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Over the last few years 
there has been an 
increased interest in 
saving energy and 
money. The ‘environment’ 
and ‘global warming’ 
is essentially the same 
topic, just seen from 
another standpoint. 

Heat 
Pumps 
in a new 
light

There are many ways to 
reduce the energy 
consumption, but where do 
we get the biggest effect of 

the energy saving initiatives? Seen 
from a macro perspective the 
European Parliament has investigated 
the energy consumption of the 
European Community where the 
residential and tertiary sector 
accounts for almost half the energy 
consumption. 

Directive 2002/91/EC of the 
European Parliament and of the 
council of 16 December 2002 on the 
energy performance of buildings.

“The residential and tertiary 
sector, the major part of which is 
buildings, accounts for more than 40 
% of final energy consumption in 
the Community and is expanding, a 
trend which is bound to increase its 
energy consumption and hence also 
its carbon dioxide emissions.” 

There are many ways to reduce 
the energy consumption in this 
sector. In the recent years one 
option has become more and more 
interesting which is the use of heat 
pumps.

In the past, heat pumps have 
often been perceived as air 
conditioning units that are used as 

heat pumps by ‘reversing’ the cycle. 
This kind of equipment may often 
include many compromises which 
result in a less efficient system, 
when compared to a dedicated heat 
pump that is designed for the 
purpose of producing high value 
heat at the lowest possible cost. In 
this article the focus is on the latter 
systems as they also include options 
that are very interesting for the 
industrial and semi-industrial 
applications where the majority of 
the energy is consumed and thereby 
the potential of saving money and 
improve the CO2 emission is massive. 

The industrial heat pump
By design, the 

industrial heat pumps 
have a significant 
advantage over the 
smaller heat pumps 
and the type of 
compressor used and 
their ability to work 
with high input 
temperatures on the 
suction (heat source) 
side of the system. 
The smaller commercial 
heat pumps are often 
based on compressors 

with the motor in the suction gas 
stream and these motors are cooled 
by the suction gas entering the 
compressor. The industrial 
compressors use an external motor 
which is cooled either by air or water 
and therefore the compressors can 
operate at elevated temperatures 
using waste heat as the heat source 
and delivering very high discharge 
and condensing temperatures. This 
way the designer of the system can 
design heat pumps that can provide 
water at temperatures up at around 
90OC. The smaller heat pumps for 
domestic hot water production are 
often using either ambient air, 
ground source or ground water as 
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heat source. The water has a 
temperature that reflects the mean 
temperature of the climate zone 
where the user is located. The upper 
limit of the discharge and condensing 
temperature are therefore limited to 
around 60OC for a single stage 
compressor. Normally a two stage 
compressor solution that will allow a 
higher temperature will be too 
expensive for the domestic consumer 
and the amount of heating will not 
justify the additional investment. 

The industrial system will also 
need to be a two stage system if the 
source temperature level is low, but 
depending of the value of the 
production and money saved, the 
investment can be paid back in an 
interestingly short time. It is 
important to get a clear picture of 
the heat load that needs to be 
provided and when it is required.  It 
is also important that the source is 
available and in sufficient quantity. If 
the timing on both sides of the 
process is not coincidental, it may be 
necessary to include storage tanks 
that can store the heat for later use.

Heat sources in industrial 
systems

One option in many industrial 
plants is to use the heat generated 
in the refrigeration system already in 
place. The condensed liquid that can 
be created in the discharge line by 
secondary heat exchangers can be 
avoided by taking the discharge gas 
from the top of the line introducing 
it directly in it to a cascade heat 
exchanger. The condensed high 
pressure liquid is then drained to the 
system liquid receiver.

Moreover, this direct heat 
exchange can eliminate one 
temperature difference in the 
process and improve the overall 
efficiency.

Another possibility is to use the 
warm water going to the cooling 
tower as heat source. This water will 
typically have a temperature around 
20 to 40OC. This water is normally 
not warm enough to be of interest, 
but by using the heat pump is 
becomes possible to boost the 

temperature up to around 90°C 
which is hot enough for cleaning 
food process machinery. 

In warmer climates it is possible 
to use the ambient air as a heat 
source when the cooling plant is not 
working. By inserting a three way 
valve, it is possible to use the 
ambient air to warm up the cooled 
water if there is still need for hot 
water. This provides flexibility in the 
production strategy that is 
appreciated by many users. 

Depending on the capacities 
involved the cooling of the water can 
reduce the water needed and it can 
reduce the condensing pressure of 
the refrigeration plant by lowering 
the condensing temperature. 

Other heat sources can be used 
to extract air from production and 
ventilation systems. The air can be 
relatively warm and also humid. This 
is an ideal source for collecting hot 
water in buffer tanks from which the 

water for cleaning can 
be used later.  Many 
modern airports have 
large capacity chillers 
for cooling terminals 
especially in the 
summer periods. Along 
with the cooling there 
can be a need for 
heating later during the 
day or the heat can be 
collected and stored for 
the winter time. 

Heat pumps versus 
boilers

One competitor to 
the heat pump is the 

boiler. Boilers are relatively cheap 
and can use a variety of fossil fuels 
to generate the required hot water. 
With increasing price levels for most 
sorts of fuels it is becoming more 
demanding to look at the efficiency 
of the system. Electricity is in many 
countries a relatively reliable source 
of energy and electricity is a high 
quality energy source in the sense 
that it is readily useable. It does not 
need to be transformed from one 
state to another like gas before it 
can be used. When you connect an 
appliance the energy can be used 
instantly with no additional loses.   

One of the most used fossil fuels 
is natural gas. Gas boilers often 
operate at an efficiency of around 
92%, depending on age. In the 
example below, it is assumed 
to be 100%.  

If the boiler has an efficiency of 
100% the COP will be 1 just as it 
would be for an electric heating 

element.  An ammonia 
based heat pump on 
the other hand has a 
COP around 5 or more. 
This means that the 
heat pump is producing 
5 times more kWh of 
heat than the energy 
consumed by the 
motor driving the 
compressor. In other 
words; a heating 
element will produce 1 
kWh of heat using 1 
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kWh energy where a heat pump 
will produce 5 kWh heat using 
1 kWh energy. 

One element often forgot is that 
the heat pump, as opposed to a 
boiler, needs a cold side to recover 
heat from, here referred to as the 
source. It is as important that the 
cold side is designed properly as it is 
that the warm side is designed and 
works properly. A difficulty in the 
design phase is to find out if the two 
loads (source vs. sink) occur 
simultaneously. If so, there is no 
major problem in implementing the 
heat pump.  However, if the cooling 
is off or not available when the 
heating is needed, it can be 
necessary to store the heat in large 
vessels or to collect and store the 
heated water until it is needed. This 
is one advantage that the boiler has 
over the heat pump. The boiler is 
not depended on other heat flows, 
but it is not necessarily only an 
advantage especially not economical.

It can, in some cases, be 
advantageous to keep an existing 
boiler to supplement short peak 
loads that may occur from time to 
time. This can be more efficient than 
having a heat pump to manage all of 
the load, including those that only 
appears for very short periods 
especially if they are rare. 
Alternatively, short peaks can be 
managed with a suitable storage 
vessel if the boiler is completely 
replaced. 

If the heat source for the heat 
pump is a refrigeration plant, 
depending on how large the required 
capacity is compared to the available 
capacity, the heat pump may reduce 
the condensing pressure of the 
refrigeration system. As one degree 

lower condensing 
temperature increases 
the refrigeration plant 
efficiency at around 
3%, it makes good 
sense to use heat 
pumps to reduce 
the condensing 
temperature and use 
the heat productively 
elsewhere in the 

production. Evaluating the 
consumption and costs can 
be difficult.

Another element where it can be 
difficult to estimate a precise saving 
is the cooling tower or evaporative 
condenser. The bigger the heat 
pump requirement are, the less heat 
the cooling tower or evaporative 
condenser will be rejecting and less 
fan power and water will be 
consumed. Less evaporated water 
will use less chemical treatment of 
make-up water and less water. If the 
condensing is with dry coolers, the 
savings will be on the fans not 
running or slowed down. If the 
capacity from the refrigeration side 
is not available, and the heating 

duty is still required, the dry cooler 
may be used as a normal heat 
source, but in this case the fans 
have to be operated. This is most 
applicable in warmer countries and 
during summer in the cooler 
climates.

A good heat source is all sorts of 
waste water, clean or not, and can 
provide additional production 
benefits. For example, cooling waste 
water from an abattoir can enable 
better filtration of fat and grease; 
making reclamation easier and more 
effective. Sewer water is also a good 
heat source since it often has a 
relative stable high temperature 
year round. But do not forget that 
the water may be very corrosive and 
special collectors (heat exchangers) 
may be needed in this application.

The industrial system
Let’s make a simple calculation of 

the industrial heat pump versus a 
gas heated boiler. In the example we 
have assumed that we need water 
supply at 70°C and that the capacity 
required is the same. To keep it 
simple in the first step we assume 

Your country United kingdom Input Output
Gas Price 0.035 €/kWh Heat capacity [kWh/m3]
Heat capacity 12 kWh/m3 DK 12
Gas price 0.035 €/kWh Russia 10

Variations 8.4 to 13
Price of  Electric power 0.10 €/kWh

Winter Summer
100% 75%

Boiler capacity 1252 kW 715.43 kW
Gas consumption 104.33 M3/h 59.62 M3/h
Running cost 43.82 €/h 25.04 €/h

Heat pump capacity 1252 kW COP 6.71 -
Electricity Consumption 186.5 kW Alt.Cap 106.57 kW
Running cost 18.84 €/h Alt.Cap 10.76 €/h

Yearly activity 5040 Hours 3600 Hours
Saving 125,916.84 €/year 51,394.63 €/Year

Price of heat pump 150.000.00 € 150,000.00 €
Simple pay back 1.2 Years 2.9 Years

Combined 177,311.47 €/Year
0.8 Years

Example conditions: If the application is within the EU the energy price levels can be estimated by 
checking http://www.energy.eu/. The prices are given in €/kWh both for electricity and for gas so they 

are easy comparable.
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that there is a sufficient heat source 
available to keep the heat pump 
running without problems. 

In the example below the 
capacity and the absorbed power 
was the available data from the offer 
given to the customer. If we want 
the same capacity from the boiler it 
is fairly easy to calculate how much 
gas the corresponding capacity will 
require assuming a COP=1 and the 
quality of gas. You will soon realize 
that there is a big difference in the 
quality of gas from different 
suppliers, but the gas quality in 
Northern Europe has usually been 
good and stable giving good 
efficiency, but in the name of free 
competition and lower price the 
future will bring lower quality gas 
with fluctuating quality and 
requirements for frequent cleaning 
of nozzles and adjustments of the 
supply of gas. This is often seen in 
countries getting gas from 
Eastern Europe.

One may ask how come that we 
only see this now? There are simple 
answers to that and that is the 
higher prices we see in the energy 
markets. Previously the price of 
energy was too low to allow a more 
global implementation of a more 
holistic view of the energy flows on 
the site. With the increased price 
level on energy it has also become 
more interesting to optimize the 
energy. The simple pay-back period 
is very often extremely short, in fact, 
sometimes so short that customers 
do not believe in our calculations 
before they have had a closer look 
at it themselves. 

If you compare to an oil fired or 
coal fired boiler there is the issue 
around the CO2 emissions that can 
be added to the calculations. 
Changing to heat pumps reduces the 
carbon footprint significantly 
especially if the electricity is coming 
from renewable sources such as 
wind turbines or hydro power 
stations.

What if we do not need the 
heat ourselves?

In some cases there are 

opportunities of selling the heat to 
a neighbor company or to the 
district heating system used in 
many countries. Also we now see 
many cities around the world using 
district cooling systems. This could 
be a heat source for many heat 
pumps to help keep the cold water 
cold while producing heat for the 
process on the warm side. The 
possibilities are mostly limited by 
our own imagination.

You may also wish to store the 
heat harvested in busy periods of 
year for using it in colder seasons. 
One way is to store it in big 
underground storages. This can be 
a big hole filled with sand surrounded 
by a membrane to keep inside the 
water. If you have solar collectors 
where you collect more energy than 
you need in the summer you can 
then store the surplus in the basin. 
On top of the basin you can use the 
space for a lot of different things. 
When you then need the heat 
stored you can use the heated 
ground or water as source for your 
heat pumps. This can help you for 
some time depending on how large 
it has been made.

A community around a large site 
with a lot of cooling systems can 
offer the company to commit to use 
the heat produced for heating 
purpose by installing and operating 
a heat pump that supplies the 
company cooling water for the 
refrigeration systems. This can be a 
true win-win option. The neighbors 

get a cheap heat source for a heat 
pump and the refrigeration plant 
operator can get a lower condensing 
temperature allowing the company 
to save money on the refrigeration 
systems but also saving money on 
condenser equipment and perhaps 
water and water treatment and 
service on this part of the system. 
At the end of the day it is all about 
money for everyone. 

Conclusion
In the current situation where it 

has become very necessary to 
optimize the energy consumption a 
site has to be looked at as a living 
organism where all streams of heat 
has to be evaluated. If we produce 
cold in one end of the building we 
most probably need heating in the 
other end too. An example could be 
a hospital where there is a need 
cooling for a lot of different purposes 
but at the same time there is a 
need for heating for a lot of other 
things simultaneously. Here we do 
not consider the usual 40OC that 
can be taken from most refrigeration 
plants but 70 to 90OC, which is 
more demanding.

A community can use heat 
produced from a cold store to heat 
a swimming pool or a gym. There 
are many similar interactions where 
a company can sell or give away 
their heat to the benefit of 
others or they can sell it to 
neighbor companies that need the 
heat produced.  �

❁
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Pachai has also been selling or assisting sales of a number of industrial 
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There has also been time for development of different types of systems 
and cycles based on CO2 as working fluid. 

Morten Vincent Ancker, Business Development Manager, Industrial 
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