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The heating market needs a solution which adapts 
the amount of heat generated to the heat load, yet 
remains highly efficient. Emerson’s ZHW Copeland 

Scroll™ Variable Speed compressors 
adapt speed continuously between 30 
and 117 Hz thanks to a highly efficient 
inverter drive and motor combination. 

Unique Copeland Enhanced Vapor Injection 
technology allows production of water up to 68°C. 

Furthermore our variable speed solution incorporates 
intelligent controllers which use sensors, as well as 
serial communication to manage compressor speed 
and operating envelopes.
For maximum effi ciency, you can choose between a 
simple compressor and drive, or a full solution which 
includes compressor, drive and controller. This is what 
will make your heat pump so effi cient.

WHAT MAKES YOUR HEAT PUMP SO EFFICIENT ?
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If this were understood by all decision-mak-
ers in society and in particular by those 
preparing European legislation, 
Europe may be able to close 
some open issues on the 
energy savings and climate 
agenda. 

More than 6 million 
installed units in Europe 
show that renewable 
energy from air, water 
and ground can be 
used efficiently to provide 
100% of a building’s heat-
ing, cooling and hot water 
demand. From the smallest units 
that power near zero energy homes to 
large industrial installations: heat pumps are 
fit for purpose in new and renovated buildings 
as well as in industrial applications and district 
heating systems. 

The benefits of heat pumps exceed saving 
energy, using renewables and reducing CO2 
emissions. Most major manufacturers are 
established in Europe: they develop, produce 
and install locally, providing employment and 

paying taxes. However, making full use of the 
technology’s potential is still limited by mar-

ket realities. 

Governments need to change 
framework conditions in a 

way that enables congru-
ence between political 
and individual targets. A 
good start is the comple-
tion of the following 
related legislation: the 
Directives on renewable 

energy (2009), energy 
performance of buildings 

(2010), energy efficiency 
(2012), and the regulation on 

Ecodesign and the Energy Label 
(2013). The EU Energy Label will prove heat 

pumps as best in class heating technology.

EHPA encourages swift and decisive action 
supporting heat pumps to encourage market 
growth. This will unleash the technology’s full 
potential to help achieve Europe’s targets. 

thomas nowak
Secretary General, EHPA

Heat Pumps Work !

EHPA promotes awareness and deployment of heat 
pump technology in Europe for residential, com-
mercial and industrial use. All activities are aimed 
at overcoming market barriers and disseminating 

information to develop high quality heat pump sys-
tems for heating, cooling and hot water production.

For more information, please contact:  tel.: +32 2 400 10 17  email: info@ehpa.org  www.ehpa.org



4



5

Heat pumps are 
usually overlooked 
as a technology 
that uses renewable 
energy because they 
operate in the dark. 
Hidden in basements, 
on roofs or in machine 
rooms, they actually 
use renewable energy 
from air, water  
and ground. This 
makes the technology 
an essential element  
of the energy 
transition, particularly 
in cities due to  
its ability to provide  
greater efficiency as  
well as to connect 
electricity and thermal 
energy grids.

image: Heat-pump pipes of the Porta Nuova 
Garibaldi development project in Milan, Italy. 
Source: Climaveneta / EHPA
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What impact can renewable heating 
and cooling have on energy savings?  

When heat pumps run on mainly renewable 
energy, like hydropower, photovoltaics and 
wind, they deliver about three times the 
amount of energy compared to what they 
consume in electricity. That can lead to sub-
stantial energy savings. Renewable sources 
of heating and cooling can also be cheaper 
than fossil alternatives in the long-run, and 
can thus help consumers to reduce their 
energy bills. In addition, if heat pumps are 
operated intelligently, meaning that they 
operate when electricity prices are low, 
they might save even more. This could also 
save Europe from further grid expansions, 
with reduced congestion leading to a more 
efficient use of the electricity grid. 

How can heat pump technology achieve 
more recognition in discussions about 
energy and climate targets?  

Despite the efficiency of heat pump tech-
nology, various market failures, like split 
incentives between builders and users of 

buildings, lack of information and long-
term planning have reduced their uptake. 
We will reach the estimated quantities of 
renewable heating and cooling in 2020 
only if we go beyond currently imple-

Q&A:
Paula Abreu Marques
Head of Unit for Renewables and CCS policy 
DG Energy, European Commission

Paula Abreu Marques
 Source: European Comission

image: Heat exchanger in a hot  
water storage tank. 

Source: Thomas Nowak
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mented policy incentives. Many Member 
States will need to employ additional 
measures in order to achieve their targets.

Heat pumps are a local technology pro-
viding jobs at the point of installation 
and keeping know-how in Europe. How 
important is green employment in the 
EU’s energy targets?  

In light of current economic developments, 
increased employment is crucial for Europe. 
Renewable energy technologies that 
reduce import bills and increase employ-
ment in the EU are a win-win strategy. It is 
estimated that the geothermal energy sec-
tor in 2011 provided around 51,000 jobs in 

Europe. In the short-term, we expect heat 
pumps to remain the driving segment for 
employment in the EU geothermal sector.

What can an industry association such 
as EHPA do to help the Commission 
achieve its goals?  

Industry associations can contribute by 
increasing awareness of the benefits of 
renewable energy technologies and by 
ensuring their effectiveness, for example 
by ensuring that European producers 
deliver top quality equipment. They can 
also help Member States to devise their 
renewable energy strategies by highlight-
ing the potential for heat pumps. 
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Early installations of the technology have 
been operating for more than 75 years 
providing heating, cooling and hot water for 
residential, commercial and industrial pur-
poses. Despite this history, the technology 
is still often deemed innovative. 

Heat pump technology uses the refrig-
eration cycle. This principle was discov-
ered in the 1850s by Sadi Carnot (and 
is now called the Carnot Cycle), and was 
described theoretically shortly thereafter by 
the famous Lord Kelvin.

Heat pumps use two simple principles: 
evaporation and compression. While this 
may sound very technical, these principles 
are easy to understand and have been 
known to humans for a long time.

Everybody benefits from evaporation on hot 
summer days. Swiping a damp cloth over 
one’s skin is refreshing because of the 
evaporation caused by the body and outside 
energy, which results in a cooling effect.

Anyone who has inflated the tire of a 
bicycle will understand the concept of 
compression. Mechanical energy from 
human muscular activity is used to com-
press the air in the pump before it can 
be released into the tire. The tip of the 
air pump actually gets warm, an effect 
that can be felt by your hand! Compress-
ing air increases its temperature.

These two effects are what make heat 
pump systems work: similar to the skin 
example, a source of energy evaporates 
the refrigerant (by this process, the 
energy source is cooled down slightly). 
The result is a gas. In a second step – 
similar to the bike pump example – the 
gas is compressed thus increasing its 
temperature. Using a heat exchanger, 
the energy is then transferred to the dis-
tribution system of the building. Energy 
is usually distributed via (low tempera-
ture) radiators, floor heating system or 
fan coil units. 

How Heat 
Pumps Work
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Images source: BWP

[...] a specific challenge occurs in integrating surplus electricity  
in the grid and in balancing supply and demand.  

Heat pumps provide a tremendous storage potential to this challenge.

AiR  
Operation principle of a heat 

pump outside.

GRoUnd  
Operation principle of a heat pump 

underground.

WAteR  
Operation principle of a heat pump 

underground.
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If the process is operated in reverse mode, 
cooling is provided. Energy can come 
from renewable sources: air, water, or the 
ground or from processes: exhaust air, 
waste energy stored in water/ground from 
buildings or industrial processes. Auxiliary 
energy – usually electricity or gas – is 
needed to run the compressor and the 

pumps.  Heat pumps always provide heating 
and cooling, thus giving the same machine 
an additional economic advantage in cases 
where both services are needed. In heating 
mode, ambient energy is the heat source 
and the building is the heat sink. In cooling 
mode, the cycle is reversed: the building is 
cooled down using the outside as heat sink.

•   the heat pump refrigeration cycle can be used to provide heating  
and cooling services separately or simultaneously. 

•   energy used to run the process is from natural sources, with a small  
share of auxiliary energy, usually electricity. If green electricity is used,  
the system runs 100% on renewable sources. 

•   the technology has been implemented in more than 6 million installations.

image: Working on the  
manufacturing line of heat pumps in Sweden. 

Source: Enertech AB / EHPA

distribution system  
Heating, cooling and  
hot water.

Auxiliary energy  
Gas / electricity (from water,  
wind, photovoltaics).

Renewable energy sources  
Air, ground, water and waste energy.
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Heat pumps can use energy from the 
air, water and ground. The origin of 
this energy can either be from natural 
sources or waste energy. In the first 
case, energy stored in the air or in bod-
ies of water is the result of solar irra-
diation; energy stored in the ground is 
a mix of energy from solar irradiation, 
rainwater and geothermal energy. If air, 
water or ground are used to discharge 
energy from cooling or from industrial 
processes, this energy can be re-used 
by heat pumps and thus increases the 
efficiency of any process. 

The debate over whether or not heat 
pumps actually use renewable energy is 
over; it ended when the European Union 
passed its legislation encouraging the 

use of renewable energy sources (RES) 
in 2009 (2009/28/EC). The RES Direc-
tive’s Article 2 defines which sources of 
energy are deemed renewable to include 
aerothermal (energy stored in air), hydro-
thermal (energy stored in water) and geo-
thermal (energy stored below the earth’s 
crust). The Directive explicitly recognizes 
heat pump technology as necessary to 
make use of these renewable sources.

This recognition is the basis for all other 
legislation affecting heat pumps and it 
certainly influences perceptions in the 
market place, where the benefits and 
possible contribution of heat pumps to 
overall energy demand in the heating 
and cooling sector is still underestimated 
or often overlooked.

Renewable 
by nature



13

The heat pump industry is local to 
Europe. Most manufacturers originate 
and set-up shop in Europe. The manu-
facturing of parts, components and sys-
tems has spread from Spain to Sweden 
and from France to Poland. Research 
and development is executed by com-
panies, institutes and universities. Heat 
pump know-how is European know-how 
and European manufacturers are market 
leaders in many segments, even on a 
global level. 

Installing heating and cooling systems 
is done by local installers. Using heat 
pumps contributes to energy efficiency. 
It reduces energy demand, in particu-
lar demand for non-renewable, fossil 
sources and shifts money flows from 

paying for energy imports to other means. 
Local purchasing power is increased. 
Supporting heat pumps means support-
ing local infrastructure and employment.

With Europe’s shift of energy supply 
to renewable sources in full swing, a 
specific challenge occurs in integra-
ting surplus electricity in the grid and 
in balancing supply and demand. Heat 
pumps provide a tremendous storage 
potential to this challenge. In Germany 
for example, the storage potential of 
heat pump systems surpasses available 
pumped hydro!

sustainable 
for europe

supply security

local investment and local labor

maintain know-how

 balance supply and demand  
in smart grids

 use renewable energy from 
air, water and the ground

 reduce final and primary 
energy demand 

reduce greenhouse gas  
(GHG) emissions 3

2

1
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New buildings offer almost 100% effi-
ciency potential for applying new heat 
pump technologies. Renovated build-
ings present the biggest challenge: simply 
replacing gas boilers with a heat pump is 
not as optimal.

Nearly 90% of the products brought to mar-
ket have a capacity smaller than 20kW and 
are installed in residential buildings. The 
typical installation distributes energy to radi-
ators, ideally at temperatures up to 55°C, or 
floor/wall heating systems at temperatures 
below 35°C. The distribution medium can be 
air or water (hydronic heating).

On a commercial level, units use the 
same energy sources, usually delivering 
temperatures around 45°C and have air 

(via fan-coils) or water distribution systems. 
Heat pumps are often part of elaborate air 
conditioning systems providing heating and 
cooling comfort to an entire building, thus 
improving overall efficiency.

On the industrial level, heat pumps are 
usually custom-made to provide heating 
for factories and hot water for the service 
areas. Waste heat is used at temperatures 
around 40-70°C and can rise to 90-150°C. 
Prototypes now provide up to 190°C. Heat 
pumps are also increasingly used as the 
energy source for district heating network 
and as the sink for district cooling grids.

image: Low temperature  
split air to water heat pump. 

Source: Daikin

Applying 
Heat Pump 
technology

Heat and cooling demands can occur either  
simultaneously or alternatively.
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Residential: 
single/double  
family house

new Building:
Mass market currently developing.

Renovation:
Increasingly recognized market (France, Germany, Sweden, Switzerland), 
importance of domestic hot water units increasing.

Residential:
multi-family  

residency

new Building:
Small; market developing.

Renovation:
Initial steps are made.

non-residential
( commercial )

new Building:
Minority share in currently sold heat pumps. Several demonstration projects 
available, potential for heating and cooling projects by far not exploited. 

Renovation:
Increasingly important with owners that value low operating cost. Special 
application in sewage systems, subways and tunnels.



FUTURE HEAT PUMP CITY
HEAT PUMPS CAN BE APPLIED TO EVERY DIMENSION OF PRESENT AND FUTURE CITIES, THUS
OPTIMIZING THE USE OF RENEWABLE ENERGY SOURCES FROM AIR, WATER AND THE GROUND.

HEAT PUMPS CAN BE EVERYWHERE

WHAT IS A “COLD” SOURCE?
As opposed to a district heating system which operates at high temperatures, a “cold source” 
operates at low temperatures (10-20°C). Cold sources require little or no insulation; and can be 
used for cooling in the summer and for heating in the winter. When used for cooling, excess heat 
can be stored and sent to other locations via the grid. It can be used at a different location with 
heat pumps, thus contributing efficiently to the smart distribution of energy. 

OFFICE/PUBLIC
BUILDINGS

20kW-1MW

Source for heat
pumps in district
heating systems

INDUSTRIAL AND
COMMERCIAL BUILDINGS

100kW-1MW

Process
energy

Storage for
green electricity

Heat piles

Activated
concrete

BUILDING STRUCTURE AS 
HEAT EXCHANGE

For buildings heat pumps are most 
effective when the structure needs to be 

heated and cooled, sometimes at the 
same time. The buildings core serves as 

a source of energy and as a sink to 
dump excess heat! As both services 

can be done by one machine, it 
is also economically 

interesting.

PARKING LOTS AND 
BASEMENTS

Geothermal heat pumps can 
transport heat from the ground to 

the heat pump (heating mode) 
or transfer the heat from the 

building to basements or 
parking lots (cooling 

mode).

ENERGY SOURCES

Air Ground Hybrid systemsWater Exhaust air

CITY OF THE HAGUE, 
NETHERLANDS
Uses a “cold” source grid to
connect about 350 homes with
10°C, also an optimal temperature
for running heat pumps.

THE ISLAND OF
BORNHOLM, DENMARK,
Is developing the smart energy
system of the future: wind, solar PV,
heat pumps, biomass and -gas are
components of its future electricity
and heating supply from renewables.

The Hague

Bornholm 
Island

kW: kilowatt (1 kW= 1,000 watts)   MW: Megawatt (1 MW= 1,000,000 watts)

The waste energy from 
sewage is a fantastic 
source of renewable 
heat. One large facility 
might capture 120 MW.

Sewage
Treatment
plant

Rivers and sea water are good sources for heat 
pumps in distribut heating systems. Rivers are 
streams of energy. 1GW is quite common.

SINGLE-FAMILY
HOMES 

4-20kW

Individual
or multiple

heat pumps

MULTI-FAMILY
HOUSING

20-50kW

Source: European Heat Pump Association (EHPA)

Heat pumps can capture waste heat from street tunnels, subways and sewage systems 

ENERGY GRID (DISTRICT HEATING OR "COLD SOURCE")

ELECTRICITY GRID
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Today’s power grids are based on cen-
tral electricity production and one-way 
delivery of energy to the final consumer. 
Information exchange between utility and 
consumer takes place the old-fashioned 
way via oral and written communication, 
mainly via the energy bill. 

The smart grid of the future looks different. 
Decentralized power production from pho-
tovoltaic, wind and small-scale combined 
heat and power plants (microCHP) aug-
ments and maybe even replaces existing 
structures. As the capacity of this electricity 
production (from a regional perspective) is 
more difficult to predict, it requires another 
shift. When production cannot be modified 
to follow demand (as is the case in the 

central power plant model), demand has 
to be adjusted to consume all the energy 
available at any given point in time. This 
requires efficient load management. 

This is what smart grids are expected to 
deliver: via the exchange of information, sup-
ply and demand are integrated into the grid 
to ensure that it continues to offer afford-
able electricity. Heat pumps are a demand 
side technology that can bridge demand 
and supply patterns between electricity 
and thermal grids. Excess electricity can be 
stored in heat pump systems to be kept in 

Heat Pumps  
and smart Grids 

image: Training Center of Dimplex, Germany. 
Source: Thomas Nowak
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the form of thermal energy in their hydronic 
storage, the phase change material (PCM), 
or the thermal mass of any given building. 

A heat pump system thus serves as a 
thermal battery that can be used to over-
come times of low electricity supply. Typical 
systems can withstand 2-3 hours of inter-
rupted electricity supply. Improved designs 
may be able to cover several hours to a day. 
Combined with photovoltaics, heat pumps 
can use decentralized electricity, thus pre-
venting the grid from overload. When used 
in cooling mode, a coverage rate of nearly 
100% can be achieved,  meaning that all 
the electricity is used directly on site and 
demand peaks are avoided. This applies in 
particular to southern European countries. 

Heat pumps need improved connectiv-
ity to provide their full potential in smart 
grids. Modern interfaces integrate heat 
pumps into the household information 
infrastructure, even connecting them 
to the Internet, and enable exchange 
of information and remote control of 
the system of smart grid operators. The 
majority of manufacturers now offer 
some form of connectivity either via the 
user’s local Internet access point or a 
smart phone application. 

What is missing to tie the strings together 
into a business case are smart tariffs that 
honor demand side behavior for peak sav-
ing and thus set an incentive for the users 
of heat pump systems. 



20



21

ICEHOTEL is a cold place but several thou-
sand square metres are actually heated by 
ground source heat pumps from the Swed-
ish company NIBE. With heat pump tech-
nology, 80% less energy is used, compared 
to traditional heating methods.

ICEHOTEL has been using NIBE heat 
pumps since 2000. Today, more than 15 
heat pumps are in use to heat more than 30 
buildings. This has avoided several hundred 
tons of CO2 emissions. 

image: ICEHOTEL Blåhimmel, Sweden. 
Source: NIBE
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Heat pumps are emission-free at the point 
of operation. When using green electric-
ity or thermal energy from renewable 
sources, heat pump systems provide a 
100% renewable solution for heating and 
cooling of buildings. In systems where 
auxiliary energy is provided from con-
ventional (fossil) sources, the renewable 
energy used is the difference between the 
total final energy demand and the amount 
of auxiliary energy input.

The comparison of heat pump systems 
using air or ground as energy sources 
in residential buildings with a gas con-
densing boiler reveals a possible savings 
of between 20-49% in primary energy, 
67-79% in final energy, and 49-68% 
in carbon emissions. Heat pumps use 

between 65-78% of renewable energy to 
meet their total final energy demand.

The higher the system’s efficiency, the 
lower the energy demand and operating 
costs and relative emissions. The primary 
energy efficiency is largely influenced by 
the emission value of the electricity or fuel 
used. Electrical heat pumps will profit from 
future improvements in efficiency of the 
European power mix while thermal units 
benefit from a larger share of renewable 
fuels. In all cases, heat pump technology 
has the lowest overall emission among 
heating technologies and will reduce the 
carbon footprint of the heating sector.

State-of-the-art electric heat pumps can 
reach 3-5 efficiencies, which means that 

efficient 
Heat Pump 
Performance
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one unit of electricity is transformed into 
three to five units of heat. This relation 
is called the coefficient of performance 
(COP), if determined on the unit level, 
or it is called the seasonal performance 
factor (SPF) if determined on a system 
level for one complete heating sea-

son. Depending on the primary energy 
conversion factor, this translates into a 
primary energy efficiency of roughly 1 to 
5. Heat pumps using thermal energy can 
reach efficiencies (gas utilization) around 
1,3 units of heat per unit of primary 
energy input.

Contribution ranges of heat pumps compared to a gas-condensing boiler.

When using green electricity or thermal energy  
from renewable sources, heat pump  

systems provide a 100% renewable solution  
for the heating and cooling of buildings.
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EHPA collects data on heat pump sales and 
market development for 21 countries. In 
2013, a total of 767,237 heat pumps were 
sold. The number of man-years required 
to manufacture the annual production 
exceeds 41,332. In 2013, the number 
of heat pumps in operation in Europe 
exceeded 6.7 million units. After a decline 
of 7.4% in the previous period the Euro-
pean heat market recovered and displayed 
a growth of 2.3% from 2012 to 2013. 

Map  
showing sales  

in Europe 2013:
 767,237 units sold

european 
Heat Pump 
Markets  
2013

Source: EHPA
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The total heat pump stock installed has 
a thermal capacity of almost 60 GW 
producing 103.8 TWh of useful energy, 
62.7 TWh of which being renewable. 
Their use saved 89.8 TWh of final and 
50.7 TWh of primary energy in 2013. 
Using heat pumps in Europe is respon-
sible for 18.8 Mt of greenhouse gas 
emission savings. 

Looking at heat pump sales by energy 
source used, not much changed com-

YeAR
Sum  

eU-14
Sum  

eU-21
totAl 
stocK

2005 446,037 - 1,015,607

2006 509,794 - 1,525,401

2007 589,118 - 2,114,519

2008 804,457 - 2,918,976

2009 729,190 734,282 3,644,998

2010 713,515 800,388 4,437,530

2011 712,973 808,922 5,237,333

2012 674,519 750,239 5,979,176

2013 686,359 767,237 6,738,743

Heat Pump Sales in Europe, 2005-13 :

image: Air/water heat pumps.  
Estonia Aviation Academy. 
Source: Alpha-InnoTec 
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pared to last year’s situation: air is and 
will remain the dominant energy source 
for heat pumps. Sanitary hot water heat 
pumps continue to lead the small group 
of categories that are growing.

Annual growth is influenced by several 
factors. Most influential is the sluggish con-
struction sector. If buildings are not reno-
vated, the question of which heating system 
to choose does not even occur. Once this 
decision needs to be taken, heat pumps 
suffer from a high initial investment cost, a 
short-term decision horizon, and high elec-
tricity costs, which influence the total cost of 
ownership of a heat pump system. 

Heat pumps provide multiple benefits to 
society at large that would justify more 
government support. In 2013, additional 
heat pump capacity of 6.6 GW was 
installed producing about 10.9 TWh of 
useful energy, integrating 6.5 TWh of 
renewables in heating and cooling, thus 
avoiding 2 Mt of CO

2
-equivalent emis-

sions. An additional 5.2 TWh of primary 
energy was saved resulting in reduced 
final energy demand of 9.4 TWh. To 
produce the 2013 sales volume and to 
maintain the installed stock, a total of 
41,332 man-years were necessary. Obvi-
ously real employment related to the heat 
pump market is larger.
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Europe’s energy and climate strategy reveals 
that both the renewable energy target and 
the energy efficiency target might not be 
reached. The observable gap could eas-
ily closed by heat pumps. The tremendous 
unused potential is underlined by a 2013 
study by Ecofys that includes data from 8 
European key markets (Austria, Belgium, 
Germany, Spain, France, Italy, Sweden 
and the UK), and concludes that an ambi-
tious heat pump scenario would lead to a 
47% decrease of greenhouse gas emissions 
in the building sector (compared to current 
levels) by 2030.

This will require a heat pump-based strategy 
for heating and cooling with significant gov-
ernment interventions in all Member States 
of the European Union. Clearly, today’s busi-
ness as usual approach will not be enough 
to unearth the technology’s potential. (For 
more information on the Ecofys study and 
“The Refrigerant”, see pages 31-32.)

image: Air/water heat pump in 
Waldeck, Hessen, Germany. 

Source: Alpha-InnoTec
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30 The heat  pump special ist

alpha-innotec heat pump technology

A heat pump system
for everybody! 

ait-deutschland GmbH
Industriestraße 3
95359 Kasendorf - Germany
info@alpha-innotec.de
www.alpha-innotec.de

 A wide range of more than 200 heat pumps – 
the perfect solution for everybody!

 Available in many capacities, from 2 kW to 160 kW – 
and, if desired, even more!

 Quality you can trust –
 no product leaves the factory without control!

116x160.indd   1 22.11.13   11:03
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Heat pumps make use of the refrigeration 
cycle. This cycle requires energy from the 
ambient to evaporate the refrigerant. The 
refrigerant gas is then compressed, lifting 
its temperature to the desired level and the 
energy stored is transferred to the heat dis-
tribution system. In this step, the refrigerant 
vapor is condensed and later expanded. 

Different heat pump applications operate 
at different evaporation and condensing 
temperatures and thus rely on the specific 
property of a refrigerant to cater to this need. 
Thus, different refrigerants are required. 

The majority of heat pumps sold today are 
electric compression heat pumps using 
fluorinated hydrocarbons (F-gases) to run. 
The specific properties of these chemicals 
make them suitable for an efficient and 
secure process contributing to energy sav-
ings. In a study commissioned by EHPA 
in 2013, Ecofys consulting quantified the 
potential of heat pumps to save carbon 
emissions and reduce the energy demand 

for heating by making efficient use of 
renewable energy in the EU’s building sec-
tor. In light of the 2013 review of the F-gas 
regulation, the Ecofys study evaluated how 
much F-gas would be necessary to realize 
the estimated 2030 potential.

The study concludes that, in the most 
ambitious scenario, carbon emissions from 
heating, cooling, hot water and auxiliary 
energy can be reduced by 47% from 2012 
until 2030. Such savings are achieved by 
using a total of 3,249,000 heat pumps 
in the 8 countries analyzed. Assuming no 
significant shifts in the use of refrigerant 
by 2030, this installed stock would lead to 
CO

2
-equivalent emission savings of 296 Mt 

(compared to 2012). Possible emissions 
from F-gas leakage would amount to 
63.7 Mt. One million tons of accepted CO

2
-

equivalent emissions results in savings of 
296 Mt – a savings factor of 4.7.

The possible leakage of heat pumps is 
overcompensated by their benefits of 

the Refrigerant 
An important component  
of heat pump systems



32

reducing emissions. This confirms the 
conclusion of the European Commis-
sion’s (DG Environment) Oeko-Recherche 
Study stating that heat pumps are among 
those technologies with the highest 
abatement costs. Both arguments have 
been considered when voting on the final 
version of the F-gas regulation in Janu-
ary 2014. The status quo of the F-gas 
regulation forsees a fast phase down of 
available placing to market quotas down 
to 21% of the average level from 2009 to 
2012. This gives the heat pump industry 

Thermally-driven heat pumps use renew-
able energy with heat pump tech nology in 
a chemical process. Energy sources can be 
gas, solar thermal energy or waste heat. 
They are perfectly suitable to be installed 
in larger buildings both for renovation and 
in new buildings, or in areas with a weak 
electric grid. This technology can achieve 
a primary energy efficiency of 125-140% 
thus saving considerable amounts of 
energy (up to 40% on heating costs every 
year compared to the best condensing boil-
ers). Lower heating costs make thermally-

driven heat pumps a cost effective and 
environmentally friendly investment with 
short payback times. As they enhance the 
energy efficiency they also increase the 
value of the building, reducing the energy 
bills while reducing carbon emissions: bet-
ter for business, better for the environment!

time to focus on the development of new 
system designs and refrigerants. 

Current development action focusses on 
new and existing low GWP refrigerants as 
well as the optimization of the refrigerant 
cycle around well known natural refriger-
ants (ammonia, propane / butane, CO

2
). 

These are already widely used in commer-
cial and industrial applications. Their use 
in smaller units is possible, but technical 
and administrative issues require additional 
research and development.

thermally-driven 
Heat Pumps

image (right):  
Vulcano Buono, Naples, Italy. 

Source: Clivet
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Residential
Low Energy Single-Family House,  
Düsseldorf, Germany. 
Image source: EHPA

This system is typical of a simple, cost 
competitive but very effective heat 
pump application in a residential 
setting that can be replicated in 
similar environments in many coun-
tries throughout Europe. Installed in 
2009, it provides a comfortable liv-
ing environment for a family of two 
adults and four young children with 
year-round heating and cooling and 
hot water.

The basic installation comprises 
a ground source heat pump, con-
nected to an under-floor heating 
system throughout the house. 
Three vertical boreholes each 
approximately 30 meters deep 
deliver the ‘free energy’ to the 
system from the ground. Energy 
efficiency is enhanced by the use 
of a modulating pump, enabling it 
to respond quickly to the chang-
ing heating requirements of the 

occupants. Zoning enables temperatures 
in each room to be controlled separately, 
and remote access and control is made 
possible via an Internet link. 

More Heat Pump 
Applications
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commercial 
EnergieAG Power Tower,  
Linz, Austria.
Image source: Ochsner

Corporate headquarters of Austrian 
Energy Utility, EnergieAG, the Power Tower 
demonstrates the application of heat pumps 
in the first high-rise office tower to meet 
the strict passive house energy efficiency 
building standard. In accordance with the 
passive house standard, the building has 
no connection to the local district heating 
system, and requires no fossil fuel inputs to 
maintain a comfortable interior climate.

Comprising over 600 employees, the build-
ing consists of an underground garage, a 
two-story building and the 19-story office 
tower. Heat is extracted from the earth 
beneath the building via 46 geothermal 

The 145 m2 house is classified as a 
‘low energy house’ and has a total 
heating load of 55 W/m2. The elec-
tricity consumed by the heat pump 
is measured via a separate electricity 
meter, and as is typical in Germany 
a special heat pump tariff applies, 
enabling the owners to benefit from 
a preferential low rate. The average 
Seasonal Performance Factor (SPF), 
as recorded by the meter, is 4.27 
since commissioning in 2009. Suf-
ficient space heating and hot water 
is provided all year round by the sys-
tem, without recourse to any auxiliary 
heating systems.

boreholes each 150 meters deep, and 
used in conjunction with a ground source 
heat pump system to provide both heating 
and cooling services for the entire building. 

Another special feature of the system 
enables excess heat accumulated during 
cooling operations in the summer to be 
pumped back into the soil and used for 
heating in the winter. The efficiency of the 
system is also enhanced by the use of heat 
recovery and ventilation to cool the data 
center and through the provision of free 
cooling to the data center and offices.
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large scale commercial
Vulcano Buono, Naples, Italy.
Image source (below): Clivet

Located in Naples, the Vulcano Buono 
commercial center is an incredible example 
of engineering, architecture and energy 
efficiency co-existing in harmony. Adjacent 
to the real volcano, it hosts 160 shops, 20 
restaurants, a supermarket, a 9 screen 
cinema, plus a 158 room four star hotel.

The structure consists of a vegetation-
covered concrete, steel and glass complex 
conceived by Renzo Piano, the renowned 
contemporary architect. Originally the 
application provided a number of design 
and engineering challenges, not least the 

scale and shape of the building – an enor-
mous 170 x 40 meter asymmetrical cone 
structure, comprising multiple levels and 
green sloping roof.

A Water Loop Heat Pump system was 
deployed to provide both the heating and 
cooling requirements of the various build-
ings within the entire complex. Working 
in unison with this system is an array of 
65-rooftop air-to-water, and air-to-air heat 
pump units and air-handling systems. Over 
150 individual heat pumps are additionally 
deployed to provide comfort heating and 
cooling to the shops.

A significant benefit of the system is that 
it enables the transfer of heat within the 
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complex between buildings that require 
cooling and others that require heating. 
This contributes to significantly increas-
ing the efficiency of the system, and it 
is also estimated to result in about 35 % 
lower carbon emissions than conven-
tional systems.

The heat pumps provide an important 
component to what is a fully-integrated 
energy efficient design approach com-
prising a façade integrated photovoltaic 
system, triple glazing, active shading, 
insulation, efficient lighting and low inter-
nal heating and cooling loads. Overall 
the building is expected to use 50 % less 
energy than a comparable building using 
traditional methods.

district Heating
District heating heat pumps, Drammen, Norway. 
Image source (top): Star Refrigeration 

Nearly 165 years ago, 28-year-old Wil-
liam Thompson, a professor at Glasgow 
University stated that electricity from the 
Niagara Falls Electric company would soon 
be heating much of North America via 
heat pumps. He deemed the technology 
an important factor in optimizing the use 
of electricity. While this is still true today, 
we have not seen mainstream adoption of 
heat pumps as the “first choice method of 
heating”. One reason for this is that fos-
sil fuel has been and still is, relatively, too 
cheap – partly due to the fact that its use 
is often subsidized. Other reasons include 
a mismatch between supply capacity and 
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This may eventually make the vision of 
William Thompson – better known as Lord 
Kelvin – a reality.

Renovation
Yorkshire, United Kingdom.
Image source : Dimplex.

Located on the historic Fountains Abbey 
and Studley Royal estate in North York-
shire, also a UNESCO World Heritage site, 
How Hill holiday cottages were converted 
from 18th century farm buildings into 
five environmentally sympathetic holiday 
homes. As a challenging renovation proj-
ect, in the initial stages the option of sepa-
rate small heat pump systems for the five 
cottages was explored, and subsequently a 

demand, unmet requirements on efficiency 
and temperature level, and the acceptabil-
ity of a given working fluid. 

Heat pumps in district heating are pav-
ing the way for new technologies to go 
mainstream. At the Drammen power sta-
tion in Norway, for example, heat pumps 
extract energy from the nearby fjord and 
heats water from 60-90°C achieving a 
heating COP of over 3.0. As recently as 
2007, this was thought impossible. With 
low-grade energy sources such as the 
Norwegian fjord in Drammen being avail-
able in abundance throughout Europe, 
large heat pumps may become the solu-
tion of choice for those “smart” enough to 
realize that “heat without fire” is a reality. 
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communal system was selected, using two 
14 kW ground source heat pumps operat-
ing in parallel. Free energy is provided via 
eight 50 meter vertical boreholes. The heat 
pump system supplies low temperature 
warmth to under-floor heating throughout 
each cottage. 

Each holiday home has a dedicated circula-
tion pump and controls for the under-floor 
heating and a separate hot water cylinder, 
creating a very safe, low maintenance 
system, important because of the high 
turnover of guests at the cottages, and 
with high levels of user comfort required. 
The centralized plant, including a 200 
liter buffer tank to pre-heat the water, is 
housed in an adjacent part of the old farm 

buildings. In addition to space heating the 
system also provides domestic hot water 
to the cottages. Over its lifetime the heat 
pump system is expected to save over 150 
tons of CO

2
, compared with a conventional 

heating system. The installation illustrates 
the suitability of heat pump technology in 
difficult renovation applications, where it 
can deliver a compelling alternative to con-
ventional solutions.

Heat Pump city 
Etten Leur, Heat Pump City of 2012, 
Netherlands.
Image source : Dutch Heat Pump Association (DHPA) 

Correctly deployed, heat pump technology 
can be effective in many applications and 
environments within a town or city; using a 
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tial housing and municipal buildings are 
planned and all of this development is 
taking place in the context of a ‘no gas’ 
infrastructure.

The project presented a number of quite 
unique challenges. Not least by virtue 
of its scale and density – as it is one 
of the largest of its kind in the world. 
This required close coordination through 
several phases of different architects, 
contractors, installers and heat pump 
manufacturers.

A large part of the system has been oper-
ating for five years and the system has 
performed well and stood the test of a 
prolonged cold winter. The success of Etten 
Leur illustrates the applicability of heat 
pumps in meeting the demanding heating 
and cooling needs of large urban centers 
and contributing to a greener, more energy 
efficient future. 

large share of renewable energy, stabilizing 
the city’s energy demand, and making more 
efficient use of the available resources. 
Etten Leur in the Netherlands, winner of the 
EHPA’s Heat Pump City of the Year Award 
in 2012, exemplifies how a large urban 
center can implement an integrated design 
approach to harness this capability.

The municipality, located close to Breda 
in the south-west of the Netherlands, 
introduced their first policy on sustainable 
building and energy savings as far back 
as 1980, and commenced their first heat 
pump project in 2002. This initial demon-
stration project comprised 20 homes and 
a school connected to ground source heat 
pumps. The development of this ‘zero-
energy’ neighborhood, including 1,000 
homes, a new city hall, cultural center and 
school, all of which have individual ground 
source heat pumps connected to vertical 
ground heat exchangers. Further residen-
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To guarantee that heat pumps will perform as energy efficient as claimed 
for end-users, EHPA has been developing its own product quality label 
over the past years. About 3,500 labels have been granted to single units 
and model ranges. The label proves performance based on a third party 
measurement and provides extra value for the consumer, by requiring 

a two-year warrantee, 10 years of spare parts and 
a proper installation manual in the local language; it 
can be applied for in 14 European countries.

To overcome specific national requirements, industry 
is now developing a European performance certifi-
cate. Its rules will be jointly developed by stakehold-
ers from the industry. The certificate is based on 
third party testing. It will be awarded by accredited 
certification bodies and will include annual factory 
inspections and full quality assurance management. 

This will provide a cost efficient approach to provide robust effi-
ciency values to end-users and governments. It can increase the 
trust in the product with the user and can warrant the units of per-
formance for coordinators of subsidy schemes across Europe. Its 
results can also be used to calculate the seasonal primary energy 
efficiency sought by Ecodesign, but this time based on third party 
data. More information on the current label and the status of devel-
opments for the new performance certificate can be found here:  
www.ehpa.org/ehpa-quality-label

eHPA Quality label

For more information, please contact: tel.: +32 2 400 10 17 email: info@ehpa.org www.ehpa.org

EHPA is developing a new heat pump certificate 
for the whole European market. This certificate will 
be based on ISO 17065 and will include a model 
range definition, factory production audits and an 
improved approach to quality assurance.
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replacement of a gas boiler. Depending on the outdoor temperature, 
energy prices and the internal heat load, the Daikin Altherma hybrid 
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