markets with a share 
of more than 90% of water heater 
units. The latest latent heat recovery-
type water heaters have reached 95% 
(higher heating value standard) ther-

mal effi ciency; this is very close to 
the theoretical 100% upper limit as 
a result of intensive research and de-
velopment in combustion type water 
heaters. It can be said that there is 
no more room for further develop-
ment. In other words, it’s high time 
we came up with a practical answer 
to the widespread “myth” that wa-
ter is heated by fi re, so that we may 
achieve further effi ciencies. 
 
Heat pump water heaters show 
a thermal effi ciency of 148% (= 4 
(COP) x 36.9% (Japanese generating 
effi ciency)) even when generating ef-
fi ciency is considered. That is to say, 
one practical solution is the use of at-
mospheric energy instead of electric-
ity or fuels. Solar water heaters and 
heat pump water heaters are the same 
in this regard. However, there is a big 
difference between them; solar water 
heaters are very much dependent on 
weather conditions that result in an 
unstable energy supply, while heat 
pump systems allow us to use stable 
atmospheric heat, although there are 
seasonal differences. 

We have achieved over 50% improve-
ments in effi ciency and have had 
seen pump water heater COP reach 
4.9 (when heating water to 60ºC at 
an outside temperature of 7ºC) since 
2001 when EcoCute fi rst came to mar-
ket. Although COP changes in keep-
ing with outside temperatures and 
the temperature we wish to achieve, 
we would be able to decrease CO2 
emissions by approximately 65% if 
we could maintain COP 4 through-
out the year.   

Below are examples of conceiv-
able measures for EcoCute improve-
ments.
(1) Improved effi ciency in compo-

nents 
 As EcoCute uses supercritical 

CO2 as a refrigerant; it requires 
more durable design elements. 
EcoCute has a short history and 
still has plenty of room for devel-
opment. Continued research and 
development on e.g. pressure 
recovery in the compressor or 
fan is called for. One of the big-
gest effi ciency improvements ex-
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pected in the future is in heat ex-
changers. The air heat exchanger 
has been developed to a certain 
level technologically because its 
structure is basically the same 
as that of an outdoor unit of an 
air conditioner. The water heat 
exchanger, on the other hand, 
was developed exclusively for 
EcoCute, and seems to have 
plenty room for improvement. 
At present, scale prevention is a 
bottleneck regarding pipe shape 
design, and a solution is sought.  

(2) The recovery of energy lost dur-
ing the Expansion Process

 In EcoCute units, the recovery of 
energy lost during the expansion 
process is quite large because in 
current systems, the compression 
ratio in refrigerant circulation is 
high and there is an expansion 
valve that twists fl ow to gener-
ate resistance so that we can ad-
just the quantity of refrigerant 
fl ow from high to low pressure. 
We have found that the introduc-
tion of an ejector in the circula-
tion is highly benefi cial for the 
recovery of energy lost during 
the expansion process and the 
technology is being improved by 
further developments. For Eco-
Cute units equipped with rotary 
compressors, the solution could 
be the installation of double ro-
tary compressors or the applica-
tion of a gas injection cycle as in 
an air conditioning unit. Moreo-
ver, it should be possible in the 
future to develop an expansion 
machine that recovers energy 
lost during the expansion proc-
ess and use it for a compressor 
engine. 

(3) Downsizing
 The mainstream size of current 

domestic EcoCute units is 4.5 
kW for heat pump units and 300 
to 460 litres for hot water tank 
units. EcoCute units have these 
two devices. At times, the large 
hot water tank has presented 
diffi culty for some people in big 
cities in fi nding an installation 
location. Downsizing is required 
to solve these problems and thus 

increase market share. Specifi c 
requirements are: new develop-
ments for a high-output, high-
effi ciency compressor; further 
developments in heat exchanger 
effi ciency and downsizing to 
achieve water tank downsizing, 
and a more powerful heat pump 
with greater output.  The follow-
ing are also thought to be neces-
sary; the matching of water tank 
unit capacity to heat pump out-
put and the associated system 
control technology.    

(4) Cold Climate measures
      EcoCute market share remains 

at a low level in colder regions 
as it is unable to realize its full 
performance due to low outdoor 
temperatures. Operations under 
low outdoor temperatures cause 
frost to form, which degrades 
heat exchanger performance. 
And the facts that defrost opera-
tions require extra energy is an-
other major problem. We need 
research and development to 
overcome these problems.

As a result of the continuous research 
and development mentioned above, 
we are able to forecast effi ciency im-
provements of up to 50 % by 2050 by 
having innovative technologies de-
veloped and installed on each com-
ponent. (Figure 3)

We have used EcoCute in the exam-
ples above to illustrate the direction 
of developments, but these could 
also apply to hot water circulating 
heaters used mainly in Europe and 
North America, not only in house-
holds but also in offi ces and shops. 
When it comes to heat sources, aero-
thermal heat is used in Japan mainly 
because of the mild climate; how-
ever, we have other options such as 
geothermal, hydrothermal, waste or 
ventilation exhaust heat. Exploiting 
exhaust or waste heat is to recycle the 
actual energy within a house. This 
enables us to realize household en-
ergy recycling systems which do not 
release energy inside a house when 
recycling it. Research and develop-
ment by power suppliers regarding 
the reduction of CO2 emissions per 

unit are necessary and would bring 
synergy effects. 

Heat Pump Innova-
tions in the Industrial 
Sector
Quite large amounts of heat are 
generally consumed in factories, 
especially in clean rooms with air-
conditioning units or production op-
erations using drying, washing and 
sterilization processes. Research and 
development in steam infrastruc-
tures has been carried out as one of 
the measures for heat energy conser-
vation and it is very important that 
such efforts continue. It’s high time to 
take other innovative steps, and the 
heat pump springs to mind. In par-
ticular it should be possible to raise 
temperatures to levels suitable for 
air conditioning, water heating and 
drying by adding a small amount of 
high exergy power to aerothermal, 
geothermal or hydrothermal heat. 
In other words, we could replace en-
ergy generated from burning fossil 
fuels or electric heating with a heat 
cycle. 

Heat pumps such as EcoCute have 
been developed mainly for heating 
households and buildings, but they 
could also be applied to drying or 
heating (below 100 ºC) processes and 
this paves the way for introduction 
into production processes. If we re-
consider the common premise that 
heating and drying are exclusively 
steam processes, could we not postu-
late that steam is not the only option? 
(Figure 4)

A number of larger heat pump water 
heaters for the industrial sector have 
appeared on the market since 2006.

Examples of the potential demand 
for hot-water supply in production 
processes are as follows:
- Hot water at 60 to 80 ºC is used in 

a shower in the washing process 
before vehicle body painting.

- Hot water at 80 to 90 ºC is used in 
a pipe washing process at night af-
ter daytime production in a food 
processing plant. 
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Figure 3 Outlook for Eco Cute technology development



IEA Heat Pump Centre Newsletter Volume 27 - No. 4/2009 www.heatpumpcentre.org
21 21

Topical article

Figure 4 Diagram showing the introduction of heat pumps in production processes

Figure 5 Example of boiler heat balance
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- Hot water at 40 to 50 ºC is used in 
the washing of electrical parts.

- Hot distilled water at 80 ºC is used 
in the manufacturing process in a 
pharmaceutical industry. 

In each of the above cases, steam 
is generated in a boiler, and heat is 
transported by steam to heat water. 
Steam is very convenient when it 
comes to energy transportation in 
factories. Unlike electricity, however, 
there is a lot of energy loss during in-
termediate stages; one case is report-
ed where steam losses accounted for 
as much as 30% of the entire boiler 
output. (Figure 5)

Heat pump water heaters should be 
considered for energy saving meas-
ures wherever there is demand for 
hot water that is applicable to a fac-
tory heat pump system (e.g. produc-
tion processes, kitchens, washing and 
bathing, etc.) and where they can be 
applied in systems to rationalize the 
utility of entire plants without the 
need to continue with a central steam 
supply system infrastructure.

In addition, it would be important to 
request research and development 
by manufacturers and general con-
tractors for suffi ciently high quality 
to supply heat in production process. 
We already have components with 
highly developed technology and 
we might say we are within reach 
of commercialization by combining 
such components.

Heat pump technology could theo-
retically be applied to steaming and 
reheating. In steaming, VRC (Vapour 
Recompression) is a heat pump in a 
broad sense. It is possible to produce 
steam by compression under high 
temperature and high pressure con-
ditions instead of reheating in a boil-
er, and this can be applied not only 
to steaming but also to distillation 
processes in petrochemical plants. 
Besides, vaporization at low temper-
atures becomes possible by utilizing 
a vapour compression heat pump 
under decompression rather than 
compression. This means vapour 
compression heat pumps, by being 
utilized as vacuum technology, en-

able steaming at low temperatures, 
which could be applied to drying 
processes where paper is made from 
pulp. The fi rst step we should take is 
to study how to apply these innova-
tive technologies to production lines 
and air conditioning equipment.

There are measures available other 
than the introduction of equipment 
and systems. All equipment expels 
heat and waste energy; maybe there 
are ways to re-use this energy or re-
cover thermal energy from hot waste 
water tanks. Industrial sector tech-
nology advances could be achieved 
by tackling the issues mentioned 
above.

Future Trends in 
Heat Pump Technol-
ogy Developments
As often mentioned in IEA HPP news-
letter articles, the Ministry of Econo-
my, Trade and Industry of Japan or 
METI studied innovative technologi-
cal developments which should be 
focused in our country with an eye 
to 2050, summarizing them in their 
report titled; “Cool Earth – Innova-
tive Energy Technology Program” 
(March 2008). (Figure 6)

In this program, the so-called “a Su-
per-Highly Effi cient Heat Pump” is 
listed as one of the innovative ener-

gy technologies to be focused on by 
energy consumers, especially in the 
household and buildings sectors.
In the ”innovative energy technol-
ogy development roadmap through 
2050” program, effi ciency (SPF) is 
targeted at 1.5 times greater by year 
2030 and 2 times greater by year 2050 
compared to current fi gures, while 
initial costs are set to be reduced by 
3/4 by year 2030 and by 1/2 by year 
2050 in comparison to current levels, 
through developments in compo-
nents such as refrigerants and heat 
exchangers. This is based on high 
expectations for the super-high ef-
fi cient heat pumps that are applica-
ble not only to air-conditioning and 
water heating -- these account for 
approx. 50 % of all CO2 emissions in 
household and buildings -- but also 
to air-conditioning, process cooling 
and heating in the industrial sector. 
In other words they are credible tech-
nologies that will contribute to fur-
ther reductions in CO2 emissions.
Although the program was set up 
from a backcasting point of view re-
garding current technology status, it 
should not be technologically impos-
sible. Targets set by government are 
milestones for engineers. METI be-
gan its own R & D projects last sum-
mer in order to achieve its targets. 
A heat pump roadmap is also men-
tioned in the New National Energy 
Strategy from ME.

Figure 6 Innovative energy technologies for prioritization
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Figure 7-1 Heat Pump Technology Development Scenario Vol.1 (energy technology perspective 2008, International energy agency)

Figure 7-2 Heat Pump Technology Development Scenario Vol.2 (energy technology perspective 2008, International energy agency)
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Heat Pumps are regarded as being 
one of 17 important technologies to 
combat global warming in the 2008 
IEA energy technology perspective. 
Its blue scenario states that heat 
pumps will be fi tted in 50 to 70 % 
of buildings in OECD countries by 
2050. (Figure 7-1, 7-2) 

IEA HPP stated that the prolifera-
tion of heat pumps has the potential 
for reducing CO2 emissions by ap-
proximately 1.2 billion tons in the 
entire world and we can add that 
this fi gure is backed by the “Cool 
Earth Plan”. Substantial heat pump 
effi ciency improvements that uti-
lize unused energy sources such as 
atmospheric heat and the full range 
of usable heat sources are highly 
likely to bring about changes to the 
conventional energy supply and de-
mand structure.

Conclusion - Heat 
Pump is Renewable 
Energy
Violent fl uctuations in crude oil pric-
es, reviews of nuclear electric power 
generation in Europe and North 
America and controversial energy 
nationalism in resource-rich nations 
demonstrate the enormous changes 
in the energy situation. Regarding 
related issues, heat pumps are de-
scribed as renewable energy in an EU 
Directive that came into force in June 
2009, and which EU member coun-
tries must enact into law. In Japan, 
“renewable energy source” is defi ned 
in the “Enforcement Order of the Act 
on the Promotion of the Use of Non-
fossil Energy Sources and Effective 
Use of Fossil Energy Source Material 
by Energy Suppliers”, and aerother-
mal energy is listed among them. 
The use of aerothermal, geothermal 
and hydrothermal energy in energy-
poor European countries and Japan 
is equivalent to fi nding inexhaustible 
clean oil fi elds in the atmosphere or 
underground.

It is however impossible to replace 
all combustion systems with heat 
pumps at the same time, and timing 
is absolutely essential in equipment 
introduction. It is also important 

to promote technological develop-
ments that synchronize timing. For 
example, if equipment lifetime is 
estimated to be 10 years, all equip-
ment must be replaced within 10 
years. Building a society in which 
consumers are independent of fossil 
fuel is not just a fantasy, and isn’t it 
about time the world set its sights on 
the introduction of appliances that 
consume no fossil fuel? Adding ac-
tion upon action will lead to global 
warming countermeasures across 
the entire world.   
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Heat pumps in future industrial 
processes

A.K. Wemmers, The Netherlands

Heat pumps are primarily associated with space heating. Given the future scarcity and environ-
mental impact of fossil fuels, energy effi cient technologies such as heat pumps have a bright future 
in industrial processes. This article describes the opportunities for industrial heat pumps and takes 
a look behind the scenes at new developments.

Do heat pumps have 
a future in industrial 
processes?
Heat pumps are nowadays prima-
rily associated with space heating in 
dwellings and offi ces. Heat pumps 
are occasionally found in industrial 
processes, mostly hidden away as 
mechanical vapour recompression in 
evaporators or distillation columns. 
However, heat pump technology is 
widespread in industry as refrigera-
tors in food processing and the pro-
duction of oxygen and nitrogen. 

Will heat pumps continue to lead a 
marginal existence in industrial proc-
esses or does the future hold a more 
prominent role for them? To answer 
this question we fi rst take a look at 
energy use in industrialized socie-
ties and how this is likely to evolve. 
Will boundary conditions for energy-
effi cient technologies such as heat 
pumps improve or deteriorate over 
time? Secondly we take a look at in-
dustrial processes. If heat pumps are 
to play a bigger role, where will they 
be applied and which heat pump 
technologies are likely to make an 
appearance.

Future energy use
According to the IEA, global primary 
energy demand under current poli-
cies is projected to increase by 1.5% 
per year between 2007 and 2030. Fos-
sil fuels will remain the predominant 
sources of primary energy world-
wide. 

The combination of steadily growing 
demand and increasingly diffi cult 
oil and gas fi eld exploration justifi es 
the expectation of scarcity and high 
prices for fossil energy carriers in the 
future. In combination with the envi-
ronmental impact of the use of fos-
sil energy this will lead to signifi cant 
incentives to improve energy savings 
and increase the share of renewable 
energy. A large energy savings con-
tribution is expected from industry.

Industrial Energy use
In industrialized societies energy is 
used in three sectors: build environ-
ment, transport and industrial proc-
esses. Here we focus on industrial 
energy use. Data from an analysis of 
Dutch industrial energy consump-
tion is used for the sake of conven-
ience.

About 40% of industrial energy in-
put is used as feedstock. Heat is the 
predominant fi nal energy carrier, 
representing more than 80% of fi nal 
energy use. Most heat at tempera-
tures below 100°C is used for space 
heating, while heat at temperatures 
above 100°C is used to drive indus-
trial processes. In addition, useful 
heat 105 PJ is lost as waste heat in 
conversion processes like Combined 
Heat and Power stations.

Heat pumps in 
industry
Rising energy prices will improve 
conditions for energy-effi cient tech-
nologies such as heat pumps. Given 
that heat is the chief fi nal energy car-
rier, both at present and in the fu-
ture, conditions for heat pumps in 
particular will improve over time. 
This section describes the conditions 

Figure 1: World primary energy demand by fuel (Source World Energy Outlook 2009 © 
OECD/IEA, 2009, page 75, Figure 1.1: “World Primary Energy Demand by Fuel in the 
Reference Scenario”)
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under which industrial heat pumps 
should operate.

Pinch temperature
One of the tools used to analyze en-
ergy use in industrial processes is 
the Pinch analysis, in which all the 
heat fl ows of a process are mapped 
and all the thermodynamic oppor-
tunities for heat exchanges between 
process fl ows are identifi ed through 
systematic analysis. One crucial pa-
rameter in a Pinch analysis is the 
Pinch temperature, or the Pinch for 
short. Above the Pinch there is a net 
shortage of heat, below the Pinch a 
net surplus. For a heat pump to con-
tribute to the energy effi ciency of a 
process it must transfer heat from 
temperatures below the Pinch to 
temperatures above the Pinch. 

Heat demand above Pinch 
In industrial processes heat is used 
for heating raw materials, and for 
reaction and separation processes. 
Conversion processes such as the 
production of steel, glass, ceramics, 
concrete, the cracking of hydrocar-
bons, etcetera need temperatures 
above 600°C. The temperature of 
heat used for heating raw materials 
and driving separation processes is 
generally between 100°C and 250°C. 
Examples of heating and separation 
processes are typically found in the 
chemical, food processing and pulp 
and paper industries. Based on infor-
mation from the IEA Data services 
(World Energy Balances 2007) raw 
materials heating and separation 
processes make up about 50% of the 
world’s industrial energy use.

Heat source below Pinch 
Every heat pump needs a source of 
heat that can be upgraded. Within in-
dustry, industrial waste heat can be 
used as such a source. An inventory 
of waste heat in processes, products 
and waste fl ows was made regard-
ing the Dutch chemical and refi nery 
industries. The result is shown in fi g-
ure 3. High temperature waste heat 
(above 200°C) in fl ue gasses is not 
included in the inventory. It is clear 
from fi gure 3 that the temperature of 
industrial waste heat is typically be-
tween 50°C and 150°C. 

Given the temperature dependence 
of heat demand in industry, waste 
heat temperatures, and the Pinch 
temperature, some general guide-
lines for the application of industrial 
heat pumps can be derived.
• It is unlikely that heat pumps will 

be applied for high temperature (> 
250°C) processes.

• Industrial heat pumps should be 
able to produce heat in the tem-
perature interval between 100°C 
and 250°C).

• The temperature difference be-
tween heat source and heat de-
mand is quite high. An industrial 
heat pump should preferably 

generate temperature lifts up to 
100°C. 

Example of industrial 
heat pump
In a distillation column, heat is sup-
plied at a high temperature in the 
reboiler at the bottom of the column. 
About the same amount of heat is re-
moved from the condenser at the top 
of the column. The temperature dif-
ferences between reboilers and con-
densors can range from a few Kelvin 
up to a few hundred Kelvin. Me-
chanical vapor (re)compression heat 
pumps are sometimes applied to up-

Figure 2 The Dutch industrial energy use in 2006 in PetaJoules (1015J)

Figure 3 Waste heat in process, product or waste fl ows in the Dutch chemical and refi nery 
industries.
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grade the temperature of condenser 
heat to be used in the reboiler. This is 
only feasible at low temperature lifts 
(< 30 K) thus seriously limiting the 
applicability of heat pumps in distil-
lation processes.

Classifi cation of in-
dustrial heat pumps
Industrial heat pumps that can be 
applied in the conditions specifi ed 
above can be classifi ed according to 
the following categories:

1. Work driven:
Work driven heat pumps use me-
chanical work, usually from electric 
motors, to generate temperature lift. 
The most common are heat pumps 
based on the reverse Rankine cycle. 
This type of heat pump is commer-
cially available and can deliver heat 
at a maximum temperature of ap-
proximately 130°C. With alternative 
refrigerants, e.g. pentane, higher 
temperatures up to 180°C are possi-
ble. It is technically possible to gener-
ate high temperature lifts. However, 
because of the relatively high price of 
electricity compared to the price of 
heat, economic temperature lifts are 
generally below 50K. 

2. Thermally driven: 
Thermally driven heat pumps use 
waste heat to generate temperature 
lift. This waste heat should have 
a minimum temperature level (> 
100°C) to generate suffi cient driving 
force. Heat transformers allow waste 
heat to be upgraded, almost without 
the use of external drive energy. Me-
dium temperature waste heat at e.g. 
100°C is supplied to the system, and 
useful heat at a higher temperature 
e.g. 150°C, is given off by the system. 
Current systems use water and a lith-
ium bromide solution as the work-
ing pair. These heat transformers 
can achieve delivery temperatures of 
up to 150ºC, with a maximum lift of 
50ºC. 

3. Hybrids:
Hybrids use two sources of power 
to generate temperature lift: work 
and work potential from waste heat. 

Figure 4 Temperature ranges of different types of industrial heat

Figure 5 Linear motor driven thermo acoustic heat pump at the ECN laboratory
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This kind of system is useful when 
waste heat temperatures are too low 
to generate the required lift. This ex-
tends the operating range compared 
to work or thermally driven systems. 
An ammonia/water hybrid heat 
pump was recently developed by 
IFE in Norway.

Each type of heat pump covers a 
range of combinations of source 
heat and process heat as shown in 
fi gure 4.

Industrial heat pump 
developments
An example is given of a new devel-
opment in each of the three catego-
ries.

Work driven
Thermoacoustic heat pumps and 
engines are under development at 
ECN. Thermoacoustic technology 
can accommodate work and ther-
mally driven heat pumps over a 
broad range of temperatures (–100°C 
to 600°C) and high temperature lifts 
(up to 100 K). The underlying ther-
modynamic cycle is the Stirling cycle, 
in which gas is compressed, heated 
and cooled using a moving piston 
and displacer. In a thermoacoustic 
heat pump the piston and displacer 
are replaced by a sound wave. Fig-
ure 5 shows an experimental acoustic 
heat pump driven by a linear motor. 
A linear motor converts electrical 
power into acoustic power, which in 
turn drives the heat pump. 

Thermally driven
Higher operating temperatures and 
larger temperature lifts compared to 
conventional sorption heat pumps 
can be achieved by using other 
working pairs as is done with solid 
sorption. Systems using the revers-
ible absorption of ammonia in salts 
or hydrogen in metalhydrides are 
capable of delivering temperatures 
above 200°C. A prototype high-tem-
perature heat transformer system, 
shown in fi gure 6, is under develop-
ment at ECN. It uses a combination 
of LiCl and MgCl2 with ammonia 
and produces heat at 200°C from a 
heat source at 130°C.

Figure 6 Thermochemical heat transformer.

Figure 7 Silicagel water sorption heat pump which will be converted into a hybrid system.
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Hybrids
A project investigating the possibili-
ties for hybrid heat pumps based on 
thermo-chemical heat pump technol-
ogy began recently at ECN. In this 
project compressors will be built into 
existing sorption test rigs to investi-
gate the performance of hybrid solid 
sorption heat pumps. Figure 7 shows 
an experimental silicagel water sorp-
tion heat pump which will be used in 
the project.

The future of heat 
pumps in industrial 
processes
An increasing demand for energy 
to drive industrial processes com-
bined with scarcer and thus more 
expensive fossil energy carriers will 
increase opportunities for energy-
effi cient technologies such as heat 
pumps in industrial processes. Given 
the technical constraints, heat pumps 
are likely to emerge in the chemical, 
food processing, paper and pulp in-
dustries where they will be used to 
heat raw materials and drive separa-
tion processes. Industrial processes 
demand high temperatures and high 
temperature lifts. To upgrade waste 
heat to process heat three types of 
heat pumps are likely to appear: 
power driven, thermally driven and 
hybrids. 

The IEA recognizes the growing im-
portance of industrial heat pumps 
and is currently in the process of es-
tablishing an annex dedicated to in-
dustrial heat pumps.
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Heating, Air Conditioning and 
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www.ashrae.org/events/
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Air-Conditioning, Heating, 
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Expo)
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www.ahrexpo.com
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Paris, France
www.interclimaelec.com
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on Next-generation Air 
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Technology
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Conference & Exhibition
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https://www.iiar.org/conferences/
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23 - 27 March Mostra 
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www.mcexpocomfort.it/en/aspx/
ShowFolder.aspx?idFolder=156
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International Energy Agency
The International Energy Agency (IEA) was 
established in 1974 within the framework of
the Organisation for Economic Co-operation 
and Development (OECD) to implement an
International Energy Programme. A basic aim 
of the IEA is to foster co-operation among its
participating countries, to increase energy 
security through energy conservation,
development of alternative energy sources, 
new energy technology and research and
development.

IEA Heat Pump Programme
International collaboration for energy effi cient 
heating, refrigeration and air-conditioning

Vision
The Programme is the foremost worldwide 
source of independent information and 
expertise on environmental and energy 
conservation benefi ts of heat pumping 
technologies (including refrigeration and air 
conditioning).

The Programme conducts high value 
international collaborative activities to improve 
energy effi  ciency and minimise adverse 
environmental impact.

Mission
The Programme strives to achieve widespread 
deployment of appropriate high quality heat 
pumping technologies to obtain energy 
conservation and environmental benefi  ts 
from these technologies. It serves policy 
makers, national and international energy 
and environmental agencies, utilities, 
manufacturers, designers and researchers.

IEA Heat Pump Centre
A central role within the programme is played 
by the IEA Heat Pump Centre (HPC). The 
HPC contributes to the general aim of the IEA 
Heat Pump Programme, through information
exchange and promotion. In the member 
countries (see right), activities are coordinated
by National Teams. For further information on 
HPC products and activities, or for general
enquiries on heat pumps and the IEA Heat 
Pump Programme, contact your National 
Team or the address below.
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