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Abstract 

Absorption Heat Pumps (AHP) have been developed since the late 19th century. They enable to produce 

cooling and heating directly from a heat source, unlike Compression Heat Pumps that require mechanical 

work. In the context of scarcity of resources and global warming, the company Helioclim develops solar 

air conditioning using an Absorption Heat Pump. The heat is gathered at rooftop solar concentrators and 

powers an ammonia-water AHP. The present study proposes an EES model of Helioclim’s AHP allowing 

assessing its performances under various operating conditions. Another aspect developed is the Modelling 

of the whole system (from solar energy to the economic assessment) in order to find the best parameters 

to propose to a potential client.  

Regarding EES model, three existing EES examples of AHP have been used. Those models, ranging from 

the simple single-stage ammonia AHP to a more complex GAX-cycle, did not correspond exactly to the 

features of Helioclim’s cycle. Therefore, a new model has been built: the position of the GAX and its 

connections to the other heat exchangers have been adapted and a recirculation in the generator has been 

proposed in order to correspond to Helioclim’s design. The model obtained is then used to assess the 

improvement of the performances with the GAX. It is also compared to the available experimental data. 

In the present study, a software program representing the whole solar air conditioning system is also 

developed, integrating the previous EES model. The software program considers the solar energy 

gathered by the collectors and deduces the energy transmitted to the heat pump. The EES model is then 

used to assess the performances of the heat pump in the operating conditions, allowing determining the 

produced cooling and heating. An economic and energy synthesis is produced, summarizing effectively 

the parameters and economic advantages of the installation. This software program allows sizing an 

installation for a client much more quickly than before. 
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Nomenclature 

AHP Absorption heat pump 

VCC Vapor Compression Chiller 

PV Photovoltaïc 

CSP Concentrated solar power 

HTF Heat transfer fluid 

COP Coefficient of performance 

Q Heat transfer 

W Work 

P Pressure 

RHX Refrigerant heat exchanger 

SHX Solution heat exchanger 

GAX Generator-Absorber heat exchanger 

EES  Engineering Equation Solver 

x Ammonia molar fraction in the liquid phase 

y Ammonia molar fraction in the vapor phase 

h Specific enthalpy 

 ̇  Mass flow rate 

 Efficiency 

q Quality (vapor mass fraction)  
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1 Introduction 

1.1 Background 

Buildings accounted in 2012 for 45% of the final energy utilization in France (French Government, 2014). 

In order to reduce this amount, France is willing to increase the number of low-energy buildings and to 

renovate old high consuming ones. In this context, renewable buildings producing the thermal energy they 

consume have a high potential for development.  

Apart from electrical heaters, the heat and cold loads of a building can be met by a heat pump. Two types 

of commercial heat pump are the compression heat pump (called VCC here, for Vapor Compression 

Chiller) and the heat driven absorption heat pump. In order to achieve a local and renewable production 

of heat and cold, it is possible to use solar energy. Indeed, photovoltaic (PV) panels placed on the building 

can power the compressor of a compression heat pump, or rooftop heat collectors (Eicker, 2012) can 

drive an absorption heat pump (AHP). Those two methods are compared in part 2.3. 

The compression heat pump is depicted in figure 1 (Granryd et al., 2011) and consists in the following 

steps:  

- An adiabatic compression between b and c in the compressor 

- An isobaric condensation between c and d in the condenser 

- An adiabatic expansion between d and a in the expansion valve 

- An isobaric evaporation between a and b in the evaporator 

 

Figure 1: The simple compression cycle system  

The coefficient of performance (COP) of a heat pump depends on the temperatures of the cold and hot 

sources. For chilling and heating applications, the US standard gives a minimum COP for commercial 

compression heat pumps between 3 and 4. (US Department of Energy, 2010). 

As stated before, an alternative to compression is the heat driven absorption heat pump. This system gives 

COPs in the range of 0,6-0,8 for chilling applications (Granryd et al., 2011). However, improved 

absorption cycles with additional heat exchangers can have higher COPs, but will also have a higher cost.  

In this second type of heat pump, the heat transfer fluid (HTF) is a pair of working media composed of a 

refrigerant and an absorbent. After separation, the refrigerant plays the same role as in the case of a 

compression heat pump: it releases heat in the condenser and absorbs heat in the evaporator.  

As shown in figure 2, an additional loop is needed in the system in order to generate the refrigerant at high 

pressure and then to absorb it. Those steps take place in two additional heat exchangers, respectively in 

the boiler (called as well “desorber”, “vapor generator” or simply “generator”) and the absorber. In the 

boiler, a heat input generates the volatile refrigerant, which enters the classical condenser/evaporator loop. 

After the evaporator, the working media is regenerated in the absorber; this absorption is exothermic and 

requires heat rejection (Granryd et al., 2011).  

Q1: heat rejection 

Q2: heat absorption  

W: work input 
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Figure 2: Absorption chiller cycle: schematic diagram 

1.2 Framework 

Helioclim is a French company involved in building’s energy efficiency. It first developed a new kind of 

high efficiency and low weight solar parabolic trough concentrators, well suited for rooftop positioning. 

Helioclim has then devoted its development on absorption heat pumps in order to directly use the solar 

heat produced by the self-developed concentrators to meet the thermal needs of the buildings.  

The company is now in the commercialization process. Studies are conducted by Helioclim to propose a 

commercial and technical offer adapted to each different case encountered. The design of an appropriate 

solution for every potential client is a key point. Mostly done manually with a spreadsheet, this work is 

very time consuming. Besides, the model used to compute the heat pump efficiency is inappropriate 

because it considers neither the generator-absorber heat exchanger nor the rectifier. 

1.3 Objectives  

The purpose of the present study conducted within the company is to model the whole system in order to 

improve the process of system sizing. The thermodynamics of Helioclim’s specific AHP have to be 

modeled, but other technological and economic aspects have to be taken into account, like the solar 

potential of the location, energy prices, etc. A software program modelling the whole system has to be 

developed. It must enable to choose an appropriate design for the system. 

1.4 Method of attack 

The methods employed to complete the software program can be separated in different parts. 

First, the requirements of the software have to be defined precisely: what are the expected outputs, the 

functionalities, etc. Then, the existing tools presently used have to be understood. The calculation 

methods used until now by Helioclim are analyzed to be a source of inspiration.  

In particular, Helioclim’s AHP model must be improved and specified. It was used in previous studies run 

by Helioclim, but only takes into account a single stage absorption heat pump. In order to improve this 

model, a bibliographic study is conducted on existing AHP and their physical models. As a modelling 

support, Engineering Equation Solver (EES) (Klein, 1998) is used and some existing EES models are 

studied and adapted.  

Then, the targeted software is mapped, without any code, showing how its functions are linked together. 

At last, after choosing an appropriate language, the code of the new software program is written, tested 

and approved for several real cases.  
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2 Heat pump technology – literature review 

2.1 Absorption heat pump 

2.1.1 Working principle 

A heat transfer between two isolated bodies in contact leads to a uniform temperature: the warmer body 

gives heat to the colder one. For human needs, a reversed process has to be used, eg. for space cooling or 

heating. A heat pump is needed to transfer heat from the colder place to the warmer one. In this report, 

the expression “heat pump” is used both in the case of space cooling (when it is also called “chiller”) and 

in the case of space heating. 

In a heat pump, the heat can be transferred through a heat transfer fluid (HTF). The condensation of this 

fluid at a high pressure and temperature is exothermic, releasing heat to the external media, whereas its 

evaporation is endothermic, absorbing heat from the outside. In order to generate the high pressure and 

temperature state, the fluid is compressed, receiving work. Among other, two possibilities are a 

mechanical compression (compression cycle) or a chemical compression (absorption cycle).  

The coefficient of performance (COP) of the heat pump is defined as the ratio of the useful heat transfer 

over the energy input to drive the system. For a heat pump in heating and refrigeration mode the COP is 

defined respectively by equation 1 and 2. 

COP1=Q1/Win (1)  

COP2=Q2/Win (2)  

Where Q1 and Q2 are the heating and cooling loads and Win the work input to the heat pump.  

2.1.2 Physics of AHP 

The first absorption heat pump developed by Carré in the 1860s used ammonia-water as HTF, but the 

pair water-lithium bromide has also been introduced in the middle of the 20th century (Granryd et al., 

2011). Even if other pairs exist, those two are the most common ones. They present different scopes of 

utilization due to their respective thermodynamic properties.  

Regarding Helioclim’s heat pump, the pair ammonia-water has been chosen in order to be able to operate 

with negative evaporator temperatures, along with a small heat pump volume. Indeed, for temperatures at 

the evaporator close to 0°C, a water-lithium bromide cycle evaporator would work at a pressure lower 

than 0.01bar and the water (which is the refrigerant in this pair) could freeze. This would imply high vapor 

volumes and a huge volume flow in order to reach enough power (Granryd et al., 2011). Therefore, the 

following study is focused on the ammonia-water pair, but could describe an AHP working with any other 

pair.  

In the absorption cycle, the boiler is used as a thermal compressor. Fed at the highest temperature of the 

cycle Thigh, it generates the high pressure and temperature needed in the condenser. This pressure Phigh is 

correlated with the temperature of condensation. Usually, the condenser and the absorber reject heat at 

the same intermediate temperature T0. The evaporator/absorber loop is at a lower pressure Plow driven by 

the absorption of the gaseous refrigerant in the absorbent. The evaporation absorbs heat at the lowest 

temperature Tlow. The levels of temperature and pressure of the components are represented in the 

Oldham diagram (Log P, 1/T) for the example of the ammonia-water working pair (fig. 3). The vapor 

pressure for mixtures of ammonia and water appear on the diagram. 
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Figure 3: The single-stage absorption cycle in the (Log P, 1/T) diagram 

The refrigerant loop shown in figure 2 is similar to the one of a classical compression heat pump. Heat 

rejection is enabled by the condenser. As the high pressure (Phigh) refrigerant vapor enters the condenser, 

which is externally cooled down, the vapor condenses. The condensation pressure and temperature are 

linked together with the saturation vapor pressure curve shown in figure 4 for ammonia. In the condenser, 

the latent heat of condensation is released and evacuated at temperature T0. 

The condensed liquid ammonia then flows through the pressure-relief valve and reaches Plow. At this low 

pressure, ammonia evaporates at temperature Tlow determined again with the saturation vapor pressure 

curve (fig. 4). External heat corresponding to the latent heat of evaporation at Tlow is absorbed. This heat 

absorption at Tlow makes refrigeration of a cold place possible. 

 

Figure 4: Saturation vapor pressure of Ammonia (R717) – data from Granryd et al., 2011 

The chemical compressor pointed out in figure 2 is specific to AHP. In this part of the cycle, the heat 

transfer fluid is composed of the “working pair” of ammonia and water. “x” describes the molar fraction 

of ammonia in the liquid phase and “y” describes the molar fraction of ammonia in the vapor phase. 

Moreover a “poor” (respectively “rich”) mixture indicates a state with a relatively low (respectively “high”) 

ammonia concentration. 

In order to generate the high pressure Phigh, the mixture is externally heated in the generator at the highest 

temperature of the system, Thigh. This process is described in figure 5: the rich mixture (xrich) boils and 

generates a richer (yvap) ammonia vapor and a poorer (xpoor) liquid mixture. Indeed, ammonia being more 

volatile than water, the vapor generated is enriched in ammonia. The rich vapor leaves the boiler to reach 

the refrigerant loop after purification in the rectifier. At the bottom of the boiler, the hot poor mixture is 

circulated into the absorber through a pressure-relief valve. 
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In the absorber, the ammonia vapor flowing from the evaporator is absorbed in the poor mixture, 

regenerating the rich mixture. The level of pressure is driven by the vapor absorption (absorber) and 

generation (evaporator). The principle of the absorber is the opposite of the vapor generation in the 

boiler. The absorption is exothermic and requires a heat rejection: the absorber is externally cooled down.  

 

 

Figure 5: phase diagram of Water-Ammonia - data from Conde-Petit, 2006 

2.2 Improved absorption heat pumps 

2.2.1 Internal heat exchangers 

First, water is volatile so that the vapor leaving the generator contains a significant amount of water mixed 

with ammonia. A rectifier is needed to purify ammonia and thus obtain an efficient refrigerant: otherwise 

the remaining water would accumulate in the evaporator, decreasing the COP of the system (Srikhirin P., 

2001).  

Second, a heat exchanger (SHX, B in figure 2) is placed between the generator and the absorber. Indeed, 

the poor solution leaving the generator to the absorber (point 1 in figure 2) is at a temperature much 

higher than the absorption temperature. Without this heat exchanger, this temperature would have to be 

decreased in the absorber by heat rejection. At the absorber side, the rich mixture flowing to the pump 

and then to the generator (point 2, figure 2) is at a much lower temperature than the temperature required 

for vapor generation. Therefore, this heat exchanger avoids a part of the heat input required in the 

generator to reach the boiling temperature of the solution. As the SHX decreases the heat input in the 

boiler, it improves the COP of the system (K.E. Herold, 1996). The utility of this heat exchanger is 

assessed in a simulation at the end of this section. 

At last, the refrigerant heat exchanger (RHX, A in figure 2) allows a heat exchange between the solution 

entering and the vapor leaving the evaporator. The vapor leaving the evaporator is preheated before 

entering the absorber, meanwhile subcooling the liquid entering the evaporator. It has several benefits 

(K.E. Herold, 1996). First, the subcooling limits the evaporation in the pressure relief valve, where the 

latent heat cannot be recovered. Then, the decrease in enthalpy for the entering liquid increases the heat 

recovered in the evaporator as shown in figure 6. 

A last advantage of this exchanger involves the purity of ammonia in the refrigerant loop. Ammonia 

cannot be completely pure: some water remains in the solution. This causes a temperature glide in the 

evaporator: compared to pure ammonia, a higher temperature is needed in order to evaporate all the 
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solution. One may increase the chiller’s temperature, but then the cooling water out of the evaporator 

would not be as cold as it could be. The RHX is an alternative solution to this problem. Indeed, the 

fraction of liquid remaining out of the evaporator will be heated up in the RHX by the solution from the 

condenser and complete its evaporation.  

 

  

Figure 6: Heat of evaporation with or without the RHX 

This exchanger results in a higher vapor temperature into the absorber. However, the absorption 

temperature is not increased. Indeed, the temperature and thermal mass of the poor liquid solution 

flowing into the absorber are much higher than the ones of the vapor flowing from the RHX. Moreover, 

the heat rejection drives the absorption temperature. The heat rejection might increase due to the RHX, 

but without altering the performances of the absorber. 

In order to estimate the increase in COP due to the RHX and SHX, the influence of the efficiency of 

those heat exchangers on the COP has been studied separately. An EES model of the AHP with rectifier 

was used with values of the efficiencies from 0 (no heat exchanger) to 1 (perfect heat exchange). EES and 

this EES model are described later in this work (part 4.2.1, figure 13), because the point of the simulation 

run here is only to assess the relationship between the RHX, SHX, and the COP. Figure 7 and 8 are 

parametric plots of the COP as a function of the efficiency of the SHX and RHX respectively. The input 

parameters of the model, presented in table 1, remain the same for both studies. When the efficiency of 

one heat exchanger is studied, the efficiency of the other is taken as 1. 

Heat rejection (°C) 50°C 

Cold production (°C) 0°C 

Heat input (°C) 160°C 
Table 1: Input parameters for the simulation 

 
Figure 7: Evolution of the COP as a function of the efficiency of the SHX 
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Figure 8: Evolution of the COP as a function of the efficiency of the RHX 

From the model used and the results presented in figure 7 and 8, one can compute that a SHX with an 

efficiency of 0.9 increases the COP by 71% compared to the case with no SHX. The increase in COP is 

11% from the case with no RHX to the case of an efficiency of the RHX of 0.9. Those results confirm the 

need of those exchangers as described in the literature.  

The two heat exchangers presented before and the rectifier are standard features for AHP. The company 

Colibri (Colibri, 2016) and Ago AG (AGO, 2016) commercialize ammonia AHP with cold production of 

more than 100kW, featuring the rectifier, RHX and SHX.  

2.2.2 Multiple stage AHP and GAX cycle 

The AHP presented before is called single stage, because the vapor generation happens in one heat 

exchanger. Its COP2 of less than 0.6 shown in the simulation presented in figures 7 and 8 for the given 

working temperatures is too small to explain the interest in AHPs. Indeed, additional modifications have 

been conducted until now in order to obtain better performances. 

A development conducted since the 1950s is the multiple stage absorption cycle. In the two stages 

absorption cycle, the vapor out of the generator is circulated in a second generator where it releases its 

heat to the solution. The second generator is at a lower pressure than the first one, allowing vapor 

generation at a lower temperature (Vliet GC., 1982). More stages can be added in the same manner if the 

temperature input to the first generator is high enough. Regarding commercially available AHP, multiple 

stage designs are not available for ammonia-water, but multiple references can be found for the water-

lithium bromide working pair (Ebara, 2016), (Carrier, 2016). 

 
Figure 9: Absorption cycle with GAX in the PT-diagram 

 

The generator-absorber heat exchanger (GAX) can also enhance the COP in some cases. It is used on 

commercial AHP like the Robur product line (Robur, 2016). It transfers heat released during the 

beginning of the absorption to the rich solution entering the generator. On the absorption side, the GAX 
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is where NH3 vapor and the poor solution are mixed. NH3 is partly absorbed and the remaining vapor-

liquid mixture flows to the absorber. On the generation side, the rich mixture out of the pump enters the 

GAX where vapor begins to be generated. The mixture is then sent to the generator to complete the 

generation. The GAX is useful if the absorption in the poor solution (1) begins at a higher temperature 

than the beginning of the boiling of the rich solution (2), as described in the PT diagram in figure 9. This 

is not the case in figure 3, where the GAX would not be useful. Like the SHX, the GAX cools down the 

absorbing solution, decreasing the cooling requirement in the absorber. The rich solution entering the 

boiler is heated up, decreasing also the heat requirement in the boiler. Therefore, the COP is improved (G. 

Alefeld, 1993). 

2.3 Solar cooling – performance analysis of two systems 

In order to produce heat and cold for a building in a sustainable manner, a compression heat pump can be 

powered by photovoltaic panels and an absorption heat pump can run with solar heat. Those two 

methods are compared now. 

To begin with, the values of COP proposed in the introduction for VCC and AHP can be compared in a 

critical manner. VCC may have much higher COPs (3 to 4), but the energies compared to obtain this COP 

are not of the same type. The output is heat, whereas the input is electricity, which is a secondary energy 

source. The transformation from primary energy source to electricity has itself a mediocre yield. In France, 

the primary energy factor of 2.58 is admitted and reduces the real COP of VCC down to 1.2 to 1.6. This 

value is in the same order of magnitude as multiple stage absorption cycles. The 2.58 conversion factor is 

obtained taking the mean efficiency of power plants in France and the distribution losses (eER2012, 

2016). Moreover absorption heat pumps provide more independence from the electricity grid, which can 

counterbalance the lower COP in the choice of a heat pump technology in places with electricity supply 

constraints.  

Commercial PV panels have an efficiency in the range of 15 to 19%. (International Renewable Energy 

Agency, 2012). Therefore, by multiplying the efficiency of PV-panels with the compression heat pump’s 

COP, overall efficiencies of combined PV-compression heat pumps can reach 45% to 76%. 

In the same manner as the compression heat pump, the absorption cycle can meet a building’s thermal 

needs. A renewable system is achieved if the heating and cooling are produced from renewable sources. 

The heating value of biomass might be used, but for the sake of comparison with the PV-compression 

heat pump system, let’s consider solar (thermal) energy. Solar thermal energy can be collected in flat 

panels or concentrated with mirrors. This second option gives higher efficiencies up to 80% at 166°C for 

a concentration ratio of 40 (IEA, 2014). 

As presented in the introduction part, COPs between 0,6 and 0,8 can be found on commercial AHP 

developed (Granryd et al., 2011). Therefore, one can deduce the performance of CSP-absorption heat 

pumps with the respective efficiencies of its two parts. With the previous values, efficiencies of 64% from 

solar to cold are achievable in the scope of commercial material available today.  

Those raw efficiency calculations show a small efficiency difference between PV-compression heat pumps 

and CSP-AHP systems. Therefore, other technic and economic aspects have to be taken into account 

when choosing one technology or the other. The following elements give some area for debate.  

First, the system efficiency computed can be affected by the temperature. Chilling is often required in the 

case of high ambient temperature. But the efficiency of PV-panels decreases with the temperature. S. 

Dubey et al. have gathered efficiencies and their dependency in the temperature from various papers 

(2012). The change in efficiency with the temperature varies from 0.0011 to 0.0063 per degree, with a 

mean of 0.0042 per degree. For a temperature change of 10°C, the efficiency decreases by 0.04. The 

efficiency of the heat pump is also affected by the rejection temperature : the higher is the temperature 

difference between cold and heat source, the lower is the COP. This affects both compression heat pumps 

and AHP. 
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Then, some water-ammonia AHP under development show improved efficiencies. By using a two stage 

system or GAX, the cooling COP of AHP can reach 1 to 1.3 as mentioned in Refrigerating Engineering 

(Granryd E., 2011). 

It should also be noticed that PV technologies under development (multi-layer PV-cells with 

concentration) can give far better efficiencies than the commercial single layer cell. 

As a last example of an element to take into account, the environmental effects of the use of different 

technologies can be compared. Ammonia used in AHP does not harm the environment in case of leakage 

whereas refrigerants used in compression heat pumps have led to the destruction of the ozone layer. 

Fortunately, the recent suppression of chlorine derivatives due to policies reduces the impact of 

refrigerant, but most substitutes are still contributing to global warming (S. Benhadid-Dib and A. 

Benzaoui, 2012).   
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3 Description of Helioclim’s system 

As explained in the introduction, Helioclim’s product is an absorption heat pump supplied by parabolic 

trough solar concentrators. A diagram of the system is presented in figure 10 and a picture of Helioclim’s 

AHP and one of the concentrators, disassembled for testing and improvements, is shown in figure 11. 

  

Figure 10: Diagram of Helioclim's system 

On the solar field, the parabolic trough concentrators track the sun driven by an automatic controller. 

They heat up pressurized water up to 160°C to 200°C according to the needs. The heated water is then 

pumped into the boiler of the heat pump. 

 
Figure 11: Picture of Helioclim's AHP (1), a heat rejection unit (2) and a solar concentrator (3) 

The system also includes a short-term storage and a gas-fired burner in order to feed the heat pump 

during periods with no solar irradiation. A prototype with the features presented in figure 12 has been 

developed under the first few years of development. As shown in figure 12, the condenser, evaporator, 

absorber and GAX are of shell and tube type. The generator is of shell and tube type at the bottom, where 

it receives heat from the outside (solar circuit or burner) and is a distillation column at its top in order to 

enrich the vapor in ammonia. The cycle includes some of the improvements presented in part 2.2. Indeed, 

three additional heat exchangers and the rectifier have been added to the single stage AHP:  

Solar field 

Q
solar

 

Gas fired  

burner 

Helioclim’s 

AHP 

To storage 

Heat out 

Cold out 
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 The rectifier (helical coil type) purifies the vapor leaving the boiler to the condenser, in order to 

reach an ammonia mass fraction as close to 1 as possible. In Helioclim’s AHP, the heat of 

rectification is reused in the cycle in order to improve the COP: it is absorbed by the rich solution 

pumped into the GAX at the beginning of the generation process. 

 A double pipe refrigerant heat exchanger (RHX) transfers heat from the liquid entering the 

evaporator to the vapor leaving it. As the liquid from the condenser (called condensate) is cooled 

before the evaporator, it is also called Condensate Precooler.  

 A helical coil solution heat exchanger (SHX) transfers heat from the solution leaving the boiler to 

the inlet solution. This heat exchanger is located inside the boiler in Helioclim’s system (see fig. 

12), therefore it is rather called solution recirculation in the generator in the literature (G. Alefeld, 

1993). Nonetheless, Helioclim’s engineers use the denomination SHX, so that this denomination 

is used here.  

 Finally, a Generator-Absorber heat exchanger (shell and tube type), (GAX) is also implemented in 

the system.  

 
Figure 12: Diagram of Helioclim's Absorption Heat Pump 
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4 Thermodynamic model for Helioclim’s AHP 

In order to estimate the COP of Helioclim’s AHP and deduce its potential heat production, an in-house 

developed PHP model (PHP is a programming language well-suited for web development) of absorption 

heat pump is used. In this model, the thermodynamic properties of the NH3-H2O mixture are used as 

given in the document Thermophysical Properties of {NH3 + H2O} mixtures for the industrial design of absorption 

refrigeration equipment, M. Conde-Petit, 2006. The PHP model gives the COP of the heat pump as a function 

of the input temperatures and the efficiency of heat exchangers. This PHP program is not precise enough 

because it represents a basic single-stage absorption cycle without taking into account the improvements 

performed by Helioclim. In particular, the GAX is not taken into account.  

In the following subparts, a new AHP model is developed after a review of existing models.  

4.1 Heat pump modelling 

Several ways to model heat pumps and in particular AHP can be found in the literature. ABSIM (for 

Absorption SIMulation, Oak Ridge National Laboratory, 2008) is widely used. It is based on a cycle 

diagram supplied by the user, from which the equations of the cycle are deduced. The thermodynamic 

properties of the points of interest in the system are then computed (Grossman, 2001).  

ASPEN Plus (Aspen Technology Inc., 2006), used for process modelling, has been used by Somers et al 

(2008). Its possibilities of integration, flexibility and user-friendliness compared to other models are 

pointed out. 

Finally, EES is also used to model AHP. It considers the equations of enthalpy and mass balances and the 

thermodynamic properties of the mixture. Those properties for water-ammonia mixtures are available in a 

library in EES based on the work of Ibrahim and Klein (1993). 

In the present study, EES has been chosen to model Helioclim’s Heat Pump, first because of the 

familiarity with EES and second for the existing AHP models available online (EES Absorption 

Examples, 2015). The models available are described in the book (K.E. Herold, 1996), which has been 

useful for the adaptation to Helioclim’s AHP. 

4.2 Available EES models 

The following models of water-ammonia AHP are available online and are described in the present study. 

They are listed from the simplest one to the most sophisticated one: first a single stage AHP cycle with 

RHX and SHX. The second one represents an AHP cycle with RHX, recirculation in absorber and heat 

recovery in rectifier, but no SHX. The third and last one is an AHP with GAX and recirculation in 

absorber. 

Those models are a source of inspiration to develop a model adapted to the specificities of Helioclim’s 

heat pump, which features the RHX, a heat recovery in rectifier and a recirculation in generator. 

Additionally, the vapor connections in generator and absorber are at another position due to the fact that 

the GAX is a separate exchanger in Helioclim’s AHP. Those particularities are taken into account in the 

model developed in part 4.3. 

4.2.1 1st model: single stage AHP 

The first model shown in figure 13 represents a single stage AHP cycle with two heat exchangers: the 

refrigerant heat exchanger (RHX) and the solution heat exchanger (SHX). Those two heat exchangers are 

of counter-flow type. The convention taken for the design of the following figures is the one of the 

Oldham diagram: temperature in the x-coordinate and pressure at the y-coordinate. The sideways lines are 

of constant ammonia concentration: the left one is the refrigerant loop with (almost) pure ammonia, the 

middle one is the rich mixture flowing from the absorber to the generator and the one on the right is the 

poor mixture flowing out of the generator to the absorber. The two pressure levels (condenser, rectifier 
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and generator for high pressure and evaporator and absorber for low pressure) are separated by pressure 

relief valves between points 5-6 and 11-12 and the solution pump (between points 1 and 2).  

The equations used in EES to compute the state points of the first model are detailed here. For the 

improved models, only the modified equations have been listed. 

 

Figure 13: One stage AHP model 

Regarding the RHX and SHX, the thermal balance for heat exchangers with no phase change is computed 

with the maximum theoretical heat transfer rate, as described in Fundamentals of Heat and Mass Transfer 

(Bergman et al., 2011). They are counter-flow-designed, so that this method considers the following: on 

the side with the lowest thermal capacitance, the outlet can reach the other side’s inlet temperature in the 

case of an infinite isolated heat exchanger. The maximum theoretical heat transfer rate Qmax is the heat 

received by this side in this case. The efficiency of the heat exchanger is then defined by the ratio of the 

heat received in reality over the maximum theoretical heat transfer rate.  

In EES, the thermal mass is an unknown. Therefore, a procedure in EES calculates for each side the heat 

that it would receive in case of an outlet temperature at the other side’s inlet temperature (eq. (3) to (6)). 

The inlet temperatures and enthalpies are required. 

Fictive outlet 1       
̅̅ ̅̅ ̅̅ ̅            (3)  

Fictive outlet 2       
̅̅ ̅̅ ̅̅ ̅             (4)  

Side 1     ̇         
̅̅ ̅̅ ̅̅ ̅         (5)  

Side 2     ̇         
̅̅ ̅̅ ̅̅ ̅         (6)  

The smallest of those two is the maximum theoretical heat transfer rate. Then the efficiency coefficient is 

applied and the resulting outlet enthalpies are computed (eq. (7) to (10)).   

Balance                 (7)  

Efficiency              (8)  

Side 1 real outlet                       (9)  

Side 2 real outlet                       (10)  

After the procedures’ definition, some values of input parameters are entered in the code: pump efficiency 

p; SHX and RHX efficiencies shx and rhx; evaporator, condenser and absorber temperature T13, T10, and 

T1; the concentration difference between poor and rich solution x; purity in ammonia in the refrigerant 

loop x9; mass flow in pump m1, quality (vapor mass fraction) of the vapor out of boiler, evaporator and 

rectifier q7, q14, and q9; at last quality of liquid out of condenser, absorber and generator q10, q1, and q4. 

At last, the equations of the model are listed in EES and are listed here (eq. (11) to (29)). Note that all the 

Q values are taken positive values, explaining the signs used.  
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Thermal balances: 

Condenser                  (11)  

Evaporator                    (12)  

Expansion valves         (13)  

       (14)  

Absorber                       (15)  

Generator                          (16)  

Rectifier                      (17)  

Pump                  
 (18)  

              (19)  

Mass balances: 

Absorber           (20)  

Rectifier          (21)  

Other mass balances         ;          ;                         (22)  

Ammonia balances: 

Absorber                  (23)  

Rectifier                (24)  

Other NH3 balances         ;          ;                         (25)  

Pressures: 

High pressure                                    (26)  

Low pressure                        (27)  

Performances: 

COP1                             (28)  

COP2                      (29)  

 

Additional hypothesis (Hyp. 1 to Hyp. 3) are required to model the rectifier. 

First, it is supposed that the vapor enters the rectifier (point 7) at the boiling temperature of the rich 

solution entering the boiler at point 3: 

Hyp. 1            (30)  

Then, at point 8, the enthalpy of the liquid returning from the rectifier to the boiler is assumed to be the 

boiling enthalpy of point 3. The mass fraction is also supposed to be the one of point 3:  

Hyp. 2            (31)  

Hyp. 3       (32)  

With those equations, 3 independent parameters are computed for all state points from 1 to 14. The EES 

function NH3H2O allows determining the others. At the end of the EES code, this function is called for 

each state point in order to obtain all thermodynamic parameters at every point. Namely, the temperature, 
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pressure, molar fraction, specific enthalpy, specific entropy, specific internal energy, specific volume and 

quality are computed with NH3H2O knowing three of those properties. 

4.2.2 2nd model: single-stage with recirculation in absorber and rectifier 

 

Figure 14: AHP cycle with recirculation in absorber and rectifier heat recovery 

The second model, taken from EES Absorption Examples (fig. 14), takes into account a recirculation in 

absorber (between points 2 and 15) and a rectifier heat recovery (between points 15 and 16). 

The heat recovery in rectifier is taken into account with equation (33): 

Heat recovery in rectifier                    (33)  

For the recirculation in absorber, it is supposed that the solution recirculated is heated up to the boiling 

point of the poor solution at point 6 (eq. (34)): 

Hyp. 4             (34)  

At last, the enthalpy balance in the absorber takes into account the heat brought by the solution 

recirculated in absorber according to equation (35): 

Absorber                                   (35)  

4.2.3 3rd model: AHP with recirculation in absorber and GAX 

The third model presented in EES absorption examples is shown in figure 15. This model includes 

recirculation in absorber and GAX. The extremities of the GAX are named point 14 in the generator and 

13 in the absorber. It is supposed in this model that the vapor flows from points 12 to 4 in the absorber 

while being absorbed, and from point 3 to 2 in the generator while being produced. The liquid phase 

flows in the direction opposite to the vapor. 

In the GAX, a part of the generation heating needs is given by a part of the absorption cooling 

requirement.  

The equations for the generator and absorber are the same as in the previous models (eq. (15) and (16)), 

except that Qgen and Qabs are respectively replaced by Qabstot and Qgentot. In the calculation of the 

performances of the system, the heat transfer in GAX is subtracted from those Q values. 

For the GAX, the total mass and ammonia mass balances are written in equations (36) to (39).  

 

Mass balance: 

Generator GAX                        (36)  

Absorber GAX                  (37)  
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Figure 15: AHP cycle with recirculation in absorber and GAX 

Ammonia mass balance: 

Generator GAX                                         (38)  

Absorber GAX                               (39)  

Then, as described by the following two equations (eq. (40) and (41)), both the heat available in the 

absorber and the heat required in the generator are computed: 

Generator GAX                                                   (40)  

Absorber GAX                                          (41)  

In the same way as the procedure used to compute the SHX and RHX energy balances, a procedure 

decides the amount of energy transferred through the GAX. The heat really transferred is the minimum 

between the available and required heat of vapor generation (eq. (42)). Then, the generator and absorber 

external heat requirements, Qgen and Qabs, are deduced in equations (43) and (44): 

Heat exchange in GAX                                 (42)  

Heat exchange with the 

outside 

                   (43)  

                    (44)  

4.3 Development of a model for Helioclim’s AHP 

Thanks to the models available, a new model has been developed in this study in order to take into 

account Helioclim’s AHP specificities. The modifications appear on the diagram that I adapted from the 

previous models (fig. 16), corresponding to Helioclim’s configuration. The recirculation in absorber (fig. 

14 and 15) has been replaced by the “SHX” (recirculation in generator). The rectifier heat recovery, which 

was omitted in the third model with GAX (fig. 15), has been added like in the second model (fig. 14). At 

last, the connections between the refrigerant loop and the chemical compression part have been adapted 

as follows: the generated vapor’s outlet takes place at the top of the boiler without flowing through the 

GAX (point 14). Similarly, the ammonia inlet in the absorber happens in the GAX and flows toward of 

point 1. Those two aspects can be observed on the diagram of Helioclim’s AHP (fig. 12). Thus the 

connections are represented between the two components. The detailed EES code behind this model is 

shown in Appendix 1. 

The equations adapted for this new model are presented in the following paragraphs: 

 First, the heat recovery in the rectifier is introduced according to equation (33): the heat is 

recovered by the rich solution between points 17 and 2. 

GAX 
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 Then, for practical reasons, the utilization of the concentration difference between poor and rich 

solution x is replaced by a definition of the temperature of the boiler’s heat input, T3. Indeed, 

the concentrations of the rich and poor solutions are not directly measured contrary to the 

temperature at the heat exchangers. 

 

Figure 16: Helioclim's AHP model in EES 

 The recirculation in the generator is similar to the one in the absorber used in the second model 

and translated by equation (35). But it is not satisfying because it does not take into account the 

efficiency of this heat exchanger. Therefore, the following method has been written: the enthalpy 

of the poor solution after recirculation (point 18) is computed considering temperature 

equilibrium with the solution in the boiler (point 14). Then the efficiency 
   

 of the heat 

exchanger is used to deduce    . Equations (45) and (46) model this principle: 

Fictive outlet 18    
̅̅ ̅̅         (45)  

Efficiency 
   

 
      

   
̅̅ ̅̅    

 
(46)  

 

 The main aspect of the modification of the equations is related to the GAX. In the same manner 

as for the RHX, the enthalpies at the outlets of the GAX are computed considering temperature 

equilibrium with the other side’s inlet, according to equations (47) and (48): 

Fictive outlet 13    
̅̅ ̅̅        (47)  

Fictive outlet 14    
̅̅ ̅̅        (48)  

The corresponding absorption and generation heat in GAX are computed with equations (49) and 

(50). 

Absorption side                 
̅̅ ̅̅        (49)  

Generation side                               
̅̅ ̅̅  (50)  

At last, the real exchange in GAX is computed as the minimum of those two, multiplied by the 

efficiency of the GAX. The mass, ammonia and enthalpy balances are then written with this final 

value of the heat transfer in GAX, as presented in equations (51) to (57). 

GAX real heat exchange      
   

     |        | |        |  (51)  

 



25 
 

 

Thermal balances: 

GAX - Absorber                    (52)  

GAX - Generator                            (53)  

Mass balances: 

GAX - Absorber            (54)  

GAX - Generator        (55)  

Ammonia balances: 

GAX - Absorber            (56)  

GAX - Generator        (57)  

 

The other equations remain the same as for the previous models: the refrigerant part is the same as the 1st 

single stage model and the remaining equations for the GAX part are similar to the 3rd model (eq. (15) and 

(16) are adapted to take into account the total generation and absorption heat; only the external heat 

exchanges are considered for the computation of the performances). 

The input parameters used in the model are presented in table 2. 

 

Parameter and 

value 

Definition Choice of 

value 

Detailed explanations 

t[11] -7 °C Evaporation 

temperature 

Desired 

value 

Experimentally controlled 

t[8] 40 °C Condensation 

temperature 

Desired 

value 

Experimentally controlled 

t[1] 40 °C Absorption 

temperature 

Desired 

value 

Experimentally controlled 

t[3] 160 °C Heat input to boiler 

temperature 

Desired 

value 

Experimentally controlled 

m[1] 525 

kg/h 

Mass flow into 

solution pump  

Desired 

value 

Experimentally controlled 

etap 0.5 Pump efficiency  Ensured by 

the setup 

Manufacturer’s value 

q[8] 0 Quality of the liquid 

out of the 

condenser 

Ensured by 

the setup 

A vibrating level switch controls a valve at the 

outlet of the condenser, allowing only opening 

when liquid is detected.  

q[7] 1 Quality of vapor 

inlet to the 

condenser 

Ensured by 

the setup 

The connections between boiler and rectifier, 

and rectifier and condenser begin with a vertical 

section. Only vapor flows up whereas remaining 

liquid flows down by gravity. q[5] 1 Quality of the vapor 

out of the boiler 

Ensured by 

the setup 

q[1] 0 Quality of the rich 

solution out of the 

absorber 

Ensured by 

the setup 

It is supposed that the absorption is total: no 

vapor remains after the absorber. This is also 

ensured by a vibrating level switch. 

q[3] 0 Quality of the poor Ensured by The poor solution leaves from the bottom of 
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solution out of the 

boiler 

the setup the boiler at its maximal temperature. It is 

immediately cooled down during recirculation 

in boiler, so that no vapor remains.  

q[6] 0 Quality of the liquid 

reflux out of the 

rectifier 

Ensured by 

the setup 

Ensured by a siphon in the rectifier 

esc 0.9 Subcooler efficiency Assumption The efficiencies vary from 0.8 to 1 in EES 

Absorption Examples. 0.9 has been chosen 

assuming that Helioclim’s heat exchangers are 

neither too good, nor too bad. 

eshx 0.9 Solution heat 

exchanger efficiency 

Assumption 

eg 0.9 Gax efficiency Assumption 

x[7] 0.995 Purity of vapor out 

of the boiler 

Assumption Values taken from EES Absorption Examples 

(setup with GAX, cf. part 4.2.3). It is supposed 

that 0.5% of water remains in the vapor out of 

the boiler and that 96% of the liquid has been 

evaporated in the evaporator. 

q[11] 0.96 Quality of the vapor 

out of the 

evaporator 

Assumption 

Table 2: Input parameters for the simulation 

4.4 Results 

The data obtained from a run with EES (with the input parameters listed in table 2) is presented in 

Appendix 2, where a table gathers the thermodynamic properties computed at each state point.  

In order to improve the model developed in part 4.3, it must be put into correlation with experimental 

data. Indeed, some assumptions have been made in the choice of the last 5 input parameters presented in 

table 2. Their values must be adjusted in order to fit the experimental points. Only then, if suitable 

parameters are found, the accuracy of the model can be estimated.  

Those parameters are the efficiency of the 3 heat exchangers (RHX, SHX, GAX), along with the purity 

and quality of the solution and vapor mixture at some points (the purity after the rectifier, x7, and the 

quality of the vapor after the evaporator, Q11). In order to determine those 5 parameters, experimental 

data of operating conditions of the heat pump are required.  

Due to a maintenance period on Helioclim’s AHP, experiments could not be conducted during the thesis’ 

period. Existing experimental data previously obtained by the engineers were not rich enough to do the 

fitting: only a few operating conditions were available and temperature measurements at relevant positions 

were lacking. Nevertheless, the external heat transfers have been computed for an experiment by 

Helioclim using mass flows and temperature differences. Therefore, even if the fitting work could not be 

done, the heat transfers computed with EES have been compared to the ones obtained experimentally. 

This comparison is presented in part 4.4.1. 

Moreover, I studied the influence of the choice of the efficiency values on the performances of the heat 

pump in part 4.4.2. Another interest of the model was to estimate the utility of the GAX: as presented in 

part 4.4.3, the increase in performances with the GAX depends on the temperatures of the cycle.  

4.4.1 Comparison between EES and experimental values 

An experiment conducted on August 2014 is compared to the calculation made with EES. The input 

parameters for the EES model are the one of table 2 except for the running temperature and heat input to 

the boiler, that were chosen to match the experimental data. Those values are gathered in table 3. The 

experimental heat transfers in the evaporator, condenser and absorber and the COP are compared to the 

values computed with EES in table 4. 



27 
 

 

Parameter and 

value 

Definition Choice of 

value 

t[11] 7 °C Evaporation temperature 

Measured 

experimentally 

t[8] 44 °C Condensation temperature 

t[1] 49 °C Absorption temperature 

t[3] 157 °C Heat input to boiler temperature 

Qgen 13.6 kW  Heat input to the boiler  

Table 3: Input parameters in EES model for comparison with experimental data 

The comparison shows that the performances obtained with EES are much better than the ones measured 

experimentally. The COP is of 0.52 experimentally whereas EES gives a value of 0.82. This difference of 

58% can have several explanations: in EES, neither the thermal losses in the pipes, nor the pressure drops 

are taken into account. Moreover, the five input data pointed out before were not fitted (efficiencies of the 

heat exchangers).  

 

 Experimental value EES value 

Evaporator 7.0 kW 11.2 kW 

Condenser 7.6 kW 11.3 kW 

Absorber 12.4 kW 13.4 kW 

COP 0.52 0.82 

Table 4: Data comparison between values obtained with EES and experimental data 

4.4.2 Influence of the efficiencies of the heat exchangers on the COP 

First, I studied the influence of a variation of the efficiencies of the RHX, SHX and GAX on the COP for 

cold production. I studied a variation of the efficiencies separately, for values between 0.5 and 0.95, all the 

other parameters keeping the same value as in table 2. The curves obtained are presented in figures 17 a), 

b) and c). 

 

a)  
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b)  

c)  
Figure 17: Influence of the efficiency of a) the RHX, b) the SHX and c) the GAX on the COP 

As it can be observed in figure 17, the COP increases by less than 0.1 with the increase of the respective 

efficiency. In more details, the increase in the COP with the efficiency of the Solution heat exchanger (b) 

is two times bigger than for the two other (0.1 vs. 0.05). An error in the choice of the efficiency of one of 

those heat exchangers has a relatively small impact on the computed COP (less than 17% and even less 

than 8% for two of them). Nevertheless, I also assessed the influence of an error of the three values 

altogether. I assigned the same value to the three of them. The variation of the COP with this value 

increasing from 0.5 to 0.95 is presented in figure 18. 

In figure 18, the COP varies significantly: from 5 to 6.8 (it increases by 36%). Even if those heat 

exchangers are internal, this study shows that they are critical part and allow to increase the efficiency by 

more than one third if they are efficient enough, compared to poorly efficient ones. As those three heat 

exchangers are of three different types as described in part 3, their efficiencies must differ, so that the 

error in the model can be relatively high taking the same efficiency as it has been done. 

A reliable value of the efficiency of each of those heat exchangers can be obtained experimentally. Instead 

of using experimental data of the whole heat pump, I proposed to isolate the heat exchanger from the rest 

of the heat pump. In this experiment, flows have to be sent at different temperatures in the heat 

exchanger and the temperature variation measured. This experiment will be done during the 

industrialization process when new heat exchangers will be designed or bought.  
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Figure 18: Influence of the efficiency of the RHX, the SHX the GAX altogether on the COP 

4.4.3 Influence of the GAX on the COP as a function of the running 

temperatures 

While running simulations, it has been observed that the GAX sometimes has a reversed functioning: the 

heat transfer is not in the direction it should be. In order to evaluate this malfunction, I ran a parametric 

study to assess the influence of the heat rejection temperature (TREJ) on the heat transfer in GAX (QGAX) 

and the COP. EES is already computing those values. QGAX represents the heat released by the absorbing 

solution to the generator, so that QGAX is positive when the GAX is functioning as desired. The 

parameters of table 2 were used, except for the mass flow of rich solution running through the pump m[1] 

that has been replaced by the cooling load desired: Q2 = 50 kW. The temperatures of heat rejection 

(condensation and absorption at t[8] and t[1]) were taken equal and varying from 27 to 55°C. 

The results are presented in figure 19. The influence of the temperature variation on the heat transfer in 

GAX is presented on the left and the influence on the COP on the right. The evolution of those 

parameters presents two different behaviors. For a heat rejection temperature between 27 and 38 °C, the 

COP and QGAX decrease much faster than between 38 and 55°C. As it was introduced, one can observe 

that QGAX even becomes negative after 53 °C.  

  
Figure 19: Influence of the heat rejection temperature on the heat transfer in GAX and the COP 
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A possible explanation for the change in slope for both the heat transfer in the GAX and the COP around 

38°C can be found on the Oldham diagram. The cycle has been represented on the Oldham diagram for 

TREJ = 30°C, TREJ = 38°C and TREJ =50°C in figures 20, 21 and 22. As pointed out on those figures, there 

is “space” for a heat transfer in the GAX if the start of absorption happens at a higher temperature (Tstart, 

abs) than the beginning of vapor generation (Tstart, gen). This is not the case for TREJ =50°C as it can be 

observed in figure 22. TREJ = 38 °C seems to be a limit case for which the GAX utility tends to be null 

since the GAX area in figure 21 is close to 0. For TREJ smaller than 38°C, it is made clear in figure 20 that 

a heat transfer can occur in the GAX whereas for TREJ bigger than 38°C, there is no “space” for a heat 

transfer (figure 22).  

 
Figure 20: Oldham diagram: fictive position of the GAX for TREJ=30°C 

 
Figure 21: Oldham diagram: fictive position of the GAX for TREJ=38°C 

But in the AHP setup, the GAX is here in any case, so that instead of having no heat transfer for TREJ 

bigger than 38°C, the heat transfer is reversed: instead of being cooled down, the absorbing solution 

receives heat from the boiling solution. 

However in the curve obtained from the parametric study (figure 19, left), the heat transfer in the GAX is 

not negative from TREJ = 38°C on. It only becomes negative after TREJ = 53°C. To explain this delay, the 

previous explanation must be complemented. Indeed, the previous explanation is acceptable if only a 

sensible heat transfer occurs between the two fluids. Here however, additional heat transfers result from 

the absorption and generation processes. The ammonia absorption generates heat, whereas vapor 

generation requires heat in the boiler. That is why, even if the start of absorption happens at a lower 
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temperature than the beginning of vapor generation as it is the case in figure 22, a positive QGAX is 

possible. It should also be noticed that the SHX and the heat recovery in rectifier influence the beginning 

temperatures of absorption and generation, which are not exactly the ones obtained from the Oldham 

diagram. 

 
Figure 22: Oldham diagram for TREJ=50°C  

To sum up, this parametric study and the Oldham diagram seem to lead to the following explanation for 

the variation of QGAX with TREJ. When Tstart, abs is bigger than Tstart, gen, the GAX transfers both sensible 

heat and heat of vapor absorption and vapor generation from the absorber to the generator. For Tstart, abs 

smaller than Tstart, gen, only heat of absorption and generation is exchanged from the absorber to the 

generator in the GAX, whereas sensible heat is transferred in the opposite direction. This could explain 

the slope variation for QGAX as a function of TREJ around TREJ=38°C. Then, QGAX becomes negative when 

the sensible heat exceeds the heat of absorption and generation.   

Regarding the relationship between QGAX and the COP, the similarity of the shapes of the curves in figure 

19 seems to indicate an influence of the amount of heat transfer in the GAX on the performances of the 

AHP. The two slopes of the COP in figure 19 (right) could be explained by the two modes of operation 

of the GAX introduced in the previous paragraph, as the separation between the two slopes occurs at the 

same temperature of around 38 °C. 

In terms of recommendations for Helioclim, I would suggest to limit the operating temperatures of the 

AHP to the ones where the GAX transfers both sensible and absorption and generation heat from the 

absorber to the generator. This would ensure the best performances for the system. The transition 

rejection temperature (38°C here) can be computed (or read on the Oldham diagram) for each set of 

evaporator and boiler temperatures. But first of all, the two modes observed here with the EES model for 

the evolution of the performance and GAX heat transfer must be confirmed experimentally.  

TREJ         Tstart, abs  Tstart, gen     
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5 System design of the solar air conditioning system 

As explained before, Helioclim conducts studies in order to make an attractive commercial and technical 

offer to the client. The methods used until now are presented in part 5.1. The new software developed is 

presented in parts 5.2, 5.3 and 5.4. 

5.1 Helioclim’s previous method 

To size an installation, several steps were followed until now. The thermal loads were compared hourly 

with the weather data in order to assess the energy produced by the solar air conditioning system. Several 

tools were used in the process: 

 First, the weather data for the specific location are taken from the database in the software 

program Meteonorm 7 (Meteonorm 7.1.8, 2016).  

 Then, another software program determines the required cooling and heating loads on an hourly 

basis for the building, when not provided by the customer. Some data are provided by the 

customer: area available, approximate needs in cooling and heating of the building at specific 

temperatures. But the needs of the client often have to be specified. Indeed, the hourly loads of 

cooling and heating are required to perform a detailed study. To obtain those data, the software 

POLYSMART-LoadGenerator (Fraunhofer ISE, 2010) is used. It requires the weather data file 

for the location, the annual needs in cooling and heating, the occupation of the building and other 

loads like the electricity consumption.  

 With this data, the potential production of Helioclim’s AHP has to be estimated. As described in 

part 4, the performance was previously assessed thanks to a PHP program. This model has been 

replaced by the more accurate one developed with EES in part 4. 

 At last, the most time consuming part is the choice of an appropriate installation’s size, in order 

to make a reasonable proposal to the client. It is done with an Excel spreadsheet. It computes the 

coverage of the thermal needs of the building by Helioclim’s system and runs an economical 

comparison with classical technologies. This spreadsheet uses the data provided by the other 

software programs: weather data, thermal loads of the building on an hourly basis and the COP 

of the system for operating points. The calculation steps are as follow: 

 Thanks to the weather data and the size of the solar field given as an input data, the solar 

power transmitted from the solar field to the heat pump is calculated. Besides, the 

amount of energy stored is determined with the capacity of the heat pump (also chosen 

as an input data), the hourly needs of the building and the solar power available.  

 The COPs, power input to the heat pump, amount of storage available and needs of the 

building allow determining Helioclim’s energy coverage and the remaining energy to be 

produced alternatively.  

 At last, the system is compared with classical systems such as an electrical heat pump for 

heating and cooling, an absorption heat pump running with gas, and other systems. 

Economic, environmental and energy aspects are compared in order to find the best 

disposition for the system. As explained in the introduction, this process is very time 

consuming and the manual optimization can be improved. 

5.2 Specification of a new software program 

The new software program unifies and improves the tools presented in part 5.1. It avoids jumping from 

one to the other, using the same input data several times (like the weather data). Less input data are 

required, and the outputs are organized in an ergonomic manner. In addition, the heat pump is modeled 

more precisely, taking into account the features of Helioclim’s specific AHP.  

The outputs of the program have been defined first. The inputs required in the calculation, along with 

useful internal data, have then been listed. 
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The outputs of the software program are the following.  

 The heat production of Helioclim’s AHP appears as a function of the size of the equipment and 

complementary system (taking over the load when the system is not producing enough).  

 Indicators are gathered, namely the return on investment (ROI), the solar potential of the 

concentrators, energy coverage of the system, energy savings and CO2 emissions avoided. A 

comparison with competing systems is also produced.  

The following data are required from the user when conducting a study.  

 The geographical data of the location is used to determine the solar position and the weather data.  

 The dimensions of the solar field, nominal power of the heat pump and storage capacity are 

chosen. 

 At last, the thermal loads of the building are required. 

In addition, the program uses some internal parameters that do not depend on the specific client, like the 

performances of the heat pump and concentrators and the layout of the system. Those parameters will be 

implemented in the code without direct modification possibilities. Other economic aspects have to be 

taken into account like the cost of energy of usual systems and the cost of investment of Helioclim’s 

system. 

Some other features are required from the software program to simplify the commercial work of 

Helioclim: 

 The possibility to run a parametric study over the number of collectors or the nominal power of 

the heat pump. 

 The possibility to take into account one or more cooling or heating circuits at different 

temperatures, since more than one circuit per type (cooling or heating) is a feature that is 

sometimes required for a client. 

5.3 Architecture of the new software program 

From the solar collector to the economic aspects, I divided the program in a number of elementary units 

to model specific aspects of the project.  

This approach has been chosen because a simple unit is easy to modify or adapt. It is possible to go more 

or less into details for every unit. The global program must be running even if one unit is not much 

developed yet. This unit can be completed afterwards. Debugging is also easier.  

A unit using the model developed in EES in part 4 assesses the performances of Helioclim’s AHP. 

Indeed, a list of operating temperatures has been put into a text file, with the corresponding COP of the 

heat pump computed with EES. The boiler’s temperature varies from 120°C to 220°C, the evaporator’s 

temperature from -40°C to 20°C and the heat rejection temperature is in the range of suitable 

temperatures deduced from the boiler’s and the evaporator’s temperature. In this text file, the 3 design 

temperatures are listed with a step of 1°C. When running the software program, this unit takes as input 

the three temperatures of interest and sends back the COP of the system. Of course, this unit will be 

specified as soon as the fitting with experimental data will be done: as I explained in part 4., the EES 

model is not yet as precise as expected. 

The way these units work together is summarized as follows: first, a size of installation is estimated 

according to the heat requirements of the building. The number of solar concentrators, nominal power of 

the AHP and storage amount are filled in into a form. This leads, through the program, to an energy and 

economic assessment of the project. If the economic assessment is not satisfying, it is possible to modify 

the initially chosen size of the equipment. This way, an optimum is iteratively found. 
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Practically, PHP has been chosen as a programing language for the familiarity of Helioclim’s team with it 

and other practical reasons. Indeed, all the calculation requirements were fulfilled, a lot of support is 

available on the web and the interface possibilities on the internet make a release of an online version 

possible in the future.  

 
Figure 23: Simplified flow chart of the architecture of the software program 

With PHP, each unit described in this section is coded as a function, taking input parameters and sending 

back results. The outputs of most functions are used as inputs for other functions: the way these functions 

are linked together is presented in Appendix 3. The flow chart in figure 23 shows the most important 

components without going into the detail of each function. The flow chart is separated in three blocks: the 

input on the left, the software program computation in the middle and the outputs on the right. The input 

data are used in different parts of the computation according to the arrows between the blocks on the 

figure. The computation is divided into the computation of the requirements of the building and heat 

pump performances, then the geometry calculation leading to the solar energy gathered, then the energy 

produced by the system and at last the computation of the economic aspects. The results obtained in the 

last two parts are gathered in summary sheets: the outputs of the software program. 

5.4 Presentation of the software program 

The software program has been written and debugged. A running version has been released internally and 

proved its performances on several study cases: the results were used in the technical and commercial 

proposals sent to the clients since February 2016. The study case of an installation in Beirut, Lebanon is 

presented in this paragraph.  

Appendix 4 shows the forms that must be fulfilled in order to launch a computation. The data needed to 

perform the computation are entered in those forms. The values appearing in the frames are the input 

parameters of the study case in Beirut. The software program produces two summary sheets: the 1st one is 

an energy assessment of the project and the second one is the technical and economical synthesis of the 

project. The two sheets sent back to the user for this particular study case are presented respectively in 

parts 5.4.1 and 5.4.2. They allow adjusting iteratively some parameters (number of collectors, Heat Pump 

nominal power) in order to obtain the best economical performances for the project. 

5.4.1 Technical and economical synthesis 

The first summary page presented in figure 24 is used to assess the viability of the project. The solar 

energy available must fit at best the heating and cooling requirements of the building in order to offer a 

return on investment as small as possible.  

I constructed the synthesis in a way that it provides all useful information for Helioclim’s engineers while 

assessing the viability of the project. First, the parameters of the simulation are recalled in the upper table. 

The bottom is divided in the energy summary of the project (left) and the economic assessment (right).  
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Figure 24: Technical and economical synthesis of a study case 

The energy summary is developed in a separate summary page. The economic assessment details the 

annual costs for heating and cooling for a building equipped with Helioclim’s AHP and a building with a 

competing solution. For Helioclim, the energy bill is divided into three: first the gas consumption of the 

burner supplying the AHP when solar energy is lacking. Then the costs of energy are listed for the 

complementary systems producing heat and cold when the AHP’s production is not sufficient to cover 

the needs.  

Those costs of energy with Helioclim’s setup are compared to a competing solution, whose heating and 

cooling bills are added. The operation and maintenance costs are then compared for both solutions. In 

this way, the code I wrote computes the yearly savings with Helioclim’s solution. 

In the program, I took into consideration the yearly increase in price of energy, data also shown in this 

summary sheet. Therefore, the annual prices of energy and annual savings shown are the values of the first 

year of computation. Nevertheless, in the computation of the ROI, I took into account the price 

actualization, as well as the investment cost for both Helioclim’s and the competing’s systems. With those 

data and the energy and O&M costs, the ROI is deduced. From a commercial point of view, Helioclim 

considers a ROI smaller than 5 years good, between 5 and 10 years acceptable depending on the client, 

whereas a ROI larger than 10 years means few chances of sale.  

In the study case shown, the ROI of 27 years reveals that the project is not suited to Helioclim’s system. 

Indeed, the yearly savings of 8 k€ are relatively small compared to the energy bill of around 60 k€.  

The energy assessment presented in the second summary sheet detailed in part 5.4.2 helps Helioclim’s 

engineers to understand the reasons why the ROI is good or bad, and how it can be improved.   

5.4.2 Energy assessment of a project 

The second summary sheet obtained thanks to the software program details the energy assessment of the 

project. This sheet is presented in figure 25. On the upper left hand corner, two tables gather the covering 

of the needs with Helioclim’s system and the solar energy utilization, both of them for a 12 months long 
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period. The first table shows, in its first row, the total energy requirements of the building; in the second 

row the proportion of the cooling and heating requirement that are fulfilled with solar power through 

Helioclim’s system; in the third row the proportion that is covered with the complementary burner and in 

the last row the proportion of the production completed with an additional system not linked to 

Helioclim’s technology. The second row indicates the renewable energy potential of the setup. The more 

energy is produced thanks to the solar field, the higher the yearly energy savings will be. In order to see if 

this proportion can be improved, the second table is used. 

In this second table, the needs at the AHP’s boiler input (first row) are the theoretical heat input required 

to produce both the yearly cooling and heating needs only with a big enough AHP. This value is 

compared to the solar energy available at the solar field. The following rows I chose to display allow 

determining which parameter, among the energy storage capacity, number of collectors and power of the 

heat pump, should be modified in order to produce a bigger proportion of the cooling and heating needs 

thanks to solar energy. 

The second row is the solar energy potentially gathered with 2 axis tracking collectors of the same area as 

Helioclim’s. The third row considers Helioclim’s one axis tracking system, with the direction of this axis 

entered manually in the form filled in before running the software program. Practically, this potential solar 

production will be brought closer to the solar potential for a location between the tropics but also 

depends on the orientation of the collector’s axis. Therefore, I proposed a module to run a parametric 

study of the orientation of the lines, in order to find the orientation suited to the location.  

The value shown in the third row (potential solar production) is the power that could be used in the case 

of an infinite storage capacity with no losses. It is directly proportional to the number of collectors. In the 

software program, it is possible to modify the storage capacity and number of collectors (until a defined 

maximum value) in order to improve the potential solar production. 

At last, the fourth row is the solar energy used really used, taking into account the building’s needs for 

each timeslot and the limited power of the AHP. On summer days with a lot of solar energy available, the 

energy used can be limited both by the nominal (design) input power of the AHP and the building’s needs 

that can be smaller than the potential solar production. This value can be improved to a certain extent in 

changing the AHP’s nominal power and running the simulation again. 

Apart from those tables, the diagrams displayed with monthly data also allow understanding better how to 

increase the solar production. 

The first diagram (top right hand side in figure 25) shows the monthly distribution of the solar potential of 

the place (case of a 2-axis tracking) and the solar potential of the 1-axis setup. The closer the two values 

are one from the other, the better a 1-axis system is suited to the location. The other 4 diagrams display 

the monthly distribution of the cooling and heating production, with solar energy on top and with 

Helioclim’s setup at the bottom (both solar and additional burner heat input to Helioclim’s AHP’s boiler). 

They also display the monthly breakdown of the building’s thermal requirements. Those values are used to 

optimize the heat pump’s nominal power. Indeed, it could be cost-efficient to increase the AHP’s nominal 

power and/or solar field size if the needs are never fulfilled by Helioclim’s system, because little energy 

would be lost because of a too low cooling or heating requirement. On the contrary, if Helioclim’s system 

exceeds the requirements some months and is way under some other months, the AHP could be 

oversized. In some cases those graphs even show that Helioclim’s system is not adapted to the building’s 

thermal requirements. 
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Figure 25: Energy synthesis of a study case 
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5.4.3 Limits of the software program 

Regarding the requirements listed in part 5.2 and the reliability of the exploitation of the synthesis sheets, 

the software program I created presents some limits.  

First, the model of the AHP is not entirely developed and still requires a comparison with experimental 

data. This has a direct impact on the ROI computed. 

Then, the optimization of the setup has to be done manually with the summary sheets, whereas it had 

been discussed that the software should do it automatically. This functionality has not been coded because 

of lack of time and the complexity it would have added to the program (in terms of coding and 

computation time). In the software program, I propose however parametric studies giving the variation of 

the ROI with either the number of collectors, or the orientation of the collector’s axis, or the nominal 

power of the AHP so that it is easy to find the best-suited value of each one of them individually. But no 

optimization take into account those parameters altogether. 

Then, the energy summary sheets gather information over periods larger than a month. It makes it more 

or less reliable to analyze if the installation is suited or not for the setup. Indeed, on a monthly basis, the 

difference between production and requirements can be due to a too small nominal power or number of 

collectors, but also to the amount of rain days and uneven distribution of the building’s needs on a daily 

basis. Only an analysis hour by hour would give reliable data, which however cannot be exploited 

manually. The summary sheets remain a tradeoff between a high accuracy, and the complexities of 

computation or exploitation of the results.  

At last, the input weather files as well as the heating and cooling requirements must be given in a text file 

on an hourly basis in order for the software program to run. When the building’s loads are not given in 

this format by the client, it is still necessary to run the software program LoadGenerator described in part 

5.1 in order to obtain the hourly data. Additionally, the weather data provided by Meteonorm 7 are not 

available at each location, and some large areas outside Europe have no coverage. The reliability of the 

interpolation that must be done in those areas is small. 

On the other side, one of the main advantages of the software program is its user-friendliness. The input 

data are entered in forms whereas the data was previously gathered in disordered Excel sheets. The 

outputs can be easily read and printed in the A4 page format. Another point of interest is that more data is 

directly computed and displayed in the summary sheets than what was obtained with the previous 

methods. 

Regarding the computation, it is done in the same manner as it was in the previously used models. I 

checked the formulas but did not make any major change, therefore I did not detail in the present paper 

the computations for solar energy gathering. Indeed, the equations used were the same as the ones I 

learned during the course Renewable Energy Technology at KTH. 
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6 Conclusion 

The present work is conducted as part of the development of a startup company proposing solar air 

conditioning. Helioclim designs solar concentrators as well as an absorption heat pump in order to 

propose a competitive and sustainable product.   

During this study, a software program used to size a solar driven absorption chiller was designed, from the 

list of its requirements to the programming itself. Its working principles were presented here: starting from 

the solar irradiation of the specific location, the energy gathered by the solar field is computed. From this, 

the cooling and heating productions are evaluated thanks to a thermodynamic model of Helioclim’s heat 

pump. Together with the requirement of the building and the energy prices, those data lead to the return 

on investment, energy savings and costs avoided. This software program was designed to make the 

computation straightforward and user-friendly and is helpful in the process of designing the solution best-

suited to the requirements of a specific building (and client). The software program was validated on 

different case studies. 

As part of this software program, the thermodynamic model of Helioclim’s AHP running with the 

ammonia-water working pair has been developed. It was created to precisely estimate the performances of 

the heat pump. In order to build this model for the assessment of the performances of the AHP, a 

bibliographic study has been carried on existing technologies and their models. The technologies found in 

scientific papers have been put into relation with commercially available products. As presented, several 

improvements have been proposed since the first single-stage AHP developed by Carré in 1857 and some 

of them have been described in this study. Namely, the refrigerant and solution heat exchangers, rectifier, 

generator-absorber heat exchanger and multiple-stage absorption heat pumps were described. The 

purpose was not to make an exhaustive research on all possible improvements, but rather to better 

apprehend the features of the heat pump developed by Helioclim. With this background and some 

existing AHP models, a new model has been developed in Engineering Equation Solver (EES) to model 

Helioclim’s heat pump. A model running properly was obtained. The computed heat transfers in 

condenser, absorber and evaporator were compared to experimental data but showed a significant 

discrepancy. This is probably due to the fact that some input parameters could not be fitted with 

experimental data due to the scarcity of those data. This remains to be done in future studies. Additionally, 

the model was used to assess the influence of the efficiencies of the internal heat exchangers on the 

performances of the cycle, along with the influence of the cycle’s temperatures on the GAX 

performances. 
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Appendix 1: EES code to model Helioclim’s AHP 

1) 2)     

  

 

3) 4)  
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5) 6) 

  

 

7) 
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Appendix 2: Data obtained from a run with EES 

The layout of the model is recalled in figure 26 and the parameters obtained with EES in figure 27. Note 

that points 15 and 16 in the table remain from an EES example but are no longer used in the model. 

The input parameters are the ones of table 2. 

 

Figure 26: Helioclim's AHP layout in EES 

 

Figure 27: Parameters computed with EES 
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Appendix 3: Working principle of the software program 
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Appendix 4: Forms to fulfill to perform an energy and 

economic study 

 
 

 
 

  


