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ABSTRACT 

In this paper, we investigate four combined heat-and-power (CHP) plant configurations which 

are fueled by low-temperature geothermal energy and connected to a district heating system. The 

four CHP configurations are compared based on an exergy analysis and the cycle parameters are 

optimized towards maximal electrical power output, while satisfying the heat demand of the 

district heating system. We consider reference geothermal brine conditions of 130°C and 

150kg/s, according to the expected conditions in Flanders (Belgium). A reference heat demand 

of 10MW is assumed. Two types of district heating systems are considered: a low-temperature 

district heating system with supply and return temperatures of 65°C and 40°C, respectively, and 

a high-temperature district heating system with supply and return temperatures of 90°C and 

60°C. The electricity is produced via an Organic Rankine Cycle (ORC). We conclude that the so-

called HB4 CHP is the optimal configuration for a wide range of brine conditions and for a wide 

range of heat demands. For the connection to the 65/40 district heating system and for the 

reference conditions, the electrical power output is as high as for a pure electrical power plant 

(4.8MW) and the exergetic plant efficiency is 49.1%, which is 9.5%-pts higher than that for a 

pure electrical power plant. For the 90/60 district heating system and reference brine conditions, 

the electrical power output is 4.3% lower and the exergetic plant efficiency is 52.1%, which is 

12.5%-pts higher than that for a pure electrical power plant. The exergetic plant efficiency is 

higher than that for the connection to a 65/40 district heating system due to the higher exergy 

content of heat at a higher temperature. Furthermore, for all brine conditions and values of the 

heat demands considered, the optimal CHP configuration has always higher exergetic plant 

efficiency than the pure electrical power plant, which means that the energy utilization of the 

low-temperature geothermal source is better in a (optimal) CHP plant. 
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1. Introduction 

In the northwest of Europe, low-temperature geothermal heat is generously available (Bertani 

2015; IEA 2011). However, the electrical power output is low and the drilling costs are rather 

high, which makes low-temperature geothermal power plants not/hardly competitive without 

some kind of support scheme (such as feed-in tariffs). There are several ways to improve the 

plant efficiency, e.g. via hybrid plants (combination of multiple renewable energy sources) or via 

multi-energy systems (multiple useful products). Due to a modest climate in the northwest of 

Europe, heating is required over almost the entire year. Therefore, in this work, we investigate 

whether we can improve the plant performance by providing heat to a district heating (DH) 

system and at the same time generating electricity by means of an Organic Rankine Cycle 

(ORC). Based on existing binary geothermal projects in the northwest of Europe (especially in 

Germany (ITG 2017)) and the IRENA report on Renewable energy in district heating and 

cooling (IRENA 2017), two types of DH systems are considered. A low-temperature 65/40 DH 

system for new districts – where houses are connected via floor heating systems or heat pumps – 

and a high-temperature 90/60 DH system for existing districts where houses are heated by 

conventional space heating systems. 

2. Methodology 

2.1 Set-up of the CHP Configurations 

Four combined heat-and-power (CHP) plant configurations are considered in this work: the 

series, the parallel, the preheat-parallel (Van Erdeweghe et al. 2017b) and the HB4 CHP (Habka 

& Ajib 2014). Figure 1 shows a schematic outline of the investigated CHP configurations. 

 

Figure 1: Schematic outline of the series, the parallel, the preheat-parallel and the HB4 CHP configurations. 

The red lines represent the geothermal brine, flowing from the right to the left. For simplicity, only simple 

ORCs are shown, although in some cases, an ORC with internal heat recovery (recuperated) is to be used. 
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2.2 Optimization Model 

The goal is to maximize the electrical power output �̇� while satisfying a given heat demand of 

the DH system �̇�𝐷𝐻. The electrical power output of the ORC is defined as: 

�̇� =  �̇�𝑡𝜂𝑔 −
�̇�𝑝

𝜂𝑚
⁄  

With �̇�𝑡 and �̇�𝑝 the turbine and pump mechanical power, and 𝜂𝑔 and 𝜂𝑚 the generator and 

motor efficiencies. With reference to the nomenclature of Figure 1, the mechanical power of the 

pump and turbine are calculated as: 

�̇�𝑝 = �̇�𝑤𝑓(ℎ2 − ℎ1)      And      �̇�𝑡 = �̇�𝑤𝑓(ℎ3 − ℎ4) 

With �̇�𝑤𝑓 the working fluid (wf) mass flow rate and h the specific enthalpy. The heat transfer in 

the evaporator is modeled as follows: 

�̇�𝑤𝑓(ℎ3 − ℎ2) = �̇�𝑏,𝑂𝑅𝐶(ℎ𝑏,𝑂𝑅𝐶 𝑖𝑛 − ℎ𝑏,𝑂𝑅𝐶 𝑜𝑢𝑡) 

With �̇�𝑏,𝑂𝑅𝐶 the brine flow rate in the ORC branch, the subscripts ORC in and ORC out indicate 

the brine ORC inlet and outlet state, respectively. The heat transfer in all other heat exchangers is 

modeled in a similar way. Mixing occurs in the parallel, the preheat-parallel and the HB4 CHP. 

As an example, mixing in the parallel CHP is modeled as: 

�̇�𝑏 = �̇�𝑏,𝑂𝑅𝐶 + �̇�𝑏,𝐷𝐻 

�̇�𝑏ℎ𝑏,𝑖𝑛𝑗 = �̇�𝑏,𝑂𝑅𝐶ℎ𝑏,𝑂𝑅𝐶 𝑜𝑢𝑡 + �̇�𝑏,𝐷𝐻ℎ𝑏,𝐷𝐻 𝑜𝑢𝑡 

To be able to compare the performance of the CHP configurations/electrical power plant, we use 

the exergetic plant efficiency which is defined as: 

𝜂𝑒𝑥 =  
�̇� + 𝐸�̇�𝐷𝐻

𝐸�̇�𝑏,𝑝𝑟𝑜𝑑

 

With 𝐸�̇�𝐷𝐻 and 𝐸�̇�𝑏,𝑝𝑟𝑜𝑑 the flow exergy of the heat delivered to the district heating system and 

of the brine at the production state, respectively. The flow exergy 𝐸�̇� is generally defined as: 

𝐸�̇� = �̇�[ℎ − ℎ0 − 𝑇0(𝑠 − 𝑠0)] 

With s the specific entropy, T the temperature and subscript 0 indicates the dead state. For 𝐸�̇�𝐷𝐻, 

clearly only differences apply and the dead state values cancel out. 

2.3 Assumptions and Implementation 

In this modeling approach, we neglect pressure drops in the heat exchangers as well as kinetic 

and potential energy differences. Furthermore, we assume (Van Erdeweghe et al. 2017b): 

 a minimal pinch-point-temperature difference of ∆𝑇𝑝𝑖𝑛𝑐ℎ = 5°𝐶; 
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 a subcritical ORC with a minimal degree of superheating of ∆𝑇𝑠𝑢𝑝 = 0.01°𝐶, to be able 

to calculate the state properties; 

 isentropic turbine and pump efficiencies: 𝜂𝑡 = 85% and 𝜂𝑝 = 80%; 

 generator and motor efficiencies: 𝜂𝑔 = 98% and 𝜂𝑚 = 98%; 

 condenser temperature: 𝑇𝑐𝑜𝑛𝑑 = 25°𝐶; 

 dead state: 𝑇0 = 15°𝐶 and 𝑝0 = 1𝑏𝑎𝑟; 
 cooling water inlet state: 𝑇𝑐,𝑖𝑛 = 12°𝐶 and 𝑝𝑐 = 2𝑏𝑎𝑟. 

The models are implemented in Python (van Rossum 1995). The optimal operating temperatures 

and flow rates are found using the CasADi (Andersson 2013) optimization framework, coupled 

to the IpOpt non-linear solver (Wächter & Biegler 2006).  RefProp 8.0 (Lemmon et al. 2007) is 

used for the fluid properties calculations. 

2.4 Model Validation 

The results for the ORC model and for the series and parallel CHP’s have been validated in (Van 

Erdeweghe et al. 2017a). The preheat-parallel CHP is proposed by the authors in (Van 

Erdeweghe et al. 2017b). No experimental/numerical data have been found for the validation of 

this CHP configuration, but the validated ORC model has been used. The HB4 CHP has been 

proposed by Habka et al. in (Habka & Ajib 2014). Therefore, we have validated our optimization 

results for the HB4 configuration against the work of Habka et al. Figure 2 shows the results of 

our optimization model. By comparing Figure 2 with Figure 5 of (Habka & Ajib 2014), we can 

see that the results are in very good agreement. However they have studied this configuration for 

the connection to a 75/50 DH system and for a brine temperature of 100°C and flow rate of 

1kg/s, we want to investigate the potential of this configuration for the expected brine conditions 

in the northwest of Europe and for the higher mentioned DH systems. 

 

Figure 2: Our model results for the HB4 configuration, which can be validated with respect to Figure 5 of 

(Habka & Ajib 2014). The brine temperature and flow rate are 100°C and 1kg/s, R134a is the ORC working 

fluid and the connection to a 75/50 DH system with a heat demand of 110-170kW has been considered. 
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2.5 Parameter Values of the Brine and District Heating System 

The parameter values of the brine production temperature 𝑇𝑏,𝑝𝑟𝑜𝑑 and flow rate �̇�𝑏, and the heat 

demand of the DH system �̇�𝐷𝐻 are summarized in Table 1. The values are based on existing 

binary geothermal projects (ITG 2017) and on the IRENA report (IRENA 2017). In this work, 

we consider a brine with low salt content such that constraints on the brine injection temperature 

related to scaling issues are not considered. 

Parameter Unit Min Reference Max 

�̇�𝒃 kg/s 100 150 200 

𝑻𝒃,𝒑𝒓𝒐𝒅 °C 110 130 150 

�̇�𝑫𝑯 MW 5 10 20 

Table 1: Parameter values for the brine conditions and the heat demand. 

To be clear, for each parameter set (�̇�𝑏, 𝑇𝑏,𝑝𝑟𝑜𝑑, �̇�𝐷𝐻), the operating conditions for each CHP 

configuration are optimized towards a maximal electrical power output. Part-load operation is 

not included; only steady-state operation is investigated. 

2.6 Working Fluid Properties 

R236ea is used as a working fluid since it results in the highest electrical power output at 

reference brine conditions (which were given in Table 1). The thermodynamic and 

environmental properties of the working fluids are given in Table 2 (Calm & Hourahan 2011). 

R134a is also included since it has been used for the validation of the HB4 configuration results. 

 MW[g/mole] 𝑻𝒄𝒓𝒊𝒕 [°𝑪] 𝒑𝒄𝒓𝒊𝒕 [𝒃𝒂𝒓] ODP GWP atm. lifetime 

[years] 

R236ea 152.04 139.3 35.0 0 1410 11 

R134a 102.03 101.1 40.6 0 1370 13.4 
Table 2: Thermodynamic and environmental properties of the ORC working fluids  

(Calm & Hourahan 2011). 

3. Performance of a Pure Electrical Power Plant 

The electrical power output of a pure electrical power plant – heat-to-electricity conversion via 

an ORC – depends on the brine production temperature 𝑇𝑏,𝑝𝑟𝑜𝑑 and flow rate �̇�𝑏. Figure 3 shows 

the results for the considered brine conditions of Table 1. The electrical power output increases 

with 𝑇𝑏,𝑝𝑟𝑜𝑑 and increases linearly with �̇�𝑏. For the reference brine conditions, the electrical 

power output equals 4.8MW and the corresponding exergetic plant efficiency is 39.6%. 

In a recuperated ORC cycle, heat is transferred between the working fluid at the turbine outlet 

(state 4 – see Figure 1) and at the pump outlet (state 2) via a recuperator (a heat exchanger). Heat 

is internally recuperated to preheat the working fluid in state 2 such that less heat has to be added 

from the brine to the working fluid in the evaporator for the same electrical power output. The 

electrical power output of a recuperated ORC as a function of the brine conditions, as long as the 

outlet temperature of the brine after the ORC 𝑇𝑏,𝑂𝑅𝐶 𝑜𝑢𝑡 is not constrained, is the same as that for 

a basic cycle (see Figure 3). 
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Figure 3: Electrical power output of a pure electrical power plant, for multiple values of the brine production 

temperature and flow rate. 

However, if a constraint on the brine temperature at the ORC outlet (𝑇𝑏,𝑂𝑅𝐶 𝑜𝑢𝑡) is imposed, e.g. 

due to heat delivery to a DH system at a certain temperature, the recuperated ORC might 

perform better than the basic ORC. Due to the internal heat recuperation, a higher electrical 

power output can be generated for the same heat addition to the cycle. For example, consider the 

series CHP with heat delivery to a 65/40 DH system. The brine ORC outlet temperature is then 

constrained by 𝑇𝑠𝑢𝑝𝑝𝑙𝑦 = 65°𝐶 of the DH system and the imposed ∆𝑇𝑝𝑖𝑛𝑐ℎ = 5°𝐶 such that 

𝑇𝑏,𝑂𝑅𝐶 𝑜𝑢𝑡 ≥ 70°𝐶. In this case, the electrical power output of the ORC reduces to 4.5MW for a 

basic cycle and 4.7MW for the recuperated ORC. Figure 4 shows the corresponding values of the 

exergetic plant efficiency. The exergetic plant efficiency is defined as before, but 𝐸�̇�𝐷𝐻 = 0𝑀𝑊 

for a pure electrical power plant, since there is no heat delivery.  

Three main conclusions can be drawn from Figure 4. First, if there is no constraint on 𝑇𝑏,𝑂𝑅𝐶 𝑜𝑢𝑡, 

the basic ORC and the recuperated ORC have the same electrical power output. Second, for a 

constraint on 𝑇𝑏,𝑂𝑅𝐶 𝑜𝑢𝑡 – hence a lower heat addition to the cycle – both the basic and the 

recuperated ORC have a lower electrical power output. The corresponding exergetic plant 

efficiency is also lower. The higher 𝑇𝑏,𝑂𝑅𝐶 𝑜𝑢𝑡, the lower the heat addition to the ORC, hence the 

lower the electrical power output and the lower the exergetic plant efficiency. And third, if there 

is a constraint on the heat addition to the ORC, the recuperated cycle has a higher electrical 

power output and higher exergetic plant efficiency than the basic ORC due to internal heat 

recovery.  

Based on the results for a pure electrical power plant, we can determine whether the basic ORC 

or the recuperated ORC is the most suitable for each of the four CHP configurations which we 

have presented in Section 2.1. Since 𝑇𝑏,𝑂𝑅𝐶 𝑜𝑢𝑡 of the series and the preheat-parallel 

configurations is constrained by the DH temperatures, the recuperated ORC is considered for 

these cycles. On the contrary, the ORC performance in the parallel CHP does not depend on the 

DH system temperatures. The basic and the recuperated cycle would have the same electrical 
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power output, hence we consider the basic cycle because of simplicity. The optimal operating 

conditions of the HB4 configuration – and especially the optimal evaporator temperature – are 

the same for the basic and the recuperated ORC, and thus also the electrical power output is the 

same. Therefore, also for the HB4 configuration we consider a basic ORC. 

 

Figure 4: Exergetic plant efficiency of the pure electrical power plant with and without constraint on the 

brine ORC outlet temperature 𝐓𝐛,𝐎𝐑𝐂 𝐨𝐮𝐭. 

4. Performance of the CHP Plants 

Now, the main question is whether we can increase the values of the exergetic plant efficiency 

for the pure electrical power plant by additionally providing heat to a DH system. In this section, 

we investigate the performance of the four CHP configurations of Figure 1 for the connection to 

a 65/40 DH system and for the connection to a 90/60 DH system. 

4.1 Connection to a 65/40 District Heating System 

4.1.1 Reference Heat Demand 

Figure 5 shows the performance of the parallel, the series and the HB4 configurations with 

respect to the pure electrical power plant, which was discussed in the previous section. For each 

of the configurations, the loss in electrical power output with respect to the pure electrical power 

plant and the gain in exergetic plant efficiency are shown for the reference heat demand of 

�̇�𝐷𝐻 = 10𝑀𝑊 and for the different brine conditions. 

For the connection to this low-temperature 65/40 DH system, the optimal preheat-parallel 

configuration reduces to the series CHP. The same reasoning as for the series CHP holds. 
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Figure 5: Electrical power output and exergetic plant efficiency of the parallel, series and HB4 CHP with 

respect to a pure electrical power plant, and for the connection to a 65/40 DH system. 

For the parallel configuration, the electrical power output is significantly lower than for a pure 

electrical power plant. Part of the brine flow rate does not provide heat to the ORC but has to 

satisfy the heat demand in the parallel branch. This causes a large drop in electrical power 

output. The impact is the highest for low values of 𝑇𝑏,𝑝𝑟𝑜𝑑 and �̇�𝑏. However, the exergetic plant 

efficiency is always higher than the corresponding plant efficiency of the pure ORC plant. At 

low brine temperatures and low brine flow rates, the increase of the exergetic plant efficiency is 

the highest, since the impact of the heat delivery is the highest for these cases.  



Van Erdeweghe et al. 

For the series configuration, the drop in electrical power output is caused by the constraint on the 

ORC outlet temperature, as discussed before. The relative loss in electrical power output with 

respect to the pure electrical power plant depends on the brine production temperature, but not on 

the brine flow rate (therefore the curves for different brine flow rates collapse on Figure 5). The 

electrical power output depends linearly on the brine mass flow rate, such that an increase in the 

brine flow rate with X% would cause an increase of the electrical power output of X%. The 

exergetic plant efficiency improvement, however, does depend on the brine flow rate since a 

fixed value of the heat demand is assumed (hence a fixed value of 𝐸�̇�𝐷𝐻 in the definition of 𝜂𝑒𝑥). 

Again, the lower 𝑇𝑏,𝑝𝑟𝑜𝑑 and �̇�𝑏, the larger the impact of the heat delivery on the exergetic plant 

efficiency. In comparison with the parallel configuration, the loss in electrical power output is 

much lower and the improvement of the exergetic efficiency over the pure ORC plant is much 

higher. 

The HB4 configuration generates the same electrical power output as a pure electrical power 

plant for all �̇�𝑏 ≥ 125𝑘𝑔/𝑠. This is a huge advantage of the HB4 CHP. For �̇�𝑏 = 100𝑘𝑔/𝑠, the 

electrical power output is only a few percent lower. As a result, the improvement of the exergetic 

plant efficiency is very high. 

From Figure 5 it follows that the HB4 configuration has the highest electrical power output, 

while satisfying the reference heat demand for the connection to a 65/40 DH system. Table 3 

summarizes the performance of the four investigated CHP plants and the pure electrical power 

plant for the reference brine conditions and the reference heat demand. We can conclude that the 

HB4 CHP is the most suitable for the connection to a low-temperature 65/40 DH system, 

followed by the series CHP. The performance of the parallel configuration is significantly lower. 

 �̇� [MW] 𝜼𝒆𝒙 [%] (�̇�𝒑𝒖𝒓𝒆 𝑶𝑹𝑪 − �̇�) 

/ �̇�𝒑𝒖𝒓𝒆 𝑶𝑹𝑪 [%] 

𝜼𝒆𝒙 − 𝜼𝒆𝒙,𝑶𝑹𝑪 

[%-pts] 

Parallel  3.9  41.7 18.7 2.1 

Series 4.7 48.0 2.7 8.4 

Preheat-parallel 4.7 48.0 2.7 8.4 

HB4 4.8 49.1 0.0 9.5 

Pure ORC plant 4.8 39.6 - - 
Table 3: Comparison of the four CHP plants connected to a 65/40 DH system with the pure electrical power 

plant, for the reference brine conditions and the reference heat demand (which were defined in Table 1). 

4.1.2 Influence of the Heat Demand 

Table 4 gives the exergetic plant efficiency of the optimal CHP configuration as a function of the 

brine production temperature 𝑇𝑏,𝑝𝑟𝑜𝑑, the brine flow rate �̇�𝑏 and the heat demand �̇�𝐷𝐻. For a 

heat demand of 5MW and 10MW, the HB4 configuration (slots without shading) is able to 

generate as much electrical power as the pure electrical power plant and is the best CHP 

configuration. For a heat demand of 20 MW and low brine flow rates, the series CHP (grey 

shading) has a higher electrical power output. For these operating conditions, it is important that 

the entire brine flow rate is passing the ORC branch to keep the electrical power output as high 

as possible. 
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�̇�𝑫𝑯 ↘ 

�̇�𝒃 ↓ 

𝑻𝒃,𝒑𝒓𝒐𝒅=110°C 𝑻𝒃,𝒑𝒓𝒐𝒅=120°C 𝑻𝒃,𝒑𝒓𝒐𝒅=130°C 𝑻𝒃,𝒑𝒓𝒐𝒅=140°C 𝑻𝒃,𝒑𝒓𝒐𝒅=150°C 

5 10 20 5 10 20 5 10 20 5 10 20 5 10 20 

100kg/s 43.9 52.3 57.1 45.1 52.8 57.6 46.7 53.4 57.4 48.6 54.4 58.6 50.9 55.9 59.0 

125kg/s 41.9 49.8 56.8 43.5 50.1 56.9 45.3 51.0 56.8 47.3 52.3 57.1 49.8 54.1 58.0 

150kg/s 40.6 47.2 55.0 42.4 47.9 55.0 44.3 49.1 55.8 46.5 50.6 56.5 49.0 52.6 57.4 

175kg/s 39.7 45.3 53.6 41.6 46.3 54.1 43.6 47.7 54.5 45.9 49.5 55.3 48.5 51.6 56.6 

200kg/s 39.0 43.9 52.1 41.0 45.1 52.6 43.1 46.7 53.4 45.5 48.6 54.3 48.1 50.8 55.8 

 𝜼𝒆𝒙,𝑶𝑹𝑪 = 34.0% 𝜼𝒆𝒙,𝑶𝑹𝑪 = 36.8% 𝜼𝒆𝒙,𝑶𝑹𝑪 = 39.6% 𝜼𝒆𝒙,𝑶𝑹𝑪 = 42.4% 𝜼𝒆𝒙,𝑶𝑹𝑪 = 45.4% 

Table 4: The exergetic plant efficiency of the optimal CHP as a function of the brine production temperature, 

the brine mass flow rate and the heat demand, for the connection to a 65/40 DH system. Slots without 

shading: HB4 CHP is optimal, grey shading: series CHP is optimal. 

From Table 4 follows that 𝜂𝑒𝑥 increases with the heat demand, for fixed brine conditions (𝑇𝑏,𝑝𝑟𝑜𝑑 

and  �̇�𝑏). Further, for a constant heat demand and brine temperature, 𝜂𝑒𝑥 decreases with the 

brine flow rate. �̇� and 𝐸�̇�𝑏,𝑝𝑟𝑜𝑑 are both linearly dependent on �̇�𝑏 and 𝐸�̇�𝐷𝐻 is fixed for a fixed 

heat demand. The effect of 𝐸�̇�𝑏,𝑝𝑟𝑜𝑑 dominates such that 𝜂𝑒𝑥 decreases with �̇�𝑏. And finally, for 

a constant heat demand and a constant brine flow rate, 𝜂𝑒𝑥 generally increases with 𝑇𝑏,𝑝𝑟𝑜𝑑. For a 

higher brine production temperature, 𝐸�̇�𝑏,𝑝𝑟𝑜𝑑 is slightly higher but also �̇� is higher. The 

increase of �̇� is the dominating effect on 𝜂𝑒𝑥 such that also the exergetic efficiency increases.  

Furthermore, we can conclude that the exergetic plant efficiency of the optimal CHP is always 

higher than that of a pure electrical power plant, which is included in the bottom line of Table 4. 

The improvement of the exergetic plant efficiency with respect to a pure electrical power plant is 

the highest for high values of �̇�𝐷𝐻, for low values of 𝑇𝑏,𝑝𝑟𝑜𝑑 and for low values of �̇�𝑏.  

4.2 Connection to a 90/60 District Heating System 

4.2.1 Reference Heat Demand 

Figure 6 shows the performance of the parallel, the series, the preheat-parallel and the HB4 

configurations with respect to the pure electrical power plant. For each CHP configuration, the 

loss in electrical power output with respect to the pure electrical power plant and the gain in 

exergetic plant efficiency are shown for the reference heat demand of �̇�𝐷𝐻 = 10𝑀𝑊 and for the 

different brine conditions. For all CHP configurations, the electrical power output is lower in 

case of the connection to a high-temperature 90/60 DH system compared to the connection to a 

low-temperature 65/40 DH system. 

Comparing with the connection to a low-temperature 65/40 DH system, the electrical power 

output of the parallel CHP is lower due to a higher brine flow rate which is needed in the parallel 

branch to satisfy the heat demand. However, 𝜂𝑒𝑥 is higher due to the higher value of high-

temperature heat. Especially at low brine temperatures, the improvement on 𝜂𝑒𝑥 is substantial. 

The electrical power output of the series CHP is also lower compared to the connection to a 

65/40 DH system. The supply temperature of the DH system is much higher and hence less heat 

can be delivered to the ORC. The exergetic efficiency is lower than for the 65/40 system because 

of the very low electrical power output. For �̇�𝑏 = 200𝑘𝑔/𝑠, the exergetic efficiency of the 

series CHP plant is even lower than that for the pure electrical power plant. 
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Figure 6: Electrical power output and exergetic plant efficiency of the parallel, series, preheat-parallel and 

HB4 CHP with respect to a pure electrical power plant, for the connection to a 90/60 DH system. 
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The electrical power output of the preheat-parallel CHP is lower due to the higher temperatures 

of the heat demand. Also the exergetic plant efficiency is lower. Comparing with the parallel and 

the series configurations, only for a few combinations of  𝑇𝑏,𝑝𝑟𝑜𝑑 and �̇�𝑏 the preheat-parallel 

CHP has a higher electrical power output. These sets of brine conditions are given in Figure 7. 

The share of the heat which is delivered in heat exchanger DH HEx 1 (see Figure 1) as well as 

the gain in electrical power output over the series/parallel CHP (the one with the highest 

electrical power output) are shown. We can see that the gain in electrical power output over the 

series or parallel CHP is low and stays below 1.4%. 

Finally, also the electrical power output of the HB4 CHP is lower for the connection to a high-

temperature 90/60 DH system compared to the 65/40 DH system. However, the loss in electrical 

power output compared to a pure electrical power plant is much lower than for the other CHP 

configurations. In addition, the gain in exergetic plant efficiency is still positive and high. 

 

Figure 7: Share of the heat delivered in the series branch of the preheat-parallel configuration (left) and gain 

in electrical power output of the preheat-parallel CHP over the series or parallel CHP (right), for the 

connection to a 90/60 DH system. 

For the connection to a high-temperature 90/60 DH system and the reference heat demand of 

10MW, the HB4 configuration has the highest electrical power output for almost all 

combinations of 𝑇𝑏,𝑝𝑟𝑜𝑑 and �̇�𝑏. Only for (𝑇𝑏,𝑝𝑟𝑜𝑑 = 110°𝐶, �̇�𝑏 = 175 − 200𝑘𝑔/𝑠), the 

parallel configuration has a higher electrical power output. Table 5 summarizes the performance 

of the four investigated CHP plants and the pure electrical power plant for the reference brine 

conditions. The HB4 CHP is by far the best CHP configuration. 

 �̇� [MW] 𝜼𝒆𝒙 [%] (�̇�𝒑𝒖𝒓𝒆 𝑶𝑹𝑪 − �̇�) 

/ �̇�𝒑𝒖𝒓𝒆 𝑶𝑹𝑪 [%] 

𝜼𝒆𝒙 − 𝜼𝒆𝒙,𝑶𝑹𝑪 

[%-pts] 

Parallel  3.6  44.2 24.4 4.6 

Series 3.4 42.5 28.6 2.9 

Preheat-parallel 3.6 44.3 24.1 4.7 

HB4 4.6 52.1 4.3 12.5 

Pure ORC plant 4.8 39.6 - - 
Table 5: Comparison of the four CHP plants connected to a 90/60 DH system with the pure electrical power 

plant, for the reference brine conditions and the reference heat demand (which were defined in Table 1). 
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4.2.2 Influence of the Heat Demand 

Table 6 gives the exergetic plant efficiency of the optimal CHP configuration as a function of the 

brine production temperature 𝑇𝑏,𝑝𝑟𝑜𝑑, the brine flow rate �̇�𝑏 and the heat demand �̇�𝐷𝐻. For a 

heat demand of 20MW, the HB4 configuration (slots without shading) has always the highest 

electrical power output
1
. For a heat demand of 5MW or 10MW, the electrical power output of 

the parallel CHP (grey shading) might be higher at low values of the brine temperature. At low 

brine temperatures, the heat addition to the ORC is low in case of the HB4 configuration. For 

low heat demands, it is therefore beneficial to use the parallel configuration where the ORC 

performance does not depend on the DH system temperatures, however, the brine flow rate 

which passes the ORC branch is lower. For high heat demands, the use of the entire brine mass 

flow rate through the ORC branch is more important to keep a high electrical power output of the 

ORC and the HB4 CHP has a higher electrical power output. 

�̇�𝑫𝑯 ↘ 

�̇�𝒃 ↓ 

𝑻𝒃,𝒑𝒓𝒐𝒅=110°C 𝑻𝒃,𝒑𝒓𝒐𝒅=120°C 𝑻𝒃,𝒑𝒓𝒐𝒅=130°C 𝑻𝒃,𝒑𝒓𝒐𝒅=140°C 𝑻𝒃,𝒑𝒓𝒐𝒅=150°C 

5 10 20 5 10 20 5 10 20 5 10 20 5 10 20 

100kg/s 39.8 52.2 / 44.1 54.5 57.6 48.6 55.9 59.1 51.5 57.3 60.0 53.5 58.6 60.7 

125kg/s 38.7 46.2 54.9 41.6 54.6 57.0 46.4 54.1 58.3 49.6 55.6 59.6 51.9 57.2 60.7 

150kg/s 37.9 42.3 54.8 39.9 48.3 56.4 45.0 52.1 57.5 48.4 54.1 58.8 50.8 55.8 59.9 

175kg/s 37.3 40.6 53.6 39.3 45.9 55.1 44.0 50.1 56.7 47.5 52.8 58.1 50.1 54.6 59.2 

200kg/s 36.9 39.8 52.2 39.1 44.1 54.5 43.2 48.6 55.6 46.9 51.5 57.3 49.9 53.5 58.6 

 𝜼𝒆𝒙,𝑶𝑹𝑪 = 34.0% 𝜼𝒆𝒙,𝑶𝑹𝑪 = 36.8% 𝜼𝒆𝒙,𝑶𝑹𝑪 = 39.6% 𝜼𝒆𝒙,𝑶𝑹𝑪 = 42.4% 𝜼𝒆𝒙,𝑶𝑹𝑪 = 45.4% 

Table 6: The exergetic plant efficiency of the optimal CHP as a function of the brine production temperature, 

the brine mass flow rate and the heat demand, for the connection to a 90/60 DH system. Slots without 

shading: HB4 CHP is optimal, grey shading: parallel CHP is optimal, bold box: higher exergetic plant 

efficiency than the optimal CHP plant connected to a 65/40 DH system. 

The trends for 𝜂𝑒𝑥 as a function of 𝑇𝑏,𝑝𝑟𝑜𝑑, �̇�𝑏 and �̇�𝐷𝐻 are the same as for the connection to a 

low-temperature 65/40 DH system (see Table 4). Also here, the exergetic plant efficiency of the 

optimal CHP is always higher than that of a pure electrical power plant – which is included in the 

bottom line of Table 6. Higher exergetic plant efficiency means a better utilization of the low-

temperature geothermal energy source.  

If we compare the numbers in Table 6 with the numbers in Table 4, we can see that the exergetic 

plant efficiency for the optimal CHP when connected to a 90/60 DH system is often higher than 

the corresponding 𝜂𝑒𝑥 for the optimal CHP when connected to a 65/40 DH system. This is 

indicated by the bold boxes in Table 6. For high values of 𝑇𝑏,𝑝𝑟𝑜𝑑, the electrical power output of 

the HB4 CHP when connected to the 90/60 is not too much lower than that for a pure electrical 

power plant, which was shown in Figure 6. However the electrical power output is significantly 

lower than for the connection to a 65/40 DH system (compare with Figure 5), but the exergetic 

value of heat at T=60-90°C is much higher than the value of the same amount of heat at 40-65°C. 

Therefore, the value of 𝜂𝑒𝑥 is higher for the optimal CHP connected to a 90/60 DH system than 

for the optimal CHP connected to a 65/40 DH system. Even at the low value of  𝑇𝑏,𝑝𝑟𝑜𝑑 =

110°𝐶, the exergetic plant efficiency of the optimal CHP connected to a 90/60 DH system might 

                                                 

1
 It is not possible to provide �̇�𝐷𝐻 = 20𝑀𝑊 to a 90/60 DH system for (𝑇𝑏,𝑝𝑟𝑜𝑑 = 110°𝐶, �̇�𝑏 = 100𝑘𝑔/𝑠). 

Therefore, the corresponding entry in Table 6 is empty. 
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be higher than that for the optimal CHP connected to a 65/40 DH system. At high heat demands, 

the exergetic value of the heat is high, and if the brine flow rate is high, the electrical power 

output can also be kept quite high. 

5. Conclusions 

In this paper, we have investigated four configurations for the combined heat-and-power 

production from a low-temperature geothermal source. We have studied the performance of the 

series, the parallel, the preheat-parallel and the HB4 CHP configurations for the connection to a 

low-temperature 65/40 DH system and to a high-temperature 90/60 DH system, and we have 

compared their plant performance with the pure electrical power plant. The reference brine 

temperature and flow rate are 130°C and 150kg/s and the reference heat demand of the DH 

system is 10MW.  

We have found that the so-called HB4 CHP is the optimal configuration for a wide range of 

brine conditions and heat demands. For the connection to the 65/40 district heating system and 

for the reference conditions, the electrical power output is as high as for a pure electrical power 

plant (4.8MW) and the exergetic plant efficiency is 49.1%, which is 9.5%-pts higher than that for 

a pure electrical power plant for the same brine conditions. For the 90/60 district heating system 

and reference brine conditions, the electrical power output is 4.3% lower and the exergetic plant 

efficiency is 52.1%, which is 12.5%-pts higher than that for a pure electrical power plant. The 

exergetic plant efficiency is higher than that for the 65/40 district heating system due to the 

higher exergy content of heat at a higher temperature. 

For the connection to a low-temperature 65/40 DH system, the HB4 configuration has generally 

the best performance. Only at high heat demands and low brine flow rates, the series CHP 

performs better. The preheat-parallel CHP reduces to the series configuration for the connection 

to this low-temperature DH system. The parallel configuration is not suitable for the connection 

to a DH system at low temperatures. The temperature difference between the brine and the DH 

system temperatures would be high, which means that the heat transfer is inefficient. 

For the connection to a high-temperature 90/60 DH system, the HB4 configuration has again the 

highest electrical power output for almost all investigated conditions. Only for low heat demands 

and low brine temperatures, the parallel configuration performs better. The series configuration 

is not suitable for the connection to a DH system with high temperatures. Little heat can be 

added to the ORC due to the high temperatures of the DH system. The preheat-parallel 

configuration can perform better than the series and the parallel CHP for a few combinations of 

brine temperature and flow rate around the reference conditions. However, the increase in 

electrical power output is small (<2%). In addition, the electrical power output of the HB4 

configuration is always higher than that of the preheat-parallel configuration.  

In general, we can conclude that the optimal CHP plant has always higher exergetic plant 

efficiency than the pure electrical power plant, for the investigated brine and DH system 

conditions. This means that we can use the low-temperature geothermal source more efficiently 

and that we can make low-temperature geothermal projects more attractive. 
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