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ABSTRACT  

The adopted Energy Efficiency Directive stresses the 
importance of using excess heat as a way to reach the EU 
target of primary energy consumption. Utilization of 
industrial excess heat may result in decreased energy 
demand, CO2 emissions reduction, and economic gains. In 
this study, an energy systems analysis is performed with the 
aim of investigating how excess heat should be used, and 
the impact of global CO2 emissions. The manner in which 
the heat is recovered will affect the system. The influence of 
excess heat recovery and the trade-off between heat 
recovery for heating or cooling applications and electricity 
production has been investigated using the energy systems 
modeling tool reMIND. The model has been optimized with 
regard to system cost. The results show that it is favorable 
to recover the available excess heat in all the investigated 
energy market scenarios, and that electricity production is 
not a part of the optimal solution. The trade-off between 
utilization of excess heat in the heating or cooling system 
depends on the energy market prices and the type of heat 
production. The introduction of excess heat also reduces 
the CO2 emissions in the system for all the studied energy 
market scenarios.   

 
Keywords: industrial excess heat, energy systems 

modeling, CO2 emission reduction, heat recovery, electricity 
production  

NOMENCLATURE  

Abbreviation 
HOB  Heat-only boilers 
CHP  Combined heat and power plant  
COP  Coefficient of Performance  
DC  District cooling 
DH  District heating 
EED  Energy Efficiency Directive  

EMS  Energy market scenario 
EU  European Union  
GHG  Greenhouse gases  
MILP  Mixed Integer Linear Programming  
MIND Method for analysis of INDustrial energy 

systems 
ORC  Organic Rankine cycle  

1. INTRODUCTION 

In the work to counteract the unsustainable use of the 
world’s resources and climate change, the European Union 
(EU) launched the “20-20-20 objectives” in 2008. One of the 
EU targets is to reduce the use of primary energy with 20% 
coming through energy efficiency measures. [4] The 
adopted Energy Efficiency Directive (EED) raises the 
importance of using excess heat as a way to reach the EU 
target [5]. Efficient use of resources can reduce the use of 
primary energy and reduce the emissions of greenhouse 
gases (GHG); and one way to achieve this could be the use 
of available industrial excess heat. Industrial excess heat is 
heat generated as a byproduct from industrial processes. 
The heat is not used today, but could be used to create 
benefits either for the industry holding the excess heat or 
for society.  

The use of industrial excess heat can be seen as a well-
established concept and has been implemented in several 
industries. Efficient use of resources can be from both 
internal and external improvements, and there are several 
options for utilization of these unused heat resources [3]. 
First, it is important to reduce the amount of excess heat 
from industrial processes. Then, heat recovery can be done 
in the processes in which it arose, used for other internal 
applications, or for external use. Excess heat can either be 
recovered as heat, or the energy can be used for generating 
electricity. The use of excess heat may result in decreased 
energy demand, reduced CO2 emissions, and economic 
gains. [22] 
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2. AIM OF THE STUDY  

The overall aim of this paper is to perform an energy 
systems analysis in order to recognize implications of future 
heat recovery (e.g., district heating deliveries) and 
electricity generation (e.g., through Organic Rankine cycle, 
ORC) from industrial excess heat. A large number of factors 
(e.g., what the heat replaces) influence how the system is 
affected and several factors have therefore been analyzed. 
The optimization tool, reMIND [8], is used to minimize the 
system cost for the different factors that are altered. By 
using this method, the changes occurring in the energy 
system and its boundary conditions can be analyzed. The 
aim has been to investigate how industrial excess heat 
should be used to reduce system costs. The aim has also 
been to study the effects on global CO2 emissions due to 
excess heat recovery.  

3. METHOD  

3.1 CASE STUDY 

A case study was conducted to investigate the 
implications of industrial excess heat utilization. The energy 
system and the consequences for excess heat utilization 
were studied using energy systems modeling. Even though 
there are examples of utilization of industrial excess heat, 
there are still large untapped potentials. A questionnaire 
was sent to the producing companies with the highest 
environmental impact (according to the classification in 
constitution 1998:899 [13]) in Gävleborg County, Sweden in 
spring of 2012 [3]. The county holds a large share of energy 
intensive industry (e.g., pulp and paper, and steel 
industries) and the annual use of energy within this sector 
(2010) adds up to approximately 11.2 TWh [18]. The firms 
answering the questionnaire reported a total untapped 
industrial excess heat potential of approximately 1 
TWh/year corresponding to approximately 8.9% of the 
energy input in the industrial sector. The heat could be 
found in different energy carriers (e.g., water, flue gases, 
and air) and the temperature of the heat ranged from 45 – 
275°C. The manner in which the excess heat is recovered 
will affect the system, e.g. the CO2 emissions. Though the 
purpose is not to fully reflect this county, the study is based 
on the industrial excess heat potential in water, flue gases, 
and air in Gävleborg County. However, it is assumed that 
the potential is the actual potential available for the heat 
recovery technologies in this study.  

3.2 THE MIND METHOD 

The studied system models are constructed using the 
energy systems modeling tool reMIND, based on the MIND 
method (Method for analysis of INDustrial energy systems). 

The MIND method has been developed for optimization of 
dynamic industrial energy systems and uses mixed integer 
linear programming (MILP) to minimize system costs 
(system costs include e.g., energy costs and raw materials). 
reMIND can be used for several purposes. For example, it 
can be used to find the optimal structure of an industrial 
energy system, and/or to find the optimal flow distribution 
in a fixed structure, and be used to investigate changes 
occurring in an industrial energy system or its boundary 
conditions. The structure of the energy system is 
represented in a graphical interface as a network of nodes 
and branches. The branches represent flows of energy or 
materials while the nodes represent conversion processes 
of energy and materials. The number of nodes and branches 
depends on the complexity of the system. Variations in the 
energy system such as energy prices or production 
processes during the optimization period, for instance, can 
be represented in the model as a number of time steps. [8] 
The tool has been used in several industries (e.g., pulp and 
paper, forest, automobile manufacturing, and chemical) to 
study both economic and environmental aspects (e.g., CO2 
emission impact) [10] [19] [24]. 

3.3 ENERGY MARKET PRICES AND CO2 EMISSIONS  

To evaluate the global CO2 emission consequences of 
utilization of industrial excess heat in the system studied, 
the model has been optimized using six different future 
energy market scenarios (EMS-1 – 6) for 2030. More robust 
results can be obtained by using consistent scenarios 
predicting possible cornerstones of the future energy 
market. The ENPAC tool has been used to construct the 
scenarios; for a detailed description of the tool see 
references [1] and [2].  

The scenarios are based on high and low fossil fuel prices 
combined with different CO2 charges (input prices in the 
tool are taken from the scenarios presented in World 
Energy Outlook 2011). Based on these prices, the scenarios 
assume different marginal production technologies for 
electricity production and the marginal user of biomass. The 
marginal production for each scenario determines the 
corresponding CO2 emissions to electricity and fuels. The 
electricity market is put in a European context while the 
heat market is put in a Swedish context (average values are 
used for these markets). In addition, the size of the district 
heating (DH) system affects the heat production. A large DH 
system is more likely to use CHP plants in heat production. 
This study considers two potential systems: a DH system 
based on heat-only boilers (HOB) (mainly bio-HOB), and a 
system based on a combined heat and power (CHP) plant 
(mainly bio-CHP and bio-HOB). An overview of the energy 
market scenarios used in this study can be seen in Table 1. 
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Table 1 An overview of the possible future energy market 
scenarios modeled (EMS-1 – 6).  

EMS 1 2 3 4 5 6 

Marginal user of 
biofuel  

FT FT Coal FT FT Coal 

Build marginal 
technology for 
electricity 
production  

Coal Coal NGCC Coal Coal  NGCC 

CO2 effect from 
marginal 
electricity 
production 
(kg/MWhel) 

714 714 340 714 714 340 

DH system Bio-
HOB 

Bio-
HOB 

Bio-
HOB 

Bio-
CHP 

Bio-
CHP 

Bio-
CHP 

CO2 emission 
reduction if 
industrial excess 
heat is exported 
to a DH system 
(kg/MWhheat) 

155 155 381 -24 -24 358 

Price 
(EUR/MWhfuel/el) 

      

Electricity (incl. 
CO2 charge) 

68 67 86 68 67 86 

Biomass 39 34 41 39 34 41 

Coal (incl. CO2 

charge) 
24 23 35 24 23 35 

Natural gas (incl. 
CO2 charge) 

48 46 49 48 46 49 

Oil (incl. CO2 

charge) 
83 74 75 83 74 75 

Coal (excl. CO2 

charge) 
13 12 9 13 12 9 

Natural gas 
(excl. CO2 

charge) 

41 39 33 41 39 33 

4. EXCESS HEAT RECOVERY TECHNOLOGIES  

External use of industrial excess heat has been modeled 
and the system optimized in order to investigate the trade-
off between using different technologies for excess heat 
utilization. Three commercial technologies have been 
studied: District heating, heat driven district cooling (DC), 
and electricity production through Organic Rankine cycle.   

District heating: DH systems are used to supply buildings 
with heat from a collective heating system. The thermal 
energy can be obtained from different sources, industrial 
excess heat being one of them. Today, several DH grids in 
Sweden already accept excess heat [20]. Depending on the 
for example the heat load demand, the water temperature 

in the DH system varies. The supply temperature ranges 
from 70-120°C, and the return water temperature from 40-
65°C. [6] Depending on the excess heat temperature, it can 
either be fed into the DH system directly or it must first be 
upgraded.   

District cooling: In contrast to compression chillers that 
are driven with electricity, absorption chillers use heat in 
the cooling processes. Only a small proportion of electricity 
is needed for pumping (2% of the produced cooling). [12] 
Absorption chillers are suitable for water-distributed 
cooling, and they have a coefficient of performance (COP) 
of about 0.7 [16] (compared to compression chillers which 
normally have a COP of 2 [19]).  

Organic Rankine cycle: In the ORC, heat is used for 
electricity production when the expanded working medium 
passes a turbine. The Rankine cycle uses water as a working 
medium and requires an excess heat source of 240°C or 
higher. The lower boiling point of the working medium in 
ORC (organic fluids as working medium) allows that low-
grade excess heat can be used (>30°C). However, the 
efficiency depends on the temperature of the excess heat 
source. [11] [23] 

5. MODEL DESCRIPTION  

The general structure of the model is displayed in Figure 
1. The arrows represent possible flows in the model and the 
dashed line represents the system boundary. The system 
boundary is drawn so that the system includes the sources 
of excess heat derived from the excess heat recovery study 
[3] (see Table 2), the excess heat recovery technologies 
studied (DH, absorption chiller and ORC), and the 
alternative heat or electricity source used to cover the 
heating and cooling demand if the heat recovery technology 
is not implemented. The cooling demand will be covered 
with compression cooling, and the heat demand with 
boilers (EMS-1 – 3), or CHP plants and boilers (EMS-4 – 6). 
The system also uses electricity and may use fuels and 
produce electricity. When optimizing the model, the 
optimal solution for excess heat recovery under the given 
circumstances is obtained.   

The excess heat in the system is assumed to be free of 
charge. The total power of excess heat is approximately 125 
MWheat. The year is divided into three periods: T1 – 
autumn/spring (April, May, October, and November; 2674 
hours); T2 – winter (January, February, March, and 
December; 2652 hours); and T3 – summer (June, July, 
August, and September; 2674 hours). The heat and cooling 
demand for the period autumn/spring is set to the 
maximum power of the available excess heat. The heat 
demand for summer and winter is, based on autumn/spring 
demand, recalculated using data from the regional heat 
market study [9]. In other words, the summer heat load is 
lower, and the winter heat load is higher than the 
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autumn/spring load; this assumption follows the heat load 
data in the regional heat market study [9]. The cooling 
demand for winter and summer is calculated using the same 
factors, but on the contrary. The use of different heat and 
cooling loads allows studying differences between scenarios 
where there is no need for the full untapped potential and if 
the heat/cooling load is higher than the supply of excess 
heat flows.     

 

Figure 1 The general structure of the model. 

Table 2 Industrial excess heat potential in Gävleborg County 
divided into heat carrier and temperature (approximate 

numbers). 

Temperature (°C)  Heat carrier (GWh/year) 

Water Flue 
gases 

Air  

45 - - 0.00003 

50 150 - - 

55 1 - - 

60 169 - 41 

65 76 - - 

75 - 3 - 

95 2 - - 

100 68 - - 

165 - 352 - 

275 - 61 - 

Not specified  70 0.06 - 

 
To calculate the electricity price variations during the 

three periods, electricity price data (2012) from Nord Pool 
Spot was used [14]. A factor that describes the fluctuations 
over the given periods has been calculated using this data. 
The electricity prices in the different scenarios have then 
been recalculated for the three periods using this 
fluctuation factor (autumn/spring is assumed to hold the 
electricity price listed in Table 1). The same electricity prices 

are used for sold electricity produced in the ORC or CHP 
plants (sold electricity reduces the system cost) since it is 
assumed to reduce the amount of purchased electricity.  

The DH and DC prices are not included in the model since 
it will not affect the model solution due to the fixed heat 
and cooling demand for each period. The heat production 
follows the Swedish mix presented in the ENPAC tool [1], 
[2]. EMS-1 – 3 represent a DH system based on mainly bio-
HOB (and a small share of coal-HOB, NG-HOB, and oil-HOB) 
while EMS-4 – 6 represent a DH system based on mainly 
bio-CHP and bio-HOB (and a small share of coal-CHP, NG-
CHP, coal-HOB, NG-HOB, oil-HOB, and heat pump). It is 
assumed that the heat production mix is the same 
throughout the three periods due to monthly variations. 
Prices for fuels used in boilers include tax while prices for 
fuels used in CHP plants do not, according to the Swedish 
taxation system [21].  

The technical data for the modeled technologies can be 
found in Table 3. The model uses a temperature 
requirement of the heat source of 10°C above the 
temperature requirement for each technology (heat pump 
will in some cases be used to meet the requirements). The 
temperature of the heat source will be pumped to the 
lowest temperature requirement for each technology, and a 
theoretical COP value is used. Technical data regarding the 
boilers and CHP plants in the DH system is derived from the 
ENPAC tool [1], [2], and can be found in Table 3. 

Table 3 Input data to the model. 

Model input Number Reference  

Temperature 
requirement DH  

90°C [6] 

Temperature 
requirement abs. chiller 

90°C [17] 

Temp requirement ORC 50-150°C 
>250°C 

[15] [23] 

ηORC  8.4% (50-150°C) 
20% (>250°C) 

[7] [23] 
 

COP abs. chiller  0.7 [16] 

COP comp. chillers 2 [19] 

Bio-CHP alpha=0.45 
η=1 

[1] [2] 

Coal-CHP alpha=0.55 
η=0.88 

[1] [2] 

NG-CHP alpha=1.04 
η=0.9 

[1] [2] 

Heat pump COP=3 [1] [2] 

Bio-HOB η=0.95 [1] [2] 

Coal-HOB  η=0.9 [1] [2] 

NG-HOB η=0.92 [1] [2] 

Oil-HOB η=0.9 [1] [2] 
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Figure 2 Heat supply in the district heating system for EMS-1 – 6 divided into periods T1 – T3.  

 

 
Figure 3 Cooling supply in the district cooling system for EMS-1 – 6 divided into periods T1 – T3. 
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6. RESULTS AND ANALYSIS  

This section first covers the system analysis of excess 
heat recovery and electricity production in the system. 
Finally, the consequences of the observed system on global 
CO2 emissions will be studied. 

6.1 EXCESS HEAT UTILIZATION 

In all the scenarios studied and throughout the three 
periods, all the available industrial excess heat is used in the 
system. The trade-off between using excess heat in the 
different measures modeled is illustrated in both Figure 2 
and Figure 3.  

No excess heat passes through the ORC, and so no 
electricity is generated there. The revenue from electricity 
produced and sold in the ORC is not as large as the system 
benefits when the heat is used in the DH and DC system. All 
the industrial excess heat is either used in the DH system or 
used to generate cooling delivered in the DC system. The 
heat and cooling load varies throughout the year, which is 
illustrated with the three periods T1, T2, and T3. The 
available excess heat during these periods is also shown in 
both Figure 2 and Figure 3.  

In EMS-1 – 4, the excess heat is prioritized for heat 
deliveries in the DH system in all periods. Due to the lower 
heat demand in T3, not all the available excess heat is 
delivered to the DH system and excess heat is also used for 
cooling production. No CHP plant covers the heat demand 
in the system in EMS-1 – 3, and hence no electricity can be 
produced and sold in these scenarios. The high price of bio-
fuel combined with a moderate electricity price in EMS-4, 
makes the bio-fueled CHP plant less profitable than in EMS-
5 – 6. As a consequence, excess heat is used in the DH 
system in this scenario.  

As in EMS-1 – 3, the heat demand in EMS-5 – 6 in 
period T3 is covered with excess heat. This is due to T3 
being the period with the lowest electricity price, as well as 
electricity sold in this period generating lower revenues 
than in T1 – T2. Since there are additional excess heat 
resources in T3, the rest of the potential will be used in the 
absorption cooling.  

In T1 EMS-5, all the available excess heat is used in the 
DH system. This period holds an intermediate level of heat 
and cooling load as well as electricity price and a low price 
of bio-fuel. The revenue from the electricity sold from the 
CHP plants exceeds the cost of bio-fuel and electricity 
needed in the cooling production. The high electricity price 
in T2 EMS-5 together with the low price for bio-fuel results 
in the cooling demand being covered with excess heat, and 
only the surplus heat is used in the DH system.  

In EMS-6 during T1 – T2, the excess heat deliveries 
prioritize cooling production in the absorption chiller. In this 
scenario, the price of bio-fuel is high and T1 holds a high 

electricity price while in T2 the price is in the middle level. 
The cost for electricity use to cover the cooling demand 
with compression cooling is higher than the cost to cover 
the heat demand with a bio-CHP plant.  

The results show no clear pattern regarding which 
excess heat flows (the available excess heat flows can be 
seen in Table 2) should be used for the different measures. 
Low-temperature heat flows as well as high temperature 
heat flows are used for heat deliveries as well as cooling 
production. The temperature requirement of DH deliveries 
and for the absorption cooling is equal (90°C, see Table 3). 
The temperature requirement for ORC differs from these 
technologies (50 – 150°C and >250°C, see Table 3), and so if 
this technology had been implemented, this might have 
affected the heat flows.  

6.2 ELECTRICITY PRODUCED 

The amount of electricity produced in the different 
scenarios is shown in Figure 4. Since no excess heat passes 
through the ORC in neither of the scenarios and EMS-1 – 3 
does not have any CHP plants in the DH system, the figure 
only covers EMS-4 – 6.  

 

Figure 4 Electricity production, EMS-4 – 6 divided into T1-
T3. 

The electricity production follows the pattern of excess 
heat use to cover the heat load in the system. The use of 
excess heat in EMS-4 – 6 leads to a decreased electricity 
production within the system compared to if the systems’ 
heat load would be covered with heat from the CHP plants.  

The heat and cool load in T1 is intermediate as is the 
electricity price as well. The price of bio-fuel also affects the 
electricity production. The highest heat load in the system is 
during T2. In all three scenarios, electricity is produced in 
this period. The available excess heat does not cover the 
high heat load and hence heat must be produced in the CHP 
plants. As shown in the figure, no electricity is produced 
during T3 in either of the scenarios. This period holds the 
lowest heat load and has the lowest electricity price; this 
results in electricity sold during this period generating lower 
revenues compared to the other periods.  
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6.3 CO2 EMISSIONS EVALUATION 

The global CO2 emission impact is calculated assuming the 
marginal emissions for electricity and biomass according to 
the energy market scenarios (see Section 3.3). The effect on 
global CO2 emissions can be seen in Figure 5. The figure 
shows the delta CO2 emissions compared to if no excess 
heat was used within the system. The use of the available 
industrial excess heat reduces the global CO2 emissions in all 
the studied scenarios. The size of the reduction differs 
between the scenarios.  

 

Figure 5 Carbon dioxide emission reductions in the system 
for EMS-1 – 6. The graph illustrates the delta CO2 emissions 

compared to if no excess heat was used in the system. 

Depending on the use of excess heat, fuels, and 
electricity, the CO2 emissions will vary. Produced electricity 
within the system is assumed to replace marginal electricity 
and thereby an increase in electricity production will result 
in lower CO2 emissions. In addition, the use of excess heat 
in the DH system reduces the CO2 emissions; however, less 
electricity will be produced in the system than if the DH 
system uses CHP plants for heat production. The use of 
excess heat in the DC system reduces the need for 
electricity to fulfill the cooling load. As a consequence, the 
CO2 emission reduction follows the results presented in 
Section 6.1 and Section 6.2.  

EMS-1 – 3 do not include CHP plants in the DH system, so 
introducing excess heat in these scenarios does not affect 
the electricity production. The use of excess heat will 
reduce the need of fuel in the DH system as well as the 
amount of electricity needed for cooling production. The 
difference between EMS-3 and EMS-1 – 2 arises from the 
build marginal technology for electricity production (NGCC 
instead of coal) and the marginal user of biomass (co-
combustion in coal power plants instead of biofuel 
production) differs between the scenarios. 

The heat production in EMS-4 – 6 arise primarily from bio-
CHP. The use of excess heat in these scenarios will therefore 
affect the electricity production. Looking at two of the 

periods (T1, T2) in EMS-4 and one period (T1) in EMS-5, the 
global CO2 emissions increase, although the emissions 
reduce during the year overall. During these periods, the 
whole excess heat potential is used in the DH system, 
eliminating (T1) and reducing (T2) the electricity production. 
The marginal use of biofuel and the build marginal 
technology for electricity production is equal with EMS-3 
(NGCC and co-combustion in coal power plants), explaining 
the higher emissions reduction in EMS-6 compared to EMS-
4 – 5.  

7. CONCLUDING DISCUSSION  

The study is based on the untapped excess heat 
potential as reported in a questionnaire that was sent to the 
producing firms with the highest environmental impact in 
Gävleborg County. The questionnaire aimed at identifying 
the amount of untapped excess heat, that is, the excess 
heat recovered today (e.g., delivered to the DH network) is 
not included. The response rate in the study was 33%. Due 
to these two factors, the total amount of excess heat 
among the studied industries in the county (including the 
already recovered heat flows) is likely to be larger than 
what is reported in this paper.  

The energy system analysis and modeling of untapped 
heat potentials, also referred to as industrial excess heat, 
show that it is advantageous to use the available heat in the 
DH and/or DC system, independent of which scenario is 
used to analyze the system. The use of excess heat for 
electricity production using ORC shows it is not the most 
profitable; the efficiency of this technology (8.4-20%) is 
likely too low to be a part of an optimal solution. Further 
development of this technology may make this application 
attractive in the future, as in its use with low temperature 
heat flows, for example. The introduction of excess heat 
reduces the system cost since it reduces the need of fuels in 
the DH system and/or electricity in the DC system. As a 
consequence of excess heat deliveries to the DH system, the 
systems electricity production decreases in the cases where 
the heat system is based on CHP. If the heat production in 
the DH system is not based on CHP, the most profitable 
solution is to recover the heat in the DH system.  

Studying the results from the scenarios where the DH 
system is based on CHP, the following can be inferred: A low 
electricity price affects the system by favoring excess heat 
recovery in the DH system since the profit to replace fuels 
used in the heat production exceeds the profit of sold 
electricity. The combination of a high electricity price and a 
low bio-fuel price on the other hand, favors heat recovery in 
the DC system. When the price of bio-fuel is high combined 
with a moderate or high electricity price, it is harder to 
predict the optimal method of heat recovery.   

The introduction of excess heat reduces not only the 
system cost, but also the global CO2 emissions. Single 
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periods result in increased CO2 emissions due to the 
reduced electricity production in the CHP plants. This 
reduction in electricity production has to be covered with 
marginal electricity production, which results in increased 
CO2 emissions. However, the CO2 emissions are reduced in 
all the scenarios studied compared to if no excess heat was 
introduced and recovered in the system. The magnitude of 
the reduction depends on what application the heat is used 
for, that is, what the heat ultimately replaces. The CO2 
emissions are reduced due to the reduced use of electricity 
in the DC system, and the reduced use of fuels in the DH 
system.   

It is important to note that the results of this study are 
the outcome of the assumptions made in the model (see 
Section 5). In addition, it is hard to predict future energy 
prices and, therefore, robust energy market scenarios for 
2030 were used: three scenarios each for two different DH 
systems. Despite this, the study implies the benefits that 
come with excess heat recovery. Even though the study is 
based on the excess heat potential in Gävleborg County, the 
aim is not to analyze and picture the specific situation in 
that county. The heat market can be looked upon as local, 
so a Swedish mix in the heat production is used in the 
model. It is assumed that by 2030 there will be a European 
electricity market, and hence a European approach has 
been used. Electricity prices are based on the prices derived 
from the scenarios; however, individual firms – the sources 
of excess heat – may have more favorable electricity prices 
not taken into account in this study. The impact of support 
for renewable electricity production, in this case in the ORC, 
is not investigated and would be interesting to look at in a 
future study. In this study, the year has been divided into 
three periods representing the energy price fluctuations 
during a year. No period is included in the model that 
describes the short period of the year where the 
heat/cooling demand peaks. Instead, average loads for 
three periods were modeled since it is assumed not to be 
profitable to invest in these measures for such a short 
period as the peak periods.     
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