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ABSTRACT:  
In this survey, a comparison between the heat pump and the solar system assisted by a natural 
gas auxiliary heater in terms of energy consumption and CO2 emissions has been conducted. 
Primarily, the heat pump has been programmed in Fortran to create several Trnsys components 
which has allowed its validation against some experimental values obtained in our lab. After, it 
has been used to model the whole system for the production of domestic hot water for a single-
family home. 
The results show that the energy consumption and the CO2 emissions are less important in case 
of the heat pump. 
Overall it may say that for the given operating conditions, the heat pump system is the best 
choice for the production of the domestic hot water DHW.  
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1. Introduction:  
The natural working fluids are the key to reduce our global impact. CO2 is one of the natural 
fluids which can decrease the environmental burden on the planet atmosphere. 
Its GWP (Global Warming Potential) is 1300 times smaller than a standard heat pump 
refrigerant such as the r134a [1]. 
In the last decades, the use of CO2 heat pumps for the production of domestic hot water has 
become a subject of many research studies [2]. In order to take advantage of the high efficient 
proprieties of the refrigerant and reach high COP values the system must be good designed and 
well operated [3]. It was proven that a good characterization of the heating performances 
result in a good designed heat pump system [4].  
The model has been analyzed using the Trnsys simulation for a whole year, then compared with 
a set of solar collectors assisted by a natural gas heater in terms of the primary energy 
consumption and the CO2 emissions. 
 
2. Domestic Hot Water Generation Systems 
 
2.1. DHW system based on a heat pump assisted by an auxiliary heater: 

 
Geothermal heat pumps (Fig 2.1) use the Earth as a heat sink in the summer and a heat source 
in the winter, and therefore rely on the relative warmth of the earth for their heating and 
cooling production. 
Through a system of underground (or underwater) pipes, heat from the ground is absorbed into 
the fluid and then passes through a heat exchanger into the heat pump. As the ground stays at 
a fairly constant temperature under the surface, the heat pump can be used throughout the 
year. 
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Figure 2.1: DHW system based on a heat pump assisted by an auxiliary heater 

 
2.2. DHW system based on a solar system assisted by an auxiliary heater: 
 
Solar Domestic Hot Water systems (Fig 2.2) are specifically designed to deliver 100% of the hot 
water requirements in summer and 40-80% of the total annual hot water demand. They include 
a supplementary heater (e.g. an integrated electric or gas heater). Or they are operated as pre-
heaters. 
These systems are particularly popular in regions with no or low space heating demand. In 
Spain and other countries, solar hot water systems are now mandatory in new buildings. 
 
Solar domestic hot water systems use a pump to circulate water from the thermal storage tank 
through the collectors. Solar heated water is stored in a tank, and an auxiliary heater can be 
used if desired. In many cases the auxiliary heater is the preexisting conventional water heater. 
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Figure 2.2: DHW system based on a solar system assisted by an auxiliary heater 

The indexes used to calculate the primary energy consumed and the 
CO2 emissions produced by each system are those published by the Spanish Ministry of 
Industry, Energy and Tourism in 2016 according to the yearly energy consumption of the 
country. The coefficients are in Table 1.  

Table 1: Conversion factors of the calculation of primary energy consumption and CO2 emissions. 

 Conversion factors 

Conventional electricity in the peninsula 2.368 kWh primary energy/kWh final energy 

Natural gas 1.195  kWh primary energy/kWh final energy 

CO2 coefficient for electricity 0.28 kg CO2/kWh  

CO2 coefficient for the natural gas 0.22530522 kg CO2/kWh 
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3. Conclusion:  
In this work, a model to characterise the behaviour of a heat pump have been presented. This 
has been 
programmed in Fortran to create several Trnsys components which has allowed its validation 
against some experimental values obtained in our lab. After, it has been used to model a heat 
pump for the production of domestic hot water for a single-family home and compared to a 
conventional solar system. The solutions studied consider a support heater to satisfy the 
demand whenever the heat pump or the solar system are not capable. The results show that 
the heat pump system consumption in terms of primary energy and the CO2 emissions are both 
greater in the case of the solar system. 
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