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ABSTRACT 

 

Due to environmental changes, energy consumptions’ policies are needed to be more strict 

than past. Clean and efficent energy usage gain much more importance and governments start 

putting regulations to push both residential and industrial sectors to use high technology 

products to heat/cool /vantilate the closed areas.  

Heat pumps are one of the brand new technology which can lower harmful outcomes from 

residential/industrial heating  to the environment with effective energy usage. Air Source Heat 

Pumps are the most popular heat pump systems, in use, in these days due to low installation 

costs and environmental friendly way of heating.   

In this paper, five cities -Budapest, Ankara, Istanbul, Izmir and Erzurum, are compared 

according to weather conditions (since ASHP-Air Source Heat Pumps’efficiency depends on 

outdoor temperature directly) if it is efficient enough to use the ASHP or not. For doing this, 

The Heat Pump system is compared with using condensing boiler in same conditions. For this 

case study, the heat demand of 99 m
2
 apartment is calculated and COP values of the ASHP is 

collected from one of the well-known heating manufacturer.  

Also economical perspective of the usage of ASHP is discussed by considering the initial 

costs of the products and are calculated return on investment.  
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1. INTRODUCTION 

In these days, due to environmental pollution and energy consumption, efficient 

energy related products have became popular and obligatory to be used in many 

countries with regulations. Decreasing the energry usage and low carbon emmisions are 

crucial topics for climate change and sustainability. (Kahraman & Çelebi, 2009) For 

human comfort, water heating represents the fourth greatest energy utilization in the the 

sector. In a progressively industrialized world, where the energy needs develop 

regularly, it turns out to be crucial to give a response to the expanding energy needs, in 

a productive and quicker way. (Hepbasli & Kalinci, 2009) To solve this issue, the 

utilization of a vapor pressure cycle developed in its significance, since it can create a 

more amount of heat, consuming the similar electric power, with a lower cost and more 

efficiently.(Belo, 2013)  

For the residential areas, the energy need is around 33% of worldwide energy use; 

around 60 percent of energy usages in our houses is utilized for water and space 

heating. That is why it plays an important role in environmental problems related with 

energy usage. To decrease the energy usage, and emanation of greenhouse gasses, such 

as CO2 in the resdiental sector, a heating system called Air Source Heat Pump (ASHP) 

has turned out a decent choice; since the system can decrease the emission level and the 

energy usage costs. (Tabatabaei & Treur, 2016) 

There is significant interest for the usage of heat pumps as a potential low-carbon 

option in contrast to non-renewable energy source based household space heating and 

hot water systems. Most of the time, heat pumps are combined with other energy 

sources, for example, solar heating or electrical heaters, to guarantee that building 

heating demand can be met, and also limiting carbon emissions from such coordinated 

systems.(Steijger, 2010) 

Although heat pump systems are commonly used products for effective heating and 

cooling,  the performance of the system is strictly connected with the thermal 

characteristics of the source used in the system for heating. (Kahraman & Çelebi, 2009) 

In this study, ambient Air Source Heat Pump (ASHP) will be used in the system. 
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Although it is the most common source, ASHPs depend on ambient temperature. The 

heat pumps used in continental climates have possibility to not function effectively in 

cold weathers. (Kahraman & Çelebi, 2009) The analysis focuses on the residential 

market and on single-family houses, which represent 66% of the residential buildings in 

EU28, in terms of floor area. (Scoccia, Toppi, Aprile & Motta, 2018) Climate 

conditions will be considered as an important variable since it can directly effect the 

efficiency of the heat pump. Comparison between the heat pump and the condensing 

boiler will be carried out based on the primary energy need.  

 

1.1. Work Principles of Heat Pumps and Type of Heat Pumps 

Heat pumps work based on temperature differences (indoor and outdoor). When the 

difference is high the energy transfer is getting quicker.(Perko, Dugec, Topic, Sljivac, & 

Kovac, 2011) The main parts of the heat pumps are similar/same as air-conditioners.  It 

includes; compressor, condenser, evaparator, and expansion valve. 

The basic principle for heat pump systems work as follows:  

- Refrigerant temperature increases in the process of compression and the 

refrigerant enters the compressor as a saturated vapor.  

- After compressing to the condenser pressure, the refrigerant exchage the heat 

with the circulating water and becomes liquid again.  

- The refrigerant enters the evaparator with low enthalpy and the liquid refrigerant 

passes the expansion valve.  

- After it leaves the evaparator as a saturaed to complete the cycle. (Kahraman & 

Çelebi, 2009) 

For heating purpose thermal energy of soil or air is gathered in water – antifreeze 

solution that is then sending to the heat exchanger (evaporator), in which it exchange 

heat to working medium (like HFC-134a). Fig. 1. shows process by line between point 1 

and point 2. When working medium gets to around 12 ºC it goes to compressor there his 

pressure and temperature ascends from 1.71 bar to 8 bar and 12 ºC to 60 ºC. This is 
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demonstrated on Fig. 1. on line from point 2 to point 3. Presently the working medium 

experiences second heat exchanger (condenser), where it exchange his heat to working 

liquid (water) that is utilized for heating the indoor place. Going through the expansion 

valve (point 4 to point 1, Fig. 1.), the pressure of the working medium down to 

beginning 1.71 bar and procedure begins once more. (Perko et al., 2011) 

 
Fig. 1. Carnot cycle of HFC-134a 

For the ground-source heat pumps; two basic system are mentioned; closed circiut 

and open circiut systems. In the closed circuit framework fluid in the system is never 

direct contact with the ground since the heat exchanger is buried. For open circuits, the 

geothermal fluid is being used as the working fluid and it is coming from buried place 

(groundwater) and after the cycle it returns to injection well. (Perko et al., 2011) 

Also closed circuit system or open one can be used with vertical or horizontal 

systems. The disadvantage of horizontal system is that the temperature of the ground is 

varied in different areas. The construction of the building has to be decided accordingly 

with enough space for the kind of systems. But it is cheaper than the vertical ground 

source systems. On the other hand, the vertical systems with open circuit can be 

effective. Low inital payment for the system except digging a hole for min. 15m. It is 

also good thermal usage of ground water. (Perko et al., 2011) 
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As it is already discussed, heat pumps are taking the thermal energy from the 

environment such as water, air etc. and heating the water for domestic hot water and 

central heating usage for indoor places. For doing this heat pump needs to use eletrical 

energy to supply the heating demand. But the electricity usage is only a part of the 

provided heating. The important point for heat pumps which are using air to provide 

energy, in cold days when actually houses need the most heating, it becomes less 

efficient due to temperature difference between outside and inside.  (Tabatabaei & 

Treur, 2016) 

In most cases ASHP can work efficiently without any extra heat support in winter if 

the outside temperature is around -15 ℃ where ASHP can operate safely. But in most 

of the climate regions these low temperatures are only for short term so the 

system still operates in higher outside temperatures. The performance of ASHP 

systems are mostly 3.5 to 4.0, the optimum compression ratio of compressor and 

mostly is not more than 7. Because of this when ASHPs are designed it is not 

certain that can operate enough for heat deamand of the building all the time. In 

this kind of cases auxilary heating might be needed. (Liu, Wang, Xie, Yu & Ma, 

2017) 

 

1.2. Advantages and Disadvantages of Heat Pumps Comparing with Other HVAC 

Systems 

Generally water supply and return temperatures are 30-50°C and 60-80°C in the 

systems respectively. For domestic hot water, approximately 60% of the demand is 

provided by electric heating and the rest is provided by oil or gas for typical 60-80°C 

usage. (Zhang, Gopalnarayanan & Sienel, 2006) 

Other than heat pumps, there are many different alternative energy resources for 

heating. Due to some other factors such as transporting, storing, and controlling the 

waste, the unit price of energy can be higher. According to the research published in 

2009, “Investigation of the Performance of a Heat Pump Using Waste Water as a Heat 



5 
 

Source” heat pumps have better COP values with the lowest unit price for energy. 

(Kahraman & Çelebi, 2009) 

 

Energy 
Resource 

Low Heating 
Value 

Unit Price 
Efficiency 
or COPheat 

Unit Price 
(Euro/MJ) 

Ranking 

Heat Pump 3598.24 kJ/kWh 
0.1108 

Euro/kWh 
2,61 0.0118 1 

Natural Gas 34518 kJ/m3 0.406 Euro/m3 0.91 0.0129 2 

Lignite Coal 18773.61 kJ/kg 0.149 Euro/kg 0.60 0.0133 3 

Imported Coal 29288 kJ/kg 0.281 Euro/kg 0.65 0.0147 4 

Oil Fuel 41317 kJ/kg 0.668 Euro/kg 0.80 0.0202 5 

Electricity 3598.24 kJ/kWh 
0.1108 

Euro/kWh 
0.99 0.0311 6 

LPG (Propane) 46442.4 kJ/kg 1.394 Euro/kg 0.92 0.0326 7 

Diesel Oil 42911 kJ/kg 1.185 Euro/kg 0.84 0.0329 8 

Table 1. Comparison of the energy cost of the heat pump with the other energy resources 

costs. 

According to Guo et al. (2011), studies on optimizing ASHP design for the Shangai 

wheather conditions. In this study, the heating capacity was decreasing and inlet water 

temperature was increasing during winter and the oppesite happens on summer. This 

situation continues until the enthalpy differences in condenser beat the heat 

transfer.(Guo, Wu, Wang & Li, 2011) 

Heat pumps are using air, soil or ground water to compensate the heat demand of 

the indoor enviornment. The usage of soil and groundwater are more reliable since their 

temperature more constant throughout the year.(Sljivac & Simic, 2008) 

The ASHP, using the Carnot Cycle, can take the heat from air at lower temperature 

and operates into a water tank which has higher temperature, and only 30%(approx.) of 

the energy is consumed by the system as the mechanical energy for the system. 

(Fardoun, Ibrahim, & Zoughaib, 2011) 

Although ASHPs are having disadvantage since they are highly dependable of 

outside temperature, it is getting advantage in terms of cost and installing time/cost 

comparing with other type of heat pumps. If the environment has high level of 
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humidity, ASHP should be running in reverse cycle to prevent freezing in cold 

weathers. The humidity can wet the coil when its operating and when the weather gets 

colder it might end up with freezing. (Steijger, 2010) 

ASHP can be used the change the old systems in old buildings since it is easy to 

install and relatively cheap. But performance of the heat pump should be taken into 

account before the decision because it continuesly changes during the heating time. 

With all these parameters, the design and the size of the heat pump will be crucially 

improtant to have better efficiency. ASHPs’ performance depends on not only the 

climate of the location but also the heat demand of the building since performance of 

the partial load might differ. Most of the cases heat pumps might working effectively 

only part of the heating season.(Naldi, Dongellini & Morini, 2015)  

Another improtant fact to mention for ASHP is that the system can be used in the 

natural resources and waste heat resources according to the principle of the inverse 

Carnot cycle. Since the system can use the low level of heat energy from ambient(air) to 

spend less electricity. That is why the coefficient of performance (COP) of ASHP can 

be more than 1.0. For example if the COP is 3.0 means 3 kW heat can be created by 

spending only 1 kW electricity. Also since the installation of the ASHP is quite 

applicable, it is one of the top trend techonolgy to be used in all around the world with 

higher efficiency and environmental friendliness. As it is mentioned before if the 

ambient temperature is high the COP of the system will be higher relatively cold places. 

The refrigerant inspiration specific volume is increasing when the outside temperature is 

decrasing, it will reduce the heating ability of the device. (Liuet al., 2017) 

In the same time when the outside temperature drops it will cause a depression of 

the inspiration pressure than the exhaust temperature of the system suddenly increases. 

If the compression ratio is high enough it also can cause a decrease in the efficiency and 

in the air volume. The lubricating oil of the compressor is effected by the temperature 

and loosing its viscosity quickly when the temperature is low relatively. This is one of 

the case the ASHPs are not suggested to be used in too cold places since the issue 

mentioned below can cause the system start and stop continuesly and it effects the 

reliability. According to the previous researches, the ASHP which is running between -6 
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and 5 °C can be frozen if the humidity level is more than 65%. (Liu, et al., 2017) This 

has been improved recently thanks to the new technologies but the COP of the system 

can still be an issue for cold areas.  

If the ASHP can operate effectively in the low temperature ares, it will be one of 

the most popular heating device in the world since it is environmental friendly using 

clean energy with high efficiency. All the new researches about ASHP focus on solving 

this problem with better applications.( Liu, et al., 2017) 

 

1.3. Future of Heat Pumps and Market Availibility around the World 

With historical point of view residential energy consumption can be divided into 

two categories; which can or cannot be shifted to earlier or later times. Lighting can be a 

good example for the current consumption and any other machines such as washing 

machines, freezers, boilers, dishwashers can be example for the opposite side. In these 

day it is more possible to have the control over the machines without changing the 

lifestyles. With smart applications, the machines can be programmed to be worked 

when it is needed. For heating systems the same procedure can be applied. Some smart 

applications can recognize the heating demand hourly and help to minimize the energy 

cost. For example, if household comes home after 8 pm everyday, there is no need to 

heat the indoor environment at 2 pm. The system can start heating around 7 pm to make 

sure the flat will be in targeted temperature at 8 pm when people arrive at home. 

Electrical heating and heat pumps are applicable for smart usages. (Tabatabaei & Treur, 

2016) 

Research was made by Connolly et al. (2013) estimated that for the EU27 in 2010, 

the fuel type for residential and commercial heating were combination of natural gas 

(44%), petroleum products (17%), combustible renewables (10%) and coal (3%). It is 

also stated that this percentages are changing drastically between countries.( Connolly 

et al., 2013) 
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Heating residential and commercial buildings with electricity is giving opportunity 

to reduce the emissions of NOX, CO2 and other harmful gasses and impact the 

environment and human health in positive way. Clean power generation is aimed by 

regulations and rules. It is also helping to decrease in usage of natural usage by using 

electrical heating. (Kelly, Fu, & Clinch, 2016) 

Since sustainibility shows up as a crucial topic for tomorrow’s, heat pumps are 

playing key role since it prodcue heat from renewable energy sources such us air, water 

or ground and create no significant emissions. Also because it is adaptable with heat 

demands differences, it creates opportunity to be more efficient with smart energy 

storage options. (Tabatabaei & Treur, 2016) 

The home heating systems can be quite expensive to replace with latest technologies 

in the heating market. So householders can have economical concerns since the 

installation cost can take into first place which is considered. Operational cost thanks to 

heating performance can help the householder save yearly and save the extra monet 

spent on the new technology but of course it slows the market rapidly. (Kelly, et al., 

2016) 

The perspective of initial cost side, condensing boilers can give a cheaper solution 

for Space Heating and Domestic Hot Water heating without a storage or supplemetary 

heaters since the installation cost for the condensing boilers are way cheaper than heat 

pumps. In these days specially in Europe, due to environmental and economic problems 

gas boilers get upgraded to have better efficiency and condensing boilers started to be 

more populer that normal boilers. (Scocciaet al., 2018) 

 After the Ecodesign Directive in September 2015, the condensing boilers geot 

78% of the European market with increasing trend since less efficient boilers were 

banned from the market in Europe. With this regulation and environmental awareness, 

reduction of energy consumpion leads the market to more efficient technologies such as 

Heat Pumps or cascade systems. Although the installation cost of these systems can 

give a concern to the customers, the market is growing. (Scocciaet al., 2018) 



9 
 

 In more developed countries, like Holland, the government is rising the taxes for 

fossil fuel usage to motivate residents to use high efficient product with clean energy. 

People tends to use less energy to save from the budget with more renewable and green 

energy usage. These trends help to grow the heat pump market and lowering the other 

type of heating systems in modern countries. But in the other hand if the natural gas and 

electricity price has a huge gap, meaning that natural gas price way too lower than 

electricity, it can effect the market in negative way. For example in Iran or Turkey, the 

electricity usage is more expensive than natural gas which encourage people to use gas 

boilers or other type of inefficient systems in matter of clean energy usage. (Tabatabaei 

& Treur, 2016) 

 In these days thanks to all technological advancements it is now possinble to 

produce energy in anywhere in world to meet the demand. With this possibility, society 

becomes more individual rather than collective and energy sturcture changed 

accordingly. (Perko et al., 2011) 

Another aspect of the researches most of the heating boilers in Europe are aging 

between ten to thirty years old which means they have to be replaced soon. This can 

boost the heat pump market which uses CO2 as a refrigerant. CO2 is a natural fluid can 

have a desirable chracteristic with high specific heat capacity and very good transport 

properties. It is used as a refrigerant until 1930s but after been changed with other 

refrigerans such as Chlorofluorocarbons (CFCs) and Hydrochlorofluorocarbons 

(HCFCs). But because of ozone depletion and global warming threads, CO2 comes into 

attention as a potential refrigerant for air conditioners as well as heat pumps. (Zhang et 

al., 2006) 

According to the studies made in the European market the number of heat pumps 

were sold between 2002 and 2006 has the statistics below; 

- 19% of the Heat Pumps were sold in Italy  

- 17% of them were sold in Sweeden 

- 13% of them were sold in France  

- 13% of them were sold in Spain  
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- And the rest were sold in other countries in Europe with small percentages. 

(Kinab, Marchio & Riviere, 2008) 

The Heat Pumps market in all around the world is reached to 900,000 units in 2015 

and about 33% of it is Air to Water Heat pumps which is selected for this case study for 

space heating purpose. Heat pumps might have require low primary enery to heat 

(specially ground sourced based systems) since COP levels of the systems are higher. 

But it may cost more in initial based and might be complicated to install the system. 

(Scocciaet al., 2018) 

 

2. CASE STUDY FOR DIFFERENT CLIMATE CONDITIONS 

2.1. Futures of The Choosen Products 

The both products were choosen from the Vaillant Group product range but the 

high end technolgy. The Vaillant Group today supplies innovative hot water, room 

heating and cooling solutions to countries all over the world. It is German-based 

company with more than 140 years experince in the sector. The data for the products 

were collected from Vaillant Saunier Duval Kft. in Hungary and from Demirdokum 

Bozuyuk plant in Turkey.  

 

2.1.1. Heat Pump 

For this case study; Air to Water Heat Pump were choosen to demonstrate the 

energy consumption. The aroTHERM 105/5 AS (AirSplit) heat pump was selected from 

Vaillant group product range. It is the latest ASHP in the product range with 3,5,7,10 

and 12 kW options. In the study, the annual SCOP is calculated for 10 kW product. It is 

especially suited to being used in heating installations with low flow temperatures (e.g.  

30 °C to 35 °C), for example; underfloor heating systems. 

The heat pump can be used equally well in new-build and renovated properties (as 

defined by the German energy conservation ordinance – EnEV). The heat pump can 
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simply be retrofitted in existing heating installations with a gas-fired wall-hung boiler 

and eBUS interface or other heat generators.  

For the space heating feautre (which is focused on this study); aroTHERM 105/5 

AS has A+ energy efficency according to new ERP (Energy Related Products) 

regulations which is officialy effective in both country; Turkey and Hungary. The 

refrigerant type is R410A and the system is 191 kg (approx.) in total. Heating mode of 

the system is able to work between   -20 °C and 20 °C. The COP data for different RPS 

values of the product were collected from Vaillant Saunier Duval kft. in Budapest.  

 

2.1.2. Condensing Gas Boiler 

The ecoTEC plus 156/5-5 has been selected and calculated for seasonal efficiency. 

As any other condensing boiler, for this prouct as well, the efficiency is higher and the 

product is partially loaded. It is still high efficiency product which can be compared 

with the Heat Pumps systems.  

One of the biggest advantage of this condensing boiler from other boilers is having 

the stainless steel integral condensation heat exchanger. Recently because of the 

domestic water quality other type of heat exchangers can have “black dust” issue, which 

is basically shorten the life of the boiler and decrease the efficiency of the product.  

Modulations range of the product is 20% to 100% and it can be automatically 

controlled depending on the heat demand of the place. It is applicable for G20 and G25 

gas types. It weights approxiamtely 35 kg. For the space heation feautre (which is 

focused on this study); ecoTEC plus 156/5-5 has A energy efficency class. 

 

2.2. Collecting the Weather Data for Turkey and Hungary 

Heating season dates can differentiate for the different climates. Five city was 

choosen the show the effect of different climates/outdoor temperatures on energy 

consumption and product efficiency. Different outside temperatures with different 
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heating hours are more important for the heat pump side of the study, since ASHPs’ 

COP are highly depend on the outside temperature.  

For the cities that have choosen; Budapest, Ankara, Istanbul, Izmir, and Erzurum, 

the data was collected from two different variable resources. For the cities that have 

been choosen in Turkey the data was collected from the website called, 

http://climate.onebuilding.org. This website is used by ASHRAE (American Society of 

Heating, Refrigerating and Air-Conditioning Engineers) to design the system for annual 

and monthly conditions. Three largest cities (Istanbul – 15 Million, Ankara – 5,5 

Million – Izmir- 4.3 Million; Aprox.) and the coldest city in Turkey (Erzurum) were 

choosen for the comparison. (Onebuilding, 2019) Budapest climate data was requested 

from https://www.meteoblue.com; which is a private corporation under Swiss law with 

its registered office in Basel (Switzerland).  (Meteoblue, 2019)  

After the collection of the information, the hourly data were examined and counted 

for calculating the heating hours. The Temperature Duration Curves were demonstrated 

below for each cities.  

Figure 2.1. Budapest Temperature Duration Curve (Meteoblue, 2019) 
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Figure 2.2. Ankara Temperature Duration Curve (Onebuilding, 2019) 

Figure 2.3. Istanbul Temperature Duration Curve (Onebuilding, 2019) 
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Figure 2.4. Izmir Temperature Duration Curve (Onebuilding, 2019) 

Figure 2.5. Erzurum Temperature Duration Curve (Onebuilding, 2019) 
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The annual heating hours were calculated by the summation of the hours between 

12°C and -20°C, which is accounted of the heating season for one year. The total 

heating hours were shown in the table below with the variation of temperatures.  

The temperture curves are showing us four different climate zone in Turkey. Since 

the geographical location of Turkey is quite wide, the average temperature can vary 

quite different. The seas which are surrounded three side of the country also effect the 

temperature curve.  

The temperature data for Budapest is similar to Ankara but still heating curves 

change slightly and it effects the total heating hours and SCOP of the system changes 

accordingly which will be explained in next sections.  
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Outside temp. Heating hours 

[°C] [h] 

  Budapest Ankara Istanbul Izmir Erzurum 

-20 0 0 0 0 181 

-19 1 0 0 0 25 

-18 3 0 0 0 41 

-17 1 0 0 0 42 

-16 1 0 0 0 63 

-15 0 0 0 0 86 

-14 4 0 0 0 74 

-13 0 0 0 0 109 

-12 14 3 0 0 85 

-11 11 5 0 0 92 

-10 17 7 0 0 80 

-9 19 7 0 0 104 

-8 21 8 0 0 122 

-7 51 9 1 0 158 

-6 49 16 1 0 142 

-5 125 38 3 0 141 

-4 142 46 2 0 186 

-3 206 85 7 0 193 

-2 260 117 37 0 195 

-1 262 135 32 0 255 

0 318 176 32 0 309 

1 292 209 50 2 286 

2 330 288 96 15 273 

3 293 283 138 45 301 

4 280 276 135 102 288 

5 286 246 174 124 216 

6 212 272 211 153 277 

7 245 320 282 221 295 

8 215 337 335 245 312 

9 194 328 401 250 324 

10 196 335 389 332 273 

11 210 293 369 402 270 

12 226 298 396 403 243 

Total 4484 4137 3091 2294 6041 

Table 2.1. Total Heating Hours for Designated Locations (Onebuilding,2019)&(Meteoblue,2019) 

As it can be seen on Table 2.1, heating hours vary from location to location. The 

two capitals; Budapest and Ankara, have slightly same heating hours but the energy 

consumption will differ since the dispersion of the outside temperature is quite different. 
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Heating hours for Budapest, Ankara, Istanbul, Izmir and Erzurum are 4484, 4137, 3091, 

2294 and 6041 accordingly.   

  

2.3. Calculating the Seasonal Coefficient of Performance of Heat Pump 

The electric heat pump model is based on the data included in a performance map 

provided by a manufacturer reporting the appliance capacity and COP with air 

temperature ranging from −20 °C to 12 °C. The selected appliance is an air-to-water 

heat pump for residential application, with an inverter driven compressor and with a 

nominal heating capacity of 10 kW at air 7 °C and water 30/35 °C. It has been verified 

that the appliance is representative of the units available on the market by comparing its 

efficiency with the efficiency of appliances from the Eurovent database. 

(https://www.eurovent-certification.com/en?Lg=en#close) 

The performance of a heat pump is described by the seasonal performance factor 

(SPF), which indicates how much electrical energy (in kWh) is needed, to run the heat 

pump, as input to get a certain amount of heating energy as output for the heat pump 

over a certain time period or a season: (Tabatabaei & Treur, 2016) 

SPF = Energy_Provided/Energy_Used  (equaiton 1) 

For an ASHP, this performance factor mostly varies between 2 and 7 (e.g., for 

outdoor temperatures between -10˚C and 20˚C). Often it is between 4 and 5 (e.g., for 

ambient temperatures between 5˚C and 12˚C). It strongly depends on the outdoor 

temperature, and particular on the difference between the outdoor temperature and the 

water temperature of the heating system. To be able to predict the performance of an 

ASHP,  many different formulas are suggested by different researchers.  (Tabatabaei & 

Treur, 2016)  

The COP data were collected from the manufacturer and is given below for 

different outside temperatures. For the compressor speed, although it is not effecting the 

COP values significantly, 72 rps was selected after conversation with a project manager 

https://www.eurovent-certification.com/en?Lg=en#close
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in manufacturing company. It was advised to choose medium level compressor speed 

because of the life time of the product and noise level. 

 

aroTHERM 105/5 AS 
72 rps – 30/35˚C 

Qf tk P COP 
kW °C kW - 

4,78 -20 2,33 2,05 

4,98 -19 2,35 2,12 

5,18 -18 2,37 2,19 

5,39 -17 2,39 2,25 

5,60 -16 2,41 2,32 

5,81 -15 2,43 2,39 

6,02 -14 2,45 2,46 

6,24 -13 2,47 2,52 

6,46 -12 2,49 2,59 

6,70 -11 2,51 2,67 

6,95 -10 2,53 2,75 

7,21 -9 2,54 2,83 

6,91 -8 2,37 2,92 

6,56 -7 2,19 3,00 

6,22 -6 2,06 3,01 

5,88 -5 1,93 3,04 

5,53 -4 1,81 3,06 

5,19 -3 1,68 3,08 

4,84 -2 1,51 3,20 

4,50 -1 1,36 3,32 

4,16 0 1,21 3,43 

3,81 1 1,07 3,56 

3,47 2 0,94 3,70 

3,13 3 0,82 3,82 

2,78 4 0,71 3,93 

2,44 5 0,60 4,04 

2,09 6 0,50 4,15 

1,75 7 0,41 4,27 

1,41 8 0,32 4,37 

1,06 9 0,24 4,47 

0,72 10 0,16 4,56 

0,38 11 0,08 4,66 

0,03 12 0,01 4,76 

Table 2.2. COP values of the aroTHERM 105/5 AS in 72 rps 30/35 °C 
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Combining the hourly temperature data with COP values of the product, the energy 

consumption of the flat is calculated for one year.   

SCOP index is developed by evaluating energy efficiency of heat pumps for hours 

when the system operates at different temperatures. SCOP was basically calculated by 

multiplying hours with designated temperatures. (Kinab et al., 2008)  

SCOPcity_name=  sum(COPt × Total_Hourt) / Total_Heating _Hourscity_name   

(equation 2) 

SCOPcity_name= [(COP-20°C × Total_Hour-20°C) + (COP-19°C × Total_Hour-19°C) ... 

(COP12°C × Total_Hour12°C)] /  Total_Heating _Hourscity_name (equiaton 3) 

It is coming to an attention that the heat pump is not able to produce enough heat 

under -8 °C. Because of this additional back-up heater is needed for the cities that goes 

under -8 °C; in this case Budapest, Ankara and Erzurum will need the back-up heater. 

Although the ASHP can be combined with condensing boiler or any other heating 

devices easily, in this study it is decided to be used electrical heater. COP values under -

8 °C will be calculated as “one”.   

The back-up heater demand is shown in percentage comparing with total heating 

hours.  

- In Budapest 71 hours out of 4484 hours; 1.58% of total heating hours 

- In Ankara 22 hours out of 4137 hours; 0.53% of total heating hours 

- In Erzurum 801 hours out of 6041 hours; 13.25% of total heating hours will 

require extra heating.  

Since the performance of the ASHPs are highly dependable of outdoor temperature, 

hourly data of the locations which were chosen is really important. That is the reason 

temperature curves have been created with detailed accurate data.  
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City Name Annual SCOP 

Budapest 3,789 

Ankara 4,056 

Erzurum 3,381 

Istanbul 4,331 

Izmir 4,451 

Table 2.3. SCOP values of the designated cities 

 

2.4. Calculating Seasonal Energy Efficiency of the Gas Boiler 

For this study the high efficient condensing boiler was choosen for the comparison. 

As it is known, condensing boilers have higher efficiency for partial loads. Although 

outside temperature is not effecting the efficiency of the condensing boilers crucially, it 

can still be be calculated via the efficiency curve.  

The efficiency data for different loads were taken from the manufacturer and can be 

found below.   

Condensing gas boiler 

ecoTEC plus 156/5-5   

Condensing gas boiler 

ecoTEC plus 156/5-5   

Qf tk P Efficiency Qf tk P Efficiency 

kW °C kW - kW °C kW - 

11,0 -20 12,86 0,8581 5,2 -3 5,49 0,9449 

10,7 -19 12,37 0,8643 4,8 -2 5,09 0,9511 

10,3 -18 11,93 0,8674 4,5 -1 4,72 0,9542 

10,0 -17 11,45 0,8736 4,2 0 4,34 0,9573 

9,7 -16 10,99 0,87825 3,8 1 3,97 0,9604 

9,3 -15 10,51 0,886 3,5 2 3,60 0,9635 

9,0 -14 10,05 0,8922 3,1 3 3,23 0,96815 

8,6 -13 9,62 0,89685 2,8 4 2,86 0,9728 

8,3 -12 9,15 0,9046 2,4 5 2,50 0,97435 

7,9 -11 8,74 0,9077 2,1 6 2,15 0,9759 

7,6 -10 8,34 0,9108 1,8 7 1,79 0,979 

7,3 -9 7,92 0,91545 1,4 8 1,44 0,979 

6,9 -8 7,51 0,9201 1,1 9 1,08 0,9821 

6,6 -7 7,08 0,9263 0,7 10 0,73 0,9852 

6,2 -6 6,67 0,9325 0,4 11 0,38 0,9883 

5,9 -5 6,26 0,9387 0,0 12 0,03 0,9914 

5,5 -4 5,87 0,9418 

Table 2.4. Efficiency values of the ecoTEC plus 156/5-5   
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The efficiency of the choosen condensing boiler is shown below. The boiler is 

working 100% power when the outside temperature is -20°C and partially works when 

the ambient temperature is rising. The high efficiency pump inside of the condensing 

boiler is also helping to reduce the electricity consumpion with automatic modulation.  

 

Figure 2.6. The Efficiency Curve of the Condensing Boiler 

 

The annual efficiency for the cities are calculated with the same method calculated 

SCOP of heat pump.  

Annual_Efficiencycity_name=  sum(Efficiencyt × Total_Hourt) / Total_Heating _Hourscity_name  

(equation 4) 

Annual_Efficiencycity_name= [(Efficiency-20°C × Total_Hour-20°C) + (Efficiency-19°C × 

Total_Hour-19°C) ... (Efficiency12°C × Total_Hour12°C)] /  Total_Heating _Hourscity_name (equation 

5) 

Although the efficiency is not highy dependent on outside temperature the annual 

efficiency of the condensing boiler is different from city to city since heating hours are 

different.  
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City Name Annual Efficiency 

Budapest 0,966 

Ankara 0,980 

Erzurum 0,953 

Istanbul 0,973 

Izmir 0,983 

                    Table 2.5. Annual Efficiency values of the designated cities 

 

2.5. The Heat Demand for the Building and Annual Energy Consumption 

According to previous reseaches, the estimation was made for final energy 

consumption. In EU28, the buildings used 644Mtoe of energy which is 41% of overall 

consumption. The two thirds of this energy was being used in housholds and 80% of 

them was for space heating (SH) and domestic hot water (DHW). The rest was which is 

about 20%, were used for cooking, applicances using electriciy, lighting etc. (Scocciaet 

al., 2018) 

The heat demand for space heating were determined 11 kW for -20°C and the 

calculations were made accordingly.  

For this case study, the heat demand and total energy consumption for the cities 

which are chosen can be found below. The heat demand was determined for  20°C 

indoor temperature and the ambient temperature data were collected in two reliable 

websites with hourly bases which is explained in the section, 2.2 Collecting the Weather 

Data for Turkey and Hungary.  

Total heat needed for entire heating season were calculated with Pmax of the heat 

pump in specified hours which is taking from the manufacturer. Etotal was calculated; 

Pmaxt = Qf_t x COPt (equation 6) 

Etotal_City Name = sum(Et) (equation 7) 

Et = Total_Hourt  x Pmaxt (equaiton 8) 
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Total heat needed for entire heating season were calculated with Pmax of the 

condensing boiler in specified hours which is taking from the manufacturer. Etotal was 

calculated the same way explained in Equation 7 and Equation 8. 

Pmaxt = Qf_t x Efficiencyt (equation 9) 

Budapest Heat Pump in heating season  Condensing Boiler in heating season 

Heating 

hours 

Outside 

temp. 
Pmax E 

COP 
Pmax E 

Efficiency 

[h] [°C] [kW] [kWh] [kW] [kWh] 

1 -19 2,3491 2,3 1,00 12,3655 12,4 0,86 

3 -18 2,3697 7,1 1,00 11,9250 35,8 0,87 

1 -17 2,3904 2,4 1,00 11,4469 11,4 0,87 

1 -16 2,4110 2,4 1,00 10,9949 11,0 0,88 

0 -15 2,4316 0,0 1,00 10,5107 0,0 0,89 

4 -14 2,4522 9,8 1,00 10,0524 40,2 0,89 

0 -13 2,4728 0,0 1,00 9,6170 0,0 0,90 

14 -12 2,4933 34,9 1,00 9,1546 128,2 0,90 

11 -11 2,5105 27,6 1,00 8,7446 96,2 0,91 

17 -10 2,5268 43,0 1,00 8,3375 141,7 0,91 

19 -9 2,5430 48,3 1,00 7,9196 150,5 0,92 

21 -8 2,3683 49,7 2,92 7,5060 157,6 0,92 

51 -7 2,1888 111,6 3,00 7,0846 361,3 0,93 

49 -6 2,0635 101,1 3,01 6,6689 326,8 0,93 

125 -5 1,9337 241,7 3,04 6,2587 782,3 0,94 

142 -4 1,8061 256,5 3,06 5,8731 834,0 0,94 

206 -3 1,6817 346,4 3,08 5,4900 1130,9 0,94 

260 -2 1,5133 393,5 3,20 5,0928 1324,1 0,95 

262 -1 1,3572 355,6 3,32 4,7160 1235,6 0,95 

318 0 1,2120 385,4 3,43 4,3416 1380,6 0,96 

292 1 1,0718 313,0 3,56 3,9697 1159,2 0,96 

330 2 0,9385 309,7 3,70 3,6002 1188,1 0,96 

293 3 0,8191 240,0 3,82 3,2278 945,7 0,97 

280 4 0,7075 198,1 3,93 2,8590 800,5 0,97 

286 5 0,6029 172,4 4,04 2,5017 715,5 0,97 

212 6 0,5044 106,9 4,15 2,1455 454,8 0,98 

245 7 0,4097 100,4 4,27 1,7875 437,9 0,98 

215 8 0,3219 69,2 4,37 1,4364 308,8 0,98 

194 9 0,2379 46,1 4,47 1,0819 209,9 0,98 

196 10 0,1575 30,9 4,56 0,7295 143,0 0,99 

210 11 0,0804 16,9 4,66 0,3794 79,7 0,99 

226 12 0,0066 1,5 4,76 0,0315 7,1 0,99 

4484 

  

E [kWh] = 4024,5 

  

E [kWh] = 14610,9 

    E [GJ] = 14,488083 E [GJ] = 52,59931395 

 Table 2.6. Energy Consumption for Budapest 
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Ankara Heat Pump in heating season  Condensing Boiler in heating season 

Heating 

hours 

Outside 

temp. 
Pmax E 

COP 
Pmax E 

Efficiency 

[h] [°C] [kW] [kWh] [kW] [kWh] 

3 -12 2,4933 7,5 1,00 9,1546 27,5 0,90 

5 -11 2,5105 12,6 1,00 8,7446 43,7 0,91 

7 -10 2,5268 17,7 1,00 8,3375 58,4 0,91 

7 -9 2,5430 17,8 1,00 7,9196 55,4 0,92 

8 -8 2,3683 18,9 2,92 7,5060 60,0 0,92 

9 -7 2,1888 19,7 3,00 7,0846 63,8 0,93 

16 -6 2,0635 33,0 3,01 6,6689 106,7 0,93 

38 -5 1,9337 73,5 3,04 6,2587 237,8 0,94 

46 -4 1,8061 83,1 3,06 5,8731 270,2 0,94 

85 -3 1,6817 142,9 3,08 5,4900 466,6 0,94 

117 -2 1,5133 177,1 3,20 5,0928 595,9 0,95 

135 -1 1,3572 183,2 3,32 4,7160 636,7 0,95 

176 0 1,2120 213,3 3,43 4,3416 764,1 0,96 

209 1 1,0718 224,0 3,56 3,9697 829,7 0,96 

288 2 0,9385 270,3 3,70 3,6002 1036,8 0,96 

283 3 0,8191 231,8 3,82 3,2278 913,5 0,97 

276 4 0,7075 195,3 3,93 2,8590 789,1 0,97 

246 5 0,6029 148,3 4,04 2,5017 615,4 0,97 

272 6 0,5044 137,2 4,15 2,1455 583,6 0,98 

320 7 0,4097 131,1 4,27 1,7875 572,0 0,98 

337 8 0,3219 108,5 4,37 1,4364 484,1 0,98 

328 9 0,2379 78,0 4,47 1,0819 354,9 0,98 

335 10 0,1575 52,7 4,56 0,7295 244,4 0,99 

293 11 0,0804 23,6 4,66 0,3794 111,2 0,99 

298 12 0,0066 2,0 4,76 0,0315 9,4 0,99 

4137 

  

E [kWh] = 2603,0 

  

E [kWh] = 9930,7 

    E [GJ] = 9,370828012 E [GJ] = 35,8 

Table 2.7. Energy Consumption for Ankara 
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Izmir Heat Pump in heating season  Condensing Boiler in heating season 

Heating 

hours 

Outside 

temp. 
Pmax E 

COP 
Pmax E 

Efficiency 

[h] [°C] [kW] [kWh] [kW] [kWh] 

2 1 1,0718 2,1 3,56 3,97 7,94 0,96 

15 2 0,9385 14,1 3,70 3,60 54,00 0,96 

45 3 0,8191 36,9 3,82 3,23 145,25 0,97 

102 4 0,7075 72,2 3,93 2,86 291,62 0,97 

124 5 0,6029 74,8 4,04 2,50 310,21 0,97 

153 6 0,5044 77,2 4,15 2,15 328,25 0,98 

221 7 0,4097 90,5 4,27 1,79 395,05 0,98 

245 8 0,3219 78,9 4,37 1,44 351,92 0,98 

250 9 0,2379 59,5 4,47 1,08 270,47 0,98 

332 10 0,1575 52,3 4,56 0,73 242,21 0,99 

402 11 0,0804 32,3 4,66 0,38 152,53 0,99 

403 12 0,0066 2,6 4,76 0,03 12,70 0,99 

2294 

  

E [kWh] = 593,3 

  

E [kWh] = 2562,16 

    E [GJ] = 2,135873704 E [GJ] = 9,22 

Table 2.8. Energy Consumption for Izmir 

Istanbul Heat Pump in heating season  Condensing Boiler in heating season 

Heating hours Outside temp. Pmax E 
COP 

Pmax E 
Efficiency 

[h] [°C] [kW] [kWh] [kW] [kWh] 

1 -7 2,1888 2,2 3,00 7,08 7,08 0,93 

1 -6 2,0635 2,1 3,01 6,67 6,67 0,93 

3 -5 1,9337 5,8 3,04 6,26 18,78 0,94 

2 -4 1,8061 3,6 3,06 5,87 11,75 0,94 

7 -3 1,6817 11,8 3,08 5,49 38,43 0,94 

37 -2 1,5133 56,0 3,20 5,09 188,43 0,95 

32 -1 1,3572 43,4 3,32 4,72 150,91 0,95 

32 0 1,2120 38,8 3,43 4,34 138,93 0,96 

50 1 1,0718 53,6 3,56 3,97 198,49 0,96 

96 2 0,9385 90,1 3,70 3,60 345,61 0,96 

138 3 0,8191 113,0 3,82 3,23 445,44 0,97 

135 4 0,7075 95,5 3,93 2,86 385,97 0,97 

174 5 0,6029 104,9 4,04 2,50 435,29 0,97 

211 6 0,5044 106,4 4,15 2,15 452,69 0,98 

282 7 0,4097 115,5 4,27 1,79 504,09 0,98 

335 8 0,3219 107,8 4,37 1,44 481,20 0,98 

401 9 0,2379 95,4 4,47 1,08 433,83 0,98 

389 10 0,1575 61,3 4,56 0,73 283,79 0,99 

369 11 0,0804 29,7 4,66 0,38 140,01 0,99 

396 12 0,0066 2,6 4,76 0,03 12,48 0,99 

3091 

  

E [kWh] = 1139,5 

  

E [kWh] = 4679,9 

    E [GJ] = 4,1021366 E [GJ] = 16,847534 

Table 2.9. Energy Consumption for Istanbul 
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Erzurum Heat Pump in heating season  Condensing Boiler in heating season 

Heating hours Outside temp. Pmax E 
COP 

Pmax E 
Efficiency 

[h] [°C] [kW] [kWh] [kW] [kWh] 

181 -20 2,3284 421,4 1,00 12,86 2326,83 0,86 

25 -19 2,3491 58,7 1,00 12,37 309,14 0,86 

41 -18 2,3697 97,2 1,00 11,93 488,93 0,87 

42 -17 2,3904 100,4 1,00 11,45 480,77 0,87 

63 -16 2,4110 151,9 1,00 10,99 692,68 0,88 

86 -15 2,4316 209,1 1,00 10,51 903,92 0,89 

74 -14 2,4522 181,5 1,00 10,05 743,88 0,89 

109 -13 2,4728 269,5 1,00 9,62 1048,25 0,90 

85 -12 2,4933 211,9 1,00 9,15 778,14 0,90 

92 -11 2,5105 231,0 1,00 8,74 804,51 0,91 

80 -10 2,5268 202,1 1,00 8,34 667,00 0,91 

104 -9 2,5430 264,5 1,00 7,92 823,64 0,92 

122 -8 2,3683 288,9 2,92 7,51 915,73 0,92 

158 -7 2,1888 345,8 3,00 7,08 1119,37 0,93 

142 -6 2,0635 293,0 3,01 6,67 946,98 0,93 

141 -5 1,9337 272,6 3,04 6,26 882,47 0,94 

186 -4 1,8061 335,9 3,06 5,87 1092,39 0,94 

193 -3 1,6817 324,6 3,08 5,49 1059,57 0,94 

195 -2 1,5133 295,1 3,20 5,09 993,09 0,95 

255 -1 1,3572 346,1 3,32 4,72 1202,58 0,95 

309 0 1,2120 374,5 3,43 4,34 1341,57 0,96 

286 1 1,0718 306,5 3,56 3,97 1135,33 0,96 

273 2 0,9385 256,2 3,70 3,60 982,84 0,96 

301 3 0,8191 246,5 3,82 3,23 971,57 0,97 

288 4 0,7075 203,8 3,93 2,86 823,40 0,97 

216 5 0,6029 130,2 4,04 2,50 540,36 0,97 

277 6 0,5044 139,7 4,15 2,15 594,29 0,98 

295 7 0,4097 120,9 4,27 1,79 527,32 0,98 

312 8 0,3219 100,4 4,37 1,44 448,16 0,98 

324 9 0,2379 77,1 4,47 1,08 350,52 0,98 

273 10 0,1575 43,0 4,56 0,73 199,17 0,99 

270 11 0,0804 21,7 4,66 0,38 102,45 0,99 

243 12 0,0066 1,6 4,76 0,03 7,66 0,99 

6041 

  

E [kWh] = 6923,5 

  

E [kWh] = 26304,51 

    E [GJ] = 24,92459 E [GJ] = 94,70 

Table 2.10. Energy Consumption for Erzurum 
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The energy needed for each city was demonstrated above comparing with two 

system, heat pump and condensing boiler. The energy consumption in Erzurum is the 

largest amount due to cold weather climate. After Erzurum, Budapest, Ankara, Istanbul 

and Izmir have the consumption amount from larger to lower accordingly. Not only 

heating hours but the temperature curve is also effecting the efficiency and the energy 

needed for heating.  

As it can be seen easily from the tables, Heat Pump is using significantly less 

energy than the condensing boiler. The investemnt and energy consumption cost will be 

examined in next chapter to find out the final conclusion for the comparison.  

 

2.6. Calculating the Cost needed for Energy Consumption and Initial Invesment 

for the Products 

The energy consumption was calculated before to see how much energy needed for 

a year in the heating season. Electricity prices and Natural Gas prices per kWh were 

retrieved from https://ec.europa.eu . (Eurostat, 2019) The tables are showing the annual 

cost of electricity usage for the heat pump and the annual cost of natural gas for the 

condensing boiler.  

The consumption cost is basically calculated by multiplying the total energy 

consumption (yearly) with the per kWh price of the energy resources.  

 

Total electriciy prices for the total heat demand (One year) Heat Pump 

  E [kWh]  kWh/Eur Total Cost 

Budapest 4024,467576 0,1123 451,9477 Euro 

Ankara 2603,007781 0,0904 235,3119 Euro 

Erzurum 6923,497183 0,0904 625,8841 Euro 

Istanbul 1139,482377 0,0904 103,0092 Euro 

Izmir 593,2982512 0,0904 53,63416 Euro 

Table 2.11. Total Energy costs for Heat Pump usage 

https://ec.europa.eu/
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Total gas prices for the total heat demand (One year) Condensing Boiler 

  E [kWh]  kWh/Eur Total Cost 

Budapest 14610,92054 0,04 584,4368 Euro 

Ankara 9930,728103 0,02 198,6146 Euro 

Erzurum 26304,50818 0,02 526,0902 Euro 

Istanbul 4679,870557 0,02 93,59741 Euro 

Izmir 2562,155304 0,02 51,24311 Euro 

Table 2.12. Total Energy costs for Condensing Boiler usage 

 

After having te research on the electricity and te natural gas prices on both 

countries, Turkey and Hungary, the installment and the product cost got requested from 

a reliable dealer in Ankara. Mr. Selim Ergün as the owner of “Ergün Teknik Isıtma 

Soğutma” company and also senior mechanical engineer worked for the offer of both 

systems in 100 sqm2 single house. The total cost is given with latest currency and 

market prices below with detailed information.  
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aroTHERM 
Heat Pump 

ecoTEC plus 
Condensing 

Boiler 

Unit Price €2.671,76 €702,29 

Project €0,00 €68,70 

Installment for 
Accessories €38,17 €15,27 

Radiator 8,5m  €374,05 €374,05 

8 pcs radiator valve  €48,85 €48,85 

Oven Hose Valve €0,00 €10,69 

Flex Hose €0,00 €9,16 

Natural Gas fittings €0,00 €61,07 

Domestic Hot Water Pipes  €15,27 €15,27 

Pipe instalments  €183,21 €183,21 

Labour cost €183,21 €229,01 

Transportation €15,27 €15,27 

Electircity installments €45,80 €9,16 

internal/external unit  
copper pipe lines €68,70 €0,00 

chimney extension 0,5m €0,00 €22,90 

Paid in Advance Cost €3.644,27 €1.764,89 

%10 Engineering Cost €381,68 €190,84 

Total  €4.025,95 €1.955,73 

         Table 2.13. Unit Prices + Installments Costs for both systems  

 

The price list was orignally listed iwth Turkish Lira but it was calculated with the 

current currency as 1 Euro =6,55 TRY, so the total price can be slightly different for 

future researches.  
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3. RESULTS  

According to the data collected from the manufacturer, the calculations were made 

for five cities in two different countries. The results will be examined in energy 

consumption, heating hours, and cost based parameters.  

Ankara, as a capital of Turkey, has 4137 heating hours in one year. 2603 kWh were 

consumed by the heat pump and 9930,7 kWh were consumed by the condensing boiler. 

The heat pump is insufficient for the heating only 0,53% of the total heating duration 

where needs to have extra heating supply for the demand. So with this data it is showing 

the heat pump is consuming approxiamtely 26% of what the condensing boiler 

consumes for a year. This percentage is directly related with annual efficiency of the 

condensing boiler and seasonal coefficient of performance of the heat pump. The total 

consumption cost for the heat pump is calculated  235,312 Euro and for the condensing 

boiler is 198,615 Euro. This amounts are also related with the efficiency and also 

natural gas and electiricity prices on the country.  

Budapest, as a capital of Hungary, has 4484 heating hours in one year. 4024,5 kWh 

were consumed by the heat pump and 14610,9 kWh were consumed by the condensing 

boiler. The heat pump is insufficient for the heating only 1,58% of the total heating 

duration where needs to have extra heating supply for the demand. So with this data it is 

showing the heat pump is consuming approxiamtely 27,5% of what the condensing 

boiler consumes for a year. The total consumption cost for the heat pump is calculated  

451,948 Euro and for the condensing boiler is 584,437 Euro. This amounts are also 

related with the efficiency and also natural gas and electiricity prices on the country, 

Hungary.  

Istanbul, as the most crowded population city in Turkey, has 3091 heating hours in 

one year. 1139,5 kWh were consumed by the heat pump and 4679,9 kWh were 

consumed by the condensing boiler. The heat pump is capable of producing enough heat 

during the all year so there is no need for extra heating supply. So with this data it is 

showing the heat pump is consuming approxiamtely 24,3% of what the condensing 

boiler consumes for a year. The total consumption cost for the heat pump is calculated  
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103,009 Euro and for the condensing boiler is 93,597 Euro. This amounts are also 

related with the efficiency and also natural gas and electiricity prices on the country, 

Turkey.  

Izmir, one of the largest city with warm climate in the west end of the country, has 

2294 heating hours in one year. 593,3 kWh were consumed by the heat pump and 

2562,16 kWh were consumed by the condensing boiler. The heat pump is capable of 

producing enough heat during the all year so there is no need for extra heating supply. 

So with this data it is showing the heat pump is consuming approxiamtely 23,1% of 

what the condensing boiler consumes for a year. The total consumption cost for the heat 

pump is calculated  53,634 Euro and for the condensing boiler is 51,243 Euro. This 

amounts are also related with the efficiency and also natural gas and electiricity prices 

on the country, Turkey.  

Erzurum, is knows as the coldest city in the country located northeast of Turkey, has 

6041 heating hours in one year. 6923,5 kWh were consumed by the heat pump and 

26304,51 kWh were consumed by the condensing boiler. The heat pump is insufficient 

for the heating only 13,26% of the total heating duration where needs to have extra 

heating supply for the demand which is an important amount of time that can directly 

effect the results of this study. With this data it is showing the heat pump is consuming 

approxiamtely 26,32% of what the condensing boiler consumes for a year. The total 

consumption cost for the heat pump is calculated  625,884 Euro and for the condensing 

boiler is 526,090 Euro. This amounts are also related with the efficiency and also 

natural gas and electiricity prices on the country, Turkey.  
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4. GENERAL ASSUMPTIONS 

The heating set point is (20°C) for 24 hours. The electiricity consumption was 

limited to the auxalitiries of the heating system and consumption of the circulation 

pumps and technological system controls were neglected. But since these consumptions 

depends on the building it will be approxiamtely same amount of electricity which can 

be eliminated for the comparison. 

Heating season were calculated between 12°C and -20°C for outside temperatures. 

If any extra heating for warmer weaters is needed, it needs to be calculated and added to 

the annual demand.  

The heat loss from walls, windows and any other places were neglected since it will 

not change the comparison between the heat pump and condensing boiler. Also any heat 

generators such as people were neglected because of the same reason.  

The efficiency table for the condensing boiler were taken from the manufacturer and 

it is calculated from lower calorific value of gas.  

The current gas and electricity prices , also the currency between Turkish Lira and 

Euro, are assumed to be fixed for cost calculation. Also the return on investiment which 

will be discussed in “Conclusion” section is calculated without considering the capital 

loss. 
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5. CONCLUSIONS  

Finally, by comparing the yearly performance of an ASHP and Condensing Boiler 

in Budapest, Ankara, Istanbul, Izmir and Erzurum with different climate characteristics, 

the efficiency of the heating systems were investigated.  

With the annual temperature curves, it can be seen Budapest and Ankara, also Izmir 

and Istanbul have some similar heating hours in total. But when investigated carefully, 

Budapest has approximately 1,5 times more electricity consumption than Ankara. And 

Istanbul has almost two times more than Izmir. It is more likely the heating hours were 

choosen between  12°C and -20°C. For example; Budapest has more hours in colder 

temperature than Ankara. It decreases the efficiency of both systems and affects the 

enery consumption directly.  

Another conclusion can came to light from this study that air to water heat pumps 

are quite efficient in any outside temperature thanks to newest technological 

developments. In past times, heat pumps were not working efficiently enough in cold 

environments. But now it can be clearly said heat pumps are functional in most of the 

areas in the world.  

The most important outcome of this research is although the heat pump spends less 

energy than the condensing boiler, in total end users might not clearly save on their 

budget because of the electricity and natural gas prices in Turkey. The electricity price 

is more than four times expensive than natural gas prices. The SCOP of the Heat Pump 

is higher but not enough to make return on investment by saving from heating cost of 

the residential.   

For Budapest, the difference between the electricity price and natural gas price is 

less then three times which is enough for return on investment. If customer buy the heat 

pump rather than the condensing boiler they will save on their budget yearly and 

eventually the differenct between initial costs of both systems will be returned to the 

customer. The energy saving cost in Budapest is around 132 Euro (€) yearly and 

customers can collect the extra investment on heat pumps in 15 years (approx.).  
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Consumers should consider this research was made for only central heating. If the 

domestic hot water and cooling will take into account, the result might be different. And 

this can effect the advantages to have heat pump since the efficiency of the product is 

higher and it can also work for cooling and ventilating.   

CO2 emission has to take into consideration when comparing environmental 

comparison between Condensing Boilers and Heat Pumps. Condensing boilers are using 

the natural resources and create some emission that needs to be reduced for the recent 

enviornmental issues. Heat pumps are using clean energy and can be connected with 

renewable energy resources such as soler power panels. 

The energy cost has not big difference so customers should take other things into 

account which mentioned above. Saving energy and spending less for heating purpose 

can resolve many environmental problems. Economically; if many people start 

considering the heat pump, energy consumption will be less so it might lower the 

electricity prices in long term as a supply-demand relationship. 

Although initial cost might be the primary concern for buyers it might not show 

exact profit for the long term. The complete economic analys is reqired to find out the 

exact loss or benefit for overall HVAC solutions. Different systems, different 

manufacturers and different locatinos can affect to rate of return. 

To sum up, the factors should be taken into account when the end user choose the 

heating system for residential purpose can be demonstrated as below; 

- Annual Temperature Curve of the location 

- Annual Heating Hours of the location 

- Electricity and Natural Gas prices  

- The Seasonal Efficiency of the Condensing Boiler and the Coefficient of 

Performance of the Heat Pump 

- Installation Cost of the Heating Systems 

- Environmental Issues; such as CO2 emissions 
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6. LIMITATIONS 

As it is mentioned before, this study only focused on central heating neglecting the 

domestic hot water heating and cooling of the residential. With this approach; no indoor 

temperature fluctuations were considered in calculations. Also humudity can affect the 

overall system efficiency with the ambient temperature. The researchers should include 

the affect of the humidity for the future studies. 

The project cost was taken from Ankara, Turkey. It might differ between other 

cities, also in Budapest, Hungary. The total project cost should be asked from local 

dealers in each city which were choosen for this study.  

Future researches can be done in more cities with different cilimates to demonstrate 

the effect of the outside temperature of the efficiency of the system. Athough the SCOP 

of the heat pumps are not changing substantially, it might give more specific 

observation if one can observe different heating capacities.  

Also the cascade systems should be take into consideration to clarify that systems 

can be more efficient or environmental with renewable energy usage. For example, both 

systems can be installed with solar panel heating and improve the efficiency if the 

climate is eligible for sunlight. 

 

 

 

 

 

 

 

 

 



36 
 

7. REFERENCES 

 

Ankara, Istanbul, Izmir, Erzurum Hourly Data.  2019. Retrieved from 

http://climate.onebuilding.org 

Belo, J. 2013. Air-Water Heat pump study. Instituto Superior Técnico; Technical 

University of Lisbon. 

Budapest Hourly Data. 2019. Retrieved from http://www.meteoblue.com  

Certified Product for the Eurovent Certified Performance Website, Available at: 

〈http://www.eurovent-certification.com/index.php?Lg=en〉. 

Connolly, D.; Mathiesen,B.V.; Østergaard,P.A.; Möller,B.; Nielsen,S.; Lund,H.; 

Persson, U.; Werner,S.; Grözinger,J.; Boermans,T.; Bosquet,M.; Trier,D. 2013. 

Heat Roadmap Europe: Second Pre-Study. Department of Development and 

Planning, Aalborg University, Vestre Havnepromenade.   

Eurostat, Electricity prices for Domestic Consumers, Available at:  

〈https://ec.europa.eu/eurostat/statistics-explained/index.php/Electricity_price_statistics 〉 

Fardoun, F.; Ibrahim, O.; Zoughaib, A. 2011. Quasi-Steady State Modeling of an Air 

Source Heat Pump Water Heater. MEDGREEN 2011-LB, pp. 325-330. 

Guo, J. J., Wu, J. Y., Wang, R. Z., Li, S. 2011. Experimental Research and Operation 

Optimization of an Air-source Heat Pump Water Heater. Applied Energy. 2011, 

Vol. 88, pp. 4128-4138. 

Hepbasli, A. and Kalinci, Y. 2009. A review of heat pump water heating systems. 

Renewable ans Sustainable Energy Reviews. 2009, Vol. 13, pp. 1211-1229. 

Kahraman, A.; Çelebi, A, 2009. Investigation of the Performance of a Heat Pump Using 

Waste Water as a Heat Source. Energies 2009, 2, 697-713 

http://climate.onebuilding.org/
http://www.meteoblue.com/
http://www.eurovent-certification.com/index.php?Lg=en
https://ec.europa.eu/eurostat/statistics-explained/index.php/Electricity_price_statistics


37 
 

Kelly, J.A.; Fu, M.; Clinch, J.P. 2016. Residential Home Heating: The Potential fro Air 

Source Heat Pump Technologies as an Alternative to Solid and Liquid Fuels. 

Energy Policy, pp. 431-442. 

Kinab, E.; Marchio, D.; and Riviere, P. 2008. Seasonal Coefficient of Performance of 

Heat Pumps. International Refrigeration and Air Conditioning Conference. 

Paper 894. 

Liu, Z.; Wang, Y.; Xie, Z.; Yu, H.; Ma, W. 2017. The Related Problems and 

Development Situation of Air Source Heat Pump in the Cold and Serve Cold 

Climate Areas. Procedia Engineering 205, pp. 368–372 

Naldi, C.; Dongellini, M.; Morini, G. 2015. Climate influence on seasonal performances 

of air-to-water heat pumps for heating. Energy Procedia 81, pp. 100 – 107. 

Perko, J.; Dugec, V.; Topic, D.; Sljivac, D.; Kovac, Z. 2011. Calculation and Design of 

the Heat Pumps. 3rd International Youth  Conference on Energetics.  

Scoccia, R.; Toppi, T.; Aprile, M.; Motta, M. 2018. Absorption and compression heat 

pump systems for space heating and DHW in European buildings Energy, 

environmental and economic analysis. Journal of Building Engineering, pp. 94-

105.  

Sljivac, D.; Simic, Z. 2008. Renewable energy sources in respect to energy efficiency. 

Croatian Chamber of Engineers. 

Steijger, L.A. ... et al, 2010. An air source heat pump model for operation in cold humid 

environments. 8th International Conference on System Simulation in Buildings, 

Liege, Belgium, 13th-15th December. 

Tabatabaei, S.; Treur, J. 2016. Comparative analysis of the efficiency of air source heat 

pumps in different climatic areas of Iran.  Procedia Environmental Sciences 34, 

pp. 547-558. 



38 
 

Vocale, P.; Morini, G.; Spiga, M. 2014. Influence of outdoor air conditions on the air 

source heat pumps performance. Energy Procedia 45, pp. 653- 662. 

Zhang, L.; Gopalnarayanan, S.; and Sienel, T. 2006. Thermodynamic Cycle Analysis of 

Air-to-Water CO2 Heat Pumps. International Refrigeration and Air 

Conditioning Conference. Paper 760. 

Zottl, A.; Nordman, R.; Miara, M. 2012. Benchmarking method of seasonal 

performance. Seasonal Performance factor and Monitoring for heat pump 

systems in the building sector. Intelligent Energy Europe.  


