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Abstract 

An air-to water heat pump was implemented in a school placed in rural area near Galati city. This facility was monitored for two 
years period. The implementation of the heat pump was considered because there is no heating or natural gas network in the 
village. This study presents an experimental thermo-economic analysis of this type of heat pump, using the results obtained in a 
cold period of the year. Using the registered values of thermo-electrical parameters by the controller, a medium value of the 
coefficient of performance of the heat pump was calculated. In the same time, a comparative economic analysis of the heat pump 
was performed 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 

Following the European commitment of 20% reducing of the greenhouse gas emissions and 20% increase of 
energy efficiency by 2020 [1], energy for residential space heating and domestic hot water has been identified as the 
possible targets.  

Heat pump systems are considered as renewable energy technology and they become more and more promising 
in both residential and commercial applications due to their high utilization efficiency compared to the conventional 
heating and cooling systems [2]. They are capable to use inexhaustible resources such as air source, geothermal 
source, waste heat and solar energy, are environmentally-friendly and provide high levels of comfort [2], [3], [4]. 

The drawback of air source heat pumps is the reduction in efficiency as the outdoor air become colder, resulting 
in lower heat supply in times when it is most needed.  
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The continuous technical developments to improve seasonal performance and reliability make from the air-source 
heat pumps a particularly attractive alternative at locations characterized by a long heating season and not very cold 
winters [2]. 

Newly produced air source heat pumps (ASHP) can provide heat energy from outdoor air at temperature as low 
as -20°C. As a result they could be utilized during most days of the year.  

The authorities from a village in the Galati County decided to install a heat pump system in local school because 
the old heating system presented a lot of technical problems, especially due the quality assurance and supply 
conditions with LPG (liquefied petroleum gas). Few years ago, the superior energy efficiency of brine-to-water heat 
pumps justified the complex installation associated with them. But in the last period, the air-to-water heat pump 
technology was critically improved [5]. The new generation of air-to-water heat pumps presents some convincing 
advantage concerning both technical performances coupled with the requirement of minimal space and minimal 
installation effort - especially when installed outdoors [5]. This means that, even in existing renovated buildings 
with conventional radiators, a reasonable value seasonal performance factors can be achieved. Maximum flow 
temperatures of +55°C and thus high heat outputs can be reached, even at external air temperatures as low as -25°C. 

Nomenclature 

B   fuel consumption, kg 

cel  cost per unit of electricity, €/kWh 

Cel
 cost associated with electrical power driving the heat pumps, boiler air supply fan, circulation pump, € 

cf   specific cost of fuel, €/kg 

Cf - cost of fuel, € 

COPh    coefficient of performance of the heat pump for the cold period 

CRF – annual capital recovery factor 

Nh   number of operation hours 

Pel.cons   electrical energy consumed by heat pumps, kWh 

PHP   thermal power hourly delivered, kW 

Qprod   heat generated by the heat pumps, kWh 
CIZ    cost associated with capital investment (heating plant, auxiliary building) recovery 

2COZ    CO2 - related taxation, € 

eZ    general energy consumption taxation, € 
OMZ    cost associated with operation and maintenance 

Zp    purchase cost of plant plus cost of auxiliary building (12 m2) and auxiliary installation’s (bunker for 
pellets, pellets feed tube, gas tank), € 

W    electricity consumption, kWh 

2. Heating system configuration 

The heating load of the building was calculated to be 74 kW. The new heating system consists in two air-to-water 
heat pump units, each of them having a nominal capacity of 40 kW. Because of project condition and lack of money, 
the old heating system distribution, with static radiators, was maintained. This despite the dimensioning of radiators 
for temperature input/output of 90/70 C, while the heat pump can provide hot water with 55 C.  

Two LA40TU air-to water heat pumps (produced by Dimplex Company) were selected. These are heat pumps for 
heating purposes for outdoor installation, with wall-mounted WPM EconPlus heat pump manager and two scroll 
compressors for output reduction when operating at partial load.  
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To offset the decreasing the thermal load at very low outdoor temperature, the buffer storage tank is equipped 
with three electrical heaters, each having 7.5 kW electrical power. 

 

Fig. 1. Heating system diagram. HP1, HP2 – heat pump; C1, C2 – scroll compressor; V1, V2 – air evaporator; K1, K2 – condenser (plate heat exchanger); 
VL1, VL2 - expansion valve;  B - buffer storage tank; D - distributor, C – collector; P – circulation pump; E1, E2, E3 – electric heaters 

In Figure 2 a picture of the heat pumps outdoor location is showed. 

 

Fig. 2. Front view of the air-to water heat pumps. 
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3. Heating system thermal analysis 

The operation set of the heating system, in accordance with school activity program, is presented in Figure 3. 
From this figure, during the period of school activity, the temperature of the heating fluid will be higher with 5°C 
than its setting value (SET), while in the period of inactivity its temperature will be lower with 2°C than its setting. 

 

Fig. 3. The temperature operation system setting according the school activity program. 

Using the thermodynamic characteristics of LA 40TU heat pump (Dimplex 2) the setting temperature variation 
can be plotted, according to the outside temperature. This is because there is an external temperature sensor which 
controls the heat pump operation regime. This graphic is shown in Figure 4.  

According to Figure 4, the external sensor will send a signal to the heat pump controller and the heat pump will 
run in accordance with the set temperature of the heating fluid temperature, imposed by operating chart presented in 
figure 3.  

The experimental study was performed for four years running period of heating system. In this paper the 
experimental values are presented for the coldest operation period analysed, from October 22, 2011 to April 4, 2012 
respectively.  

The values recorded by the systems controllers are given in Table 1. 
 

 

Fig. 4. SET working fluid temperature vs. external temperature. 
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                         Table 1. Recorded values for heating system. 

Element Value 

Number of hours of operation of the system 3960 hours (165 days) 

Total thermal energy produced 96695 kWh 

Thermal energy produced by HP1 
heating 40867 kWh 

DHW 1440 kWh 

Thermal energy produced by HP2 
heating 54388 kWh 

DHW 0 

Operating hours for compressors 

HP1 
C1 1486 hours 

C2 1592 hours 

HP2 
C1 2048 hours 

C2 1846 hours 

Operating hours for fans 
HP1 2219 hours 

HP2 2716 hours 

Operating hours for pumps 
HP1 

HP 3459 hours 

DHW 96 hours 

HP2 3788 hours 

Operating hours for additional electric resistances 274 hours 

From Table 1 result: 

1.  thermal power hourly delivered: 

kW42.24
3965

96695

N

Q
P

h

prod
HP   (1) 

2.  Coefficient of Performance of the heat pump for the cold period of the year: 

44.2
39600

96695

P

Q
COP

cons.el

prod
h   (2) 

The electrical energy consumed by heat pumps (Pel.cons) was calculated from total recorded electrical energy 
consumption, less the estimated auxiliary consumptions (pumps, fans, lighting, computers).  

This seasonal value of COP can be considered a good value, if it is compared to the average COP indicated by 
manufacturer [6]: 

3.93C)10C/2C/7t(COP extaverage  

This is because, according with meteorological data for the analysed period, there are at least 8 days with an 
exterior temperature below - 21 C. 

4. Thermo-economic analysis 

The analysis is applied to five types of heating plants: heat pump; heating boiler with LPG; heating boiler with 
pellets; heating boiler with gasification and oil heating boiler. 

The annual operation cost of a heating plant is calculated using the following balance equation: 
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eCO
OMCI

elftot ZZZZCCC
2

  [€]  (3) 

BcC ff ; WcC elel ; CRF  Z Z p
CI   (4) 

The annual capital recovery factor (CRF) was considered equal to 18.2% [9]).  
In the purchase cost of plant (Zp) have been included the cost of auxiliary building (12 m2) and auxiliary 

installation’s (bunker for pellets, pellets feed tube, gas tank) (Table 2).  
The CO2 - related taxation (

2COZ ) was introduced according to the proposal for the new Energy Taxation 
Directive to introduce a single minimum rate for CO2 emissions (20 €/t CO2) [10]. To calculate the CO2 emission 
the greenhouse gas (GHG) emission factors given by the 2006 IPCC Guidelines for National Greenhouse Gas 
Inventories [11] have been used (Table 3). The electricity-specific emission factors calculated from data available 
from the IEA (International Energy Agency) by applying the appropriate default emission factors from the 2006 
IPCC Guidelines for National Greenhouse Gas Inventories are given in [12] for each country according to the types 
of fuels and technologies used to generate electricity and heat. The revised Energy Taxation Directive will not 
change the treatment of electricity [13]. The energy content related tax will be levied at the point of consumption 
and the minimum rate will not be modified. As for the CO2 element, it could only be levied on the input fuels used 
to generate electricity as electricity does not lead to emissions at the point of consumption. Because the electricity 
generation is subject to the EU ETS (EU Emissions Trading System) it will be exempted from the CO2 element. 
Also the CO2 taxation would not be applied to renewables [13]; 

The general energy consumption taxation (Ze) is applicable to heating fuels and electricity according to new 
Energy Taxation Directive [10]. The minimum level of taxation for heating fuels and electricity has been set at  
0.15 €/GJ [10].  

The yearly fuel consumption and electricity consumptions and the GHG emissions for each heating plants are 
given in Table 4. The highest GHG emission is for biomass based heating boilers followed by oil heating boiler and 
heating boiler with LPG. The lowest GHG emission has the heat pump system. 

           Table 2. Operation data and plant characteristics. 

Number of hours of system operation  3960 hours (165 days) 

Total thermal energy produced (demand) 96695 kWh 

Purchase cost of heat pump Dimplex LA40TU,  31950 €/unit 

Purchase cost of condensing heating boiler with LPG, Immergas VICTRIX 75, 75 kW 
(efficiency 95%) 

3865 € 

Purchase cost of LPG tank, 50 m3 3000 € 

Purchase cost of heating boiler with pellets, Futura Bio 25-75kW (efficiency 90%) 12322 € 

Purchase cost of heating boiler with firewood, ATMOS – DC 75 SE – 75 kW (efficiency 
90%) 

5250 € 

Purchase cost of oil based heating boiler  55 kW 

Logano G 215 BE 55kW + boiler SU160 
4700 € 

Purchase cost of pellets tank, 5m3 4500 € 

Purchase cost of pellet feed tube with motor (10 m) 1600 € 

Cost of auxiliary building (12 m2) 12m2 x 350€/ m2=4200 € 

Cost per unit of electricity 0.13 €/ kWh 

Cost per unit of firewood 0.0841 €/kg 

Cost per unit of pellets 0.216 €/kg 

Cost per unit of liquefied petroleum gas (LPG) 0.525 €/kg 
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For heating boilers, the electricity consumed by circulation pump and air supply fan has been taken into 
consideration for the same number of operation hours as for heat pumps. 

Figure 4 shows comparatively the costs associated with electricity/fuel, capital investment recovery, operation 
and maintenance and the annual total cost of operation for each type of heating system. It can be seen that the heat 
pump system has zero CO2 tax as biomass based heating boilers, the lowest operation and maintenance cost, reduced 
electricity and energy tax, but it has the highest total annual cost due to the highest cost of investment recovery. The 
heating boiler with LPG has high fuel cost, high CO2 tax, highest operation and maintenance cost as all heating 
boilers, but it has the lowest total annual cost. Heating boiler with pellets has a comparable total annual cost with the 
heat pump system due to the high investment recovery cost. Heating boiler with gasification has reasonable costs. Oil 
heating boiler has the higher cost of fuel and CO2 tax, but the total cost is comparable to the heating boiler with LPG. 

       Table 3. GHG emission factors [10], [11]. 

Fuel type 
CO2 emission 
factor [kg/TJ] 

CH4 emission factor 
[kg/TJ] 

N2O emission factor 
[kg/TJ] 

GHG emission factor 

[kg CO2-eq/kWh] 

Biomass 112000 300 4.00 0.430 

Oil 74100 10 0.60 0.268 

Liquefied Petroleum Gase 63100 5 0.10 0.228 

Electricity consumed (Romania) 60120.51 0.66 0.83 0.217 

                    Table 4. Yearly fuel and electricity consumptions and greenhouse gas emissions  

Heating plant 
Electricity 
consumption [kWh] 

Fuel 
consumption [kg] 

Greenhouse gas emission  

[kg CO2-eq] 

Heat pump  39600.00 0.00 21022.72 

Heating boiler with LPG 951.60 9875.23 22012.58 

Heating boiler with pellets 5154.50 31080.54 41578.85 

Heating boiler with gasification 3172.00 31080.54 41578.85 

Oil heating boiler 3965.00 11050.86 25914.26 

 

 

Fig. 5. The weights of different costs in the annual total cost of heating plants. 
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5. Conclusions 

The heat pump systems are considered as renewable energy technology and they are used more and more in both 
residential and commercial applications due to their high efficiency, zero greenhouse gas emissions and high level 
of provided comfort. 

The registered operation parameters and the thermo-economic analysis of an air-to-water heat pump installed in a 
school as a heating system showed that despite the good value of COP the annual total cost operation is the highest 
compared to other heating systems (heating boiler with LPG, heating boiler with pellets, heating boiler with 
gasification, oil heating boiler) due to the highest cost of investment recovery cost. It was preferred this system due 
its facile operation and maintenance and the zero CO2 emission. The cheapest system, the heating boiler with LPG 
was not chosen because it requires as all systems based on heating boiler a specialised worker in heating boilers and 
furthermore during the heavy winter days there is the risk of impossibility of LPG supply. Also, installing a LPG 
based heating system requires approval from the National Authority for Control and Approval of Boilers Pressure 
Vessels and Hoisting Equipment (ISCIR) (which costs 320 EUR).   

A possible way to make the heating system based on heat pump more economically efficient is its combination 
with a biomass heating boiler to be used in the coldest days of the year.  
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