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Heat pumps are widely used in buildings due to high energy performance and environmental-friendliness. 
2010/31/EU Directive of the European Parliament and Council requires assessing the consumption 
of primary energy generated from renewable sources when calculating the energy performance of 
buildings. However, the equation given in the 2009/28/EU Directive and guidelines 2013/114/EU of 
the European Commission does not take into account the amount of energy supplied by electric heat 
pumps into buildings. The paper presents the method that does not assess the energy input of primary 
sources for transforming electric power and for this reason, the calculations result in a lesser amount of 
energy than the ones obtained by the method of 2013/114/EU Directive. The calculation results proved 
that using merely heat pumps in nearly zero-energy buildings will not ensure the necessary amount of 
energy from renewable primary energy sources. Hence, to ensure the lacking amount of energy other 
renewable energy sources, such as solar panels, wind power plants, hydro power plants, biofuel, etc. 
are necessary to use.

KEYWORDS: heat pumps, primary energy, renewable energy, non-renewable energy, energy 
performance of buildings.

A heat pump is equipment that transforms aerothermal, geothermal or hydrothermal energy into 
higher-temperature heat that is used to heat buildings and/or water.

High efficiency of heat pumps and the requirements of energy performance of buildings becoming 
more demanding are the reasons why researchers’ interest in heat pumps as one of the most 
promising heating sources increases accordingly. However, the method of calculating the amount 
of heat supplied to the building by heat pumps fed on renewable and non-renewable sources 
is not widely discussed in literature sources. For example, Mendes compares absorption heat 
pumps fed on solar energy to pressure heat pumps in respect of primary energy use (Mendes et 
al. 1998). Gea analyses an up-to-date air heat pump system combining dryer wheel technology 
and radial cooling/heating. They assess the need for primary energy in the processes of cooling 
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and drying, as well as cooling, drying and heating by comparing the potential of such hybrid sys-
tems in saving primary energy with a traditional air heat pump system (Gea et al. 2011). Balta 
assess the exergetic energy released in the building from a primary energy source, which is the 
method applied in the premises heated by a geothermal heat pump (Balta et al. 2008). Moreover, 
Huchtemann compares highly efficient condensing boilers to heat pumps, assess the efficiency 
of various types of fuel used, and the factors of primary energy and CO2 emission conversion 
(Huchtemann et al. 2012). 

Similarly, by comparing two systems for heating water, namely a heat pump combined with water 
heating solar panels, and a gas boiler, Tagliafico estimates the possibility to save primary energy. 
The research has been performed on pools, but most of the criteria and results of the analysis 
are valid for buildings in need of hot water as well (Tagliafico et al. 2012). Further, Tagliafico also 
examines a heat pump combined with solar panels and used for heating a variety of water types 
(Tagliafico et al. 2014). Zhaon analyses heating and cooling systems including a heat pump with a 
gas-driven engine, and propose using residual heat from the engine to reach higher primary en-
ergy coefficients (Zhaon et al. 2011). Lee compares two types of heat pumps (fed on electricity and 
gas) (Lee et al. 2012). Teng assess the influence of gas turbine capacity of an absorption heat pump 
and the strategy of its use on the consumption of primary energy in a building (Teng et al. 2014).

A new method of assessment is presented by Zhang who analyses the seasonal primary energy 
indicator of a gas-driven heat pump of a water heater (Zhang et al. 2014). Elgendy analyses the 
characteristics of a gas-driven heat pump with an integrated heat recovery/regeneration sub-
system, focusing on the temperature of outflowing water, heating capacity and primary energy 
coefficients (Elgendy et al. 2014). 

In regard to the primary energy efficiency criterion, Wu compare an electric soil heat pump with 
absorption soil heat pump, and estimate the influence of thermal imbalance of soil on energy effi-
ciency indicators. In their further research (Wu et al. 2013), Wu analyses a combined heating/cool-
ing/hot water preparation system with a geothermal absorption heat pump used in cold climate 
zones. During the simulation, the imbalance of soil has been diminished and a part of recovered 
condensation/absorption heat used to produce hot water by a heat pump. Thus, such a combined 
system improves the efficiency of primary energy consumption (Wu et al. 2014).

The possibility of using heat compensation equipment with a thermo siphon in case of heating 
buildings by soil heat pumps in cold climate zones is discussed by You who claims that long-
term exploitation of a heat pump reduces its efficiency due to soil cooling down (You et. al. 2014). 
Havelsky uses primary energy indicators to analyse cogeneration system connected to heat 
pumps (Havelsky 1999). Hebenstreit looks at the operating input, primary energy consumption 
efficiency, and greenhouse gas emission to study the possibility of using a heat pump in an active 
condensation system by regenerating heat from biomass-driven boilers (Hebenstreit et. al. 2014). 
Yang considers potential and efficiency of a heat pump in ventilating and heating a greenhouse by 
the use of redundant thermal air energy formed therein (Yang et al. 2013). A hybrid heating system 
composed of a sewage thermal energy-driven heat pump and a gas boiler is analyzed by Li who 
examine its optimal operation strategy in order to reduce annual energy need (Li et al. 2013).

Bayera assess the pumps in respect of the reduction of CO2 emission (Bayera et al. 2012). They 
presuppose that electric power generation, becoming more ecological in the future, will lead to 
the increased efficiency of the pumps. Having compared various types of heat pumps and their 
operational principles, Sarbu states that better heat pump efficiency indicators are reached by 
combining heating and cooling as well as increasing the amount of renewable energy in the total 
of electric power used (Sarbu et al. 2014). The comparison of a heat pump to a gas boiler is pre-
sented by Cabrol taking into account CO2 emission (Cabrol et al. 2012). They claim that increasing 
the mass of the building or installing additional heat insulation enables reaching an acceptable 
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thermal comfort level during the heating season even if the air heat pump is not operating at max-
imum capacity. Rosiek estimates the amounts of primary energy consumption and CO2 emission 
by comparing different building cooling; heating and electric power generation systems based on 
the combination of renewable energy sources with traditional systems (Rosiek et al. 2013).

The presented work analyzed existing and developing systems and methodologies of consumed 
and generated energy by heat pumps. The objectives are to propose the methodology evaluating 
renewable energy generated by electric heat pump while considering factors such as the primary 
renewable and non-renewable energy, efficiency of heat pumps, the proportion of primary renew-
able energy in a building’s overall energy consumption.

The efficiency of traditional heat sources (gas, solid fuel, electric boilers, etc.) is defined by the use-
ful efficiency coefficient ηH.eq, the value of which shows the ratio of the amount of thermal energy 
produced by a heat source to the amount of thermal energy present in the energy source (gas, 
solid fuel, electricity, etc.) used to produce heat. Thus, the dimension of the coefficient stands as 
“the amount of thermal energy/ “the amount of thermal energy”.

The efficiency of an electric heat pump is assessed by a seasonal performance factor ηSPF that 
defines the ratio of the amount of thermal energy produced by a heat pump to the amount of elec-
tricity used by the pump to produce that energy. ηSPF dimension can be expressed as “the amount 
of thermal energy”/ “the amount of electricity”. The ηSPF value of a heat pump is estimated by 
testing in accordance with the LST EN 15450:2008 (2008) Standard. If the value of useful efficiency 
of electricity generation ηel is known (i.e. the ratio between the generated amount of electric power 
and the amount of energy in the energy sources used to produce that energy), the value of electric 
heat pump coefficient ηH.eq can be estimated as follows:

Research 
problem 
definition
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a heat pump, fixed HHP values unrelated to the energy needs of a building were determined in the cor-
responding climate zones. The 2010/31/EU Directive requires estimating the energy performance of 
buildings in regard to the primary energy input, whereas equation (2), given in 2013/114/EU, enables 
estimating “the part of renewable energy generated by heat pumps” that is related neither to the 
requirements of the 2010/31/EU Directive nor the LST EN 15450:2008 Standard.

Equation (3) cannot be applied for calculating primary energy since the physical meaning of its 
multiplier )11(

SPFη
− is as follows:

In equation (4), thermal and electric power cannot be taken as the same, because the latter is gen-
erated from the energy of a primary energy source (gas, oil, solid fuel, etc.). Yet, electricity in not a 
primary energy source that is used in heat pumps to produce thermal energy. To generate electric 
power the EU member states use less than a half of energy available in primary energy sources. 
According to the data provided in the guidelines 2013/114/EU of the European Commission, the 
average value of useful efficiency of electricity generation ηel makes up 0.455 in the EU member 
states. Consequently, if thermal and electric power were handled identically, then the impact of 
energy from renewable sources used in heat pumps on the calculation of the amount of energy 
generated from renewable sources would be reduced by 2.2 times (1/0.455=2.2) in equation (4). 
In that case, the calculation using equation (1) would result in an increased amount of thermal 
energy produced from renewable sources than it should actually be.
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Similarly, the energy supplied to a building from electric heat pumps is expressed as in equation 
(7): 

)11(
elSPF

usableERES EE
 


         (7) 

Table 1 presents the comparison of the calculations performed using equations (2) and (7). The 
analysis discusses the calculation results of thermal energy produced using renewable sources in 
electric heat pumps per one kWh of thermal energy supplied by the pumps to the building systems. 
Table 1. Comparison of thermal energy calculations according to formulas/equations (2) and (7) 
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Table 1 presents the comparison of the calculations performed using equations (2) and (7). The 
analysis discusses the calculation results of thermal energy produced using renewable sources in 
electric heat pumps per one kWh of thermal energy supplied by the pumps to the building systems. 
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Table 1 presents the comparison of the calculations performed using equations (2) and (7). The 
analysis discusses the calculation results of thermal energy produced using renewable sources 
in electric heat pumps per one kWh of thermal energy supplied by the pumps to the building 
systems.

The amount of thermal energy from renewable sources used in buildings obtained following 
equation (1) is from 1.43 to 4.96 times higher (Table 1, column 5) than that obtained by equation 
(7). This is because equation (1) does not take into account the thermal energy of energy sources 
used to generate electricity.
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 1 2 3 4 5 6 7 8 9

1. 2.5 0.121 0.600 4.964 0.879 0.400 0.138 1.500

2. 3.2 0.313 0.688 2.195 0.687 0.313 0.456 2.200

3. 3.5 0.372 0.714 1.920 0.628 0.286 0.593 2.500

4. 4.5 0.512 0.778 1.520 0.488 0.222 1.048 3.500

5. 5 0.560 0.800 1.427 0.440 0.200 1.275 4.000

If the thermal energy used by energy sources to generate electric power is not estimated, the val-
ue of the ratio between “renewable/non-renewable thermal energy” achieved using low-efficien-
cy heat pumps (ηSPF =2.5) is 1.5, and when ηSPF =5, the value makes up as much as 4.0 (Table 1,  
column 9). Analogous calculation by equation (7) demonstrates that the value of the ratio “renew-
able/non-renewable thermal energy” makes up as little as from 0.138 to 1.275 (Table 1, column 8).

The calculation of renewable/non-renewable primary energy of electric heat pumps is related to 
the values of primary energy factors from electric power. The estimation of these values takes 
into account the amount of renewable/non-renewable primary energy used by all energy sources 
to generate electricity, renewable/non-renewable primary energy input for energy transportation, 
and primary energy losses in electricity networks. In this case, the values of primary energy fac-
tors cover not only energy sources, but also the value of useful efficiency of electricity generation 
ηel and the losses in electricity transportation. The Lithuanian normative documents in construc-
tion assume that for the calculation of electric power input in buildings electric power supplied 
from electricity networks is fPRr =0 and fPRn =2.8.

The amount of non-renewable primary energy supplied to the building systems by heat pumps 
used therein to generate thermal energy from electric power may be estimated as follows:
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here: EElectricity_total – total amount of electricity, consumed by heat pumps. 
EElectricity from ren source (HYDRO, PV, WIND) – amount of electricity from renewable sources (hydro, PV, 
wind). 
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The amount of renewable primary energy, supplied by electric heat pumps to the building systems, 
includes the renewable primary energy of electric power consumed in the pumps and the energy of 
renewable sources, calculated by equation (7). This amount may be estimated as follows: 
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here: fel.PRn – non-renewable primary energy factors from electric power (unit), which is accepted 
here as fel.PRn =2.8 in calculating; 
fel.PRr – renewable primary energy factors from electric power (unit). In the present calculations it is 
accepted that fel.PRr =0, but renewable energy sources may also be used for generating electricity and 
for this reason, fel.PRr may be >0. For example, if electricity from hydro power plants is used, then 
fel.PRr =1, fel.PRn =0.5. Electricity from PV power plant is used, then fel.PRr =1, fel.PRn =0.7; electricity 
from wind power plant is used, then fel.PRr =1, fel.PRn =0.3; 
fHP.PRr – renewable primary energy factors from heat pumps (unit). According to the order 
determined by the LST EN 15450:2008 Standard, renewable primary energy fHP.PRr =1. 
Table 2 provides the calculation results of primary energy per one kWh to the amount of thermal 
energy supplied by heat pumps to the building systems; i.e. when Eusable=1 kWh, according to 
equations (10) and (11).  
Table 2. Primary energy supplied from electric heat pumps calculated according to equations (10) 
and (11) 
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1 2 3 4 5 
1. 2.5 1.120 0.121 0.108 
2. 3.2 0.875 0.313 0.358 
3. 3.5 0.800 0.372 0.465 
4. 4.5 0.622 0.512 0.822 
5. 5 0.560 0.560 1.001 
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tems, includes the renewable primary energy 
of electric power consumed in the pumps and 
the energy of renewable sources, calculated by 
equation (7). This amount may be estimated as 
follows:

Table 2
Primary energy supplied 

from electric heat pumps 
calculated according to 
equations (10) and (11)
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here: EElectricity_total – total amount of electricity, consumed by heat pumps.

EElectricity from ren source (HYDRO, PV, WIND) – amount of electricity from renewable sources (hydro, PV, wind).
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pumps (ηSPF =2.5) is 1.5, and when ηSPF =5, the value makes up as much as 4.0 (Table 1, column 9). 
Analogous calculation by equation (7) demonstrates that the value of the ratio “renewable/non-
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here: fel.PRn – non-renewable primary energy factors from electric power (unit), which is accepted 
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here: fel.PRn – non-renewable primary energy factors from electric power (unit), which is accepted 
here as fel.PRn =2.8 in calculating;

fel.PRr – renewable primary energy factors from electric power (unit). In the present calculations it 
is accepted that fel.PRr =0, but renewable energy sources may also be used for generating electricity 
and for this reason, fel.PRr may be >0. For example, if electricity from hydro power plants is used, 
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from wind power plant is used, then fel.PRr =1, fel.PRn =0.3;
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Table 2 provides the calculation results of primary energy per one kWh to the amount of thermal 
energy supplied by heat pumps to the building systems; i.e. when Eusable=1 kWh, according to 
equations (10) and (11). 
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here: EElectricity_total – total amount of electricity, consumed by heat pumps. 
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for this reason, fel.PRr may be >0. For example, if electricity from hydro power plants is used, then 
fel.PRr =1, fel.PRn =0.5. Electricity from PV power plant is used, then fel.PRr =1, fel.PRn =0.7; electricity 
from wind power plant is used, then fel.PRr =1, fel.PRn =0.3; 
fHP.PRr – renewable primary energy factors from heat pumps (unit). According to the order 
determined by the LST EN 15450:2008 Standard, renewable primary energy fHP.PRr =1. 
Table 2 provides the calculation results of primary energy per one kWh to the amount of thermal 
energy supplied by heat pumps to the building systems; i.e. when Eusable=1 kWh, according to 
equations (10) and (11).  
Table 2. Primary energy supplied from electric heat pumps calculated according to equations (10) 
and (11) 

 
 
 
 
 
 
 
 

No. 
Heat 
pump 

ηSPF, unit 

Amount of 
non-

renewable  
primary 

energy by 
equations (8), 

EPRn, kWh 

 
Amount of 
renewable  

primary energy 
by 

equations (9), 
EPRr, kWh 

Ratio 
EPRr/EPRn 

1 2 3 4 5 
1. 2.5 1.120 0.121 0.108 
2. 3.2 0.875 0.313 0.358 
3. 3.5 0.800 0.372 0.465 
4. 4.5 0.622 0.512 0.822 
5. 5 0.560 0.560 1.001 
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Table 3 gives the 2011 data on the fPRn values of electric 
power used for calculation in the building standards of 
some EU members.

The pumps that are most often used to heat buildings and 
water are soil-water heat pumps with ηSPF target value 
of 4.0 for new buildings in Central Europe. Table 4 gives 
the calculation results of EPRr/EPRn (per 1 kWh of thermal 
energy supplied by heat pumps to the building systems, 
by formulas/equations (8) and (9)) in electric heat pumps 
with ηSPF = 4 in the EU members given in Table 3 and Lith-
uania, as well as the ηSPF values of electric heat pumps 
that enable achieving EPRr/EPRn=1 in the mentioned coun-

Table 3
fPRn values of electric 
power in the building 
standards of the EU 
members 

Country fPRn

France 2.58

Germany 2.60

Holland 2.56

Poland 3.00

Spain 2.60

Sweden 2.00

The United Kingdom 2.92

tries. To perform the calculation the average value of useful efficiency of electricity generation ηel 
that makes up 0.455, and fel.PRr =0 was applied.

As the data in Table 4 shows, in all the countries discussed except Sweden, the ratio of thermal 
energy supplied by electric heat pumps to a building EPRr/EPRn=1 can be achieved by very high-effi-
ciency pumps with ηSPF value varying between 4.8 and 5.2, while in Sweden the same ratio can be 
reached with pumps having ηSPF =4.2. Analogous results were obtained having performed calcula-
tions on electric heat pumps applied for cooling buildings. In this case, the value ηSPF was replaced 

No.
EU mem-

ber
Heat pump

ηSPF, unit

Amount of non-renewable 
primary energy by  

equation (8), EPRn, kWh

Amount of renewable 
primary energy by 

equation (9), EPRr, kWh

Ratio  
EPRr/EPRn

1 2 3 4 5 6

1
France

4.0 0.645 0.451 0.699

2 4.8 0.538 0.542 1.009

3
Germany

4.0 0.650 0.451 0.693

4 4.8 0.542 0.542 1.001

5
Holland

4.0 0.640 0.451 0.704

6 4.8 0.533 0.542 1.016

7
Poland

4.0 0.750 0.451 0.601

8 5.2 0.577 0.577 1.001

9
Spain

4.0 0.650 0.451 0.693

10 4.8 0.542 0.542 1.001

11
Sweden

4.0 0.500 0.451 0.901

12 4.2 0.476 0.477 1.001

13 The 
United 

Kingdom

4.0 0.730 0.451 0.617

14 5.2 0.562 0.577 1.028

15
Lithuania

4.0 0.700 0.451 0.644

16 5.0 0.560 0.560 1.001

Table 4
Comparison of EPRr and 
EPRn per 1 kWh of thermal 
energy supplied by 
electric heat pumps to a 
building in different EU 
members
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with ηEER in the calculations in Table 2. To cool a building air-air electric heat pumps with ηEER target 
value of 2.8 are usually used, whereas soil pumps with ηEER target value of 3.8, and water pumps 
with ηEER target value of 4.3 are rarely used for the same purpose. In this case, the ratio EPRr/EPRn=1 
can be achieved by using the pumps of considerably higher ηEER values.

Such a striking distinction in the calculation results obtained by equations (2) and (7) poses a 
question on the difference between the assessments of renewable energy generated by a heat 
pump for heating a building according to 2013/114/EU Directive and the method proposed in this 
paper.

For the present analysis, a low thermal capacity single-flat building with 100 m² of heated area 
satisfying the requirements of B energy performance label (according to STR 2.01.09:2012) was 
selected; the building has the following parameters:

 _ energy input for heating: 383•Ap
-0,22=383•100-0,22 = 139 kWh/m² annually;

 _ soil-water heat pump with ηSPF =3.5;

 _ average temperature of premises during heating season: 20 ºC;

 _ average outdoor temperature during heating season: 0.6 ºC‘

 _ duration of heating season: 220 days.

To heat a low thermal capacity building in the Lithuanian climate conditions the heat pump power 
Prated (kWh) is determined at -27 ºC temperature with a reserve coefficient of 1.1; thus, the approx-
imate calculation can be done in the following manner: 1.1*(139 kWh/m² annually)*(100 m²)/(220 
days)*(24 h)*(20 ºC+27 ºC)/(20 ºC-0,6 ºC)=7 kW. 

To generate (139 kWh/m²)*(100 m²)=13900 kWh of energy annually a 7 kW capacity heat source 
should be in operation at full capacity and optimal performance for (13900 kWh)/(7 kW)=1986 h. 
However, the heat pump does not operate at full capacity during the whole operational period, 
which is why the actual operational period becomes longer. In Table 1, the 2013/114/EU meth-
od provides for 1.25 times higher heat pump operational cost for cold climate zones making up 
2470 h in total. Therefore, according to this method, the amount of renewable energy generated 
by the heat pump annually is as follows:
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The results of the analysis showed that the 2013/114/EU method for renewable energy calculation 
does not take into account the primary energy input for transforming electric power. Therefore, the 
calculated amount of renewable energy generated by heat pumps is higher than it should be. 
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All renewable energy sources contain some non-renewable energy and for this reason, the re-
quirement of the 2010/31/EU Directive, stating that more than a half of the amount of energy used 
by nearly zero-energy buildings should come from renewable energy sources, can only be related 
to the amounts of renewable and non-renewable primary energy used in the buildings, rather than 
energy in general, i.e. generated using renewable and non-renewable sources.

The requirement of the 2010/31/EU Directive on the energy performance of buildings to calculate 
the amount of energy from renewable energy sources for nearly zero-energy buildings following 
the provisions of the 2009/28/EU Directive is related to the requirement to follow the inadequate 
equation for estimating the amount of energy supplied by electric heat pumps to a building given 
therein and in the guidelines 2013/114/EU of the European Commission.

The application of the equation provided in the 2009/28/EU Directive and the guidelines 2013/114/
EU results in the ratio values of renewable/non-renewable energy supplied by electric heat pumps 
to a building that are from 4 to 14 times higher than the values of renewable/non-renewable pri-
mary energy ratio. 

The ratio QPRr/QPRn=1 of renewable/non-renewable primary energy may only be achieved by using 
highly efficient pumps with ηSPF (supplying energy for heating) and ηEER (supplying energy for cool-
ing) values fluctuating between 4.8 and 5.2. 

Finally, thermal energy is not the only type of energy consumed in buildings as quite large amounts 
of electric power are used for lighting and ventilation systems as well as various electric installa-
tions. Hence, this suggests that merely electric heat pumps will not suffice to achieve the required 
amount of renewable primary energy in nearly zero-energy buildings. Doing so will require to 
ensure the supply of energy into a building from other renewable energy sources (solar panels, 
wind power plants, hydro power plans, biofuel, etc.).

Conclusions

Bayera P., Sanerb D., Bolaya S., Rybachc L., 
Blumd P., 2012. Greenhouse gas emission 
savings of ground source heat pump systems in 
Europe: A review, Renewable and Sustainable 
Energy Reviews 16 1256–1267. http://dx.doi.
org/10.1016/j.rser.2011.09.027

Balta M. T., Kalinci Y., Hepbasli A., 2008. Evaluating 
a low exergy heating system from the power plant 
through the heat pump to the building envelope, 
Journal of Energy and Buildings 40 1799–1804. 
http://dx.doi.org/10.1016/j.enbuild.2008.03.008

Cabrol L., Rowley P., 2012 Towards low carbon 
homes – A simulation analysis of building-
integrated air-source heat pump systems. Journal 
of Energy and Buildings 48 127–136. http://dx.doi.
org/10.1016/j.enbuild.2012.01.019

Decision 2013/114/EU of the EUROPEAN 
PARLIAMENT and the Council of 1 March 2009  
establishing the guidelines for Member States on 
calculating renewable energy from heat pumps 
from different heat pump technologies pursuant to 
Article 5 of Directive2009/28/EC. Official Journal of 
the European Communities 2013 03 06. L 62/27.

Directive 2009/28/EC of the European parliament 
and the Council of 23 April 2009 on the promotion 
of the use of energy from renewable sources and 
amending and subsequently repealing Directives 
2001/77/EC and 2003/30/EC. Official Journal of 
the European Communities. 2009. 05 06 L 140/16.

Directive 2010/31/EC of the European parliament 
and the Council of 19 May 2010 on the energy 
performance of building. Official Journal of the 
European Communities. 2010.18.6.2010,13-35.

Elgendy E., Schmidt J., 2014 Optimum utilization 
of recovered heat of a gas engine heat pump used 
for water heating at low air temperature Journal of 
Energy and Buildings 80 375–383.

Gea F., Guoa X., Hua Z., Chub Y. 2011. Energy 
savings potential of a desiccant assisted hybrid air 
source heat pump system for residential building 
in hot summer and cold winter zone in China, 
Journal of Energy and Buildings 43 3521–3527. 
http://dx.doi.org/10.1016/j.enbuild.2011.09.021

Havelsky V., 1999. Energetic efficiency of 
cogeneration systems for combined heat, cold 
and power production International Journal 

References



Journal of Sustainable Architecture and Civil Engineering 2015/2/11
50

of Refrigeration 22 479-485. http://dx.doi.
org/10.1016/S0140-7007(99)00010-9

Hebenstreit B., Schnetzinger R., Ohnmacht R., 
Hoftberger E., Lundgren J., Haslinger W., Toffo-
lo A., 2014.Techno-economic study of a heat pump 
enhanced flue gas heat recovery for biomass boil-
ers Journal of Applied biomass and bioenergy. 

Huchtemann K., Müller D., 2012. Evaluation of 
a field test with retrofit heat pumps, Journal of 
Building and Environment 53 100-106. http://
dx.doi.org/10.1016/j.buildenv.2012.01.013

Lee W.N., Kim H. J., Park J.B., Cho K.S., Roh J. H., 
S.Yong Son, 2012. Economic analysis of heating and 
cooling systems from the various perspectives: 
Application to EHP and GHP in Korea, Renewable 
and Sustainable Energy Reviews 16 4116–4125. 
http://dx.doi.org/10.1016/j.rser.2012.03.038

Li F., Zheng G., Tian  Z., 2013. Optimal operation 
strategy of the hybrid heating system composed 
of centrifugal heat pumps and gas boilers, Journal 
of Energy and Buildings 58 27–36. http://dx.doi.
org/10.1016/j.enbuild.2012.09.044

LST EN 15450:2008 Pastatų šildymo sistemos. 
Šildymo sistemų su šilumos siurbliais 
projektavimas [Heating systems in buildings - 
Design of heat pump heating systems]. 

Mendes L. F., Collares-Pereira M., Ziegler F. 1998. 
Supply of cooling and heating with solar assisted 
absorption heat pumps: an energetic approach.

Rosiek S., Batlles F. J., 2013. Renewable energy 
solutions for building cooling, heating and power 
system installed in an institutional building: 
Case study in southern Spain, Renewable and 
Sustainable Energy Reviews 26 147–168. http://
dx.doi.org/10.1016/j.rser.2013.05.068

Sarbu I., Sebarchievici C., 2014. General review of 
ground-source heat pump systems for heating and 
cooling of buildings Journal Energy and Buildings 
70 441–454.

STR 2.01.09:2012 Pastatų energinis naudingumas. 
Energinio naudingumo sertifikavimas [Energy 
performance of buildings. Energy performance 
certification]. Vilnius: Ministry of Environment of 
the Republic of Lithuania, 2005.

Tagliafico L. A., Scarpa F., Tagliafico G., Valsuani 
F., 2012. An approach to energy saving assess-

ment of solar assisted heat pumps for swimming 
pool water heating, Journal of Energy and Build-
ings 55 833–840. http://dx.doi.org/10.1016/j.en-
build.2012.10.009

Tagliafico L., A., Scarpa F., Valsuani F., 2014. Direct 
expansion solar assisted heat pumps - A clean 
steady state approach for overall performance 
analysis Journal of Applied Thermal Engineering 
66 216–226.

Teng X., Wang X., Chen, Y., Shi W., 2014 A simple 
method to determine the optimal gas turbine 
capacity and operating strategy in building cooling, 
heating and power system Journal of Applied 
Energy and Buildings.

Wu W., Wang B., You T., Shi W., Li X., 2013. A 
potential solution for thermal imbalance of 
ground source heat pump systems in cold regions: 
Ground source absorption heat pump,  Journal 
of Renewable Energy 59 39–48. http://dx.doi.
org/10.1016/j.renene.2013.03.020

Wu W., You T., Wang B., Shi W., Li X., 2014. 
Simulation of a combined heating, cooling and 
domestic hot water system based on ground 
source absorption heat pump Journal of Applied 
Energy 126 113–122.

Yang S. H., Rhee J. Y., 2013. Utilization and 
performance evaluation of a surplus air heat 
pump system for greenhouse cooling and heating, 
Journal of Applied Energy 105 244–251. http://
dx.doi.org/10.1016/j.apenergy.2012.12.038

You T., Wang B., Wu W., Shi W., Li X., 2014. A new 
solution for underground thermal imbalance of 
groundcoupled heat pump systems in cold regions: 
Heat compensation unit with thermosyphon 
Journal of Applied Thermal Engineering 64 283–
292.

Zhaon Y., Heng C., Xi W., Yiguang  C., 2011. 
Research on improving energy efficiency and the 
annual distributing structure in electricity and gas 
consumption by extending use of GEHP. Energy 
Policy 39 5192–5202. http://dx.doi.org/10.1016/j.
enpol.2011.05.045

Zhang X., Yanga Z., Wu X., Su X., C., 2014 Evaluation 
method of gas engine-driven heat pump water 
heater under the working condition of summer 
Journal of Energy and Buildings 77 440–444.



51
Journal of Sustainable Architecture and Civil Engineering 2015/2/11

ROKAS TAMAŠAUSKAS

PhD student

Institute of Architecture and 
Construction, of Kaunas 
University of Technology, 
Laboratory of Building Physics

Main research area 

Renewable energy, building 
energy efficiency

Address 

Institute of Architecture and 
Construction of Kaunas University 
of Technology, Tunelio str. 60, LT-
44405 Kaunas, Lithuania
Tel. +370 37 350779
E-mail:  
rokas.tamasauskas@ktu.edu

About the 
authors

EDMUNDAS MONSTVILAS

Dr. Senior Researcher

Institute of Architecture and 
Construction, of Kaunas 
University of Technology, 
Laboratory of Building Physics

Main research area 

Heat transfer and thermal 
insulation, technical properties of 
thermal insulation products

Address 

Institute of Architecture and 
Construction of Kaunas University 
of Technology, Tunelio str. 60, LT-
44405 Kaunas, Lithuania
Tel. +370 37 350779
E-mail:  
edmundas.monstvilas@ktu.lt

RAIMONDAS BLIŪDŽIUS

Professor

Institute of Architecture and 
Construction, of Kaunas 
University of Technology, 
Laboratory of Building Physics

Main research area 

Heat transfer and thermal 
insulation, technical properties of 
thermal insulation products

Address 

Institute of Architecture and 
Construction of Kaunas University 
of Technology, Tunelio str. 60,  
LT-44405 Kaunas, Lithuania
Tel. +370 37 350779
E-mail:  
raimondas.bliudzius@ktu.lt

KAROLIS BANIONIS

Dr. Researcher

Institute of Architecture and 
Construction, of Kaunas 
University of Technology, 
Laboratory of Building Physics

Main research area 

Energy efficiency and air 
permeability of buildings, heat 
transfer and thermal insulation, 
thermal impacts of solar radiation

Address 

Institute of Architecture and 
Construction of Kaunas University 
of Technology, Tunelio str. 60, LT-
44405 Kaunas, Lithuania
Tel. +370 37 350779
E-mail: karolis.banionis@ktu.lt

KĘSTUTIS MIŠKINIS

Dr. Researcher

Institute of Architecture and 
Construction, of Kaunas 
University of Technology, 
Laboratory of Building Physics

Main research area 

Heat transfer and thermal 
insulation, building acoustics

Address

Institute of Architecture and 
Construction of Kaunas University 
of Technology, Tunelio str. 60,  
LT-44405 Kaunas, Lithuania
Tel. +370 37 350779
E-mail: kestutis.miskinis@ktu.lt


