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Abstract 

In Sweden, as many other European countries, centralized large-scale electricity production 

has traditionally been used to meet the electricity and heat demand. During recent years 

however, small-scale producers have gained more ground and contributes more to the total 

electricity generation. Industrial systems such as sewage plants and small-scale district 

heating plants both have potential thermal power sources available and utilizing this to 

generate electricity could be an important contribution towards increasing the ratio and 

effectiveness of renewable energy sources and reduce the primary energy supply. The potential 

of the Organic Rankine Cycle has been acknowledged by many, with commercial development 

increasing exponentially during the recent decades. Unlike the traditional Rankine cycle which 

uses water as a working fluid, the ORC uses a refrigerant with a lower evaporation 

temperature, which makes it possible to produce electricity from heat of lower temperatures.  

 

This thesis has through reading literature and plant visits analyzed the effect of implementing 

an operation strategy at two different plants where ORCs has been installed. One wastewater 

treatment plant in Norrköping and one combined heat and power plant in Ronneby, Sweden. 

The operation strategy includes moving production of electricity to high demand hours as well 

as analyzing options for increasing the efficiency at the plants. In addition, this thesis also 

includes a questionnaire made in order to analyze what obstacles and motivations that affect 

the willingness to invest in ORC technology in Sweden. The result from this provides useful 

information for future work in order to see an increased establishment of the ORC on the 

Swedish market.  

 

The results show that by implementing an operation strategy at plant Norrköping the avoided 

electricity and heat cost from installing the ORC could be increased by 47% and the avoided 

emissions increased by 436%. For plant Ronneby the avoided electricity cost could be 

increased by 8% and the avoided emissions increased by 31%. 

 

The questionnaire shows that different plants have different prerequisites and viewpoints 

when it comes to investing in ORC technology. This can for example be differences in budget 

for investments, the workload of the employees or if there is available fuel to run the ORC. 

From this finding it becomes clear that if one wish to see an increase in ORC technology in 

today’s industry, it becomes vital to look at each individual plant and assess the situation from 

there. However, a trend shows that the reduced electricity cost and the reduction in global 

emissions are two strong motivations for heat plants and wastewater treatment plants to 

invest in ORC systems. 

 

Keywords: ORC, Operation strategy, emissions, profitability, wastewater treatment, CHP. 

  



 
 

Acknowledgement 

This work would not have been possible without the help from several people. First and 

foremost, I would like to thank my supervisor Igor Cruz for the guidance and knowledge he 

has provided throughout the work. I would also like to thank Joakim Wren and Elin Ledskog 

at Againity and my examiner Ingrid Andersson for their support. I must also take this 

opportunity to thank Emma Fälth and the personnel at NODRA for providing me with data 

and information from the company. Last but not least, I would like to thank my opponents 

Elina Sahlström and Sofie Thomée for their helpful feedback and support.  

 

This thesis marks the end of five year studies at Linköping university, and it is with great pride 

I present this work to you, the reader. I hope you will find it as interesting to read as I have 

enjoyed writing it. 

 

“The nation that leads in renewable energy will be the nation that leads the world” 

 – James Cameron 

  



 
 

Nomenclature 

 

𝜂𝑡𝑜𝑡 Total efficiency - 

�̇�𝑡 Turbine, electric output W 

�̇�𝑝 Pump, electric input W 

�̇�𝑒𝑣𝑎 Evaporator, heat input W 

�̇�𝑐 Condenser, heat output W 

�̇�𝑡 Volume flow 𝑚3/𝑠 

𝜌 Density 𝑘𝑔/𝑚3 

𝑐𝑝 Specifik heat capacity 𝐽/(𝐾𝑔𝐾) 

𝐸 Produced electricity Wh 

𝐾 Avoided cost 𝑆𝐸𝐾 

𝐶 Avoided emissions 𝑘𝑔 𝐶𝑂2 𝑒𝑞𝑢𝑖𝑣𝑎𝑙𝑒𝑛𝑡𝑠 

 
Acronyms 

 

GWP Global warming potential 

CHP Combined heat and power 

ORC Organic Rankine Cycle 

CBG Compressed biogas 

 

Subscripts 

 

HL High load 

O Other times 
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1.  Introduction 

The government of Sweden has made goals, saying that electricity produced in Sweden will by 

the year of 2040 consist of 100% renewables and that by the year of 2030 energy efficiency 

will be increased by 50% compared to 2005 (Regeringskansliet, 2018). Regarding greenhouse 

gas emissions the aim is that the net emissions will be at zero by year 2045 

(Energimyndigheten, 2018). The energy sector will play a vital part in working towards these 

goals, both in developing and expanding renewable energy solutions but also in increasing the 

efficiency of energy usage. In Sweden, as many other European countries, centralized large-

scale electricity production has traditionally been used to meet the electricity and heat demand 

(Altmann, 2010). During recent years however, small-scale producers have gained more 

ground and contributes more to the total electricity generation (Altmann, 2010). The purpose 

of this is, among other things, to increase the ratio and effectiveness of renewables and reduce 

primary energy supply. Using sources of low-grade heat, such as excess heat from industries 

to generate electricity is one way of doing so. Broberg et al. concluded in Industrial excess heat 

deliveries to Swedish district heating networks: Drop it like it’s hot (2012) that 2 TWh of 

unused excess heat is generated in Sweden every year, which is 6% of the total heat demand 

for houses in Sweden (Energimyndigheten, 2019), and utilizing this could therefore make a 

noticeable impact in achieving a more sustainable society. 

 

Industrial systems such as sewage plants and small-scale district heating plants both have 

potential thermal power sources that could be utilized. How it should best be used is a topic 

with several suggestions, where the Organic Rankine Cycle (hereinafter called ORC), Goswani 

Cycle and the Kalina Cycle are just a few thermodynamic cycles that could be used to generate 

electricity from the heat source (Chen, Yogi Goswami, Stefanakos, 2010). The potential of the 

ORC has been acknowledged by many, with commercial development increasing exponentially 

during the recent decades (Landelle, 2017). Unlike the traditional steam cycle which uses 

water as a working fluid, the ORC uses a refrigerant with a lower evaporation temperature. 

Other than that, the ORC is a non-complex system with relatively low investment and 

maintenance cost (Chen, Yogi Goswami, Stefanakos, 2010). 

 

Even though there is no shortage of literature within the subject of ORC and its potential, for 

example studies analyzing the feasibility of ORC in different scenarios (Macchi, 2017), few 

researchers have gone beyond the stage of simulations and done actual experimental research 

in a real industrial environment. In the article Techno-Economic Analysis of Waste Heat 

Recovery with ORC from Fluctuating Industrial Sources (2017), Pili R et al. confirms the large 

potential of using ORC in a European industrial context but that there is a need to showcase 

the economic benefits as well as the environmental. Furthermore, the authors present that this 

will highly be dependent of the system context that the ORC will be installed in. For example, 

the efficiency will vary depending on the mass flow rate and the stability, amount and 

temperature of the heat source (Pili R et al., 2017).  Another aspect to consider is not only if 

an ORC system should be used as a way of producing electricity from low grade heat, but also 

how and when it should be used. Because of marginal electricity pricing, using electricity when 

the demand is low or similarly producing electricity when the demand is high could have 

economic and environmental benefits (Greer, 2012). 
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In order to see an increased establishment of the ORC on the Swedish market it is important 

to understand what affects the willingness to invest in the technology in the first place. 

Karasmanaki, Galatsidas & Tsantopoulos (2019) writes in a report that a questionnaire aiming 

to explore the willingness towards investing in renewable energy sources could be useful to 

policymakers, developers and marketers, as it helps to determine what obstacles that exists 

and what topics to focus on when both pitching and developing new technologies. One aim of 

this thesis is to bring this finding into realization.  

 

This master thesis is written as part of a larger project whose aim is to research the efficiency 

of biofueled electricity production using the ORC in waste and heat plants. The project is a 

collaboration between Energiforsk, Linköping university and Againity AB (hereinafter called 

Againity. A figure describing the general layout of the project can be seen in Figure 1. To fulfill 

the goal of this thesis and to answer its research questions two facilities using the ORC 

technology will be studied: A sewage treatment plant located in Norrköping and a small-scale 

district heating system in Ronneby. The thesis will approach ORC-systems at a system level, 

analyzing both how the ORC runs by itself but also how it affects the rest of the system, and 

how an operation strategy can be formed to run the ORC during certain times of the day, 

maximizing economic and environmental benefits. The method that will be used includes 

reviewing relevant literature, doing plant visits and speaking with people that has knowledge 

of the subject. Through all this, the author hopes to support the establishment of ORC 

technology on the market. 

 

 
Figure 1. The project is a collaboration between Againity AB, Linköpings university and Energiforsk. Againity 

contribute to the project through knowledge resources and gives access to facilities where ORC installations have 

been made. Researchers at Linköpings university perform the study and writes the report. Energiforsk is leading 

the project and oversees the work. 
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1.1 Aim and scope 

This report aims to investigate the potential of ORC to generate electricity in a Swedish system 

context. It is going to examine economic and technical circumstances that affect the 

introduction ORC technology in existing systems for heat production and waste heat/energy 

recovery. To fulfill this, the following research questions have been formulated. 

 

1.1.1 Research questions 

1. What are the economic and environmental benefits achieved through installation of 

ORC at plant Norrköping and Ronneby? 

2. How can ORC operation strategy be applied at plant Norrköping and Ronneby to 

increase economic benefits on a local level, and environmental benefits on local and 

system level? 

3. How does economic, environmental and technical aspects impact the willingness to 

invest in ORC-systems? 

 

1.1.2 Delimitations 

Power generation from ORC systems gives upholds to avoided production of electricity 

elsewhere. When regarding the environmental benefits this has many and diverse benefits. 

For example, if assuming that the produced electricity from the ORC avoids electricity 

produced from nuclear power plants, then mining for uranium and the effect that is has on the 

environment as well as the nuclear waste that is being produced can be avoided to some 

degree. In this report however, the only environmental aspects that will be analyzed is climate 

impact. The reason for this is because it is seen as one of the most urgent environmental 

challenges facing todays’ society. Another reason is because electricity production is one of the 

major contributors to the increasement of greenhouse gas emissions in the atmosphere. 

 

This thesis will not have a detailed focus on the technical aspects of the ORC, but rather 

approach it on a system level. Therefore, no suggestions regarding how each component of the 

ORC can be improved will be presented and the ORC will be treated as a black box with inputs 

and outputs. Since each analyzed day will be divided into four time intervals; high peak, low 

peak, high valley and low valley it will be vital to use data samples with minute-intervals. 

Because of this, only one week worth of data from four different months (three in the case of 

Ronneby) will be analyzed in order for the work to be more manageable. Plant Ronneby will 

in this thesis be given a smaller focus than plant Norrköping. The reason for this is because of 

lack of data relevant for the research questions. For example, when forming the operation 

strategy at plant Norrköping a complete rework will be made from how the ORC is operating 

in its current state. In the case of plant Ronneby however, the operating hours of the ORC will 

simply be shifted to more beneficial hours of the day. Implementing improved cooling options 

for example is out of scope and will not be analyzed.  

 

Research question number three is expressed in such a way that it could be referring to systems 

outside of Sweden as well. However, in this thesis only Swedish representatives will be 

contacted. Furthermore, the amount of people contacted will be limited to how many 

representatives that can be found within reasonable amount of time. Also, important to add is 
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that only sewage treatment plants and heat plants will be contacted, as only these types of 

plants are relevant for other parts of the work. 

 

The author of this thesis is both happy and proud of the results that has been found. As in all 

situations, there are some parts that could have been done differently if the work would be 

made all over. This include having a larger data sample, include more environment categories 

and focusing more on plant Ronneby. However, after having discussed the results with people 

that has been involved throughout the work it is of common opinion that the thesis shows very 

interesting findings that will be used for future work.   
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2. Theoretical background 
In this chapter the theoretical background is presented. First, there will be a short introduction 

about small-scale electricity production in general which is followed by introduction of the 

ORC, how it fits in a system context and information about the components. After this, a 

section follows about how the performance is calculated and some information about criteria 

that needs to be fulfilled in order to do such calculations. Furthermore, a theoretical 

background about marginal electricity, marginal pricing and heat prices are presented which 

is followed by a section about the environmental impact. Lastly, some background information 

about the legal conditions affecting the ORC will be presented. 

2.1 Small-scale electricity production 

Europe is in a process of replacing nuclear and fossil-based electricity producers with 

renewable sources such as wind and solar (Oscarsson, 2017). In Sweden, according to Lindahl 

& Stoltz (2018), the amount of installed solar, or photovoltaics power increased by 50% from 

2016 to 2017. However, replacing predictable and stable electricity sources with producers that 

are sensitive to weather changes will also create a demand for plannable electricity production 

that can guarantee a steady supply all year (Oscarsson, 2017). In October 2015, Vattenfall and 

E.ON announced that five nuclear reactors will be closing soon, meaning a reduction of about 

30% of the nuclear electricity production (Byman & Koebe, 2016). In order to maintain a 

steady production of electricity, many wish to see this gap to be covered by production using 

biomass, as Sweden has a large proportion of forest throughout the country. Today, there exist 

about 450 district heating systems in Sweden, but only about 90 of these uses combined heat 

and power (Byman & Koebe, 2016). Introducing ways of producing electricity at these plants, 

as well as other types of plants could be important in order to fulfill the demand and at the 

same time supply a steady source of electricity that is not as highly dependent of changes in 

weather. 

2.2 ORC 

The Organic Rankine Cycle, or the ORC, functions as the conventional Rankine Cycle that uses 

steam in order to generate electricity. The main difference however is that the ORC does not 

use water as a working fluid, but instead a refrigerant with a lower evaporating temperature. 

The technique otherwise is simple: Hot water from a boiler passes through the ORC 

evaporator. The evaporator transfers heat to the working fluid within the ORC, which then 

phase changes from liquid to gas form. The gas runs a turbine which then produces electricity 

(Ledskog, 2019). The heat that remains after the turbine can be used for other purposes. 

According to Macchi (2017), there is no technology better suited for generating electricity from 

low/medium (80-400°C) temperature heat sources of limited capacity than the ORC. He states 

that the advantages of ORC’s are that the working fluid can be chosen depending on 

surrounding system characteristics. This in turn allows for a cheaper turbine design and 

construction than for example a traditional steam cycle. Some of this advantage derives from 

the characteristics of the saturated vapor curve in a T-s diagram. Macchi (2017) describes that 

molecule complexity is one of the main influences on this, where low complexity yields a wet 

characteristics and high complexity yields isentropic and dry characteristics. In this context, 

Macchi describes molecular complexity as the number of atoms composing the fluids’ 

molecule. In Figure 2, the T-S diagram for wet, isentropic and dry working fluids are depicted. 
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Figure 2. Saturation curves for wet, isentropic and dry working fluids 

 

From the shape of the saturated vapor curves in Figure 2, it is made apparent that if the 

expansion is done from a state of saturated vapor, the working fluid does not condense during 

expansion for isentropic and dry working fluids. Through the cycle, temperature, pressure and 

entropy changes. The superheated Rankine cycle can be described as a cycle of 4 states, 

depicted in Figure 3. Between states 1 and 2, pressure is increased, which in turn leads to a 

slight increase in temperature. Moving from state 2 to 3, temperature of the fluid is increased 

until the saturation temperature is reached, where after evaporation begins to a superheated 

state. Between state 3 and 4, expansion is allowed, and mechanical work is extracted. Between 

4 and 1 heat is extracted and the saturated vapor is condensed into a saturated liquid state.  

Since the temperature at state 4 is higher than at state 2, the heat from the expander outlet 

can be used to preheat the working fluid after the pump. 

 

 
 

 

Figure 3. Working principle of the recuperated superheated Rankine cycle. 

2.3 The ORC in a system context 

As seen in Figure 3 the output from the ORC is energy in the form of electricity from the 

expander and heat from the condenser. The input needed is heat to the evaporator and some 

electricity needed to run the pump. On a system level, when the ORC is fueled by sources of 

fuel that would otherwise go to waste, or zero-emission sources such as biomass, every 

kilowatt-hour of electricity produced in the expander is avoiding one kilowatt-hour of 

electricity being produced elsewhere. In the same way, every kilowatt-hour of heat extracted 

from the ORC is contributing to lower use of fuel at a heat plant. Figure 4 shows how the ORC 

operates in relation to the system. 
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Figure 4. The ORC in a system level context. As shown, when the ORC is fueled by biomass then avoided 

production of electricity and heat arises and as a result, lower emissions. 

2.4 Components 

Even though the ORC may be the best choice of generating electricity from low grade heat 

sources, its capacity and efficiency is limited. First and foremost the theoretical maximum 

efficiency that can be achieved is still fairly low, which is proved through the ideal Carnot cycle 

(Astolfi, 2017) stating that even with the most optimal conditions the efficiency will always be 

limited by the temperature differences in the system (Andersson, 2012). On the other hand, 

the output of the ORC will also be restrained by key components within the system. 

Components such as expander and pumps will suffer efficiency losses when miniaturized such 

as in the ORC case. However, as previously mentioned, because of the low power output, the 

plant layout also becomes simpler than the traditional steam Rankine cycles, making it 

cheaper to operate and more flexible to use for different system conditions (Astolfi, 2017). In 

Techno-economic survey of Organic Rankine Cycle (ORC) systems the authors show that only 

about 12% of energy is lost in the system, including heat leakages in the boiler and pipes 

(Quoilin et al, 2013). Following this section, the components of the ORC are presented. 

2.4.1 Heat exchangers 

Heat exchangers are used in several steps within the ORC. Namely at the heat introduction 

process where it’s called ‘evaporator’, for heat release out from the system where it’s called 

‘condenser’ and in some cases when using a heat exchanger as a way of recover heat after the 

expander for internal re-usage (Astolfi, 2017). In this last case the heat exchanger is called 

‘recuperator’. Because of the low efficiency of the ORC, the heat exchanger must be chosen 

carefully. In general, there is a trade-off between sizing of the heat exchange surface and the 

economical aspect, since an increasing surface area benefits the performance of the heat 

exchanger, but also makes is more expensive (Astolfi, 2017). There are also different types of 

heat exchangers that can be used. In their article, Landelle et al. (2017) describes that in a 

selection of 100 ORC systems 73% of these used plate heat exchangers while shell & tube heat 

exchangers consisted of 15%. This implies that using plate might be the best option, which also 

is confirmed by Bracco et al. (2017) where it is stated that plate heat exchangers is beneficial 

for small scale electricity production, both in technical and economic terms, while shell & tube 

is preferred for larger machines.  
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2.4.2 Evaporator 

The evaporator is where heat is introduced into the system, exchanging heat from the heat 

source to a refrigerant within the ORC, which phase change from a liquid state to vapor form. 

In the ideal case the process is isobaric, meaning that the pressure is constant.  

2.4.3 Expander 

After the evaporator the working fluid, now in gas form, goes through the expander. Different 

types of expanders may be used depending on the power output of the ORC. Scroll expanders 

are preferred under 5kW, screw expander between 5 and 50kW and turbines above 50kW 

(Landelle et al., 2018). Common for all types of expander is that kinetic and static pressure is 

converted into mechanical work which powers a generator producing electricity. Because of 

low volume flow rates, turbines that are used in ORC, such as the case of Norrköping and 

Ronneby, are much less complex in being both being smaller and made from fewer 

components, making them a much cheaper alternative to steam turbines (Astolfi, 2017).  

2.4.4 Recuperator 

A recuperator can be used to further improve the efficiency of the ORC. The recuperator 

exchanges heat from the fluid after expander to the fluid before the evaporator. By doing so, it 

reduces the heat released to the environment in the condenser and limits temperature 

differences in the evaporator (Astolfi, 2017). As mentioned, installing a recuperator can lead 

to beneficial efficiency improvements but if the condenser waste flow is to be used for a 

different purpose, such as warm water usage within the plant it might be better not to use a 

recuperator. This is also an economical factor as heat exchangers are among the more 

expensive components within the ORC. 

2.4.5 Condenser 

A condenser can be called a reversed evaporator, where an external cooling medium, either 

cold water or a heat transfer fluid is being used. Cold water can be available from natural 

resources such as rivers, seas, lakes and boreholes while heat transfer fluid is used in 

conjunction with district heating (Astolfi, 2017). A condenser can also be air cooled, however 

because of air condensers needing a much larger cooling area for the same heat exchange as a 

water cooled condenser it is often much more expensive and therefore should only be used if 

water is not available (Astolfi, 2017). The purpose of the condenser is to make the vapor exiting 

the expander or recuperator phase-change into liquid form before entering the pump. As 

previously mentioned, it is important to consider what usage the heated cooling stream have. 

Bracco et al. (2017) states that in order to produce hot water that can be used for sanitary needs 

the condenser temperature should be 40°C while for the use of space heating it should be 60°C. 

2.4.6 Pump 

The key role of the pump is to achieve the desired flow rate and pressure increase (Bracco et 

al., 2017). However, when choosing pump type, it is important to take into consideration the 

operation temperatures, pressures, compatibility of the fluid with the pump materials and the 

viscosity of the fluid. Organic fluids usually have a low viscosity and it is therefore important 

to avoid leakages in the pump mechanism (Bracco et al., 2017). The pumps used in ORC 
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systems are usually variable speed multistage centrifugal pumps with relatively common 

designs (Astolfi, 2017).   

2.4.7 Heat storage components 

Using thermal energy storages has been proven efficient in reducing the environmental 

impacts from industries, by shifting electric load to off-peak periods (Dinçer, 2011). In short, 

by combining the ORC with a thermal energy storage, efficiency can increase simply because 

the heat produced can be stored if not needed at that time, and used at a later stage (Atänäsoae 

et al., 2017). Not only does this lead to fewer repeated startups and stops which may harm the 

cogeneration unit, but it also increases the flexibility of the plant. Namely that it makes the 

system better prepared for changes in demand (Atänäsoae et al., 2017). Different types of heat 

storage media may be used, where water, oil, sand, molten salts and rocks are just a few 

examples. Using gas as a media is not recommended because of them being more voluminous. 

Water used as the thermal heat storage media is the most common, where the main advantage 

is the lower costs for storing heat up to 100°C, which fits in well with the ORC (Atänäsoae et 

al., 2017). When using water, the thermal heat storage component is called a water 

accumulator tank and it functions almost like a thermos, where the high temperature water 

accumulates at the top and decreasing in temperature lower in the tank (Energimyndigheten, 

2011). The water accumulator tank is recommended to be sized and constructed to ensure 

storage capacity of at least 8 hours of maximum load, as peak to off-peak period may change 

from one to the other during this time span (Atänäsoae et al., 2017). More theory about peak 

electricity use, primary energy economy and marginal electricity and pricing will follow in 2.6 

Marginal electricity pricing and heat prices. 

2.5 Performance 

The performance of an ORC is expressed through its efficiency which in short is the useful 

power and useful heat out from the system, in this case the net electricity output and the heat 

released from the condenser, divided by the power needed to run the system, in this case the 

heat to the evaporator. The equation for this can be seen in Equation 1 (Directive 2004/8/EC, 

2004). 

 

 

 𝜂𝑡𝑜𝑡 =
Ẇ𝑡 + �̇�𝑐 − Ẇ𝑝

�̇�𝑒𝑣𝑎

 

 
�̇�𝑡 = 𝑇𝑢𝑟𝑏𝑖𝑛𝑒, 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐 𝑜𝑢𝑡𝑝𝑢𝑡 [𝑘𝑊] 

�̇�𝑐 = Condenser, heat output [kW] 

�̇�𝑝 = 𝑃𝑢𝑚𝑝, 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐 𝑖𝑛𝑝𝑢𝑡 [𝑘𝑊] 

�̇�𝑒𝑣𝑎 = 𝐸𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑜𝑟, ℎ𝑒𝑎𝑡 𝑖𝑛𝑝𝑢𝑡 [𝑘𝑊] 

 

 

(1) 

The turbine and pump work can be extracted through logging data from the sites where the 

ORC is installed, however there is no measurements of the heat input and output to the 

evaporator and condenser. To calculate these, one must use logging data of the temperatures 

of the fluid entering and exiting the evaporator and condenser together with the density and 

flow rate of the fluid. The equation to calculate this can be seen in Equation 2 (Andersson, 

2012). 
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 �̇� = (𝑇𝑖𝑛 − 𝑇𝑜𝑢𝑡) ∗ 𝑉̇̇ ∗ 𝜌 ∗ 𝑐𝑝 

 
�̇�𝑡 = 𝑊𝑜𝑟𝑘𝑖𝑛𝑔 𝑓𝑙𝑢𝑖𝑑, 𝑣𝑜𝑙𝑢𝑚𝑒 𝑓𝑙𝑜𝑤 [𝑚3/𝑠] 

𝜌 = 𝑊𝑜𝑟𝑘𝑖𝑛𝑔 𝑓𝑙𝑢𝑖𝑑, 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 [𝑘𝑔/𝑚3] 

𝑐𝑝 = 𝑊𝑜𝑟𝑘𝑖𝑛𝑔 𝑓𝑙𝑢𝑖𝑑, 𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑘 ℎ𝑒𝑎𝑡 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 [𝐽/(𝐾𝑔𝐾)] 

(2) 

2.5.1 Criteria for performance analysis 

Because of the time offset it is vital for the system to be in a steady state in order to do 

calculations. This is easily explained by an example; imagine that the boiler is working at a 

high level, burning large amounts of fuel. This heat would first have to go to the evaporator 

which exchanges heat to the working fluid within the ORC. After this, the fluid which is now 

in gas form goes to the expander where electricity is produced, for then to go to the condenser 

and finally through the pump. By the time the fluid reaches the pump the amount of fuel in 

the boiler or the power output from the expander might be much lower and therefore if one 

would extract data from one specific moment the values for mass flow, produced electricity, 

temperatures etc. might not be representative for all the components within the system. A 

figure over this can be seen below in Figure 5. 

 

 
Figure 5. A series of components which heat passes through. As can be seen, there is a time offset between the 

components which must be considered when doing calculations.  

 

Because of the above mentioned, it is crucial for the system to be in a steady state when doing 

the performance analysis. This occurs when the behavior of the system, its components and 

processes are unchanging in time, which can be achieved if the boiler runs at a stable level for 

a longer period of time so that all of the components can adjust to a consistent flow, 

temperature differences etc. 

2.6 Marginal electricity pricing and heat prices 

The electricity used in Sweden is a product of several electricity producers. Not only Swedish 

producers, but also power plants in all the northern countries and parts of northern Europe as 

well (Energirådgivning, 2018). In Figure 6 it is presented how this joint electricity system is 

supplied, both in terms of the quantity but also the cost of electricity production (EI, 2014). As 

can be seen, the baseload is mostly consisted of cheap sources such as hydropower, nuclear 

power and combined heat and power (CHP). However, when demand is rising, electricity must 

be produced from other sources such as fossil-fueled condensing power. This is called 

marginal electricity and is often covered by generation from coal condensing or gas power 

plants. Not only does this mean that an increased demand leads to higher costs and therefore 

higher electricity prices, but also larger amounts of emissions to the atmosphere 

(Energirådgivningen, 2018).  
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Figure 6.  A graph describing how electricity prices fluctuate depending on the electricity demand. When demand 

increases electricity, price rises as well. Used with permission of Energimarknadsinspektionen (EI, 2014). 

 

In a study made by Holland, S.P. and Mansur, E.T. (2008), they concluded that by even out 

peaks and valleys in electricity demand, for example by increasing electricity production from 

low cost and environmentally beneficial sources when the demand is high, the emissions and 

electricity prices could be reduced substantially. In Sweden these fluctuations in electricity 

demand varies a lot throughout the day, mainly because of behavior aspects. Activities that 

could lead to peaks include use of electric lighting, laundry, dishwashing and electric space 

heating (Gomes, Henggeler Antunes & Soares, 2014).  

 

The price of electricity is set each hour in a joint power market, run by Nord Pool who set the 

prices day-ahead (Nord Pool, 2019). Because of changes in demand the price of electricity 

varies not only throughout the day but also differs a lot depending on the season of the year. 

During the winter months, the demand increases because of lack of sunlight and increased 

electric space heating, and vice versa during the months around summer. This creates peaks 

and valleys in electricity price. In Figure 7, Figure 8, Figure 9 and Figure 10 four different 

time spans have been plotted to show how these prices changes throughout the day, in a week 

in four different months. The first selected week is in October 2018 and the last is in July 2019.  
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Figure 7. In the figure the price variation is shown for eight consecutive days in October 2018. Used with 

permission by Nord Pool group. 

 

 
Figure 8. In the figure the price variation is shown for eight consecutive days in January 2019. Used with 

permission by Nord Pool group. 
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Figure 9. In the figure the price variation is shown for eight consecutive days in Apri 2019l. Used with permission 

by Nord Pool group. 

 

 
Figure 10. In the figure the price variation is shown for eight consecutive days in July 2019. Used with permission 

by Nord Pool group. 

 

In addition to the electricity price, electricity companies also charge the consumer for the 

power demand and the transmission. The price for the power demand is proportional to how 

high it needs to be to fulfill the needs of the consumer during maximum load and is therefore 

expressed in SEK per kilowatt and month. If this cost works as intended, it will motivate users 

to spread out electricity-heavy activities. The cost for transmission, or the transmission fee, is 

the cost of transporting the electricity from the producer to the consumer and is proportional 

to the amount of electricity the consumer is using. It also varies depending on if it is day or 

night times, if it is weekday or weekend or depending on the month. Below in Table 1 a typical 

example of the price for power demand and transmission fee is presented. The prices are taken 

directly from the website of Vattenfall (Vattenfall, 2019) who governs most of the Swedish 

power grid and electricity production. 
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Table 1. Price example of power demand cost and transmission fee during peak and valley time (Vattenfall, 2019). 

Monthly power demand cost 52,5 SEK/kW/month 
Transmission fee, high load* 0,7 SEK/kWh 
Transmission fee, other 0,185 SEK/kWh 

*High load occurs 06-22 on weekdays in the following months: November, December, January, February and Mars. 

 

The heat prices in Sweden vary on several factors such as which source of fuel that is being 

used to create the heat and where the user of heat is located in relation to the heat plant. For 

the case of plant Norrköping the heat being used at the facility is provided by EON (EON, 

2019). Below in Table 2 the heat prices from the local district heating network in Norrköping 

are shown. Worth mentioning is that it might be possible for plant Norrköping to have a 

specific heat contract with heat prices that differs slightly from these general prices. However, 

in order to make this thesis more applicable for other cases and scenarios it was thought to be 

better to use the general heat prices for Norrköping municipality.  

 
Table 2. Price variation of district heat delivery in Norrköping. During December to Mars the price is 0,50 

SEK/kWh, and during April to November the price is 0,20 SEK/kWh. 

Price (December - Mars) 0,50 SEK/kWh 
Price (April - November) 0,20 SEK/kWh 

2.7 Environmental impact 

When calculating how much reduction in greenhouse gas emissions a certain energy efficiency 

measure leads to it is not always clear how to do these calculations. In a doctoral thesis by 

Olsson (2015) she states that depending on what system boundaries that are drawn, the result 

of a greenhouse gas impact calculation can vary substantially, as it depends on what source of 

electricity that you assume the renewable electricity production is avoiding. In theory there 

are three different methods to calculate these greenhouse gas reductions. These are; use of 

average electricity mix, use of operational margin and use of build margin (Thollander, 2019). 

 

The operational margin in a Swedish context is coal condensing, which is the most expensive 

source of electricity and creates the largest amount of emissions per produced kWh. Because 

of this it is also the first to be turned off when no additional electricity is needed. The electric 

mixes are an average of all the produced electricity in Europe, the Nordic countries and in 

Sweden. Build margin is a source of electricity that can be used if calculating for future 

efficiency measures where the marginal electricity producer no longer will consist of coal 

condensing. Instead the build margin is often assumed to be, in a European perspective, biogas 

turbine plants (Thollander, 2019). Below in Table 3, different greenhouse gas emission values 

for sources of electricity can be seen, which is expressed in CO2-equivalents per kilowatt hour 

(CO2-eq/kWh). 

 
Table 3. Different sources of electricity and their respective emission values. 

Source of electricity Emission [kg CO2-eq/kWh] 

Coal condensing 0,950 
European electric mix 0,400 
Nordic electric mix 0,070 
Swedish electric mix 0,013 
Build margin 0,350 
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2.8 Legal conditions 

There are several energy policies in Swedish law that are relevant within the subject of ORC. 

First and foremost a producer of electricity should not pay any fee for connecting to the power 

grid, if it classifies as a micro producer. According to the electricity law (1997:857), it is stated 

in chapter 4, 10 §, that this is fulfilled if the producer uses more electricity than it produces, 

and that the electricity supplied to the power grid is less than 43,5 kW. Furthermore, the 

energy tax law (1994:1776) states in chapter 11, 2 §, that no energy tax should be paid for 

produced electricity if the rated generated power is less than 50 kW. In addition, an electricity 

producer with a maximum power output of 50kW is not quota liable and therefore does not 

need to buy electricity certificates for the electricity generation. Instead, these provide an extra 

income for renewable electricity producers as they are gained for every MWh of electricity that 

is being produced and can be sold to those who are quota liable. One electricity certificate 

costed on average 0,074 SEK/certificate year 2019 (Energimyndigheten, 2017a & SKM, 2019). 
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3. Studied systems 
In this section, the studied systems are presented. Firstly, plant Norrköping will be shown, 

followed by plant Ronneby. The two facilities have in common that they fuel their ORC with 

secondary biomass, meaning that the biomass is a by-product from the main process. At plant 

Norrköping the biomass consists of sewage gas from the digestion process and at plant 

Ronneby the biomass is a by-product from the local sawmill. In both cases, the carbon 

enclosed in the fuel was once extracted from the atmosphere. This means that, in a life cycle 

perspective, burning the fuel can be seen a zero-sum equation with no net emissions to the 

atmosphere. It is even so that in the case of Norrköping, the global warming potential (GWP) 

of sewage gas (methane) is higher than for CO2, which is why it is arguably an environmental 

friendly act to burn the gas instead of releasing it to the atmosphere (EPA, 2017). 

3.1 Plant Norrköping 

The first ORC that is studied in this thesis is installed in a sewage treatment plant in 

Norrköping. The ORC is fueled by biogas that is created in a digestion tank at the facility. The 

sludge inside the digestion tank is a by-product of the sewage treatment from several processes 

within the plant. To fuel the ORC the gas, which has a heat value of 4,65 kWh/m3 

(Energimyndigheten, 2017b) is being burnt in a boiler which in turn heats up water in a 

accumulator tank. The top layer of the accumulator tank then goes to the ORC evaporator 

which exchanges heat to the working fluid going through the ORC. A turbine is being used as 

an expander, with a nominal turbine power of 40 kW. The ORC at plant Norrköping uses a 

recuperator to improve the efficiency of the system, however because of the heat from the 

condenser being used to keep a proper temperature in the digestion tank the ORC cannot 

always run. This is because the temperature in the digestion tank must not exceed a certain 

level, and if the ORC is on for too long, it would get too hot for the bacteria in the ongoing 

digestion process. Another reason for the ORC not to be able to be run always is because the 

gas fueling the system is also being used for another purpose, namely being upgraded to be 

sold as compressed biogas (CBG) for vehicles. In Figure 11 a picture of the ORC and its 

surrounding components is presented. Through installation of an ORC plant Norrköping has 

gained economic and environmental benefits by production of electricity that previously was 

bought from the power grid, and production of heat that previously was bought from the 

district heating system.  
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Figure 11. The ORC and its surrounding components at plant Norrköping. 

3.2 Plant Ronneby 

The ORC in Ronneby is installed in a closed district heating system which is fueled by wood 

chips from a local sawmill, making it a biofueled combined heat and power plant (CHP). The 

expander is a turbine with a nominal power of 50 kW. Because of the Swedish tax rules 

mentioned in 2.8 Legal conditions, the turbine effect was a design criterion for the system as 

it was believed to create the most economical benefits for the system. The system itself is 

simple with relatively few components. The boiler creates heat which goes through the 

evaporator and exchanges heat to the working fluid going through the expander. The 

remaining heat from the boiler goes to the district heating heat exchanger which in turn 

delivers heat to the district heating network. By installing an ORC in the local district heating 

system, the total efficiency has been increased. Unused heat is either cycled back to the boiler 

or to the district heating system and therefore not much thermal power is being lost because 

of the addition of electricity production. During the warmer months of the year (May-

September), plant Ronneby uses a smaller boiler to satisfy the heat demand. Since the ORC is 

not connected to this smaller boiler, it means that no electricity is being produced during these 

months. In Figure 12 a picture of the ORC and its surrounding components is presented.  
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Figure 12. The ORC and its surrounding components at plant Ronneby. 
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4. Method 

In this chapter the method will be presented, namely how the work was conducted. Because of 

the aim of this thesis, the work was divided into two separate parts. The first part is to answer 

research question 1 & 2, namely what economic and environmental benefits the ORC 

installation is contributing to from how it is running today in its current state and how these 

benefits would be improved if an operation strategy would be implemented. The work for this 

part was conducted by firstly reading literature within the subject, then a plant visit took place 

in order to speak with knowledgeable people and to see the system in real conditions. After 

this, data that was gathered from the two facilities was analyzed and using this data the 

avoided cost and emissions could be calculated from how the plants operated the ORC. Lastly, 

the same thing was calculated if an operation strategy would be applied, meaning if the ORC 

would be run at its highest capacity during beneficial hours of the day. The second part is 

connected to the questionnaire and the work for this part was also started by reading literature 

followed by writing the questionnaire. After this, participants were found, and the 

questionnaire was sent to them. Lastly the results was gathered and analyzed.  The workflow 

for this thesis is summarized in Figure 13. 

 

 
Figure 13. The different steps that took place in order to write the thesis. The blue color describes the workflow 

for research question 1 & 2 while the orange color refers to research question 3.  

4.1 Literature search 

The author of this thesis had limited knowledge about the field of ORC beforehand, and 

therefore literature was used to explore what previous researchers had written within the 

subject and create the theoretical background for this thesis. Through this, the author could 

determine how the research questions would best be answered. Literature was found using 

Linköping university’s online library search functions and Google scholar. Databases that was 

used were Scopus, ScienceDirect, and Web of science. It was important to find literature that 

was similar to the ORC’s analyzed in this thesis, which meant that studies made from a 

Swedish, or at least northern Europe perspective was highly valued. Common keywords were 

ORC combined with; environment, emissions, waste heat recovery, low grade heat, efficiency, 

Sweden, biomass and renewables. The introduction and conclusion were read from articles 

that seemed relevant and then summarized in a document so that they could be easily found 

later during the work. The literature searching process was not just something that took place 

in the beginning of working with the thesis, but as the work continued the search for useful 

literature was a repeating process. 
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4.2 Case study 

As mentioned in 1. Introduction, this thesis is part of a larger project that aims to explore the 

potential of ORC in a Swedish context. Because of Againity being one of the involved parts it 

follows naturally that the facilities analyzed within the project is where Againity’s own ORC 

systems are installed. Whether or not to use the term case study for this kind of experimental 

research can be discussed, as the definition of a case study varies a lot depending on the field 

of research. Gerring (2004) states that a case study is a “intensive study of single unit with an 

aim to generalize across a larger set of units”. This definition can be said to fit well within the 

scope of this thesis and the project it is part of, meaning that in order to draw conclusions 

about the feasibility of ORC in Sweden one must first look at individual cases. By doing so it 

becomes possible to analyze its efficiency during certain conditions, its economic potential, 

environmental impact and how the benefits and disadvantages may vary depending on 

different aspects.  

 

In this thesis, the cases of Norrköping and Ronneby were used to answer two of the three 

research questions, namely research question 1 and 2. The third one is about what affects the 

willingness to invest in ORC and to answer this it was vital to make contact with facilities that 

has not yet made such an installation, and therefore the plants in Norrköping and Ronneby 

could not be used. Worth mentioning though is that the same type of plants was contacted, 

namely wastewater treatment plants and heat plants. 

4.2.1 Plant visit 

A visit to plant Norrköping was made in order to gain more knowledge about the ORC in a real 

industry environment. The plant visit was also a good opportunity to see how the ORC 

functions in accordance with other parts of the plant. During this plant visit it was also possible 

to ask questions to the staff about the ORC, how they felt the installation had affected their 

main processes and how the system could be improved in theory. There has been no visit to 

plant Ronneby because of the geographical distance from where the author is located. The 

author of this thesis also felt that through visiting plant Norrköping, enough knowledge about 

the ORC itself was gained to fulfill the aim and answer the research questions.  

4.2.2 Analyzing data 

Most data from plant Norrköping was given from staff members at the plant. This data 

includes gas flow to different processes for every hour, power output from the ORC turbine, 

invoices and general information about the plant itself, its processes, heat demand and such. 

Data regarding plant Ronneby such as power output from the ORC was given by Againity and 

information about the plant itself, its processes and the surrounding system was given by staff 

members at the plant. All this data was analyzed in order to sort out what was needed for the 

thesis. For this, Microsoft excel was a useful tool, which also was used for the calculations.  

4.3 Current state operation 

The first research question for this thesis was to analyze how plant Norrköping and plant 

Ronneby is operating in its current state, meaning what economic and environmental benefits 

has been achieved from installing the ORC system. Answering this was also vital in order to 

create a baseline, so that the further improvements gained by an operation strategy could be 
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calculated later. By using data from Nord Pool peak hours could be analyzed, meaning when 

they typically occur and how the electricity price differs these hours from the rest of the day. 

An average electricity price was used from one week worth of data. This was in turn done for 

all four seasons of the year, since the electricity price may differ a lot depending on if it is fall, 

winter, spring or summer. After this, data over power output for the same period was analyzed 

from both plants to find out how much electricity that is being produced in its current state, 

and at what hours the ORC is running. A calculated estimation was then made in order to find 

out how much that was produced on a yearly basis. The equation used to calculate produced 

electricity from power output data can be seen below in Equation 3 (Andersson, 2012).  

 

 𝐸 = 𝑃 ∗ 𝑡 (3) 
   

𝐸 = 𝑃𝑟𝑜𝑑𝑢𝑐𝑒𝑑 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 [𝑘𝑊ℎ] 

𝑃 = 𝑃𝑜𝑤𝑒𝑟 [𝑘𝑊] 

𝑡 = ℎ𝑜𝑢𝑟𝑠 [ℎ] 

 

The avoided electricity cost was calculated from knowing the amount of produced electricity 

and the electricity price, transmission fee and power demand cost. For this, Equation 4 was 

used.  

 

 𝐾𝑡𝑜𝑡 = ∑(𝐸(ℎ) ∗ 𝐾(ℎ)) + ∑(𝐸𝐻𝐿 ∗ 𝐾𝐻𝐿) + ∑(𝐸𝑂 ∗ 𝐾𝑂) + 12 ∗ 𝑃 ∗ 𝐾𝑃  (4) 

   
𝐾𝐸,𝑡𝑜𝑡 = 𝐴𝑣𝑜𝑖𝑑𝑒𝑑 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑐𝑜𝑠𝑡 [𝑆𝐸𝐾] 

𝐸(ℎ) = 𝑃𝑟𝑜𝑑𝑢𝑐𝑒𝑑 𝑒𝑙𝑒𝑐𝑡𝑟𝑐𝑖𝑡𝑦 𝑑𝑢𝑟𝑖𝑛𝑔 ℎ𝑜𝑢𝑟 ℎ [𝑘𝑊ℎ] 

𝐾(ℎ) = 𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑝𝑟𝑖𝑐𝑒 𝑑𝑢𝑟𝑖𝑛𝑔 ℎ𝑜𝑢𝑟 ℎ [𝑆𝐸𝐾/𝑘𝑊ℎ] 

𝐸𝐻𝐿 = 𝑃𝑟𝑜𝑑𝑢𝑐𝑒𝑑 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑑𝑢𝑟𝑖𝑛𝑔 ℎ𝑖𝑔ℎ 𝑙𝑜𝑎𝑑 [𝑘𝑊ℎ]  

𝐾𝐻𝐿 = 𝑇𝑟𝑎𝑛𝑠𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑐𝑜𝑠𝑡 𝑑𝑢𝑟𝑖𝑛𝑔 ℎ𝑖𝑔ℎ 𝑙𝑜𝑎𝑑 [𝑆𝐸𝐾/𝑘𝑊ℎ] 

𝐸𝑂 = 𝑃𝑟𝑜𝑑𝑢𝑐𝑒𝑑 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑑𝑢𝑟𝑖𝑛𝑔 𝑜𝑡ℎ𝑒𝑟 𝑡𝑖𝑚𝑒𝑠 [𝑘𝑊ℎ] 

𝐸𝑂 = 𝑇𝑟𝑎𝑛𝑠𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑐𝑜𝑠𝑡 𝑑𝑢𝑟𝑖𝑛𝑔 𝑜𝑡ℎ𝑒𝑟 𝑡𝑖𝑚𝑒𝑠 [𝑆𝐸𝐾/𝑘𝑊ℎ] 

𝑃 = 𝑇𝑢𝑟𝑏𝑖𝑛𝑒 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑝𝑜𝑤𝑒𝑟 𝑜𝑢𝑡𝑝𝑢𝑡 [𝑘𝑊] 

𝐾𝑃 = 𝑃𝑜𝑤𝑒𝑟 𝑜𝑢𝑡𝑝𝑢𝑡 𝑐𝑜𝑠𝑡 [𝑆𝐸𝐾/(𝑘𝑊 ∗ 𝑚𝑜𝑛𝑡ℎ)] 

 

It is important not to forget that electricity is not the only thing affecting the economical 

aspect, as the heat that is being generated through the ORC and extracted from the condenser 

has economical value as well. To calculate the avoided heat cost, Equation 5 was used. 

 

 
𝐾𝐻,𝑡𝑜𝑡 =

122 𝑑𝑎𝑦𝑠

365 𝑑𝑎𝑦𝑠
∗ 𝐸𝑡𝑜𝑡 ∗ 0,5 𝑆𝐸𝐾/𝑘𝑊ℎ +

243 𝑑𝑎𝑦𝑠

365 𝑑𝑎𝑦𝑠
∗ 𝐸𝑡𝑜𝑡 ∗ 0,2 𝑆𝐸𝐾/𝑘𝑊ℎ 

(5) 

   
𝐾𝐻,𝑡𝑜𝑡 = 𝐴𝑣𝑜𝑖𝑑𝑒𝑑 ℎ𝑒𝑎𝑡 𝑐𝑜𝑠𝑡 [𝑆𝐸𝐾/𝑦𝑒𝑎𝑟] 

𝐸𝑡𝑜𝑡 = 𝑃𝑟𝑜𝑑𝑢𝑐𝑒𝑑 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 [𝑘𝑊ℎ/𝑦𝑒𝑎𝑟] 

 

The environmental benefits generated from the ORC at Norrköping and Ronneby was 

calculated by using the values presented in Table 3. The method that was primarily used was 

coal condensing for peak hours and Nordic electricity mix for the remaining hours. This was 

motivated through the fact that the electricity grid in Sweden is mainly connected to the Nordic 

countries with marginal electricity sometimes covered by expensive European electricity such 
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as coal condensing. In 6. Discussion, an analysis when using different methods can be seen. 

The equation for calculating the avoided emissions can be seen below in Equation 6. 

 

 𝐶𝑡𝑜𝑡 = ∑ 𝐸(ℎ)𝑝𝑒𝑎𝑘 ∗ 𝐶𝑝𝑒𝑎𝑘 + ∑ 𝐸(ℎ)𝑣𝑎𝑙𝑙𝑒𝑦 ∗ 𝐶𝑣𝑎𝑙𝑙𝑒𝑦 (6) 

   
𝐶𝑡𝑜𝑡 = 𝐴𝑣𝑜𝑖𝑑𝑒𝑑 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 [𝑘𝑔 𝐶𝑂2𝑒𝑞] 

𝐸(ℎ)𝑝𝑒𝑎𝑘 = 𝑃𝑟𝑜𝑑𝑢𝑐𝑒𝑑 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑑𝑢𝑟𝑖𝑛𝑔 𝑝𝑒𝑎𝑘 ℎ𝑜𝑢𝑟 ℎ [𝑘𝑊ℎ] 

𝐸(ℎ)𝑣𝑎𝑙𝑙𝑒𝑦 = 𝑃𝑟𝑜𝑑𝑢𝑐𝑒𝑑 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑑𝑢𝑟𝑖𝑛𝑔 𝑣𝑎𝑙𝑙𝑒𝑦 ℎ𝑜𝑢𝑟 ℎ [𝑘𝑊ℎ] 

𝐶𝑝𝑒𝑎𝑘 = 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑣𝑎𝑙𝑢𝑒 𝑓𝑜𝑟 𝑝𝑒𝑎𝑘 ℎ𝑜𝑢𝑟𝑠 [𝑘𝑔 𝐶𝑂2𝑒𝑞/𝑘𝑊ℎ] 

𝐶𝑣𝑎𝑙𝑙𝑒𝑦 = 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑣𝑎𝑙𝑢𝑒 𝑓𝑜𝑟 𝑣𝑎𝑙𝑙𝑒𝑦 ℎ𝑜𝑢𝑟𝑠 [𝑘𝑔 𝐶𝑂2𝑒𝑞/𝑘𝑊ℎ] 

4.4 Operation strategy 

In the case of Norrköping the ORC is producing electricity when there is a heat demand in the 

digestion tank. Because of this, an operation strategy that would only include running the ORC 

during peak hours might be hard for plant Norrköping to incorporate in its current state. In 

the same way, at plant Ronneby there is no heat storage available which means that the boiler 

is operating when there is a heat demand, even though it could be more profitable to run the 

boiler earlier and produce electricity when the prices are high. However, if it was possible to 

divert the waste heat from the condenser to another source at plant Norrköping or install a 

heat storage at plant Ronneby then new possibilities may arise. Through literature and 

speaking with employees at plant Norrköping and Ronneby the author of this thesis hope to 

form an operation strategy that uses the condenser waste heat for other purposes at plant 

Norrköping and analyze the possibility to install a heat storage system at plant Ronneby. 

Through this, and therefore the assumption that the ORC can be run at any time, calculations 

can be made on how this would affect the economic and environmental impact. 

4.4.1 Economic and environmental impact 

To calculate the economic and environmental benefits from operation strategy at plant 

Norrköping and plant Ronneby, the following steps will be made. 

 

1. For Norrköping: Analyze if the condenser waste heat can be used for a different 

purpose when the digestion chamber has no heat demand. This is vital as without a 

second use of the heat, operation strategy cannot be used. For Ronneby: Analyze if it 

is possible to install a heat storage, or if an operation strategy could be implemented 

some other way. 

2. For Norrköping: Find out how much gas that is being produced and how much that 

theoretically could be used to fuel the ORC without interfering with the upgrading 

process. Find out what gas flow is needed to run the ORC at its highest capacity. 

3. For Norrköping: Calculate the economic benefits (using Nord Pool data and prices 

from Table 1) from running the ORC at its highest capacity during peak hours. Also, 

calculate the avoided heat cost by subtracting the heat losses and expander energy 

extraction from the total heat value. Use the heat prices from Table 2 to then calculate 

the savings. For Ronneby: Calculate the economic benefits (using Nord Pool data) 

from running the ORC at its highest capacity during peak hours. Economic benefit is 

gained from avoided electricity cost. 
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4. For Norrköping and Ronneby: Using the same method as in 4.3 Current state 

operation, calculate the environmental benefits that can be further improved by 

moving production of electricity to peak hours.  

4.5 Questionnaire 

To find out what obstacles and motivations that affect the willingness to invest in ORC 

technology at existing sewage treatment plants and heat plants a questionnaire was made and 

sent out by email to several representatives of each type of plant. To find relevant wastewater 

treatment plants to contact, a database created by students at Linköping university was used. 

A table from this database can be seen in Appendix 1. Heat plants were found and contacted 

mainly through a database supplied by the Swedish Energy Markets Inspectorate (EI, 2019) 

It was important to get in contact with people who manages investments, therefore the CEO 

or the manager of production were mainly reached out to. The representatives were given in 

the email a short description of the project and were asked to fill out the questionnaire and 

send it back. In total 50 different plants were contacted. When forming the questionnaire, 

literature within the subject was thoroughly read to avoid any traps that could occur when 

creating a survey. In Questionnaire Design: How to Plan, Structure and Write Survey 

Material for Effective Market Research (2013) the author writes that it is most important to 

create a questionnaire that is formulated in such a way that is can not be misinterpreted, that 

the right language is used and that any bias must be avoided. To avoid any bias, it is for 

example important that the questions follow in a proper order (Brace, 2013). This was adopted 

when writing the questionnaire. The questions in the questionnaire were made after first 

reading several articles within the subject of sewage treatment and heat plants to get an idea 

of what kind of problems these industries are facing and how an ORC installation could either 

minimize or contribute to these problems. However, since most articles were not written in a 

Swedish context several of the questions was written without any connection to certain 

literature. The author also had help from staff at Againity when planning and writing the 

questionnaire. For each question in the questionnaire the participant was to value a certain 

conflict or benefit on a five graded scale. The full questionnaire can be seen in Figure 14. 
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Figure 14. A questionnaire was made and sent out the several representatives working at sewage treatment plants 

or a heat plant. The questionnaire consists of ten questions where the first six is about hindrance towards 

investing in ORC and the last four questions is about driving forces towards investing in ORC.  
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5. Result 
Below the results are shown. First, the electricity price and how it is changing throughout the 

day is presented. This is followed by a result chapter for plant Norrköping which shows the 

economic and environmental benefits from the current state operation and the same thing for 

when the operation strategy is implemented. After this, the results from plant Ronneby is 

shown, and in the same way it is here shown the economic and environmental benefits from 

both the current state operation and the operation strategy. Lastly, the results from the 

questionnaire is shown.  

5.1 Electricity price variation 

From data over electricity spot prices in Sweden an average can be drawn over eight 

consecutive days. Electricity prices are shown for October, January, April and July for every 

hour. A chart can be seen in Table 4 followed by a graph of the same data which can be seen 

in Figure 15. From the chart and the graph (easiest seen in the graph) peak hours occur during 

different hours depending on the season. From looking at the graph, an estimation is made of 

when these hours occur. In October peak hours is estimated to occur between 07-10 in the 

morning and 17-20 in the evening. In January peak hours is estimated to occur between 07-11 

in the morning and 16-19 in the evening. In April peak hours is estimated to occur between 

07-10 in the morning and 18-21 in the evening. In July peak hours is estimated to occur 

between 08-11 in the morning and 18-21 in the evening. During October and January, the peak 

hours are more prominent, but small occurring peaks can also be seen in April and July. 

 
Table 4. Average hourly electricity prices for October, January, April and July. 

Prices in SEK/MWh         

Hour October January April July 

00 - 01 465 553 357 280 
01 - 02 448 545 351 271 
02 - 03 440 541 346 265 
03 - 04 442 537 345 252 
04 - 05 446 543 360 263 
05 - 06 470 564 392 275 
06 - 07 514 630 421 295 
07 - 08 560 730 445 309 
08 - 09 584 790 466 322 
09 - 10 569 776 452 325 
10 - 11 561 751 441 325 
11 - 12 552 735 429 319 
12 - 13 529 689 419 310 
13 - 14 517 665 412 306 
14 - 15 511 655 398 302 
15 - 16 513 676 396 301 
16 - 17 521 719 401 303 
17 - 18 524 776 410 312 
18 - 19 555 759 425 314 
19 - 20 559 647 431 318 
20 - 21 512 599 427 316 
21 - 22 495 579 416 313 
22 - 23 479 570 391 311 
23 - 00 560 552 369 297 
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Figure 15. Average hourly electricity prices for October, January, April and July. 

 

The electricity prices are separated into four different categories. These follow below and can 

further be seen in Table 5. 

 

● High peak - The largest peak during the day, giving the highest electricity prices. High 

peak is appearing between 07-10 in October, 07-11 in January, 07-10 in April and 08-

11 in July. Average price is 571 SEK/MWh in October, 762 SEK/MWh in January, 454 

SEK/MWh in April and 324 SEK/MWh in July. 

● High valley - The period between the daily peaks, appearing between 10-17 in 

October, 11-16 in January, 10-18 in April and 11-18 in July. Average price is 529 

SEK/MWh in October, 684 SEK/MWh in January, 413 SEK/MWh in April and 308 

SEK/MWh in July.  

● Low peak - The second peak of the day, appearing between 17-20 in October, 16-19 

in January, 18-21 in April and 18-21 in July. Average price is 546 SEK/MWh in October, 

751 SEK/MWh in January, 428 SEK/MWh in April and 316 SEK/MWh in July. 

● Low valley - The period of the day when the price is at its lowest, appearing between 

20-07 in October, 19-07 in January, 21-07 in April and 21-08 in July. Average price is 

479 SEK/MWh in October, 572 SEK/MWh in January, 375 SEK/MWh in April and 285 

SEK/MWh in July.  

 
Table 5. Average electricity prices in during different times of the day in October, January, April and July. Prices 

are expressed in SEK/MWh. 

Prices in SEK/MWh         

Peak/Valley October January April July 

High peak 571 762 454 324 

High valley 529 684 413 308 

Low peak 546 751 428 316 

Low valley 479 572 375 285 
 

In addition to regular electricity prices, the cost for power demand and transmission must also 

be considered. The transmission fee is 0,7 SEK/kWh from 06-22 during weekdays in the 

following months: November, December, January, February and Mars, which simplified 
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means during high peak, high valley and low peak during these months. During other times, 

meaning during low valley, the price is 0,185 SEK/kWh. Since the difference in electricity price 

during weekdays and weekends was not considered for electricity prices, there will be no 

differentiating for the transmission fee either. The power demand cost is 52,5 

SEK/(kW*month). 

5.2 Plant Norrköping 

Below the results from plant Norrköping is shown. First the current state operation is 

presented. In the current state operation, it is shown how much electricity and heat that is 

currently being produced. After this, calculations are made to determine the economic and 

environmental benefits. Secondly, the results from implementing an operation strategy is 

shown and how the economic and environmental aspects would be affected from this.  

5.2.1 Current state operation - Plant Norrköping 

From talking with staff at plant Norrköping it was found that the sewage gas produced at the 

facility is being used for three things: Used in the boiler fueling the ORC, upgraded to be sold 

as CBG or burned in a gas flare. Data over average gas flows to these different processes was 

given and converted to quantities, expressed in cubic meters. In Table 6, the amount of gas 

going to each process can be seen over four different months. As can be seen, most of the gas 

is being sold as CBG and the gas that is left is mostly going to the ORC.  

 
Table 6. Quantities of amount of gas that is being produced at plant Norrköping for October, January, April and 

July. Most of the gas is being upgraded to be sold as CBG while the remaining gas is mostly used for running the 

ORC. 

 
Quantity 
[m3] 

Torch ORC CBG 

Total 
[month] 

Total 
[day] 

Total 
[month] 

Total 
[day] 

Total 
[month] 

Total 
[day] 

October 1536 51 6648 222 153 290 5110 

January 4584 153 10 704 357 145 138 4838 

April 9624 321 14 376 479 141 814 4727 

July 2736 91 9480 316 127 466 4249 

 

Below in Table 7, Table 8, Table 9 and Table 10 it is shown how plant Norrköping is currently 

running their ORC. In the tables the temperatures for each day is also shown (RL, 2019). The 

produced electricity was calculated using Equation 3. As mentioned in 3. Studied Systems the 

ORC is only operating when there is a heat demand in the digestion chamber, which creates 

rather sporadic patterns of the ORC running time and several time periods when the electricity 

production is at zero, namely that no electricity is being produced. The results show that the 

ORC is creating most electricity in April, followed by January, October and lastly July.   
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Table 7. Amount of produced electricity, expressed in kWh, for eight consecutive days in October, 2018. On average, 

12 kWh is produced during high peak hours, 30 kWh during high valley hours, 3 kWh during low peak hours and 

20 kWh during low valley hours. The average outdoor temperature for each day is also shown.   

October 
[kWh] 

2018- 
10-01 

2018- 
10-02 

2018- 
10-03 

2018- 
10-04 

2018- 
10-05 

2018- 
10-06 

2018- 
10-07 

2018- 
10-08 

Average 

High Peak  0 100 0 0 0 0 0 0 12 

High Valley  58 167 15 0 0 0 0 0 30 

Low Peak 25 0 0 0 0 0 0 0 3 

Low Valley 21 141 0 0 0 0 0 0 20 

Outdoor 
temperature 

9°C 6.5°C 7.5°C 6.5°C 13°C 11°C 7°C 8°C 8.6°C 

 
Table 8. Amount of produced electricity, expressed in kWh, for eight consecutive days in January, 2019. On average, 

19 kWh is produced during high peak hours, 33 kWh during high valley hours, zero kWh during low peak hours 

and 20 kWh during low valley hours. The average outdoor temperature for each day is also shown.   

January 
[kWh] 

2019- 
01-20 

2019- 
01-21 

2019- 
01-22 

2019- 
01-23 

2019- 
01-24 

2019- 
01-25 

2019- 
01-26 

2019- 
01-27 

Average 

High Peak 0 21 0 93 0 36 0 0 19 

High Valley 79 38 0 142 0 2 0 0 33 

Low Peak 0 0 0 0 0 0 0 0 0 

Low Valley 82 79 0 0 0 0 0 0 20 

Outdoor 
temperature 

-5.5°C -4.5°C -2°C -4°C -10°C -4.5°C -4.5°C -3°C -4.8°C 

 
Table 9. Amount of produced electricity, expressed in kWh, for eight consecutive days in April, 2019. On average, 

23 kWh is produced during high peak hours, 95 kWh during high valley hours, 41 kWh during low peak hours and 

51 kWh during low valley hours. The average outdoor temperature for each day is also shown. 

April [kWh] 2019- 
04-01 

2019- 
04-02 

2019- 
04-03 

2019- 
04-04 

2019- 
04-05 

2019- 
04-06 

2019- 
04-07 

2019- 
04-08 

Average 

High Peak 50 0 50 29 31 0 27 0 23 

High Valley 96 0 114 120 90 106 55 181 95 

Low Peak 77 0 42 58 32 29 0 88 41 

Low Valley 45 26 30 84 72 62 88 0 51 

Outdoor 
temperature 

3°C 3.5°C 4.5°C 5.5°C 5°C 6°C 5.5°C 4°C 4.6°C 
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Table 10. Amount of produced electricity, expressed in kWh, for eight consecutive days in July, 2019. On average, 

zero kWh is produced during high peak hours, 22 kWh during high valley hours, 9 kWh during low peak hours and 

27 kWh during low valley hours. The average outdoor temperature for each day is also shown. 

July [kWh] 2019- 
07-01 

2019- 
07-02 

2019- 
07-03 

2019- 
07-04 

2019- 
07-05 

2019- 
07-06 

2019- 
07-07 

2019- 
07-08 

Average 

High Peak 0 0 0 0 0 0 0 0 0 

High Valley 0 7 0 0 0 0 0 169 22 

Low Peak 0 0 0 0 0 0 43 25 9 

Low Valley 17 0 0 0 0 0 123 75 27 

Outdoor 
temperature 

18°C 13°C 14°C 12.3 

°C 

12.7 

°C 

14.5 

°C 

14.5 

°C 

15.5 

°C 
14.3°C 

 

From knowing the amount of produced electricity, the avoided electricity price, avoided 

transmission fee and avoided power demand cost can be calculated by using electricity prices 

presented in 5.1 electricity price variation and in Table 1 and adding the income for sold 

electricity certificates. The avoided emissions can be calculated by using emission data 

presented in 2.7 Environmental impact. The emission values that is being used is coal 

condensing during the peak hours and Nordic electricity mix during the valley hours. The 

avoided electricity price for one day in each month can be seen in Table 11. Furthermore, by 

letting each month represent a season of the year, namely a three-month period or 91.25 days, 

the total yearly avoided electricity cost (electricity price + transmission fee + power demand 

cost) and emissions can be calculated, using Equation 4 and Equation 6. The results from this 

can be seen in Table 12 and shows that the yearly avoided electricity cost from how the ORC is 

running at its current state is approximately 54.318 SEK while the avoided emissions is about 

11.000 kg CO2-equivalents.   

 
Table 11. The daily avoided electricity price and emissions for October, January, April and July from how the ORC 

is operating at its current state at plant Norrköping.  

Month Avoided electricity price 
[SEK/day] 

Avoided emissions 
[kg CO2-eq/day] 

October 34 18 

January 48 22 

April 86 71 

July 17 12 

 
Table 12. Total avoided electricity cost and emissions for a year from how the ORC is operating at its current state 

at plant Norrköping.  

[SEK/year] [kg CO2-eq/year] Avoided cost  Avoided emissions 

Electricity price 16 981 11 179 

Transmission fee 12 477 - 

Power demand @ 40kW 25 200 - 

Electricity certificate income 2 734 - 

Total avoided electricity cost 57 392 - 
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As mentioned in 2.4 Components the total efficiency of an ORC is approximately 88%, 

meaning that 12% of the heat value of the gas are lost due to heat losses in the boiler, piping 

and remaining components. To calculate how much heat that is delivered to the digestion 

chamber every year the produced electricity and the heat losses are subtracted from the yearly 

energy content of the input gas. This is shown below in Figure 16.   

 

 
Figure 16. The amount heat entering the digestion chamber after heat losses and electricity production.  

 

The price for heat is 0,5 SEK/kWh from December to Mars which is approximately 122 days 

of the year. During the remaining 243 days the heat price is 0,2 SEK/kWh. Below, Equation 5 

is used that will determine the yearly avoided cost of heat that the ORC has supplied to the 

digestion chamber.  

 
122

365
∗ 476088 𝑘𝑊ℎ ∗ 0,5 𝑆𝐸𝐾/𝑘𝑊ℎ +

243

365
∗ 476088 𝑘𝑊ℎ ∗ 0,2 𝑆𝐸𝐾/𝑘𝑊ℎ = 142956 𝑆𝐸𝐾  

 

By adding the avoided electricity cost and the avoided heat cost the total economic benefit 

from the ORC in its current state can be calculated. This is shown below. 

 

57392 𝑆𝐸𝐾/𝑦𝑒𝑎𝑟 +  142956 𝑆𝐸𝐾/𝑦𝑒𝑎𝑟 =  200348 𝑆𝐸𝐾/𝑦𝑒𝑎𝑟 

5.2.2 Operation strategy - plant Norrköping 

The operation strategy is to run the ORC at its full capacity during peak hours in order to 

generate the most economic and environmental benefits. However, in order to do so one must 

first assume that the condenser waste heat can be exchanged to other sources than the 

digestion chamber. If this assumption is not made, the temperature level in the chamber will 

be the only thing regulating how and when the ORC should be run, making it impossible to 

implement operation strategy. However, from interviews with staff at plant Norrköping there 

are several uses for the condenser waste heat, such as heating the biological treatment pools 

and using it for space heating (NODRA, 2019). By introducing alternative uses of the 

condenser waste heat, it also becomes possible to stop torching left-over gas, which increases 

the amount of electricity that can be produced in the ORC.  

 

Pool heating 

The most prominent uses would be to firstly use it to heat the pools where the biological 

treatment process take place. In these pools microorganisms decomposes organic material 

which cannot be sedimented away. During this process the microorganisms multiplies in 

number, creating a thick mass that can be separated from the water in a later stage. However, 

in order to keep this process at an optimal level, the temperature of the water is an important 
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factor, as when the temperature gets to low the microorganisms do not multiply at the same 

rate, creating a slower and less efficient treatment process. This problem mostly emerges 

during the winter months but can also occur during colder days other times of the year as well 

(NODRA, 2019). Even though the pools are big, using condenser waste heat could have a 

significant impact in raising the water temperature during cold periods, increasing the 

efficiency of the biological treatment process.  

 

Space heating and district heating 

Using the condenser heat as space heating is another option. The facilities at plant Norrköping 

pays for heat delivered by the local district heating system. If they instead were to use the 

condenser heat for this purpose, increased savings for space heating could be achieved. 

Another option is to sell the waste heat to the local district heating system which is according 

to Röjgård (2019) highly possible as long as the heat fulfills the temperature demand, namely 

being at least 70°C during warm days and 110°C degrees during the coldest days of the year. 

 

By operation strategy, the goal is to run the ORC at its highest level during the hours when the 

electricity price and emissions are at its highest, namely in the following priority order: High 

peak, low peak, high valley and lastly low valley. In order to sustain the ongoing process in the 

digestion chamber, some of the gas needs to be used evenly throughout the day so that there 

always will be a steady supply of heat to the chamber. After speaking with staff at plant 

Norrköping it is estimated that about 50% of the available gas must be used evenly in each 

time period, while the remaining 50% can be used whenever desired. This will fill the 

minimum required heat demand in the chamber for every hour, which means that the gas that 

was previously torched can also be used whenever. This is summarized below in Table 13, 

where the values are averages for one day in each month.  

 
Table 13. The amount of gas, in average per day that either must be used evenly throughout the day or during any 

hour of the day.  

Month Amount of gas that needs to be 
evenly spread out (50% of the ORC 

gas) [m3/day] 

Gas available to be used at any hour 
(torched gas + 50% of the ORC gas) 

[m3/day] 

October 111 162 
January 178,5 331,5 
April 239,5 560,5 
July 158 249 

 

The maximum power that the turbine can produce is 40kW which according to Wren (2019) 

represents a gas flow by 116 m3/h. After distributing the first batch of gas equally between all 

time periods the remaining gas could be appointed in the priority order mentioned earlier, 

namely that the gas should first and foremost be used during peak hours. The results from this 

can be seen below in Table 14. 

 
Table 14. The optimal way of using the gas for operation strategy. The table shows how much gas that should be 

used in each time period, for one average day in October, January, April and July.  

Quantity [m3] October January April July 

High Peak 189,5 376,125 348 288,5 
High Valley 27,8 44,6 60 39,5 
Low Peak 27,8 44,6 272,5 39,5 
Low Valley 27,8 44,6 60 39,5 
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Using the values from the table above and knowing that a gas flow of 116 m3/h equals a turbine 

power output of 40kW, the electricity that would be produced using this operation strategy 

can be calculated. The results from this can be seen below in Table 15. 

 
Table 15. The results from using the gas in an optimal way for operation strategy. The table shows how much 

electricity that is being produced in each time period, for one average day in October, January, April and July.  

Produced 
electricity [kWh] 

October January April July 

High Peak 65,4 129,7 120 99,5 
High Valley 9,6 15,4 20,7 13,6 
Low Peak 9,6 15,4 94 13,6 
Low Valley 9,6 15,4 20,7 13,6 

 

As was done in 5.2.1 Current state operation - Plant Norrköping, the daily avoided electricity 

price and emissions is shown in Table 16. Also, by letting each month account for one season 

of the year, meaning 91.25 days, and adding the avoided cost for transmission and power 

demand and income from electricity certificates, the yearly avoided electricity cost and 

emissions that would be achieved if this operation strategy would be implemented can be 

calculated. The results from this can be seen in Table 17 and shows that approximately 79,792 

SEK and 48,193 kg CO2-equivalents in avoided electricity cost and emissions can be achieved. 

This is an improvement with a factor of 1.8 regarding electricity cost and a factor of 4.3 in 

avoided emissions compared to its current state.  

 
Table 16. The daily avoided electricity cost and emissions for October, January, April and July that would be 

achieved through operation strategy.  

Month Avoided electricity price 
(SEK/day) 

Avoided emissions 
(CO2-eq/day) 

October 52 73 
January 130 140 
April 111 206 
July 45 109 

 
Table 17. Total avoided electricity cost and emissions for a year that would be achieved through operation 

strategy.  

[SEK/year] [kg CO2-eq/year] Avoided cost  Avoided emissions 

Electricity price 30 808 48 193 

Transmission fee 23 784 - 

Power demand cost @ 40kW 25 200 - 

Electricity certificate income 4 496 - 

Total avoided electricity cost 84 288 - 

 

More gas burned in the boiler means more heat is released from the condenser. As mentioned 

earlier, the digestion chamber can not be supplied of more heat as it would not be beneficial 

for the digestion process. However, if the extra heat would be used as for example space 

heating, then increased savings in heat cost is achieved. As was done for the current state 

operation, below in Figure 17 is shown the yearly avoided heat cost in this theoretical case. 
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Figure 17. The amount of heat that theoretically could be used in the digestion chamber and for space heating 

after heat losses and electricity production. 

 

Using the same method as earlier, the yearly avoided heat cost can be calculated. 

 
122

365
∗ 682302 𝑘𝑊ℎ ∗ 0,5 𝑆𝐸𝐾/𝑘𝑊ℎ +

243

365
∗ 682302 𝑘𝑊ℎ ∗ 0,2 𝑆𝐸𝐾/𝑘𝑊ℎ = 204877 𝑆𝐸𝐾  

 

Adding the yearly avoided heat cost to the yearly avoided electricity cost gives the total yearly 

economic benefit that could be achieved through operation strategy at plant Norrköping, 

which is showed below.  

 

84288 𝑆𝐸𝐾/𝑦𝑒𝑎𝑟 +  204877 𝑆𝐸𝐾/𝑦𝑒𝑎𝑟 =  289165 𝑆𝐸𝐾/𝑦𝑒𝑎𝑟 

 

This shows that the increased economic benefit through operation strategy at plant 

Norrköping is 88,817 SEK per year. It is important to note that this saving will only be achieved 

if all the condenser heat is used in the digestion chamber combined with being used for space 

heating purposes. If the heat would not be used for space heating but instead used to heat the 

pools at the plant, the savings would be reduced greatly. The difference in avoided emissions 

between the ORC in its current state and when using operation strategy is 37,014 kg CO2-eq.  

5.3 Plant Ronneby 

Below the results from plant Ronneby is shown. First the current state operation is presented. 

In the current state operation, it is shown how much electricity and that is currently being 

produced. After this, calculations are made to determine the economic and environmental 

benefits. Secondly, the results from implementing an operation strategy is shown and how the 

economic and environmental aspects would be affected from this.  

5.3.1 Current state operation – Plant Ronneby 

 

Below in Table 18, Table 19 and Table 20 it is shown how plant Ronneby are currently 

operating their ORC. In the tables the temperatures for each day is also shown (RL, 2019). As 

mentioned in 3. Studied Systems plant Ronneby uses a smaller boiler during the warmer 

months (May-September) which is not connected to the ORC, because of this, results will only 

be available for October, January and April. Unlike the case of Norrköping, the ORC at plant 

Ronneby is running on a much more consistent level. Worth mentioning is that because of lack 

of available data, the days chosen for October stretches into November. Similar to plant 

Norrköping most electricity is being produced in April and January, followed by October.  
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Table 18. Amount of produced electricity, expressed in kWh, for seven consecutive days in October-November, 

2018. On average, 83 kWh is produced during high peak hours, 165 kWh during high valley hours, 78 kWh during 

low peak hours and 272 kWh during low valley hours. The average outdoor temperature for each day is also shown.  

October 
[kWh] 

2018- 
10-29 

2018- 
10-30 

2018- 
10-31 

2018- 
11-01 

2018- 
11-02 

2018- 
11-03 

2018- 
11-04 

Average 

High Peak 94 84 77 90 79 85 76 83 

High Valley 220 135 162 159 172 144 163 165 

Low Peak 92 52 91 80 67 90 76 78 

Low Valley 308 250 261 283 266 281 258 272 

Outdoor 
temperature 

2.5°C 11°C 8.5°C 7.5°C 8°C 6°C 6°C 7.1°C 

 
Table 19. Amount of produced electricity, expressed in kWh, for seven consecutive days in January, 2019. On 

average, 158 kWh is produced during high peak hours, 198 kWh during high valley hours, 120 kWh during low peak 

hours and 455 kWh during low valley hours. The average outdoor temperature for each day is also shown.  

January 
[kWh] 

2019- 
01-07 

2019- 
01-08 

2019- 
01-09 

2019- 
01-10 

2019- 
01-11 

2019- 
01-12 

2019- 
01-13 

Average 

High Peak 164 160 159 161 163 150 150 158 

High Valley 203 195 204 202 201 190 189 198 

Low Peak 122 116 124 123 122 118 114 120 

Low Valley 460 451 460 469 458 446 442 455 

Outdoor 
temperature 

2°C 3.5°C 1°C -1.5°C 2°C -0.5°C 3°C 1.4°C 

 
Table 20. Amount of produced electricity, expressed in kWh, for seven consecutive days in April, 2019. On average, 

112 kWh is produced during high peak hours, 263 kWh during high valley hours, 114 kWh during low peak hours 

and 373 kWh during low valley hours. The average outdoor temperature for each day is also shown. 

April [kWh] 2019- 
04-18 

2019- 
04-19 

2019- 
04-20 

2019- 
04-21 

2019- 
04-22 

2019- 
04-23 

2019- 
04-24 

Average 

High Peak 119 116 115 114 109 99 109 112 

High Valley 299 280 294 242 248 220 254 263 

Low Peak 122 122 116 94 110 117 120 114 

Low Valley 380 392 383 360 369 349 378 373 

Outdoor 
temperature 

9°C 7.5°C 9°C 12°C 9°C 12.5 

°C 

12.5 

°C 
10.2°C 

 

The same way avoided electricity cost and emissions was calculated for plant Norrköping, this 

can also be done for plant Ronneby. The emission values that is being used is coal condensing 

for peak hours and Nordic electric mix for valley hours. The results for avoided electricity cost 

and emissions can be seen in Table 21, which is followed by Table 22 that shows the total 

saving on a yearly basis. Worth mentioning again is that the ORC is not producing electricity 

from June-September, in other words about 122 days of the year. The remaining 243 days was 

split equally between October, January and April for calculation purposes, letting these 
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months represent different seasons of the year. The results show that the yearly avoided 

electricity cost from how the ORC is running at its current state is approximately 194,000 SEK 

while the avoided emissions is about 55,000 kg CO2-equivalents. 

 
Table 21. The daily avoided electricity cost and emissions for October, January and April from how the ORC is 

operating at its current state at plant Ronneby.  

Month Avoided electricity price [SEK/day] Avoided emissions [CO2-eq/day] 

October 308 184 
January 606 310 
April 348 259 

 
Table 22. Total avoided electricity cost and emissions for a year from how the ORC is operating at its current state 

at plant Ronneby.  

[SEK/year] [kg CO2-eq/year] Avoided cost  Avoided emissions 

Electricity price 95 208 55 203 

Transmission fee 67 286 - 

Power output @ 50kW 31 500 - 

Electricity certificate income 12 859 - 

Total avoided electricity cost 206 853 - 

5.3.2 Operation strategy – Plant Ronneby 

According to Alritzon (2019), creating an operation strategy by shifting the production of 

electricity to peak hours is hard to implement in reality at plant Ronneby. The reason for this 

is because of the lack of cooling options. As of now, what determines the amount of electricity 

produced from the ORC is the heat outtake in the district heating network. When more heat is 

extracted, the return temperature is lowered which in turn allows for a larger enthalpy drop in 

the turbine and an increased amount of produced electricity.  

 

Because of the obstacle mentioned above, installing a heat storage in order to be able to 

produce electricity during other times than when there is a heat demand becomes a non-

relevant problem. In other words, the question is not how the heat would be stored, but rather 

how the heat would be cooled off.  

 

Analyzing cooling options for plant Ronneby is not something that this thesis will be exploring 

as it is out of scope. However, the author still thinks that it would be interesting to examine 

the theoretical benefits of an operation strategy at plant Ronneby, if the problem regarding 

heat cooling and heat storage would be solved. Through this, the theoretical maximum 

economic and environmental benefits can be determined, which can be a good aimpoint for 

future investments and improvements at the plant. 

 

The goal of the operation strategy is to let the ORC turbine work at its highest capacity during 

high peak, followed by low peak and then high valley. Last prioritized should be low valley 

hours. It is assumed that the same amount of fuel is available which (very) simplified means 

that the total amount of produced electricity should be the same as in the current state 

operation case. The maximum turbine power is 50 kW, meaning that it can produce a 

maximum of 50 kWh per hour. Using the results presented in Table 18, Table 19 and Table 20 
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and using the priority order that was just mentioned, results for the optimal operation strategy 

can be calculated, which is presented below in Table 23.  

 
Table 23. Produced electricity when applying operation strategy at plant Ronneby. Values are shown for each time 

period during an average day in October, January and April. 

Produced electricity 

[kWh] 

October January April 

High peak 150 200 150 

High valley 298 250 400 

Low peak 150 150 150 

Low valley 0 331 162 

 

The produced electricity creates avoided electricity cost and emissions. This is presented below 

in Table 24. 

 
Table 24. Total avoided electricity cost and emissions for a year that would be achieved through operation 

strategy.  

[SEK/year] [kg CO2-eq/year] Avoided cost  Avoided emissions 

Electricity price 98 646 72 387 

Transmission fee 80 680 - 

Power demand cost @ 50 kW 31 500 - 

Electricity certificate income 12 859 - 

Total avoided electricity cost 223 685 - 

5.4 Questionnaire 

Below in Figure 18, Figure 19, Figure 20, Figure 21, Figure 22 and Figure 23 the results from 

the questionnaire are shown. From the 50 plants that was reached out to, there were 11 

participants from the heat plants and 12 participants from the sewage treatment plants, 

meaning a response rate of 46%. As described earlier in 4.5 Questionnaire the participant was 

to evaluate a certain statement on a five graded scale, which are represented in the figures 

below by different colors. The blue color (1 on scale) means that the participant completely 

agrees with the statement while the orange color (5 on scale) means that the participant 

completely disagrees with the statement. The yellow color (3 on scale) means that the 

participant neither agrees nor disagrees with the statement.  
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Figure 18. Question number 1 & 2 of the questionnaire. In question number one the average result is 4.54 for heat 

plants and 3.08 for sewage plants. In question number two the average result is 4.09 for heat plants and 3.08 for 

sewage plants. The questions refer to obstacles towards investing in ORC. 

 Figure 19. Question number 3 & 4 of the questionnaire. In question number three the average result is 4.18 for 

heat plants and 3 for sewage plants. In question number four the average result is 3.82 for heat plants and 2.67 

for sewage plants. The questions refer to obstacles towards investing in ORC. 

Figure 20. Question number 5 & 6 of the questionnaire. In question number five the average result is 2.18 for heat 

plants and 2.5 for sewage plants. In question number six the average result is 2.45 for heat plants and 3.58 for 

sewage plants. The questions refer to obstacles towards investing in ORC. 
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Figure 21. Question number 7 & 8 of the questionnaire. In question number seven the average result is 3.54 for 

heat plants and 2.5 for sewage plants. In question number eight the average result is 2.27 for heat plants and 2.17 

for sewage plants.  The questions refer to motivations towards investing in ORC. 

Figure 22. Question number 9 & 10 of the questionnaire. In question number nine the average result is 2.09 for 

heat plants and 2 for sewage plants. In question number ten the average result is 2.36 for heat plants and 2.67 for 

sewage plants. The questions refer to motivations towards investing in ORC. 

 

 
Figure 23. Question number 11 of the questionnaire. The average result is 2.36 for heat plants and 2.67 for sewage 

plants. The question refers to a motivation towards investing in ORC. 
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In addition to the regular statements the participants were given the opportunity to write their 

own obstacles and/or motivations for investing in ORC. The results from this can be concluded 

in a list as follows: 

 

● As many heat and sewage treatment plants are municipality owned, the Public 

Procurement Act must be followed, which means that the process of making new 

investments can be very time consuming, which may be an obstacle for investing in 

ORC. 

● Lack of cooling water or the possibility to cool the condenser heat some other way may 

be an obstacle for investing in ORC. 

 

  



40 
 

6. Discussion 

Below follows a discussion about the content of this thesis. Firstly, the method will be 

discussed followed by a discussion about the results. Following this is a section discussing 

onward studies suggested by the author. 

6.1 Method 

Below the methods used in this thesis is discussed. First, the economic calculation and how it 

was made is discussed followed by the same for emission calculations. Lastly, a discussion 

about the questionnaire as a method will be held. 

6.1.1 Economic calculation 

When analyzing the electricity produced at the two plants only periods of eight days in four 

different months were analyzed. The reason for this was both the limitation in amount and 

quality of data but also because of the level of detail needed for the analysis. Since every day 

was divided into four periods (high peak, high valley, low peak and low valley) and the values 

for turbine power were given in minute-intervals the work was very time consuming, and 

therefore the author felt that a larger data sample were not a viable option. Even though 

electricity production from only 32 days in total were actually analyzed, it was needed for the 

aim of this thesis to determine the yearly amount of produced electricity. By letting the data 

sample of eight days in October represent how the ORC was running during the fall period of 

September to November and doing the same thing for the other three data samples, a yearly 

approximation could be calculated. A perhaps better method, and a method suggested for 

future studies would be to do the same type of analysis but with a larger data sample. So rather 

than eight days in four months, it would be better to use 30 days in four months. This of course, 

would be much more demanding. 

 

When calculating the avoided electricity cost, three different cost items were used. These were 

the normal price that is paid for the electricity, the transmission fee that varies between high 

load and other times and the power demand cost. For the calculations, some simplification 

was made. For example, the transmission fee is more expensive during high load which occurs 

between 06-22 on weekdays in November to Mars. However, in this thesis the high load times 

were approximated to occur during high peak, high valley and low peak times which is on 

average between 07-20. Furthermore, the difference in price during weekdays and weekends 

was not considered, which means that the more expensive transmission fee was calculated in 

this thesis to occur during weekends as well. The two simplifications that was made here (fewer 

hours of high load but no differentiating between weekdays and weekends) approximately 

evens out each other as the first makes the transmission fee appear lower and the second 

higher than in reality. Because of this, the author believes that the calculated transmission fee 

that was presented in this report still does a valid representation of the real one. 

6.1.2 Emission calculation 

The emission calculation was made by using values for coal condensing during peak hours and 

Nordic electricity mix for the remaining hours. However, different opinions may be held 

whether this was the proper way of calculating the avoided emissions. For example, if looking 
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at Figure 15 during April and July the peak curves are not that prominent and does not stand 

out much from the curve. Since the increased demand are so small during peak hours in these 

months, it might had been better to only use Nordic electricity mix for emission calculation 

for the whole day, as it is not very likely that coal condensing will be used for these kinds of 

small changes in demand. In addition, the source of electricity used for valley hours was as 

mentioned Nordic electricity mix. This was because of the joint power grid that exists between 

the Nordic countries. However, one could argue that European electric mix should have been 

used instead, as the power grid also reaches several of the European countries and is predicted 

to be even more integrated soon. Below in Table 25 it is shown how the results would vary 

depending on which sources of electricity that is used for the different cases. This is also shown 

in a graph in Figure 24 for easier understanding. 

 
Table 25. The results from using different methods of calculating the avoided emissions at plant Norrköping. The 

method that gives the lowest emission value is to use build margin for peak hours and Swedish electricity mix for 

valley hours. The method that give the highest emission value is to use coal condensing for peak hours and 

European electricity mix for valley hours.  

Peak producer + valley 
producer 

Current state operation - 
Plant Norrköping 

Operation Strategy - Plant 
Norrköping 

Coal condensing + Nordic 
electricity mix 

11 179 kg CO2-eq/year 48 193 kg CO2-eq/year 

Coal condensing + European 
electricity mix 

20 153 kg CO2-eq/year 51 764 kg CO2-eq/year 

Coal condensing + Swedish 
electricity mix 

9629 kg CO2-eq/year 47 576 kg CO2-eq/year 

Build margin + Nordic 
electricity mix 

5321 kg CO2-eq/year 18 234 kg CO2-eq/year 

Build margin + European 
electricity mix 

14 294 kg CO2-eq/year 21 805 kg CO2-eq/year 

Build margin + Swedish 
electricity mix 

3771 kg CO2-eq/year 17 617 kg CO2-eq/year 
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Figure 24. The results from using different methods of calculating the avoided emissions at plant Norrköping. 

The method that gives the lowest emission value is to use build margin for peak hours and Swedish electricity mix 

for valley hours. The method that give the highest emission value is to use coal condensing for peak hours and 

European electricity mix for valley hours.  

6.1.3 Questionnaire 

To answer research question number 3, the author of this thesis chose to do a questionnaire 

and send this to several people within the heat and sewage treatment industry. However, a 

questionnaire with this layout was not the only option. Instead of a questionnaire, interviews 

with representatives of each plant could have been made. Although, this would limit the 

number of participants drastically because of time limitation. Through interviews the answers 

would become more in depth and the participants would get a chance to elaborate on why they 

answered a certain way. One way of integrating this aspect into the questionnaire would be to 

have additional space after each question where the participant could elaborate on why he or 

she chose to answer a certain way. This would make the analysis of the results more liable, 

since it is in its current state only made from the interpretations of the author. 

6.2 Result 

Below follows a discussion about the results brought forward in this thesis. The discussion can 

be divided into three parts; plant Norrköping, plant Ronneby and the questionnaire. Before 

discussing the two different plants separately however, some general notes can be mentioned. 

It appears that the outdoor temperature has some effect on the amount of electricity produced. 

The month when most electricity was produced in the case of plant Norrköping was April, 

which was the second coldest month in Norrköping of the analyzed period. January was the 

coldest month in Ronneby and was also the month when most electricity was produced at the 

plant. In the case of Ronneby this is most likely because of the increased heat demand during 

colder temperatures. Since the boiler that creates the heat for the district heating network is 

connected to the ORC, it means that more heat equals more electricity. At plant Norrköping it 

0

10 000

20 000

30 000

40 000

50 000

60 000

Coal condensing
+ Nordic

electricity mix

Coal condensing
+ European

electricity mix

Coal condensing
+ Swedish

electricity mix

Build margin +
Nordic

electricity mix

Build margin +
European

electricity mix

Build margin +
Swedish

electricity mix

Avoided kg CO2-eq/year

Current state operation - Plant Norrköping Operation Strategy - Plant Norrköping



43 
 

is a little bit different, but similar at the same time. The heat demand in the digestion chamber 

decides when gas is sent to the boiler and electricity and heat is produced. During colder 

months, more heat is needed in the chamber to keep the appropriate temperature, and 

therefore more electricity is also being produced.  

6.2.1 Plant Norrköping 

In its current state, the avoided electricity and heat cost sums up to a total of approximately 

200,348 SEK/year, which would mean that for a two million investment and an estimated 

maintenance cost of 40,000 SEK/year the payback is about 12.5 years without considering the 

discount rate. For a municipality owned business that does not have economic growth as a 

focus this is an acceptable payback time. This is of course improved if the suggested operation 

strategy would be implemented, which would lead to a payback of about 8 years. Meaning an 

improvement of 4.5 years. It is important not to forget that the value of an ORC can equally be 

interpreted through the avoided emissions that occurs, which sums up to about 11.2 ton CO2-

equivalents per year in its current state and about 48 ton CO2-equivalents per year when 

operation strategy is implemented. These emissions are equal to driving about 60,000 

(255,000 for operation strategy) kilometers in a normal sized car.  

 

Because of the restriction that electricity can only be produced when there is a heat demand 

in the digestion chamber the amount of gas that is being torched is still a substantial part of 

the total gas available. After a large part of the gas that is produced in the digestion chamber 

has been upgraded and sold as CBG, almost 30% of the remaining gas is torched. Why this was 

not incorporated when designing the layout of the ORC system is unknown, as interviews with 

both representatives from plant Norrköping and Againity has shown that this is an issue that 

has not really been recognized before. One explanation why this topic has not been brought up 

before might be because of the reasons behind the installation of the ORC. If the main goal 

was not economical or environmental, but instead to be an innovative facility with modern 

technology, the actual savings in costs and emissions might not be as important. Without the 

need for releasing condenser heat some other way than into the digestion chamber, plant 

Norrköping has also managed to keep the investment costs down as it would be more costly to 

install additional pipes and heat exchangers to deliver the heat to either the district heating 

system or to heat the pools at the facility. 

 

Quilin et al (2013) wrote in Techno-economic survey of Organic Rankine Cycle (ORC) systems 

that the efficiency of a biomass fueled ORC CHP was approximately 88%, which is what has 

been used in this thesis to calculate the amount of heat that is lost through the system, 

including the boiler. This however is not very likely in the case of Norrköping in its current 

state as the run time for the boiler and the ORC is very sporadic, with short intervals of when 

the system is running. The heat losses are therefore probably significantly larger than what is 

presented in 5.2.1 Current state operation - Plant Norrköping, which is turn means that the 

amount of heat delivered to the digestion chamber is probably lower than what is shown in 

Figure 16. To find out how the calculated avoided heat cost compares to reality, invoices given 

by plant Norrköping was analyzed. The ORC was installed year 2017 so it was interesting to 

compare the annual heat cost from 2017 to 2018. As can be seen in Figure 25 the heat cost 

went down by approximately 120,000 SEK. The calculated value in this thesis was about 

143,000 SEK, meaning a difference of 23,000 SEK or 19%. With a simple percentage 

calculation (1.12 * 1.19 = 1.25), it tells us that the heat losses are probably closer to 25%. Given 
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the available data however, the author is still pleased with the results from the calculations 

that was made. 

 

 
Figure 25. The yearly heat cost at plant Norrköping before installation of the ORC (2017) and after (2018). 

 

In order to create an operation strategy for plant Norrköping, it was as previously mentioned 

vital to find alternative uses for the condenser heat, other than heating the digestion chamber. 

The topic was discussed with staff at plant Norrköping and E.ON who runs the CHP plant in 

Norrköping. From these discussions, three different solutions came up, namely to use the heat 

in the pools at the plant, to use it as local space heating or to sell it to the district heating 

system. According to Röjgård (2019) who is a production controller at E.ON Norrköping the 

option to sell the heat to the district heating system would be a possibility, but because of the 

relatively low amount of heat left after the heat demand in the digestion chamber has been 

met, there is an uncertainty if the necessary technical adjustments to piping, heat exchangers 

etc. would be worth it. Because of this, it is believed to be a better option to use the heat as 

pool heating instead. The pools are filled often with new sewage water, which creates a steady 

supply of colder water that can extract the heat from the condenser (NODRA, 2019).  

 

The economic and environmental benefits from operation strategy comes from running the 

ORC turbine at its maximum capacity during peak hours. There was some debate though, 

whether or not there would be a large enough production of sewage gas in the digestion 

chamber to run the ORC in such a condition for several hours. To determine this, data showing 

the filling rate was studied to determine if such a problem would be likely to occur. In Figure 

26 a graph can be seen that shows the gas filling rate over time in the digestion chamber. As 

can be seen, the maximum filling rate is about 90%. If it reaches this level, gas is either sent 

off to be upgraded as CBG, to be torched or, if there is enough heat demand, to be used in the 

ORC. In the same way, the lowest filling rate acceptable seems to be about 30%. The lower 

boundary is according to staff at plant Norrköping however not a real criterion, and could be 

overridden if so needed (NODRA, 2019). What this graph shows, is that for any given time, 

the digestion chamber is always at least 30% full, which tells us that it is most likely not a 

problem to run the ORC consistently during peak hours. For further studies however, it would 

be interesting to analyze this further to examine if there exist a pattern when the digestion 

chamber will have large or small amounts of gas in it, and to then adjust the operation strategy 

according to this. 
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Figure 26. The filling rate of gas over time in the digestion chamber at plant Norrköping. The vertical axis shows 

percentage of how full the tank is.  

6.2.2 Plant Ronneby 

In its current state, the avoided electricity cost sums up to a total of approximately 206,853 

SEK/year, which would mean that for a two million investment and an estimated maintenance 

cost of 40,000 SEK/year the payback is about 12 years without considering the discount rate. 

Almost the same as plant Norrköping. The avoided emissions however were substantially 

higher than plant Norrköping because of the larger electricity production. The total reduction 

in global emissions thanks to the installation of ORC at plant Ronneby was calculated to about 

55 ton CO2-equivalents. This is similar to the emissions released from driving about 300,000 

kilometers in a normal sized car (which is about eight times the circumference of the earth).  

 

The operation strategy for plant Ronneby that was presented in 5.3.2 Operation strategy – 

plant Ronneby showed an increased avoided electricity cost by 16,832 SEK/year and a 

decrease in global emissions by 17,184 kg CO2-equivalents/year. While this can seem like a 

good improvement in both cost and emissions, in reality however the results would most likely 

be even better. The reason for this is because when running the ORC at its highest capacity, 

which it is assumed to do in the operation strategy case, the efficiency increases which means 

that more electricity is being produced from the same amount of fuel. Since the author did not 

have access to data over amounts of fuel used during the studied weeks it was not possible to 

calculate the exact results for the operation strategy, as was done for plant Norrköping. 

However, even though a simplified calculation was made it should be somewhat well 

represented of the results that would be gained from an operation strategy in reality.   

 

According to Alritzon (2019) who works as a foreman at plant Ronneby the reason that the 

ORC is not running during the warmer months is because of the low amount of heat 

withdrawal from the network. This would create a lower return flow and limited cooling of the 

ORC. Because of this, a smaller boiler is used instead which is not connected to the ORC. The 

lack of cooling water seems to be a recurrent problem as it was both mentioned in the 

questionnaire and by Alritzon. Because of this, the geographical distance to a water source 

such as a lake or a river seems almost vital in order to achieve the highest benefits from the 

installation of an ORC. One solution to the cooling problem at plant Ronneby could be to 

install an air cooling system. But as Astolfi (2017) describes in Organic Rankine Cycle (ORC) 

Power Systems, air cooling systems are substantially more expensive than those cooled by a 

fluid because of the large heat exchange surface needed. Because of this, cooling the excess 

heat during warmer months at plant Ronneby by air is most likely not economic feasible. 
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Especially since the heat demand is rather low and would not lead to a lot of produced 

electricity anyway. 

 

Because of the larger and more consistent amounts of heat flowing through the ORC system 

at plant Ronneby compared to plant Norrköping, it means that they are also more affected by 

the Swedish legislation. When analyzing the power output data at plant Norrköping it becomes 

clear that there is a big potential in producing more electricity at the plant. However, since the 

energy tax law (1993:1776) states in chapter 11, 2 §, that a maximum power of 50 kW is allowed 

before energy taxes applies, plant Ronneby was restrained by the economic aspect to install an 

expander of higher capacity. The author of this thesis thinks that this is unfortunate, as every 

kilowatt-hour of electricity produced from renewable sources will help to decrease the global 

emissions. For future studies, it would be interesting to analyze how the legislation affects 

small-scale electricity production or a larger system level, included more types of producers 

such as solar and wind. Through this, it could help to determine whether or not there is a value 

of the legislation on a larger scale and give policymakers an information base for future 

legislation, if an increased amount of small-scale electricity production is desired.   

6.2.3 Questionnaire 

 

Lack of personnel is an obstacle for us to invest in ORC 

The participants from heat plants saw this as a non-issue with eight out of eleven fully 

disagreeing with the statement, two were somewhat disagreeing with the statement and only 

one somewhat agreeing with the statement. This implies either one or both of two things:  

 

● Heat plants in Sweden are generally quite self-running, requiring little maintenance 

which could leave staff available to maintain and look after things outside their main 

process, such as an ORC investment.  

● Heat plants in Sweden have no limitations in acquiring new staff if so would be needed. 

Although this is not very likely as almost every company is looking to limit their 

expenses and hiring new staff because of an ORC investment which also is self-running 

is not economically beneficial. 

 

For sewage treatment plants the answers were more scattered and almost equal between all 

grades. This could mean that different sewage treatment plants have different prerequisites 

regarding their staff workload. A reason for this might be that most sewage treatment plants 

are municipality owned and depending on where in Sweden these are located the economic 

situation might differ, meaning that some treatment plants have a low staff budget while 

others might be higher. For example, the municipality of Stockholm accumulates 3301 

SEK/inhabitant while the municipality of Tjörn only accumulates 509 SEK/inhabitant (SCB, 

2018).   

 

Lack of available space is an obstacle for us to invest in ORC 

A bit like the first question the heat plants mostly considered this to be a non-issue as well, 

although with a bit wider spread where one heat plant fully agreed with this statement. Heat 

plants are generally quite big facilities, meaning that installing an ORC machine that is 3.5 x 

1.6 x 2.1 meters should not be a big problem for many plants, which also shows in the answers. 
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Like the first question, the answers from the sewage treatment plants are more scattered. 

According to the Environmental Protection Agency of Sweden (2016), the size of a sewage 

treatment plant are measured in persons-equivalents, which suggests that the sizes are 

proportional to how many people that live in in the municipality and therefore it will vary a lot 

depending on where in Sweden it is located. This might explain the scattering answers to this 

statement.  

  

Lack of knowledge resources is an obstacle for us to invest in ORC 

Participants representing heat plants were overall mostly disagreeing with this statement, 

while sewage treatment plants were, like previous statements, scattered across the whole scale. 

The reason for heat plants saying that knowledge resources is not an obstacle is most likely 

because the traditionally close relation between creating heat and creating electricity. In 

Sweden, combined heat and power plants (CHP) are not rare and is, according to EI one of the 

important power suppliers accounting for the electricity baseload together with hydro and 

nuclear power (EI, 2014). Several of today’s CHP plants were only heat plants before 

introducing electricity production and the benefits that came with it. Because of this, people 

working at CHP or regular heat plants generally come from the same background, with similar 

education, experiences and skills. There is also a high chance that many heat plants already 

have investigated the alternative to introduce electricity production into their processes, and 

in doing so gained knowledge about the subject.  

 

Sewage treatment plants on the other hand are not an industry very close related to electricity 

production, hence why the answers from participants might be more varying. Through an 

speaking with Nyström (2019), a master student who made a database on how biogas is 

produced in Sweden and what its current uses are, she showed that out of 128 different 

wastewater treatment plants only 22 of these were using the produced biogas to create 

electricity, meaning approximately 17%. The sewage treatment industry is quite complex and 

requires the staff working within these plants to have knowledge in both basic engineering and 

chemistry, making it unlikely that the staff also should have high experience and knowledge 

within the field of electricity production. 

 

Lack of fuel is an obstacle for us to invest in ORC 

Heat plants thought this to be mostly a non-issue, which is reasonable since they must be able 

to handle changes in heat demand and therefore already have a secured supply of fuel.  

 

For wastewater treatment plants the agreeing with the statement was dominant with only two 

participants on the “disagreeing” part of the scale. This is understandable as the gas that is 

used to fuel the boiler can be used for several things apart from producing heat, for example 

sold for production of CBG. This also becomes clear looking at the case of Norrköping where 

about 90% of the gas is being upgraded and sold. 

 

The investment cost is an obstacle for us to invest in ORC 

Both participants from heat and sewage treatment plants agreed that the investment cost is an 

obstacle to invest in ORC, although participants from sewage treatment plants were more 

scattered with their answer. As mentioned earlier, some heat plants are businesses like any 

other, which means that their economic growth almost always comes first when making 

decisions. This might be the reason for heat plants to be more hesitant to invest in ORC, as an 

investment of almost 2.000.000 will affect their revenue.  
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Most wastewater treatment plants on the other hand are owned by the municipality, which is 

why the goal to make the most earnings is not as prominent, hence why there might be a more 

diverse range of answers on this statement. For municipal owned businesses however the 

public procurement act must be followed, which states that for an investment over 500.000 

certain procedures must be followed, making it more time consuming and costly to go through 

with an investment (SKL, 2019). Because of this, the law itself might be an obstacle for 

investing in ORC, which is related to the investment cost.   

 

The payback is an obstacle for us to invest in ORC 

Thanks to cheap methods of production, the electricity prices in Sweden have generally been 

low compared to large parts of Europe (Energimyndigheten, 2017c). This is why it might be an 

obstacle for businesses to invest in ORC, as the avoided electricity cost through self-production 

of electricity can be quite low in comparison to the investment cost of an ORC-machine, and 

therefore the payback might be considered to be too long to be worth the investment. The 

answers from participants from heat plants and wastewater treatment plants were opposites 

on this question, where heat plants agreed, and wastewater treatment plants disagreed with 

the statement. As previously mentioned, this might also be a phenomenon created by if there 

is different ownership of the two different industries. Private owned businesses seem to 

prioritize the economical aspect more than municipal owned. 

 

Utilize excess fuel is a motivation for us to invest in ORC 

This statement was aimed towards sewage treatment plants. An installation of an ORC at a 

heat plant would only increase the use of fuel ever so slightly, and therefore not impact the 

amount of excess fuel that goes through a heat plant. This is also shown in the results, as most 

participants from heat plants disagreed with this statement.  

 

While most participants from sewage treatment plants neither agreed nor disagreed with this 

statement there were in total a leverage towards agreeing that utilizing excess fuel is a 

motivation to invest in ORC. Almost every wastewater treatment plant has production of 

biogas as it is an important process to neutralize the sludge which is a by-product from the 

treatment processes (Nyström, 2019). This plant needs to rid of this biogas, either by selling it 

for production of CBG or burning it. If there is no buyer or possibility to sell the gas it needs 

to be burned which can create large amounts of heat. Because of this, it is understandable that 

most wastewater treatment plants have an abundance of waste heat that can have beneficial 

uses.  

 

Lower electricity cost through self-production of electricity is a motivation for us 

to invest in ORC 

This statement can be interpreted as the opposite of statement number six (the payback is an 

obstacle for us to invest in ORC) and therefore the answers from participants were expected 

to be the opposite as well. However, this turned out only to be the case of wastewater treatment 

plants. For heat plants on the other hand, the participants mostly agreed with this statement, 

even though they previously also agreed that the electricity price was so low that this became 

an obstacle for them to invest in ORC. According to Brace (2013), a person who agrees with a 

statement often continues to agree with following statements within the same topic, which 

might explain what happened here.   
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Contributing to an increased production of environmentally friendly electricity 

is a motivation for us to invest in ORC. 

Both participants from heat plants and sewage treatment plants agreed with this statement 

which is understandable considering the attention that climate change has been given during 

recent years. However, it would be interesting to find out how the participants would value the 

production of environmentally friendly electricity compared to the economic benefits from an 

ORC. This would help to determine the “true” value of the ORC in a real industry setting and 

could also be important knowledge for marketing purposes, namely what aspect that should 

be focused on when pitching the ORC-technology to businesses. 

 

To profile ourselves as a sustainable company is a motivation for us to invest in 

ORC. 

As the awareness of environmental problems increases, many companies use this awareness 

for their benefit and lowers energy use, decreases emissions, uses better materials etc. By 

doing so, they can market themselves as more sustainable companies. This can lead to earning 

the trust of a larger customer base, attracting more potential staff workers and receive more 

funding from the municipality. Most participants from heat plants were fully agreeing with 

this statement while most participants from sewage treatment plants were somewhat agreeing. 

The small variation between the two plants might be explained by the larger amount of 

competition that exist in the heating industry, compared to wastewater treatment. For heat 

plants, installing an ORC could be a way of attracting more customers and to make them 

choose district heating rather than for example heat pumps. In 2007 this was a dilemma 

brought up by politician Appelros (2007), who was concerned about the trend in people 

choosing other heat sources than district heating because of rising heat prices, as district 

heating was according to Appelros a more sustainable option. Wastewater treatment on the 

other hand is not a competing industry. It is a service provided by each municipality and there 

is no way for households to choose between plants to treat their wastewater. For sewage treat 

plants green marketing would instead probably be a way of attracting people to work at their 

facility, which also is most likely an important aspect for heat plants as well. 

 

To profile ourselves as a more innovative company is a motivation for us to invest 

in ORC. 

This statement was very similar to the previous one, as innovation and sustainability often are 

talked about in the same sentence today. This can also be seen from the results, as the answer 

are almost identical, with just a small variation from both type of plants.  

 

Analysis 

The answers given by participants of the questionnaire were in many cases scattered, which 

suggests that plants have different prerequisites and viewpoints when it comes to investing in 

ORC technology. This can for example be differences in budget for investments, workload of 

the employees, if the plant has a management enthusiastic for the environment or if there is 

available fuel to run the ORC. From this finding it becomes clear that if one wish to see an 

increase in ORC technology in today’s industry, there is no one way of marketing these 

systems. Instead it becomes vital to look at each individual plant and assess the situation from 

there. For plants that lack available staff it is important to present a machine that runs by itself 

with all maintenance taken care off by the supplier of the ORC. For plants that values the 

environmental aspect more than the economic it is important to present the reduced climate 

impact that comes with an ORC installation, and on the other hand if the economic aspect is 
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more important, then show the savings that can be made every year in reduced electricity cost. 

If there is a plant with a low investment budget, then the supplier must look at how the ORC 

machine can be built while keeping costs down. All this indicates the importance of flexibility 

when selling ORC systems. In order to increase the ORC technology on the market one must 

look at each customer and create solutions that fits their individual needs.  

 

An overall observation that can be made from the questionnaire results is that heat plants 

seems more eager to invest in ORC than wastewater treatment plants. This comes from heat 

plants generally mostly disagreed with statements regarding obstacles towards investing in 

ORC and agreed with those connected to motivations. The opinions from sewage treatment 

plants on the hand seems to be that the obstacles towards investing in ORC are rather 

substantial, while at the same time not valuing the motivations to the same extent. Looking at 

the results from research question 1, namely that both the economic and environmental 

performance of the ORC is widely better in the case of plant Ronneby it is understandable that 

wastewater treatment plants shows a bit more skepticism in the questionnaire.  

 

From interacting with both the participants of the questionnaire and other people, the author 

of this thesis has realized the importance of economic profitability in order to see an expansion 

of ORC on the Swedish market. Luckily, according to the Swedish Energy Agency (2017c) the 

electricity price in Sweden went up by 7% from 2017 to 2018, which suggests that in the future 

the electricity price will be substantially higher than today. Furthermore, this will mean that 

the avoided electricity cost from installation of ORC will be greater, creating a shorter pay-

back and therefore a bigger motivation for investing in the technology. If this would in the 

future be combined with legislation benefits such as a higher limit for avoided energy tax for 

renewable electricity producers, the motivation to invest in ORC would increase even further.  

 

As a final thought on the subject, the author thinks that the main challenge for the adoption of 

ORC in a Swedish perspective, excluding the economical factor, is that it needs a good cooling 

option or a large heat outtake from the system in order to reach high efficiency levels. However, 

if someone would ask the author of this thesis if he would like to invest in ORC technology 

himself the answer would most certainly be yes, as the potential of the ORC in the right 

conditions are very promising.  
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7. Conclusion 

In this chapter, the research questions presented in 1.1 Aim and Scope are answered. 

 

1. What are the economic and environmental benefits achieved through installation of 

ORC at plant Norrköping and Ronneby? 

 

Thanks to the installation of ORC plant Norrköping has managed to reduce their electricity 

cost by 57,000 SEK/year and heat cost by 143,000 SEK/year. The emissions that this 

reduction in electricity use is corresponding to is 11 ton CO2-equivalents/year. 

 

Through the installation of ORC plant Ronneby has reduced their electricity cost by 206,853 

SEK/year and reduced the global emissions by 55 ton CO2-equivalents/year. 

 

2. How can ORC operation strategy be applied at plant Norrköping and Ronneby to 

increase economic benefits on a local level, and environmental benefits on local and 

system level? 

 

By installing and adding a second cooling option for the condenser heat at plant Norrköping 

it becomes possible to run the ORC at its maximum capacity for longer periods of time. By 

shifting the electricity production to hours when the electricity price is at its highest the most 

economical and environmental benefits can be achieved. The most prominent use of the 

condenser excess heat is to exchange it to the biological treatment pools where the process is 

more efficient at higher water temperatures. This operation strategy would lead to a reduced 

electricity cost by 84,000 SEK/year and heat cost by 205,000 SEK/year. The decrease in 

global emissions would be 48 ton CO2-equivalents/year.  

 

In order to run the ORC for longer periods of time at maximum capacity at plant Ronneby, 

some way of increasing the heat outtake from the district heating network must be found, 

alternatively a secondary cooling option must be installed. This could for example be an air 

cooling system, but as it was out of scope for this thesis it was not investigated further. The 

operational strategy that was created for plant Ronneby included a shifting in electricity 

production to peak hours. This operation strategy shows the theoretical benefits if the above 

mentioned secondary cooling option would be found and installed. The operation strategy 

would lead to a reduced electricity cost by 224,000 SEK/year and a reduction of the global 

emissions by 72 ton CO2-equivalents/year.  

 

3. How does economic, environmental and technical aspects impact the willingness to 

invest in ORC-systems? 

 

The results show that different plants have different prerequisites and viewpoints when it 

comes to investing in ORC technology. This can for example be differences in budget for 

investments, the workload of the employees or if there is available fuel to run the ORC. From 

this finding it becomes clear that if one wish to see an increase in ORC technology in today’s 

industry, there is no one way of marketing these systems. Instead it becomes vital to look at 

each individual plant and assess the situation from there.  
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That being said, some general conclusions can be drawn regarding the willingness to invest for 

wastewater treatment plants and heat plants.  

 

• Lack of personnel or available space is not an obstacle for heat plants to invest in 

ORC. For wastewater treatment plants these issues vary. 

• Lack of fuel is not an obstacle for heat plants to invest in ORC. For wastewater 

treatment plants this issue varies. 

• The investment cost is an obstacle for both heat plants and wastewater treatment 

plants. 

• The payback is an obstacle for heat plants to invest in ORC. However, this is not an 

obstacle for wastewater treatment plants.  

 

• To utilize excess fuel is not a motivation for heat plants to invest in ORC. This 

however is a motivation for wastewater treatment plants to invest in ORC. 

• A reduced electricity cost is a motivation for both heat plants and wastewater 

treatment plants. 

• To reduce the global emissions is a motivation for both heat plants and wastewater 

treatment plants. 

• To profile themselves as a sustainable company is a motivation for both heat plants 

and wastewater treatment plants.  
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8. Future studies 
A similar study but with a larger data sample would help to validate the results from this thesis. 

The electricity that was produced at the plants varied a lot depending on the month of the year, 

which is why a future study could use a data sample from each month rather than just four 

months. An optimal analysis would then be to include every day for these months in the data 

sample, rather than just one week. Apart from confirming or negating the findings of this 

thesis, this would also help to determine if there are some months that benefits more from 

operation strategy and should have a higher priority. It is however important here to state how 

demanding such an analysis would be, not just from the researcher but also on the program 

and computer software used, as Excel for example that was used in this thesis can only handle 

a certain amount of data while keeping its functionality.  

  

Legislation was something that was not covered to a large extent in this thesis. All the same, it 

is a very important factor when considering the establishment of small-scale renewable 

electricity production in Sweden. In both the case of plant Norrköping and plant Ronneby, 

legislation made it uneconomical to invest in a larger system than 50 kW, which means that 

lower avoided emissions are currently being achieved than what is possible. Because of this, it 

would be interesting to analyze the Swedish legislation and how the benefits from it compares 

to the downsides such as a hindrance in investment. For such a study, a theoretical case with 

more beneficial legislation for small-scale electricity production could be created and with 

broad system boundaries explore the total outcome of such a scenario. In addition, for this 

type of work, interviews with both policymakers and spokespersons of the small-scale 

electricity industry would be highly valued to hear the reasoning from both parties.  

 

Another interesting aspect to analyze would be to look at plant Norrköping and compare how 

their income for CBG relates to the avoided electricity and heat cost. Is selling the gas better 

economic-wise and if so, why is not all the gas being sold. Also, how does staff at the plant 

value this income compared to the environmental benefits that the ORC provides. 

 

Lastly, a suggestion for future studies would be to analyze more in depth how the operation 

strategies suggested in this thesis would be implemented. In the case of plant Norrköping, a 

new heat exchanger and piping would be needed if the excess heat is to be used as pool heating. 

Therefore, it would be interesting to find out how much this would cost, what the technical 

limitations are and how efficient the heat would be exchanged to the pools. The same goes for 

plant Ronneby where in order to implement the operation strategy some way of extracting 

more heat from the system must be found. If this is done efficiently, there might even be an 

option of running the ORC from May to September as well which would lead to a substantial 

increased amount of produced electricity.  
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Dinçer, I., & Rosen, M. A. (2011). Thermal energy storage: Systems and applications. John 

Wiley & Sons. 

 

Directive 2004/8/EC. (2004). On the promotion of cogeneration based on a useful heat 

demand in the internal energy market and amending Directive 92/42/EEC.  

 

EI. (2019) Fjärrvärmeföretag. Recieved 2019-10-10 from https://www.ei.se/sv/start-

fjarrvarmekollen/foretag/ 

 

EI. (2014) Så sätts ditt elpris. Ett faktablad från Energimarknadsinspektionen. 

 

Energimyndigheten. (2019). Energiläget i siffror - 2019. 

 

Energimyndigheten. (2017a). Värmevärden från energimyndighetens datalager. 

 

Energimyndigheten. (2017b) Kvotpliktig. Recieved 2019-11-21 from 

https://www.energimyndigheten.se/fornybart/elcertifikatsystemet/kvotpliktig/ 

 

Energimyndigheten. (2017c). Den europeiska elmarknaden – elpriser och slutkundpriser. 

 

Energimyndigheten. (2011). Ackumulatortankar - Får värmen att räcka längre. 

 

EON. (2019). Fjärrvärmepris - Företag. Recieved 2019-10-29 from 

www.eon.se/foeretag/vaerme-och-kyla/for-foretag-som-har-

fjarrvarme/fjarrvarmepriser.html  

 

Florinsky, I. V. (2016). Digital terrain analysis in soil science and geology. Elsevier 

 

Gerring, J. (2004). What Is a Case Study and What Is It Good for? Case Studies, 117-117. 

doi:10.4135/9781473915480.n7 

 

Greer, M. (2012). Electricity marginal cost pricing: Applications in eliciting demand 

responses. Elsevier Butterworth-Heinemann. 

 

Holland, S. P., & Mansur, E. T. (2008). Is Real-Time Pricing Green? The Environmental 

Impacts of Electricity Demand Variance. Review of Economics and Statistics, 90(3), 550-

561. doi:10.1162/rest.90.3.550 

 

Karasmanaki, E., Galatsidas, S., & Tsantopoulos, G. (2019). An Investigation of Factors 

Affecting the Willingness to Invest in Renewables among Environmental Students: A 

Logistic Regression Approach. Sustainability, 11(18), 5012. doi:10.3390/su11185012 

 

Ledskog, E. (2019). Email conversation with Elin Ledskog, head of sales at Againity AB. 

https://www.energimyndigheten.se/klimat--miljo/sveriges-energi--och-klimatmal/det-klimatpolitiska-ramverket/?fbclid=IwAR27sKLjjoXQuqOZsMomjwV8lJueik4riDz0h0mJ3x5dXSci4pjW5MRpEzQ
https://www.energimyndigheten.se/klimat--miljo/sveriges-energi--och-klimatmal/det-klimatpolitiska-ramverket/?fbclid=IwAR27sKLjjoXQuqOZsMomjwV8lJueik4riDz0h0mJ3x5dXSci4pjW5MRpEzQ
https://www.energimyndigheten.se/klimat--miljo/sveriges-energi--och-klimatmal/det-klimatpolitiska-ramverket/?fbclid=IwAR27sKLjjoXQuqOZsMomjwV8lJueik4riDz0h0mJ3x5dXSci4pjW5MRpEzQ
https://www.ei.se/sv/start-fjarrvarmekollen/foretag/
https://www.ei.se/sv/start-fjarrvarmekollen/foretag/
https://www.energimyndigheten.se/fornybart/elcertifikatsystemet/kvotpliktig/
http://www.eon.se/foeretag/vaerme-och-kyla/for-foretag-som-har-fjarrvarme/fjarrvarmepriser.html
http://www.eon.se/foeretag/vaerme-och-kyla/for-foretag-som-har-fjarrvarme/fjarrvarmepriser.html


56 
 

 

Lindahl, J., Stoltz, C. (2018). National Survey Report of PV Power Applications in Sweden 

2017. International energy agency. doi:10.13140/RG.2.2.15813.91369 

 

Macchi, E. (2017). Theoretical basis of the Organic Rankine Cycle. Organic Rankine Cycle 

(ORC) Power Systems, 3-24. doi:10.1016/b978-0-08-100510-1.00001-6 

 

Market data. (2019). Retrieved 2019-09-25 from https://www.nordpoolgroup.com/Market-

data1/Dayahead/Area-Prices/SE/Hourly/?dd=SE&view=chart  

 

Miljöpåverkan från el. (2018). Retrieved 2019-09-19 from 

https://energiradgivningen.se/klimat/miljopaverkan-fran-el  

 

Naturvårdsverket. (2007). Faktablad om avloppsreningsverk 200 – 2000 pe.  

 

Nord Pool. (2019). Day ahead prices.  

 

Nyström, P. (2019). Conversation with Pia Nyström. Taken place on 2019-09-24. 

 

Landelle, A., Tauveron, N., Haberschill, P., Revellin, R., & Colasson, S. (2017). Performance 

Evaluation and Comparison of Experimental Organic Rankine Cycle Prototypes from 

Published Data. Energy Procedia, 105, 1706-1711. doi:10.1016/j.egypro.2017.03.555 

 

NODRA. (2019). Plant visit. 

 

Olsson, L. (2015). Sociotechnical system studies of the reduction of greenhouse gas 

emissions from energy and transport systems. doi:10.3384/diss.diva-116685 

 

Oscarsson, P. (2017). Konkurrenskraftig småskalig kraftvärme. 

 

Pili, R., Romagnoli, A., Spliethoff, H., & Wieland, C. (2017). Techno-Economic Analysis of 

Waste Heat Recovery with ORC from Fluctuating Industrial Sources. Energy Procedia, 129, 

503-510. doi:10.1016/j.egypro.2017.09.170 

 

Quoilin, S., Broek, M., Declaye, S., Dewallef, P., Lemort, V.. (2013). Techno-economic survey 

of Organic Rankine Cycle (ORC) systems. Renewable and Sustainable Energy Reviews, 168-

186. doi:10.1016/j.rser.2013.01.028 

 

Regeringskansliet. (2018). Nya energipolitiska mål skapar långsiktighet. Retrieved from 

https://www.regeringen.se/pressmeddelanden/2018/04/nya-energipolitiska-mal-skapar-

langsiktighet/ 

 

Riksdagsförvaltningen. (2014). Ellag (1997:857) Svensk författningssamling 1997:1997:857 

t.o.m. SFS 2018:1448. Retrieved from https://www.riksdagen.se/sv/dokument-

lagar/dokument/svensk-forfattningssamling/ellag-1997857_sfs-1997-857 

 

Riksdagsförvaltningen. (2014). Lag (1994:1776) om skatt på energi - Svensk 

https://www.nordpoolgroup.com/Market-data1/Dayahead/Area-Prices/SE/Hourly/?dd=SE&view=chart
https://www.nordpoolgroup.com/Market-data1/Dayahead/Area-Prices/SE/Hourly/?dd=SE&view=chart
https://energiradgivningen.se/klimat/miljopaverkan-fran-el
https://www.regeringen.se/pressmeddelanden/2018/04/nya-energipolitiska-mal-skapar-langsiktighet/
https://www.regeringen.se/pressmeddelanden/2018/04/nya-energipolitiska-mal-skapar-langsiktighet/
https://www.riksdagen.se/sv/dokument-lagar/dokument/svensk-forfattningssamling/ellag-1997857_sfs-1997-857
https://www.riksdagen.se/sv/dokument-lagar/dokument/svensk-forfattningssamling/ellag-1997857_sfs-1997-857


57 
 

författningssamling 1994:1994:1776 t.o.m. SFS 2019:491. Retrieved from 

https://www.riksdagen.se/sv/dokument-lagar/dokument/svensk-forfattningssamling/lag-

19941776-om-skatt-pa-energi_sfs-1994-1776  

 

RL. (2019). Vädret: Månadsdata. Retrieved 2019-11-22 from https://rl.se/vadret/period.php 

 

Röjgård, M. (2019) Email response. Recieved 2019-10-17. 

 

SCB. (2018) Kommuner i siffror. Retreived 2019-10-18 from www.scb.se/hitta-

statistik/sverige-i-siffror/kommuner-i-siffror/#?region1=0180&region2=1419  

 

SKL. (2019) Lär om lagar för offentlig upphandling. Retrieved 2019-10-18 from 

https://skl.se/demokratiledningstyrning/upphandling/strategiskupphandlingforsorjningsst

rategi/overlamnaverksamhetlouellerlov/laromlagarforoffentligupphandling.11009.html 

 

SKM. (2019). Elcertificate price history. Retrieved 2020-01-09 from 

http://www.skm.se/priceinfo/history/2019/ 

 

Thollander, P. (2019). Email response. Received 2019-08-25. 

 

EPA (2017) Understanding Global Warming Potentials. Retrieved 2019-10-02 from 

https://www.epa.gov/ghgemissions/understanding-global-warming-potentials  

 

Vattenfall. (2019). Våra priser. Received 2019-11-14 from 

https://www.vattenfalleldistribution.se/el-hem-till-dig/elnatspriser/  

 

Wren, J. (2019). Email response. Received 2019-12-01. 

  

https://www.riksdagen.se/sv/dokument-lagar/dokument/svensk-forfattningssamling/lag-19941776-om-skatt-pa-energi_sfs-1994-1776
https://www.riksdagen.se/sv/dokument-lagar/dokument/svensk-forfattningssamling/lag-19941776-om-skatt-pa-energi_sfs-1994-1776
https://rl.se/vadret/period.php
http://www.scb.se/hitta-statistik/sverige-i-siffror/kommuner-i-siffror/#?region1=0180&region2=1419
http://www.scb.se/hitta-statistik/sverige-i-siffror/kommuner-i-siffror/#?region1=0180&region2=1419
https://skl.se/demokratiledningstyrning/upphandling/strategiskupphandlingforsorjningsstrategi/overlamnaverksamhetlouellerlov/laromlagarforoffentligupphandling.11009.html
https://skl.se/demokratiledningstyrning/upphandling/strategiskupphandlingforsorjningsstrategi/overlamnaverksamhetlouellerlov/laromlagarforoffentligupphandling.11009.html
http://www.skm.se/priceinfo/history/2019/
https://www.epa.gov/ghgemissions/understanding-global-warming-potentials
https://www.vattenfalleldistribution.se/el-hem-till-dig/elnatspriser/


58 
 

9. Appendix A 
 

 
Figure 27. A screenshot from a database created by students at Linköping university that contains data over all 

sewage treatment plants in Sweden. 


