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1. Introduction

In nature there is an unlimited amount of heat energy accumulated. In many
cases this energy cannot be directly used in houses or industry due to the low
temperature character of the source. The exploitation of this energy is possible if
heat pumps are applied. Heating with this method makes a perspective of rela-
tively inexpensive and environmentally friendly heating, which prompts to higher
investment costs compared to other installations.

Starting the economic assessment of the heat pump one should bear in mind
that electric energy applied for the pumps is the most expensive, because it is the
most refined energy.

The profitability depends on mean energy efficiency of the exploitation of the
equipment for the whole year.

Investment costs are differentiated and depend on the kind of the applied re-
newable heat source (air, water, ground and wastewater) and the way of making it
available. Compared to conventional installations using coal dust, coal, oil or gas,
these costs are higher, but exploitation costs are usually lower.

The heat pump is a device which is quite environmentally friendly. During its
work it does not require connection with a chimney or ventilation ducts. Heat
pumps are more and more used in everyday life, but it is still the matter of contro-
versy if their effect allows them to be counted among renewable energy. This re-
sults from the fact that a significant part of the obtained heat arises as a result of
the applied electric energy, which is obtained by burning a certain amount of con-
ventional sources (in Poland mainly coal).

27

GEOMATICS AND ENVIRONMENTAL ENGINEERING • Volume 5 • Number 3 • 2011

* AGH University of Science and Technology, Faculty of Mining Surveying and Environmental En-
gineering, Department of Management and Protection of Environmental, Krakow, Poland



2. Energy Efficiency of Heat Pumps
According to the EU Directive

Implementing the thermodynamic Linde’s circulation, the heat pump takes
electric energy from the network to compress of the working factor which was ear-
lier transformed into a gas phase, taking energy from the renewable source
(ground, water, air). Energy provided from the renewable source (a so-called low-
-temperature source) is usually much higher than the consumed electric energy,
thus the pump produces about 3.5 times more energy than took from the power net-
work. The coefficient of performance (COP) for pump as the ratio of the produced
heat energy (Qusable) to electric driving energy (L) s not however a constant parameter
and its mean annual value changes depending on the conditions of exploitation and
the kind of the applied renewable energy source, usually ranging from 2.5 to 4.0.

Taking into account the efficiency of converting the chemical energy of coal
into electric energy, which in Poland is about 0.33 – it should be three times more
primary energy (chemical energy of coal) to produce electric driving energy taken
by the pump.

Thus if we consider in the energy calculations of the electric energy producer,
and the coefficient of efficiency of the pump will be COP < 3.0 – energy efficiency
of the pump becomes problematic; the amount of the used primary energy gets
close to value of energy obtained from the pump. That means that burning the
coal alone we would obtain similar value of heat energy.

Thus the discussed directive in the context of qualifying energy from heat
pumps among the renewable energy states: “Only heat pumps with an output that
significantly exceeds the primary energy needed to drive it should be taken into
account”.

It is not a precise definition, because it only means that COP should be bigger
than 3.0. These results from a simple scheme of energy flow in the pump, as fol-
lows:

3L L Q Lusable� � � � �COP COP (1)
where:

L – driving energy provided from the energy network,
3L – primary energy (chemical e.g. coal) requires to make driving en-

ergy L (in Polish conditions at the efficiency of conversion 0.33),
COP – coefficient of performance for the heat pump (in the directive

marked as SPF), treated as seasonal – mean annual coefficient,
depending on climatic conditions (higher values are obtained in
warm regions, because of the lower requirements for heating
temperature,

Qusable = COP · L – energy obtained from the heat pump.
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In Polish situation the postulated in the directive condition of the efficiency
the work of the pumps would mean:

3L Q Lusable� � �COP , from taht COP � 3 (2)

At such COP the pump produces more energy than consumes in the form of
primary energy (here: chemical energy of coal).

In the subsequent note the condition appears that not all the energy efficient
pumps will be taken into account while calculations of the amount of the pro-
duced renewable energy, but only those fulfilling the condition:

COP � �115 1. /� (3)

where ç – the efficiency of the conversion of primary energy into electric energy in
a given country (in Poland 0.33, but e.g. in Germany, where the wind energy is de-
veloped – 0.37).

This means that only the pumps of COP > 3.45 should be in Poland treated as
belonging to the resources of renewable energy. This automatically eliminates the
pumps of air-water type (COP: 2.5–2.7). This situation will change with the as-
sumed growth of the value ç by gradual introduction of renewable energy
sources.

Re-writing the above condition in the form: COP > 1.15 · 3, and multiplying
the inequality by L we obtain:

L L� � �COP 115 3. (4)

Thus:

Qusable > 1.15 · 3L.

This means that the effect of the work of compression heat pumps will be
counted as the management of renewable energy only if energy obtained from the
pumps (Qusable) is at least 15% higher than the used primary energy (3L).

Thus it should be emphasized that the mentioned directive in the present
shape does not include the issues referring to absorption heat pumps, which use
the heat energy of gas. If one accepts the criteria of efficiency and renewability
presented in the directive for compression heat pumps, these pumps would be
treated as producing renewable energy if COP > 1.27 (taking the efficiency of gas-
-fired boiler of about 0.9 and the mentioned above 15 per cent surplus obtained
heat energy over the chemical energy of gas). The low value of COP results from
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thermodynamic characteristic of absorption pump, but high coefficient of the con-
version of the chemical energy of gas into heat energy (in expression (3) ç = 0.9
should be taken as efficiency of the gas-fired boiler) allows getting a positive en-
ergy effect.

The value of the produced renewable energy in heat pumps Qodn (in directive
marked as ERES), required for the summary assessment of the produced energy
from renewable sources can by calculated according to the formula contained in
the directive and resulting from:

Qodn = Qusable – L = Qusable – Qusable/ COP = Qusable (1 – 1/COP) (5)

where:
Qusable = Qodn + L – the value of produced heat energy (according to the carried out

measurements),
COP – mean annual (seasonal – SPF) coefficient of performance (esti-

mated for a given climatic zone, character of the low-
-temperature source and applications as well as the construc-
tion of the heat pump).

3. Alternative Approach: the Assessment of the Efficiency
and the Degree of Energy Renewability
for Heat Pumps

Taking 15% surplus of energy obtained compared to the primary energy as the
condition to qualify heat pumps as the instruments of high energy efficiency and
using renewable energy is an arbitrary procedure with no physical justification.

In energy analyses, to assess the energy efficiency of heat pumps, more ratio-
nal approach is applied. It is assumed that the work of pumps is energy efficient
when the collected primary energy is smaller than in the accepted, comparative
heating system at the production of the same amount of energy [2]. Due to similar
costs of exploitation and the level of emission, as a comparative system and at the
same time alternative system for heat pumps, usually heating system based on
natural gas is accepted. Then the comparison is not between primary energy and
the obtained energy, but between the primary energy used in both comparable
systems at the production of the same energy value [4].

For example, if the heat pump produces heat energy of the value L · COP us-
ing primary energy of the value 3L, in the gas system with a standard boiler of ef-
ficiency 0.87, the required amount of primary energy (e.g. chemical energy of gas)
will be (L · COP)/0.87.
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Thus, assuming that the heat pump shows energy effect if:

(L · COP)/0.87 > 3L (6)

we obtain the following condition of efficiency in case of gas heating:

COP > 2.6.

This is the lower value than accepted in directive, but the above condition re-
fers to relative energy efficiency of pumps compared to the gas system of a de-
fined energy efficiency.

Defined in such a way energy effect, if other efficiencies of comparative boil-
ers are assumed, will be obtained for other values of COP (e.g. for condensing
boilers of efficiency 1.0, it would be required that COP > 3.0).

As far as the theses of the directive mention the conditions of qualifying heat
pumps as “producers” of renewable energy – they do not refer to the important
parameter of the work of heat pumps, such as the degree of energy renewability.
The assessment of the degree of energy renewability for compression heat pumps
can be obtained by determining the percentage of the contribution of renewable
energy in the relation to the total energy taken from the natural environment (e.g.
total chemical energy of coal and geothermal energy).

For example, in Poland at the efficiency of the conversion of primary energy
into electric energy 0.33 – the degree of energy renewability can be defined as:

Ë = [Qodn / (Qodn + 3L)] · 100% (7)

After simple transformations, considering that:

Qodn = Qusable – L = COP · L – L,

we obtain:

Ë = [(COP – 1) /COP + 2)] · 100% (8)

Thus the degree of energy renewability for heat pumps will only depend on
the mean annual value of COP. For example, for COP = 4.0 value Ë = 50% which
means that the contribution of renewable and conventional energy is the same,
and above the value of COP = 4.0, the participation of renewable energy will be
higher than the used conventional primary energy.
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4. The Influence of the Compression of Heat Pumps
on the Emission of Substances to the Air

From the point of view of a local user, heat pumps are emission-free, but in
the scale of the country the situation is different.

This is because using heat pumps is connected with the application of electric
driving energy, which in Poland is mainly produced from coal.

Comparing the energy production from a heat pump of the value COP · L to
a standard coal boiler of efficiency 0.8 – to obtain the same amount of energy, it
would be necessary to apply coal fuel of the energy value COP · L / 0.8. The emis-
sion of pollutants to the air from the heat pump will be smaller than from the coal
boiler when the pump uses less chemical energy of coal than the coal boiler, thus
if the following condition is fulfilled:

3L < COP · L/0.8

i.e.:

COP > 2.4 (9)

Actually, the boilers of the electric power station show higher emission of pol-
lutants to the air (e.g. about 13% in case of CO2) than home boilers at burning the
same amount of primary fuel. Thus the value of COP under condition (9) should
be higher (above 2.7 in the aspect of CO2 emission).

For smaller COP value (e.g. pumps of air-water type) compression pumps
emit more pollutants than coal boilers.

Comparing the emission of pollutants to the air from heat pumps to the emis-
sion from gas-fired boilers one should look at the value of emission for a specific
kind of pollution.

For example, in the aspect of CO2 emission, it is accepted that at producing
the unit of heat in standard gas-fired boilers, the emission of CO2 is about 0.6
emission from coal boilers [3]. According chapter 3, if to produce a definite value
of energy, the heat pump uses primary energy of the value 3L (chemical energy of
coal), then the standard gas boiler uses energy (L · COP)/0.87 (chemical energy of
gas). Assuming that the emission of CO2 by the gas-fired boiler is 0.6 of the from
coal combustion, the heat pump will emit smaller amount of CO2 if the following
condition is fulfilled:

3L / [0.6 (L · COP)/0.87] < 1 (10)

32 A.P. Barbacki



i.e.:

COP > 4.35.

Obtaining a such mean annual value of COP in Polish climatic conditions is
difficult, thus despite the fact that in the scale of a local user, the heat pump seems
to be emission-free, looking at the scale of the whole country, natural gas is usu-
ally cleaner source.

5. The Economics of the Application of Heat Pumps

Looking at this question – only the assessment of exploitation costs of heat
pumps was taken into account, neglecting investment costs – always higher com-
pared to conventional heating systems. The costs of the exploitation of heat
pumps are always higher than the costs of exploitation in systems based on coal
and coal dust, and at the same time, much lower than in systems using heating oil
or electric energy.

Only the costs of systems based on natural gas show comparable values, thus
analyzing economic profitability of using heat pumps e.g. by an individual user,
as an alternative system, usually gas system is accepted.

Heat pumps, producing energy of the value Qusable = COP · L take energy from
the energy supply network, the value of which is L. Producing the same value of
energy in the gas-fired boiler of the efficiency çg, requires the use of chemical en-
ergy of gas of the value (COP · L) / çg. Marking the price of electric energy as Ke

and the price of energy from gas as Kg, the cost of produced energy in the heat
pump is: L · Ke, while in gas installation (COP · L) · Kg / çg.

Thus the heat pump is more economical than gas heating when:

L · Ke / (COP · L · Kg / çg) < 1 (11)

i.e. when:

COP > (Ke/Kg) çg (12)

Condition (12) implies that the profitability of applying heat pumps, com-
pared to gas not only affects the value of COP, but also the relation between the
price of electric and “gas” energy and the efficiency of the gas-fired boiler. For ex-
ample, nowadays (according to 2010 data) the prices of electric and “gas” energy
in Poland are about Ke = 0.55 PLN/KWh and Kg = 0.2 PLN/KWh and for the effi-
ciency gas-fired boiler çg =0.87, the heat pump will be more economical than gas
heating if COP > 2.4.
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For example, for COP = 3.0, after substituting the value on the left side of the
expression (11) we will conclude that the exploitation costs of heat pumps will
make about 80% of the costs of gas heating.

In case of the access to two-schedule calculation of electric energy (night and
day schedule), the economic efficiency of heat pumps grows significantly (de-
crease of Ke), making the costs close to the costs of coal heating.

6. Conclusions

The discussed EU directive, despite the fact that its details require improve-
ments, for the first time introduced the legal requirement for the devices using
heat pumps to be energetically efficient. Also the criterion that, if fulfilled, the ef-
fect of the action of compression heat pumps allows counting this to renewable
energy resources that can be taken into account at the assessment of the participa-
tion of renewable energy in the total production of gross energy.

Also the issues of renewability, emission and economics of the work of heat
pumps are discussed. They have an orientation character, because they do not take
into account many factors connected with the work of real heating systems based
on heat pumps (factors like the uptake of electric energy by circulation pumps and
control-measurement instruments or changeable prices of electric energy and gas,
depending on the parameters of the customer).

A general conclusion resulting from the presented speculations is that aspects
referring to renewability, emission as well as economics of the application of heat
pumps are strictly connected with high mean annual value of the COP (SPF) and
national coefficient of the efficiency of primary energy conversion ç, according to
the formula (3).

Heat pumps, during the heating season, show different values of COP, de-
pending on the weather conditions. The highest values occur in spring and au-
tumn, the lowest in winter. This results from thermodynamic characteristic of heat
pumps showing that the COP value grows with lowering the temperature at out-
put from a pump and reaches high values at higher temperatures of the low-
-temperature source (e.g. in case of thermal waters). As far as the temperature of
the low-temperature source is for a given installation usually established, lower-
ing output temperatures from the pump significantly increases the value of COP.
Low temperature heating requires, however, the application of good insulation in
the heated objects, or floor heating and/or wall heating, where for heating temper-
atures about 35°C are sufficient.

Despite the fact that the advantages resulting from the application of heat
pumps depends on many factors, and usually on high the value COP (SPF) and ç,
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their basic advantages compared to a standard reference, i.e. gas are the following:
safe exploitation (lack of local emission and blast threat), independence from the
prices and supply of gas (only electric energy is required), low costs of exploita-
tion (in particular at two-schedule system), and first of all they make a heating al-
ternative in the areas where there is no gas network.
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