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Abstract 

The aim of this work is to analyse the energy contribution 

of a geothermal heat pump for heating and cooling in a 

Net Zero Energy Building (NZEB) used as B&B, through 

a dynamic energy simulation software (DesignBuilder). 

The case study building is virtually located in two Italian 

cities with different climatic characteristics. The energy 

savings related to the use of the geothermal heat pump are 

evaluated, compared to both an air-to-water heat pump 

and a condensing boiler coupled to a chiller. In literature 

there are few comparisons between air-to-water heat 

pump and geothermal heat pump. The paper evaluates 

how much this technology is convenient for NZEBs, from 

an energetic-economic point of view.  

Introduction 

In the European Union the building stock is responsible 

for around 36% of all CO2 emissions. The European 

Directive 2018/844 (2018) on the energy performance of 

buildings, in the wake of the two previous directives, the 

so-called “EPBD” (2002) and “EPBD recast” (2010), sets 

the goal to totally decarbonise this building stock by 2050.  

This is done by making existing buildings nearly Zero 

Energy Buildings (nZEBs) and using mostly energy from 

renewable sources (Hermelink et al, 2013). The target of 

Net Zero Energy Building (NZEB) seems instead still far 

to be reached.  

A NZEB is defined as a building with very high energy 

performance whose low energy needs are entirely met by 

renewable sources (Torcellini et al, 2006). This is difficult 

to achieve because there are numerous parameters to be 

defined: the control volume on which the energy balance 

is to be carried out; whether this balance should be annual 

(Mohamed et al, 2014), seasonal or monthly; if only on-

site renewable energy sources can be used (D’Agostino et 

al, 2017); what are the most suitable technologies to reach 

the NZEB target (Ferrante et al, 2011). In particular, in 

Italy, unlike what happened for the nearly zero energy 

building, there is still no legislative prescription to define 

a NZEB.  

It is very important to reduce the energy needs of a 

building to reach the NZEB target. Ascione et al (2016) 

highlighted the boundary conditions, concepts and design 

criteria for a NZEB, showing how a good project can 

generate a very low energy demand for the heating and 

cooling of the building. In Buonomano et al (2015), the 

energy requirements obtained for heating and cooling 

were respectively 3.9 and 6.7 kWh/m2y, for a non-

residential NZEB in Mediterranean climates.  

Fedajev et al (2016) analysed the impact of several ground 

heat exchangers coupled with a geothermal heat pump 

and a thermal storage in a nZEB. They highlighted the 

importance of a thermal storage to rise the nZEB target in 

very harsh climates like the Finnish one. 

In literature there are few comparisons between the 

geothermal heat pump (GSHP, i.e. Ground Source Heat 

Pump) and a classic technology such as the air-to-water 

heat pump, mostly in a NZEB. For this reason, the aim of 

this paper is to evaluate the energy saving related to the 

use of a GSHP for a NZEB, compared to both the case of 

air-to-water heat pump and that of condensing boiler 

coupled to a chiller. A case study building virtually 

located in two Italian cities with different climatic 

characteristics is simulated. Also, a technical-economic 

comparison is carried out, through the simple and 

discounted payback analysis.  

Methodology 

The aim of this work is to evaluate the seasonal energy 

contribution of a geothermal heat pump to achieve the 

target of NZEB, with reference to a case study. 

First, it is necessary to design a building that has low 

energy requirements. For this reason, the case study 

building envelope is characterized by optimal thermal 

characteristics, which maximize the free heat gains in 

winter and reduce them in summer; therefore, a compact 

form, an optimal insulation and innovative technologies 

are chosen.  

The heating, ventilation and air-conditioning (HVAC) 

systems must be subsequently designed in order to reduce 

the primary energy demand, using energy- efficient 

devices, and this is precisely the core of the described 

research. 

The insertion of a geothermal heat pump into an energy-

efficient building is evaluated to assess whether, using 

this technology, it would be easier to achieve an energy 

balance equal to zero between energy produced from 

renewable sources and energy required by the building-

plants system.  

In this regard, the energy needs of the case study building 

(virtually located in two climatic zones) are evaluated. 

The energy analysis is carried out using a dynamic 

simulation software (DesignBuilder), based on 

EnergyPlus as a calculation engine. Several validation 
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tests are available (U.S. Department of Energy, 2011, a-

b) for EnergyPlus. The reference climatic parameters are 

taken from the ASHRAE (2017).  

The core of the research is an energy comparison between 

different thermal energy generators: a ground source heat 

pump with vertical boreholes, an air-to-water heat pump 

and a condensing boiler coupled to a chiller. 

With reference to the used dynamic simulation software 

(DesignBuilder), a conduction transfer function module 

(CTFM) is set. It uses the algorithm called “conduction 

transfer function”. Instead, the algorithm TARP (2018) is 

used for the inside convection and the algorithm DOE-2 

(2016) for the outside convection. 

The modelling approach considered in DesignBuilder for 

the heat pumps uses an equation-fit based model (Tang 

2005, Jones 2013) to obtain the heating and cooling 

capacity �̇� and consequently the power: 

 

�̇� = 𝐶1 + 𝐶2
𝑉𝐿

𝑉𝑟𝑒𝑓
+ 𝐶3

𝑉𝑠

𝑉𝑟𝑒𝑓
+ 𝐶4

𝑇𝐿

𝑇𝑟𝑒𝑓
+ 𝐶5

𝑇𝑆

𝑇𝑟𝑒𝑓
            (1) 

where: 

C1-5 are constants; 

L and S refer to load and source side respectively;  

ref is used for reference conditions; 

V is the volumetric flow rate; 

T is the temperature.  

As can be seen, the equation (1) shows a linear 

relationship between temperature and power. 

 

To define the seasonal efficiency of a geothermal heat 

pump, it is necessary to calculate the temperature of the 

ground. The formula of Kusuda (1965) has been used: 

𝑇𝑔(𝐷, 𝑡) = 𝑇𝑚 − 𝐴 ∙ exp [ −𝐷 ∙ √
𝜋

365∙𝛼𝑔
] ∙ cos [

2𝜋

365
∙

(𝑡 − 𝑡𝑇𝑚𝑖𝑛
−

𝐷

2
∙ √

365

𝜋∙𝛼𝑔
)]  (2) 

where: 

• Tg (D,t) = soil temperature at a depth D after t days 

starting from the first day of January [°C]; 

• Tm = annual average temperature of the outdoor 

environment according to statistical data  [°C]; 

• A = amplitude of annual oscillation of the 

temperature [°C]; 

• t = sequential number of the day (1st of January = 1); 

• tTmin = sequential number of the day corresponding to 

the minimum soil temperature, found on the basis of 

statistical information (1st of January = 1); 

• D = depth [m]; 

• αg = equivalent daily thermal diffusion of the soil  

[m2/day]. 

 

In Table 1 the values used for the above mentioned 

parameters are shown. 

 

 

 

Table 1: Soil temperatures and different parameters 

which influence the efficiency of the GSHP. 

 Palermo Milan 

Tm 18,6 °C 12,5 °C 

A 5,1 °C 9,4 °C 

tTmin 
15  

(January 15th) 

15  

(January 15th) 

D 80 m 80 m 

t 335 (December 21st) 335 (December 21st) 

αg 0,0821 m2/day 0,0821 m2/day 

Tg (D,t) 19 °C 13 °C 

 

The seasonal energy efficiencies of the heat pump and 

refrigerating group are evaluated as follows (SCOP for 

heating mode, SEER for cooling mode): 

 

𝑆𝐶𝑂𝑃 = 𝜂𝐼𝐼
(𝛩ℎ+273,2)

(𝛩ℎ−𝛩𝑐)
         (3) 

𝑆𝐸𝐸𝑅 = 𝜂𝐼𝐼
(𝛩𝑐+273,2)

(𝛩ℎ−𝛩𝑐)
            (4) 

 

Since the GSHPs cannot be auto sized in DesignBuilder, 

several steps are required for setting up these systems. 

The process is as follows: 

• the design thermal (heating and cooling) loads of the 

building must be calculated; 

• a correctly sized heat pump model from 

DesignBuilder database must be chosen considering 

both the peak heating and cooling loads. Another 

possibility is to create a new type of heat pump; 

• the number of vertical boreholes is calculated. 

 

The energy requirements are reported in terms of primary 

energy, using a conversion factor for electricity equal to 

2,2 and a conversion factor for natural gas equal to 1,05. 

Currently, Italian legislation does not present any specific 

requirements for NZEB target. In fact, the D.M. 

26/06/2015 (2015) establishes the standards to be reached 

in order to identify a building as nearly ZEB (nZEB), but 

not NZEB.  

For this reason, following the Italian legislation (D.M. 

26/06/2015), first it has been verified if the examined 

building respects the constraints for the nZEB, which 

concern both the building envelope and the building 

energy systems, as follows:  

a) global heat transfer coefficient: H’T ≤ reference value; 

b) equivalent solar area of the windows: 

Asol,equiv,est/Asup,utile ≤ reference value; 

c) energy performance indexes for the building envelope 

and systems (EPH,nd, EPC,nd, EPglob,tot) ≤ reference 

values; 
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d) efficiencies of the systems (H for heating, C for 

cooling, DHW for domestic hot water): H, C, DHW 

≥  reference values. 

Once verified that the considered building is a nearly 

ZEB, a renewable energy system (photovoltaic solar 

panels) was designed to obtain a Net ZEB. The total area 

of the panels was assessed considering alternatively an 

air-to-water heat pump, or a geothermal heat pump 

(GSHP), or a condensing boiler coupled to a chiller, to 

estimate if the GSHP would allow to reach the NZEB 

target with a significantly smaller photovoltaic surface. 

There are various ways to carry out the energy balance for 

a NZEB (Bourelle et al, 2013; Hall et al, 2017). 

Considering the control volume that coincides with the 

entire building, the energy balance has been made 

between energy needs and energy production from 

renewable sources: 

Eneeded – Erenewable,produced = 0 (5) 

 

Description of the case study 

The reference building is intended for bed and breakfast, 

virtually located in two Italian cities having different 

geographic and climatic conditions (Table 2). 

Palermo (southern Italy) is characterised by very hot 

summers and mild winters, Milan (northern Italy) by hot 

summers and cold winters.  

The building stands on two levels, with a total area of 310 

m2 (900 m3). To obtain a NZEB, attention is paid to the 

design of the building envelope (passive design). The sun 

position is considered (Figure 1): the living area is located 

to the South to take advantage of the solar gains in winter, 

while the sleeping area and some service rooms are 

located to the North. The position of the windows is 

chosen to maximize natural ventilation. Moreover, a 

compact form is designed, with a surface-area-to-volume 

ratio equal to 0,20 m-1. To reduce the thermal flows 

through the building envelope, very low unitary thermal 

transmittances of opaque and transparent components are 

chosen (Table 3), mainly for the coldest locality (Milan).  

The design thermal (heating and cooling) loads of the 

building are calculated by the software and reported in the 

Table 4.   

As known, for a NZEB the balance between the imported 

energy and the exported energy must be 0 kWh/m2y. To 

this end, a good design of the building-plant system 

allows to minimize the energy demands. Therefore, it has 

been investigated which of the proposed thermal energy 

generators (air-to-water heat pump; geothermal heat 

pump; condensing boiler coupled to a chiller) allows the 

minimum energy demand that facilitates the achievement 

of the NZEB target. In the Table 5 the values of the 

seasonal average energy efficiency for the three proposed 

systems are reported. 

 

 

 

Table 2: Geographic/climatic conditions of the chosen 

cities, from ASHRAE (2017) and DPR 412/93 (1993). 
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’’28 N 

9°10’ 

53’’40 E 
33,1 °C -4,9 °C 

(*) based on DPR 412/93 (1993) 

 

Table 3: U-values of the building envelope components 

[W/m2K]. 

 Palermo Milan 

Walls 0,42 0,24 
Roof 0,33 0,21 

Slab on the ground 0,39 0,23 

Windows 2,05 1,20 

 

Table 4: Design thermal loads of the building. 

  
Volume 

Thermal (heating and cooling) loads 

Winter conditions Summer conditions 

m3 kW W/m3 kW W/m3 

Milan 

900 

12 13 21 23 

Palermo 10 12 22 24 

 

 

Figure 1a: Ground floor of the examined building. 

________________________________________________________________________________________________ 

________________________________________________________________________________________________ 
Proceedings of the 16th IBPSA Conference 
Rome, Italy, Sept. 2-4, 2019

 
4971

 

 
  



 

Figure 1b: First floor of the examined building. 

 

Table 5: Seasonal average energy efficiency for the 

proposed systems. 

  

Palermo Milan 

Boiler 

efficiency 

or SCOP 

SEE

R 

Boiler 

efficiency or 

SCOP 

SEE

R 

Boiler + chiller 0,90 4,90 0,90 4,80 

Air-to-water 

Heat Pump 
4,80 4,90 4,10 4,80 

Ground Source 

Heat Pump 
6,20 5,60 4,80 7,00 

 

Each proposed thermal energy generator is linked to an 

air handling unit (AHU) for primary air and to fan-coil 

units. 

The design indoor air temperature is 20 °C for winter and 

26 °C for summer. The design temperature of the supply 

primary air is 24°C for heating and 12°C for cooling. 

With reference to the heating system, a different operating 

program has been set for the two locations examined, 

following also the indications of DPR 412/93 (1993): 

• Palermo (climatic zone: B): from December 1st to 

March 3rd (6 hours, i.e.: 6:00 – 9:00 A.M., 6:00 – 

11:00 P.M.); 

• Milan (climatic zone: E): from October 15th to April 

15th (14 hours, i.e.: 5:00 – 9:00 A.M., 12:00 A.M. – 

3:00 P.M., 5:00 – 12:00 P.M.). 

With reference to the cooling system, the following 

operating periods have been considered: 

• Palermo: from June 1st to September 30th (9 hours, 

i.e.: 11:00 A.M. – 4:00 P.M., 6:00 – 10:00 P.M.)  

• Milan: from June 1st to September 30th (8 hours, 

i.e.:11:00 A.M. – 3:00 P.M., 6:00 – 10:00 P.M.) 

 

Solar thermal panels (4 panels for Palermo and 5 for 

Milan) and a dedicated heat pump with a COP equal to 

2,5 are considered to produce domestic hot water (DHW). 

The DHW consumption rate is equal to 2,5 l/m2day.  

The lighting system is characterised by LED devices with 

linear control (2,5 W/m2 100 lux). The design illuminance 

is 500 lux in the common spaces, 300 lux in the bedrooms. 

The presence of other electrical devices is scarce, 

therefore a power range between 1 and 4 W/m2 is set. 

Results 

Energy results 

The energy savings related to the use of a geothermal heat 

pump are evaluated, compared to both the solution with 

an air-to-water heat pump and that with a condensing 

boiler coupled to a chiller. The various primary energy 

requirements for different energy uses are reported in the 

Figures 2 and 3, for Palermo and Milan, respectively.   

In the case of Palermo, as can be obtained from the values 

in Figure 2, the use of GSHP reduces the primary energy 

for heating plus cooling by 15% compared to an air-to-

water heat pump (23% when considering only heating, 

12% for only cooling), by 38% compared to the solution 

with boiler and chiller.  

 
 

  

Figure 2: Primary energy requirements (kWh/m2y) for 

Palermo for the three different proposed systems. 
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With reference to the global annual primary energy 

requirements (Figure 4), the saving related to the GSHP 

is 5% compared to the air-to-water heat pump, 16% 

compared to boiler plus chiller. 

The electricity annual requirement changes from a value 

of 6131 kWh/y (20 kWh/m2y) obtained using an air-to-

water heat pump to a value of 5810 kWh/y using a GSHP 

(- 5%).  

In the case of Milan (cold winters), as can be obtained 

from the values in Figure 3, the use of GSHP reduces the 

primary energy for heating plus cooling by 19% 

compared to an air-to-water heat pump (15% referred to 

only heating, 31% for only cooling), by 53% compared to 

the solution with boiler and chiller. With reference to the 

global annual primary energy requirements (Figure 5), the 

saving related to the GSHP is 9% compared to the air-to-

water heat pump, 31% compared to boiler plus chiller. 

 

 

Figure 3: Primary energy requirements (kWh/m2y) for 

Milan for the three different proposed systems. 

 

In this case, the electricity requirement when using a 

GSHP is 7459 kWh/y (24 kWh/m2y) versus 8171 kWh/y 

(26 kWh/m2y) using an air-to-water heat pump, i.e. - 9%. 

As can be seen in the Figures 4 and 5, the global primary 

energy demand for both cities is very low and varies 

between 45 kWh/m2y and 54 kWh/m2y for Palermo, 58-

85 kWh/m2y for Milan.  

Interesting primary energy savings are obtained for 

heating plus cooling when using GSHP compared to air-

to-water heat pump (16-19%) or boiler coupled to chiller 

(38-53%), mainly for the coldest climate (Milan, 53%).    

 

 

Figure 4: Global primary energy requirements 

(kWh/m2y) for Palermo for the three proposed systems. 

 

 

 

Figure 5:  Global primary energy requirements 

(kWh/m2y) for Milan for the three proposed systems. 

 

In Tables 6 and 7 all the energy balances and the number 

of PV and solar thermal panels for each case are shown, 

for Palermo and Milan, respectively. The following 

procedure has been applied to reach the NZEB target: 

• in the cases characterized by only electric energy 

requirements (GSHP; air-to-water heat pump), the 

annual electric energy required by all the building 

systems must be balanced by the annual electric 

energy produced by the PV panels; 

• in the case characterized by both electric energy and 

natural gas requirements (boiler plus chiller), the 

annual electric energy required by all the building 
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systems must be balanced by the annual electric 

energy produced by the PV panels, while the annual 

energy related to the natural gas required by the boiler 

(3147 kWh for Palermo) is first reported in primary 

energy (3304 kWhpr) and this must be balanced by the 

annual electric energy produced by the PV panels 

(3446 kWh - this electric energy is equal to the 

primary energy in the case of PV panels).   

For Palermo, the NZEB target is verified considering 7 

photovoltaic panels (300 Wpeak per panel) in the best case 

(GSHP), 11 panels in the case of condensing boiler plus 

chiller. Referring to Milan, given the greater energy 

demand due to air conditioning, the energy saving leads 

to a sharp reduction in the surface necessary to PV panels. 

In fact, using a GSHP, the target NZEB is obtained with 

12 photovoltaic panels (300 Wpeak per panel), versus 29 in 

the worst case (boiler plus chiller). This means a saving 

of 59% referring to the photovoltaic surface. 

Since in the current Italian laws it is not provided any 

verification that certifies the achievement of NZEB target, 

for each case the correspondence to the minimum 

requisites for a nearly ZEB has been at least verified, by 

means of TERMOLOG software (2018), and the 

percentage of renewable energy exploited by the different 

technologies has been obtained: for both the localities, 

81% in the case of GSHP, 75-76% for the air-to-water 

heat pump and 63-64% for the boiler plus chiller. 

Economic results 

An energetic-economic analysis of the three solutions has 

been also carried out, in terms of both Simple PayBack 

(SPB) and Discounted PayBack (DPB) periods (Tables 8 

and 9).  

For this purpose, the investment costs of the three 

solutions have been calculated. The most advantageous 

comparison from an economic point of view is the one 

between the GSHP and the solution with boiler plus 

chiller, due to greater energy savings. In fact, in this case, 

the additional cost of the investment is recovered in only 

3 years for Milan (DPB) and about 13 years for Palermo.  

 

Table 6: Annual energy balances for NZEB in Palermo. 

PALERMO 

 

 PV PANELS  

(0,3 kWp per panel) 
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NZEB 

target 

 [kWh] [kWhpr]  [-]  [kWh]  [-] 

Boiler         

chiller 

3147 3304 4,0 3446 
✔ 

5541  7,0 6031 

Air-to-

water heat 

pump 

6131  8,0 6892 ✔ 

Ground 

source 

heat pump 

5811  7,0 6031 ✔ 

 

Table 7: Annual energy balances for NZEB in Milan. 

MILAN 

 

 PV PANELS  

(0,3 kWp per panel) 
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NZEB 

target 

 [kWh] [kWhpr]  [-]  [kWh]  [-] 

Boiler         

chiller 

12488 13113 20,0 13310 
✔ 

5431   9,0 5990 

Air-to-

water heat 

pump 

8171   13,0 8652 ✔ 

Ground 

source 

heat pump 

7459   12,0 7986 ✔ 

 

Table 8: SPB and DPB for the different solutions in the 

case of Palermo. 

PALERMO 

Air to water heat pump compared to boiler + chiller: 

Additional cost Saving SPB DPB 

[€] [€] [years] [years] 

0 182 - - 

  

GSHP heat pump compared to boiler + chiller: 

Additional cost Saving SPB DPB 

[€] [€] [years] [years] 

2273 254 9 13 

  

GSHP compared to air-to-water heat pump: 

Additional cost Saving SPB DPB 

[€] [€] [years] [years] 

3123 72 43 > 50 

 

The comparison between the GSHP and the air-to-water 

heat pump is less convenient: in both the cases of Milan 

and Palermo, the investment is recovered in more than 50 

years. Therefore, the air-to-water heat pump seems more 

convenient than geothermal one from an economic point 

of view. However, it should be noted that the air-to-water 

heat pump, especially in cold climates (Milan), can be 

affected by a malfunction. In fact, in the case of very low 

external temperatures, it may sometimes not satisfy the 

user. 
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Table 9: SPB and DPB SPB and DPB for the different 

solutions in the case of Milan. 

MILAN 

Air to water heat pump compared to boiler + chiller: 

Additional cost Saving SPB DPB 

[€] [€] [years] [years] 

0 632 - - 

  

GSHP heat pump compared to boiler + chiller: 

Additional cost Saving SPB DPB 

[€] [€] [years] [years] 

2084 793 3 3 

  

GSHP compared to air-to-water heat pump: 

Additional cost Saving SPB DPB 

[€] [€] [years] [years] 

3684 160 23 > 50  

 

Conclusions 

In this article the energy contribution of a geothermal heat 

pump in a NZEB is evaluated. The comparison is made 

with both an air-to-water heat pump and a condensing 

boiler coupled to a chiller.  

The comparison shows that the geothermal heat pump, 

compared to the air-to-water heat pump, allows 

significant energy savings for heating and cooling (23% 

and 12% for Palermo, respectively; 15% and 31% for 

Milan), but these savings decrease when considering the 

global energy requirements (around 5% for Palermo and 

9% for Milan). 

Considering the energy requirements for heating plus 

cooling, interesting savings are obtained when using 

GSHP: 16-19% compared to the air-to-water heat pump, 

38-53% compared to boiler coupled to chiller (53% for 

the coldest climate, i.e. Milan).  

The energy saving related to the use of the GSHP is even 

more advantageous when compared to the solution based 

on condensing boiler and chiller: with reference to the 

global energy requirements, this saving is 16% for 

Palermo, 31% for Milan.  

The energy contribution of the GSHP in a NZEB is not 

negligible, since the photovoltaic surface is significantly 

reduced, especially in cold climate and in the comparison 

with the condensing boiler plus chiller: the number of 

photovoltaic panels decreases from 29 to 12 for Milan (11 

to 7 for Palermo). This result is important, particularly for 

existing buildings, due to the limited area available to 

exploit on-site renewable energy sources. In the definition 

of a NZEB, if the energy balance is made considering the 

control volume delimited by the physical boundaries of 

the building, the above-mentioned savings can be 

significant. 

From an economic point of view, the DPB for the GSHP 

is around 3 years for Milan, 13 years for Palermo when 

compared to the solution with condensing boiler plus 

chiller, more than 50 years when compared to an air-to-

water heat pump. Although the use of the air-to-water heat 

pump seems more suitable from an economic point of 

view, it should be noted that, especially in cold climates 

(like Milan), it can be affected by a malfunction. In fact, 

in the case of very low external temperatures, it may 

sometimes not satisfy the user. 

Moreover, for both the localities, the GSHP uses a higher 

rate of renewable energy (81% for GSHP, versus 75-76% 

for air-to-water heat pump and 63-64% in the case of 

boiler plus chiller). 
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Nomenclature 

AHU: Air Handling Unit 

DHW: Domestic Hot Water  

DPB: Discounted Payback period [years] 

EPC,nd: Thermal energy requirements for the building 

cooling [kWh/m2y] 

EPH,nd: Thermal energy requirements for the building 

heating [kWh/m2y] 

EPglob,tot: Primary energy requirements of the building 

energy systems [kWh/m2y] 

GSHP: Ground Source Heat Pump 

HVAC: Heating Ventilation and Air Conditioning 

NZEB: Net Zero Energy Building 

nZEB: nearly Zero Energy Building 

E: Energy [kWh] 

PV: Photovoltaic  

SCOP: Seasonal Coefficient of Performance 

SEER: Seasonal Energy Efficiency Ratio 

SPB: Single Payback period [years] 

U: Unitary thermal transmittance [W/m2K] 

II: second law efficiency 

c: temperature of the cold sink [K] 

h: temperature of the hot sink [K] 

Subscript - pr: referred to primary energy  
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