
























1 Introduction 
During the last 11 700 years our earth has stayed in a relatively stable state, the Holocene                                 
epoch, the only state in which we are ensured that our earth can support contemporary                             
human societies. A high degree of change in our climate would likely, by its own, be                               
enough to push the Earth system out of the Holocene state. To avoid this, the EU has                                 
restricted the maximum allowable increase of the global mean temperature to 2°C above                         
preindustrial temperature. Unfortunately, human activities causing the climate to change                   
are ongoing, like emitting CO2 through burning of fossil fuels to receive energy (Steffen et al                               
2015). Ever since the industrial revolution, people in developed countries have not needed                         
to adapt themselves to nature and its rhythms to achieve electric power. Our problem of                             
leaving the current carbon lock-in reflects how this has shaped our expectation on power                           
supply and natural systems (Klein 2014). 

 
Even though people in general do consider climate change as an important problem, we do                             
not engage in enough mitigation behaviour to stem the increasing flow of greenhouse                         
gases risen by our current societies. This is partly due to structural issues, like how our                               
societal infrastructure is built up, but also relates to psychological factors like lack of                           
awareness of consequences or the feeling that someone else is responsible for taking care                           
of the problem (Gifford 2011). 
 
Electricity, supplying a fifth of the global total energy demand (IEA 2016), and powering an                             
increasing variety of human activities, has the potential of being a clean and convenient                           
energy carrier, but unfortunately todays production of electricity often entails huge                     
environmental, social and political problems. Overall, electricity production calls for a                     
radical transformation away from fossil sources of power. This could be achieved either                         
through nuclear, CCS technologies, renewable power sources, or through a combination of                       
these. However, one big question problematizing a transition to renewables is how supply                         
and demand of electricity can be balanced when large amount of intermittent power                         
sources, such as wind energy, is connected to the grid (Sandén 2014). A tool that can be                                 
used to handle these challenges is Demand Side Management (DSM); a variation                       
management strategy where the consumers of electricity adapt to the production of                       
electricity, rather than, as traditionally, the production adapting to consumer demand. In                       
colder parts of the world, such as Sweden, residential electric space heating constitutes a                           
significant part of the electricity load, and has previously been shown to be well suited for                               
DSM (Nyholm 2016). 

 
An interdisciplinary research, studying both the hard values of the electricity system and                         
the softer values of how electricity consumers use, and view, electricity, is required to                           
increase the understanding of the possibilities of DSM, both in the transition to a more                             
sustainable electricity system, and in the resetting of power relations between us and the                           
planet we depend on.  
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1.1 Aim 
The aim of this thesis is to help bridge the knowledge gap between the technical and                               
behavioural aspects of the residential sector electric heating DSM potential to manage                       
wind intermittency. This is done by building on previous work on electric space heated                           
single family dwellings (SFDs) in Sweden and its electricity system effects. A survey is used                             
to investigate household’s potential and willingness to take part in an DSM-scheme. Survey                         
results are translated and used to model the household potential to participate and its                           
effects on a north European wind dominated system. Conclusions are drawn regarding the                         
psychological roots of the household willingness and potential to take part in electric                         
heating DSM. Further, system effects of altering the participation level are investigated. 

1.2 Research Questions 
Question 1:  
What are Swedish SFD residents willingness and potential to participate in DSM of electric                           
heating? 
 
Question 2:  
What psychological aspects are guiding the willingness to participate? 
 
Question 3:  
What electricity system effects could be expected by implementing a DSM-scheme, in a                         
wind dominated system, based on the household’s potential to participate? 
 
Question 4:  
To what extent are these electricity system effects altered by a changed participation level,                           
rooted in the need for private investments, slighter comfort sacrifices, or a focus on                           
technology development?  

1.3 Limitations 
This work is limited to investigating DSM theoretically using a survey and models in order                             
to describe residential heating DSM and household participation. It is further limited in                         
looking at DSM in a specific sector, in a specific country and in a specific system, which                                 
means the conclusions from the work relate to DSM in a specific context rather than to                               
DSM in general. This specific context is residential heating DSM for Swedish electric                         
heated SFDs in a wind dominated system. This limits the conclusions since Sweden is                           
characterised by a high amount of hydro power and a cold climate, affecting the outcome                             
of the work. The results are also restricted to the building stock model, which specifically                             
describe the Swedish building stock.  
 
Limiting the investigation of DSM to one sector in one country entails limited overall                           
system effects, and the work does not investigate what would happen if residential                         
heating would be applied more extensively throughout the system, or in a different                         
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country. Furthermore, since the study relates to DSM in a system where the wind power                             
penetration levels lies on 47%, the potential for DSM in other types of production systems                             
such as solar dominated or thermal systems are not covered by this work. 
 
The modelling is constrained in terms of using a cost optimized model, implying that there                             
may be more environmentally beneficial outcomes. There might also be benefits of DSM                         
on both shorter and longer timescales than investigated in this thesis. The system                         
technology investments are further fixed, meaning that all effects of the DSM-scheme that                         
can be found, and laborated with, are within one specific investment scenario.  
 
The central behavioural limitation of the work is that household residents habits and                         
actions are searched through a theoretical survey, rather than observed in practical                       
situations. 
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2 Swedish Electricity System 
In this chapter the constitution of the Swedish electricity system is introduced in terms of                             
production, consumption and trade with surrounding countries. In a global perspective the                       
Swedish electricity production is clean: it has the third least amount of CO2 emissions                           
related to each unit of electricity produced in the country, after Iceland and Norway                           
(Swedenergy 2016). Still Sweden is not isolated from the rest of the electricity system: if                             
electricity use in Sweden is managed properly clean energy produced in Sweden can be                           
traded and reduce fossil energy otherwise produced somewhere else. The last couple of                         
years Swedish electricity production has exceeded the Swedish electricity demand,                   
resulting in a net export of electricity from Sweden to other countries (Swedenergy 2016). 

2.1 Swedish Electricity Production 
In 2015 the Swedish electricity production amounted to 158.5TWh, with about 47%                       
produced from hydropower, 35% from nuclear power, 10% from wind power and the rest                           
from conventional thermal plants using mostly biofuels as an energy source. In all, around                           
98% of the electricity produced in Sweden is produced from non-fossil energy sources (SEA                           
2016, Swedenergy 2016). While still constituting a fairly small fraction of the total                         
production, wind power is the power technology related to most of the new capacity                           
investments in Sweden today. The Swedish wind turbine capacity has increased by around                         
40% between 2014 and 2015, while the two largest production technology capacities,                       
nuclear and hydro, have more or less stabilized (figure 2.1) (Swedenergy 2016). 
 

 
 
Figure 2.1. Development of power technologies in Sweden over time [MW] (Swedenergy 2016, p. 28 diagram 
19). 
 

The fact that the Swedish electricity production causes little CO2 emissions is mainly due to                             
the naturally suitable environment for hydropower, in combination with a long tradition of                         
nuclear power. While the northern half of the country contains over 80% of the Swedish                             
hydropower capacity and has an overall electricity production surplus, the southern half of                         
the country contains all Swedish nuclear reactors and is characterised by an overall                         
electricity production deficit (Swedenergy 2016, Elområden 2011). 
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Hydropower is the main contributor to the Swedish electricity production and is a very                           
useful technology from a system perspective since it has low running costs and start up                             
costs. This means the energy can be stored and used when most needed, reducing system                             
production costs and helping to balance system variations. Although hydropower is a                       
renewable energy source with a high value from a system perspective, its capacity is                           
unlikely to increase significantly in the future, due to that it is a mature technology limited                               
by both environmental and societal factors (Sandén 2014, Sandén et al 2014). 
 
Nuclear power has been produced in Sweden since the 1970’s, and has over the years been                               
the subject for a continual political debate. Today, six of the twelve Swedish reactors either                             
have already been shut down or are planned to shut down (SRSA 2017).  

2.2 Swedish Electricity Consumption 
In Sweden about one third of the energy we consume every year is in the form of electricity                                   
(SEA 2016). 2015 the Swedish electricity consumption amounted to 135.9TWh, with the                       
remaining 22.6TWh of the Swedish production being exported to other countries. About                       
37% of this electricity demand is consumed by the industry, 30% by the residential sector,                             
26% by the service sector and the rest (7%) being lost through transmission (Swedenergy                           
2016). 
 
Since a significant part of the Swedish electricity consumption, in all sectors, is related to                             
heating, the seasonal demand pattern depends largely on outdoor temperatures, with                     
demand rising as outdoor temperature decreases and vice versa (figure 2.2). When it                         
comes to diurnal demand variations, weekday electricity demand has a largely recurring                       
pattern, with demand peaks around 8am in the morning and 5pm in the evening                           
(Swedenergy 2016). 
 

 
 
Figure 2.2. Diurnal electricity demand profile in Sweden 2015 for different times of year [MWh/h]  (Swedenergy 
2016, p. 40 diagram 37). 
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2.3 European Electricity Trade 
In order to cover the Swedish electricity demand and achieve balance at every instant, the                             
Swedish system is dependent on transmission and trade within the country as well as with                             
surrounding European countries. By importing and exporting electricity, the varying                   
technology characteristics and production conditions in the different countries and regions                     
can be utilized in order to balance the system and avoid electricity price peaks. Due to the                                 
possibilities of trade, the electricity consumed in Sweden is not necessarily the electricity                         
produced in Sweden, and vice versa. Hence, limiting the viewpoint to the national                         
boundaries is deceptive in this context, since changes in Swedish electricity production or                         
consumption have effects on the production and consumption in many other countries.                       
When expanding the viewpoint to Europe, the average electricity production looks vastly                       
different from the carbon-neutral picture of Swedish production (figure 2.3a), with almost                       
half of the produced electricity originating from fossil fuels, and just about one fourth from                             
renewable resources (figure 2.3b) (Eurostat 2016). Since Sweden today has transmission                     
connections with several European countries, the Swedish production and consumption is                     
closely linked to the production and consumption also in these countries. 
 

 
Figures 2.3a-b. Electricity production 2015 in Sweden (a) (SEA 2016) and EU-28 (b) (Eurostat 2016) [%TWh]. 
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3 Theoretical Background 
In this chapter, following the introduction to the swedish electricity system given in chapter                           
2, the reader is given the background knowledge needed to follow the work carried out. In                               
section 3.1 characteristics of a future system with high levels of wind penetration are                           
described, ways to handle wind variations are discussed and DSM is introduced as a                           
potential tool manage electricity in the residential sector. In section 3.2 previous research                         
emphasizing the interdisciplinary nature of DSM, and the need of behavioural studies when                         
investigating residential electricity consumption is presented. The third section, 3.3,                   
introduces previous behavioural research relating to the psychology behind behavioural                   
change and acceptance of new technology and pro-environmental schemes.   

3.1 Wind Variation Management 
In the challenge of leaving the fossil era and developing a global electricity system based                             
on renewable energy, wind, together with solar, energy are predicted to play a significant                           
role (Sandén 2014). Wind power availability for a specific time is largely unpredictable on                           
the longer time horizon, e.g. a month or year beforehand, and does not follow a clear                               
pattern (Steen et al 2014, Carlson et al 2014). Due to the high level of variations related to                                   
wind, variation management is important if the share of wind power in the system is to be                                 
increased. 

3.1.1 System Aspects of Wind Intermittency 
Though it is widely agreed that expanding the global utilization of wind energy is required                             
in order to reduce CO2 emissions, introducing large fractions of this technology into today’s                           
system changes and challenges the system in many ways. This is because in an electricity                             
system with significant amount of intermittent supply the supply technologies are not fully                         
adaptable to the electricity demand, since also the intermittent power supply varies over                         
time (Ehnberg et al 2014). 

Wind Variation Characteristics 

While demand variations are quite predictable and follow a certain pattern, wind supply                         
variations can be quite problematic from a systems perspective, since the wind power                         
availability for a specific hour, day, week or month is largely unpredictable on longer time                             
frames, and does not follow a clear pattern. However, on a yearly level a slight pattern of                                 
increased availability in winter time can be noted in northern Europe (figure 3.1), which                           
correlates well with Swedish yearly demand variations with higher demand related to                       
winter time heating (Steen et al 2014, Carlson et al 2014). 

 
Figure 3.1. Yearly wind production variability for Germany 2013 [GWh] (Carlson et al 2014, p. 35 figure 4.3). 
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In order to analyse the system implications of introducing intermittency it is commonly                         
talked about the net load, which usually means the load to be supplied from                           
non-intermittent power sources. Figure 3.2 shows a weekly electricity load and net load in                           
Denmark, a country with a high wind penetration in their electricity system. As can be seen,                               
both size and irregularities of the load variations increases when intermittent wind power                         
production is accounted for (Göransson 2014). 
 

 
Figure 3.2. Load and net load excluding wind production for the first week of January 2013 in western Denmark 
[MWh] (Göransson 2014, p. 19 figure 1). 

System Costs 

Another important characteristic of wind power production is its extremely low running                       
costs, once the initial capacity investment has been made (Kåberger 2014). This means that                           
whenever the conditions are good, the wind turbines will, more or less, be used to supply                               
electricity. Some other system technology will then be forced to reduce its production                         
temporarily, while standing by to start producing again when the conditions for the wind                           
power are no longer favorable. This creates problem in a system with high amounts of                             
inflexible base load technologies, as is evident for the case of the Swedish nuclear, where                             
an increased penetration of wind power production has forced the plants to run                         
inefficiently, vastly reducing their profits (Göransson 2014, Swedenergy 2016). Introducing                   
large fractions of intermittent wind generation also means introducing the possibility to                       
sometimes have large amount of power available, while at others (e.g. a calm day) have                             
none. When no renewable energy is available, there has to be enough non-intermittent                         
power capacity to meet demand. This implies that a system with a large fraction of                             
intermittent supply needs to build a larger supply capacity than a traditional system in                           
order to meet the same level of demand (Göransson 2014). 

Variation Management 

The concept of variation management is commonly talked about as a means of efficiently                           
solving the problems related to intermittency. The concept is a mix of different types of                             
strategies to manage the variations caused by system intermittency or demand variations.                       
Basically it boils down to whether to balance the system using other production                         
technologies, by adapting electricity demand, or by storing the electricity until it is needed                           
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(Ehnberg et al 2014). The different strategies have different qualities, work differently in                         
different types of system, and could complement each other by playing different roles in a                             
future system.  
 
As mentioned in Chapter 2, both hydropower and trade can be used to manage the                             
variations caused by wind production, with the hydropower working as a type of storage.                           
By having the possibility to trade, the intermittent aspects of wind power production can                           
be reduced, due to the likelihood of wind power being available at any given time,                             
somewhere in the system (Göransson & Lundberg 2014). 
 
Another way to manage production variations is by curtailing some of the wind energy,                           
which is different than other management strategies in the sense that it can only help to                               
reduce production, and is not a strategy to enable a more efficient use of production                             
(Nyholm 2016). To what extent wind is curtailed depends on the surrounding production                         
system; in a system with a lot of inflexible power technologies the costs of decreasing                             
production are high, while in a system with a lot of flexible production and other variation                               
management strategies, curtailment can, to a great extent, be avoided (Göransson 2014). 

3.1.2 Demand Side Management 
The variation management strategy called Demand Side Management (DSM) basically                   
means making electricity demand more flexible both in time and in size. It entails a new,                               
more active role for the electricity consumers who have historically been seen largely as                           
passive in their demand (Nyholm 2016). DSM can be used similarly to other variation                           
management strategies, and as with other variation management strategies, its role and                       
potential depends largely on the surrounding system costs and variabilities. It is to a large                             
part a decentralized variation management strategy in the sense that the often small                         
consumer loads available to manage the variations are spread out in the system. Its                           
current deployment is tightly linked to the simultaneous development of smart technology;                       
smart grids and smart meters (Nyholm 2016). With DSM developing alongside these smart                         
technologies, the possibilities to collect and transfer information between the                   
decentralised consumers and the electricity production are expected to increase. This                     
would allow the system to act with higher speed and accuracy on the available information,                             
and adapt demand to production when there are incentives to do so, making DSM a much                               
more valuable and efficient way to manage variations (Nyholm 2016). 

Energy Conservation and Demand Response 

The possibilities to apply DSM on electricity demand depends largely on the type of load                             
which is to be managed. One way to manage electricity demand is to decrease the total                               
amount of electricity consumed by behavioural or technical system changes, a strategy                       
referred to as energy conservation or load shedding (figure 3.3a). Another way to manage                           
electricity demand is by shifting the load in time, in order to better utilize the supply                               
system and decrease the system costs and emissions. This concept is referred to as                           
demand response (DR) or load shifting (figure 3.3b). 
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Figure 3.3a-b. Effects on electricity demand from energy conservation (a) and demand response (b). 

DSM in Different Electricity Systems 
When it comes to DSM, DR is the management strategy most affected by the production                             
technology composition. By simply decreasing the total amount of production, energy                     
conservation decreases the need for new investments as well as the total system cost,                           
regardless of system composition. For DR, however, its ability to manage system variations                         
makes its role very different depending on the production composition in the system it is                             
applied in. The potential value of DR in a given system depends on aspects such as fuel                                 
prices, transmission characteristics, demand and supply variations and flexibility of the                     
non-intermittent production (Tuohy et al 2014). 
 
Traditionally, DR has been used mainly to reduce load variations, in order to decrease the                             
need for production flexibility. This is done by decreasing demand at high production cost                           
peak hours (peak clipping, figure 3.4a) while increasing demand when production is                       
cheaper (valley filling, figure 3.4b). Since diurnal demand variations are pronounced and                       
predictable, DR is usually used to shift demand from the daily peaks toward a nighttime                             
consumption (Nyholm & Steen 2014). By doing this, a larger portion of the production can                             
be supplied by base load plants, reducing the total system costs. 

 
Figure 3.4a-b. Traditional DSM use through peak clipping (a) and valley filling (b). 
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In a system with a high penetration of intermittent supply, the value of DR can be high,                                 
since the need for any type of variation management to balance the intermittency is huge.                             
In this type of system, DR is used in order to manage the net load variations. This means                                   
that from a systems perspective, it could be beneficial to increase, rather than decrease,                           
the variability of demand, in order to better match the intermittent supply (figure 3.5b)                           
(Nyholm 2016). Overall, increasing the demand to high levels when the winds are blowing,                           
and to low levels when they are not, helps reduce curtailment and non-renewable                         
electricity production. However, it is widely recognized that the main potential for DR in                           
relation to intermittency is at a shorter time frame, while any longer demand shifts are                             
seen as improbable (Nyholm & Steen 2014). This means that while DR may be useful to                               
make the electricity system adaptive to wind variations on an hourly or daily basis, large                             
long term variations (stormy periods and periods of completely wind absens), can exceed                         
the flexible space created through DR.  
 

 
Figure 3.5a-b. DR impact on demand variations in a thermal system (a) and an intermittent system (b). 

3.1.3 Residential Sector DSM 
DSM can be utilized in different sectors, for example by stopping or shifting production in                             
the industrial sector or by managing air heating or cooling in the commercial or residential                             
sector (Nyholm & Steen 2014). The total Swedish residential electricity demand is a                         
significant load, constituting 30% of the total Swedish electricity demand, which makes it                         
an interesting option for reducing demand by energy conservation, as well as for helping to                             
balance system variations through DR. The residential electricity demand, however, is not a                         
homogenous load, but consists of several loads with very different characteristics and                       
suitability for DSM (Tuohy et al 2014). 

Residential Loads 

To analyse the potentials of the different residential loads, Seebach et al (2009) has                           
classified four different load qualities important for its value for DR. The first quality relates                             
to how big the load is, the second to how often the load is available for shifting, the third to                                       
for how long the load can be shifted and the last quality relates to how convenient or                                 
inconvenient the shifting would be for the consumer. Based on these factors Seebach et al                             
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conclude that the residential loads with the overall highest DR potential are the loads of                             
electric heating and water heating (table 3.1). This is to a high extent due to the fact that                                   
heating is a large load - electric heating constituting about 50% of Swedish residential                           
electricity demand - which due to the thermal storage capacity of the building mass can be                               
relatively easily shifted for a couple of hours without significant losses in comfort or                           
temperature. Dishwashers and washing machines represent big loads but are only                     
available for shifting short periods of the day and its shifting represent inconvenience for                           
the consumer, while refrigerators and freezes represent a small load and can be shifted                           
only over short time spans. Studies also show that electric heating, apart from being a large                               
residential load, is among the loads with the higher consumer acceptance for its DR use                             
(Seebach et al 2009). The load is also interesting for energy conservation, since the service                             
of comfortable indoor temperatures is today usually not reserved for the times when                         
residents are at home, but rather constantly active, even when the service is not used. 
 
Table 3.1. Residential electricity loads and their suitability for DR (Nyholm 2016, Table 1. p. 12, adopted from                                   
Seebach et al. 2009). 

  Washing Machines and Dishwashers  Freezers and Refrigerators  Electric Heating 

Load Size  high  low  very high 

Availability  low  high  moderate 

Flexibility  moderate  low  high 

Convenience  low  high  high 

 

In the context of residential electric heating DSM, single family dwellings (SFDs) are of                           
highest interest, since most Swedish multi family dwellings are heated by district heating,                         
while about 1.3 million of Sweden’s 2 million SFD’s are heated by some type of electric                               
heating (Nyholm 2016). 

DSM of Electric Heating in Swedish SFDs 

DSM of electric heating in Swedish SFDs has previously been researched by Nyholm (2016),                           
using a building-stock model to describe the heating demand of the dwellings, and creating                           
a sub-model simulating an electric heating DR-scheme. The simulations made in the study                         
are based on the assumption of homogenous routines and preferences among all                       
households, as well as a 100% willingness to participate in the scheme. The study                           
investigates different production composition contexts and shows that the system value of                       
residential heating DR is considerably higher in a system with a high penetration of wind                             
power. The value of DR in this type of system is seen to consist mostly of reducing the need                                     
for cycling of the inflexible thermal plants, as well as decreasing the need to run high cost                                 
peak load power plants. DR is found to change the diurnal load pattern by decreasing                             
daytime demand and increasing nighttime demand. Nyholm found the monetary savings                     
for the households taking part in the scheme to be rather low (1-200€/year), and varying                             
significantly between households, highly dependent on building characteristics. 
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3.2 Interdisciplinary Nature of DSM 
Even though the residential sector is a huge consumer of electric power, there are far                             
fewer works about applications of DSM programs in the residential sector than in industrial                           
and commercial sectors (Sharifi et al 2017). Because DSM today is rarely profitable, the                           
research is in general limited to modellings and assumptions (Tuohy et al 2014). The                           
residential sector is particularly hard to model due to the fact that occupant behaviour                           
varies widely, while at the same time playing a crucial role for the consumption level (Swan                               
& Ugursal 2008). 
 
However, in a future electricity system with high levels of intermittent power supply and an                             
increased deployment of smart technology, the value of DSM is expected to increase                         
significantly (O’Connell et al 2014), also increasing the importance of understanding the                       
potential of DSM of residential electricity consumption. This potential can not be found                         
without an interdisciplinary approach, combining the fields of behavioural studies and                     
electricity systems. 

3.2.1 DSM Potential 
Nyholm (2016) discusses three different types of potential for DSM. The technical potential                         
is the actual load available for DSM, and the maximum time it could be shifted when it                                 
comes to DR. The economic potential is the part of the technical potential for which it                               
makes economical sense to use the load for DSM in order to increase profits or decrease                               
costs. The achievable potential is the part of the economic potential for which DSM actually                             
takes place, which is largely dependent upon behavioural aspects, and is the main limiting                           
factor for a large part of residential DSM (Nyholm 2016). 

3.2.2 Potential of Residential Heating DSM 
The load available for residential electric heating DSM is relatively big. However, how large                           
part of the load that can be shifted through DR, and how far, depends on behavioural                               
factors such as consumer habits and attitudes toward changing temperatures (Nyholm &                       
Steen 2014). Since behavioural analysis has classically fallen outside the scope of natural                         
science focused system modelling, the achievable potential of DSM in residential sector has                         
not been investigated properly. Still, factors such as how consumers feel about potential                         
inconveniences and savings related to DSM has been acknowledged, within the research                       
area of system modelling, as important for identifying measures needed to close the gap                           
between the achievable and economic potentials (Nyholm 2016). The unpredictability and                     
heterogeneity of household resident behaviour and reactions to different incentives have                     
been recognized as one of the most important issues to be investigated, in the context of                               
residential DSM (Sharifi et al 2017). 
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Household Participation 

Research is needed to achieve a better understanding of to what extent, and why,                           
consumers are willing to participate, since the effects of a DSM-scheme can be strongly                           
hindered by consumer reservations. To understand why consumers are willing to                     
participate in a scheme or not, it is important to investigate consumer attitudes towards                           
the scheme, what motives are strongest in making consumers accept the scheme, and                         
what psychological barriers that might block their acceptance. Todays assumption of full                       
social acceptance of the technology, will not do in the search for a reasonable, instead of a                                 
highly overestimated, potential of the schemes (Ellabban & Abu-Rub 2016). 
 
When investigating DSM in the residential space heating context, behavioural research on                       
how people's lives are scheduled, and on what temperature variations people find                       
acceptable, is also necessary, in order to help mapping the households actual potential to                           
contribute to the scheme. 

3.3 What Precedes Behaviour 
Even though people in general do consider climate change to be an important issue,                           
people do not engage in enough mitigation to suppress the increasing flow of greenhouse                           
gases risen by engagement in high-greenhouse-gas-emitting behaviour. The explanation                 
for this attitude-behaviour gap partly lies is structural barriers, such as a climate-averse                         
infrastructure, but this is not exhaustive, and removal of structural barriers is unlikely to be                             
sufficient to make people drop out of high-greenhouse-gas-emitting behaviour. What is                     
often missed by technical experts is that psychological barriers also impede behavioural                       
choices that would facilitate environmentally sustainable behaviours. Participation in                 
environmentally beneficial behaviour can be hindered e.g. by lack of trust in authorities                         
advocating the behaviour or by worldviews such as overconfidence in technology efficiency                       
and its promise of alone bringing the final solution, or the conviction that we should let                               
mother earth take care of herself (Gifford 2011). 

3.3.1 Technology Acceptance Model 
When a behaviour implies acceptance of new technology, such as a heat regulating                         
DSM-scheme, the Technology Acceptance Model (TAM) has been proposed for                   
understanding people's behaviour. TAM highlights that perceived ease of use, perceived                     
usefulness and perceived risk determine a person's intention to participate, or not to                         
participate, in the behaviour and Ellabban and Abu-Rub (2016) have pointed out three                         
aspects of perceived usefulness that need to be considered when trying to make people                           
participate in a scheme that relies on smart technology (figure 3.6). 
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Figure 3.6. TAM with external variables of Perceived Usefulness, relating to acceptance of smart technology. 

 
The components of the perceived usefulness corresponds to three claimed motivations for                       
participating in a DSM-scheme, supposedly dominating in different groups of people;                     
decrease of the electricity bill, decreases of the environmental load from the house                         
heating, and the improvement of the indoor climate (Ellabban & Abu-Rub 2016). 

3.3.2 Goal Framing Theory 
The three motivations presented above, antecedent of perceived usefulness, also                   
correspond to the main goals in the Goal Framing Theory; gain goals, hedonic goals and                             
normative goals. The Goal Framing Theory postulates that the way a person behaves in a                             
specific situation depends on what goals are activated. The goals, if activated, help “frame”                           
what knowledge and what attitudes that are cognitively accessible for a person in a specific                             
situation (figure 3.7). Through this, the goals determine how a person interprets a situation,                           
and consequently behaves. This implies that when confronted with a DSM-scheme a                       
person will be attracted by different incentives depending on the constitution of her/his                         
goal frame (Lindenberg & Steg 2007). 
 

 
Figure 3.7. Goal Framing theory: Situational factors shape the goal frame, which determines the receptivity to                               
situational cues. 
 

Gain goals seek to manage, guard and improve personal resources, which is clearly the                           
dominating motive when a person participates in the DSM-scheme in order to decrease the                           
household’s electricity bill. Hedonic goals strives for pleasures and to improve feelings, and                         
thereby correspond well to the motive of improved indoor climate for the case of                           
participating in the DSM-scheme. Normative goals aims for appropriate behaviour and for                       
doing the right thing, which is the case when the motive behind participation in the                             
DSM-scheme is to decrease the environmental load from the household’s electric heating                       
(Lindenberg & Steg 2007). 
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An important implication of normative goals is that when the goal of acting appropriately                           
guides a person, that person will search memory and environment for cues on what                           
behaviour that would be appropriate in the situation at hand. In situations where norms                           
are quite abstract, it is hard to understand which behaviour is actually appropriate. When                           
people do want to do the right thing, but do not know what the right thing is, the normative                                     
guidance will likely fade away. In the managing of environmental problems this is                         
frequently the case: it is hard for people to see what consequences follow a specific                             
behaviour, e.g. how the electricity use of a household contributes to climate change.                         
Environmental norms therefore often need strong support to keep of from being pushed                         
into the background by gain goals or hedonic goals. In situations where the will of doing                               
the right thing is already in place, it is not “moral training” but rather practical, concrete,                               
situation-specific tools supporting the sustainable behaviour that is needed to hinder                     
people from giving up and go with more selfish motives (Lindenberg & Steg 2007). 

3.3.3 Behaviour Change Tools 
Awareness of the complexity of why people chose to act the way they do is of high                                 
importance to manage an effective DSM-scheme. In simple terms the benefits people                       
associate with accepting the scheme must exceed the barriers they face if the scheme is to                               
be effectively implemented (figure 3.8). If the barriers are extensive, it is often pointless to                             
emphasize the motivation (the sum of the benefits), unless this is done in parallel with a                               
barrier-cutting. In cases where the motivations almost exceeds the barriers, on the other                         
hand, increasing the motivation is the best way to foster a behavioural change                         
(McKenzie-Mohr & Schultz 2014). 

      
Figure 3.8. Behaviour change will not occur until benefits exceed barriers. Extensive barrier must be handled                               
before an increase of benefits is an effective strategy. 
 

Two effective behaviour change tools, that are natural parts of the DSM-context, but that                           
might be utilized in a stronger way through deeper understanding of potential barriers                         
blocking participation, are convenience and incentives. Convenience is an important tool                     
since even though barriers can take a variety of forms, they are typically associated with an                               
increased degree of difficulty. If the target behaviour is much more difficult to execute than                             
the status quo, then an increase in convenience is necessary to achieve a behaviour                           
change. If the target behaviour approaches the status quo in terms of convenience, then it                             
is time to emphasize and increase the benefits of the target behaviour. If the target                             
behaviour actually overtakes the status quo in terms of convenience, then the desirable                         
behaviour change will occur naturally. Incentives can be an effective tool to use to reduce                             
the difficulty of a target behaviour for which some kind of cost constitutes a big barrier.                               
Incentives can appear in different forms, but they generally involve desirable                     
consequences, rebates or other rewards, following the target behaviour, or undesirable                     
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consequences, taxes or other punishments, accompanying the deselection of the target                     
behaviour (McKenzie-Mohr & Schultz 2014). 

3.3.4 Value Orientation 
Values function as stable guiding principles in people’s lives, reflecting which overarching                       
goals and means that are most important to them in general (Steg et al 2014). When                               
several compatible values are clustered, they constitute a value orientation (Hansla et al                         
2008a). Typically a discrimination between egoistic (e.g. personal success), social-altruistic                   
(e.g. helpfulness) and biospheric (e.g. protecting nature) values is made. An egoistic value                         
orientation implies focusing on the maximizing of individual outcomes, a social-altruistic                     
value orientation reflects concern for the welfare of other human beings, and a biospheric                           
value orientation entails concern with life in general; the whole biosphere. Egoistic values                         
are often referred to as self-enhancing, while both social-altruistic and biospheric values                       
are referred to as self-transcending  (Schwartz 1992). 
 
When a person gets engaged in an environmental issue it is likely that this environmental                             
issue has threatening consequences for some object that the person values. Hansla et al                           
(2008a) have shown that depending on if the person primary values egoistic,                       
social-altruistic, or biospheric objects, she/he will strongly perceive consequences of either                     
egoistic, social-altruistic, or biospheric kind, respectively, and experience motivation, and                   
responsibility, to act improving upon these perceived consequences. 
 
It has been found that general values do not have strong direct effects on behaviour, but                               
that they do have an indirect effect, via various factors (described below). The more                           
self-transcendent values an individual holds, the more likely she/he is to engage in                         
pro-environmental behaviour. The opposite holds for self-enhancing values; the likeliness                   
that a person will engage in pro-environmental behaviour decreases, in general, the                       
stronger self-enhancing values she/he holds (Steg et al 2005). 

Awareness of Consequences and Ascription of Responsibility 

Studies emphasizing the role of moral obligations to act in favour of the common good                             
usually apply the Norm-Activation Model (Schwartz 1977); claiming a person’s behaviours                     
depends on if she/he is aware of adverse consequences (Awareness of Consequences, AC)                         
related to the situation, and if she/he feels that she/he has a responsibility to do something                               
about these consequences (Ascription of Responsibility, AR) (Steg et al 2005). 

Problem Awareness in Electrical Issues 

When a person is unaware of a problem, in terms of lack of AC or lack of AR, she/he is                                       
unlikely to try to solve it. One aspect that has been found as important for a person’s                                 
problem awareness is if she/he feels that performing the behaviour lies within her/his                         
power, because humans in general do not engage in behaviours they expect they will not                             
manage (Ajzen 1991). 
 
Yang and Solgaard (2015) have acknowledged that it is complicated to achieve the                         
necessary public problem awareness about electricity consumption, and related CO2                   
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emissions. This is strongly due to that the emissions are not visible to the consumers, since                               
they take place primarily during the production process, and the electricity seems clean at                           
the use phase (Yang & Solgaard 2015). 

3.3.5 Social Dilemmas 
Social dilemmas refer to situations that require people to trade-off between private                       
interests and collective interests, structured in such a way that most of the people                           
confronting the situation will end up worse off if many of them act out of purely selfish                                 
interests than if many of them act out of collective interests (Dawes 1980). When we refrain                               
from stopping climate change, we inevitably impose an unreliable future on all humans                         
and the whole biosphere (De Groot & Steg 2008), presenting us with a social dilemma. 
 
A few reoccurring roots of the choice of defection in social dilemmas are found to go in line                                   
with low problem awareness. First: the collective benefits from cooperation may be hidden                         
or disbelieved. Second; one may be convinced that enough others will cooperate to bring                           
the desired collective benefits. Third; one may be convinced that too few will cooperate to                             
reach those benefits, so that personal sacrifices will just be in vain (Attari et al 2014). 

Electricity Use as a Social Dilemma 

Attari et al (2014) have studied people's (US citizens) intention to, and reason for,                           
cooperating or defecting when confronted with two real-world social dilemmas related to                       
electricity usage: energy conservation and purchasing of green electricity. The level of                       
cooperation differs widely between these two dilemmas; 92% of the respondents state that                         
they do conserve energy in their home by energy efficient technologies and behaviour                         
change, while only 8% say that they do buy green electricity from their energy supplier                             
(Attari et al 2014). 
 
While the level of engagement in energy conservation was high, the majority of the                           
respondents did not regard energy conservation as a social dilemma: the main reason for                           
engagement lay in economical savings, not in environmental care. In the green electricity                         
dilemma the opposite was found; a low current engagement level was followed by a                           
common view of fossil based electricity as a social dilemma where the main reason for                             
acting for a green transition was to save the earth and cause less pollution (Attari et al                                 
2014). 
 
In the case of purchasing green electricity, care for the environment was not sufficient for                             
engaging in pro-environmental behaviour, since the respondents were, to a high degree,                       
unaware of the possibility to purchase green electricity (Attari et al 2014). While likely                           
needed in such a case, information-intensive marketing has unfortunately shown not to be                         
sufficient to encourage pro-environmental behaviour, as other barriers often show up                     
when the lack of information is handled. One example of this is found in a Danish study                                 
where the majority of the respondents revealed a low level of AR in contributing to expand                               
green electricity, as they mainly felt it was the government's, and not the consumers,                           
responsibility (Yang & Solgaard 2015).  
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Still, self-transcendent values and care for the environment seem to have positive effects in                           
the case of purchasing green electricity, on the condition that people know that they can                             
purchase it, and that they know the environmental benefits of it. Self-transcendent values                         
further increases people’s receptivity to this kind of information (Hansla et al 2008b). 

3.3.6 Acceptance Studies 
An unclear level of public acceptance and support is a recurring issue when studying                           
potential alternatives to mitigate climate change. Steg et al (2005) have confirmed that a                           
range of the factors discussed above are of importance for the level of acceptance of                             
policies aimed to reduce CO2 emissions, such as people’s values, general environmental                       
awareness, awareness of the problems and responsibility for the problems (Steg et al                         
2005). 

Willingness to Pay 

Hansla et al (2008b) have studied swedish household’s willingness to pay for green                         
electricity and shown that this willingness increases with a positive attitude towards green                         
electricity, and that it decreases with increased electricity costs. The results verified the                         
hypotheses that a person's attitude towards green electricity is derived from her/his value                         
orientation, awareness of consequences and environmental concerns. Hansla et al (2008b)                     
found self-transcendent value orientation to be positively related to willingness while a                       
more egoistic value orientation showed to be negatively related. This corresponds to the                         
more general idea that the stronger self-transcendent values a person holds, the more                         
likely she/he is to engage in pro-environmental behaviour (Steg 2005). Due to the effect of                             
electricity costs, the willingness to pay showed not to coincide with the attitude towards                           
green electricity, indicating that stated willingness to pay is a more appropriate measure                         
than attitude to predict actual purchase of green electricity (Hansla et al 2008b). 
 
Yang and Solgaard (2015) have found strong public support, in terms of willingness to pay,                             
from residential energy consumers in Denmark to offset their CO2 emissions from                       
electricity consumption, which is one of many proposed instruments to reduce CO2                       
emissions. The study revealed the primary motivation factors for participation to be                       
perceived moral obligations and feeling of self-responsibility to mitigate environmental                   
problems. The more a participant felt that her/his participation in carbon offsetting                       
contributed to environmental gains, the more likely she/he was to pay extra. These findings                           
corresponds clearly with the normative goal frame in the Goal Framing Theory and also                           
goes in line with the findings by Attari et al (2014) concerning roots of behaviour choices in                                 
social dilemmas. 

Consumer Acceptance of Demand Side Management 

In line with Theory of Planned Behavior (Ajzen 1991), perceived control is assumed to be of                               
importance to consumer acceptance of new technologies and technical services, such as                       
smart meters and related DSM. Fell et al (2014) have studied consumer acceptance of                           
electricity demand response in the residential sector and their results confirm that people                         
are unfond of adapting their home electricity use and heating when they perceive it as                             
related to loss of personal control. Costs, comfort, flexibility and autonomy were found to                           
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be main issues. Effort requiring DSM, e.g. if the consumer needs to regulate the indoor                             
temperature manually, and lack of trust in third parties or in technology, showed to                           
strongly enhance people's perceived loss of control. High level of simplicity, predictability                       
and familiarity of a residential DSM program, on the other hand, showed to reduce the                             
perceived loss of control following (Fell et al 2014). 
 
Furthermore, Lund et al (2015) state that because electricity costs often constitute a fairly                           
small part of people’s economy, economically incentives are often an ineffective way to                         
attract consumers to participate in a DSM-scheme. They also conclude that the                       
participation rate will be low as long as consumers are to pay for needed technology                             
devices, and installations, themselves. 
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4 Method 
In this chapter the methods used for this thesis are described. The first part of the work                                 
consisted of literature studies, literature seminars and a stakeholder interview with Björn                       
Berg, the CEO of Ngenic (a company working with autonomous heat regulation). This part                           
guided in scoping the work and in selecting relevant questions for the survey. The next part                               
of the process, described in sections 4.1-4.2, was the construction of a survey with the aim                               
to collect data on household attitudes, values and routines, as well as the managing of the                               
survey results. The behavioural aspects of the survey were analysed in terms of their                           
effects on household participation, as described in section 4.3. Based on the survey results,                           
new modelling inputs were further created, enabling modelling based on respondents                     
answers. This was followed by an analysis of the DSM-scheme effects on system level,                           
which is described in section 4.4.   
 
Due to the interdisciplinary approach of the thesis, supervision was received from both                         
research areas: from one supervisor at Environmental Psychology, Gothenburg University:                   
André Hansla, and from two supervisors at the department of Energy and Environment,                         
Chalmers University of Technology: Lisa Göransson and Emil Nyholm. André Hansla was                       
the main supervisor when designing the survey and analysing the household behaviours                       
and attitudes, while Lisa Göransson and Emil Nyholm guided in constructing survey                       
questions relevant from an electricity system modelling point of view, as well as in                           
analysing the DSM modelling output. 

4.1 Construction of Survey 
A survey was constructed, with the goal of answering questions directly related to                         
assumptions made in the model as well as questions related to respondent’s values and                           
behaviours, which are important factors in determining household willingness to                   
participate in DSM, and thus the achievable potential of DSM in reality. 
 
Before the survey was sent to the respondents, the questions were piloted to a smaller                             
group of people. This way, potential errors in the survey, e.g. technical problems, questions                           
and texts that were confusing, overly complicated or simply boring, could be detected and                           
taken care of. One way to make a survey easy to handle for the respondents is to use a                                     
recurring pattern of question formulation and answer requirements. This approach was                     
embraced by using the Likert-scale throughout, having the respondent answer to what                       
extent she/he agreed with a statement on a 1-to-7 scale. 
 
The survey was designed in the program Qualtrics, and sent out to the respondents as a                               
link via email. The survey, which was sent out in Swedish, can be found in its entirety in                                   
Appendix I. 
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4.1.1 Participants and Procedure 
In order to ensure a high quality survey results, it was important to have a large number of                                   
respondents answering the survey. It was also important that the respondents answering                       
the survey had a high similarity to the group for which the DSM-scheme was intended. 
 
The target group for the DSM-scheme are Swedish electric heating SFD residents. In order                           
to reach an appropriate sample of respondents, questions were sent out to various                         
Swedish electricity companies, as well as to Villaägarnas Riksförbund (the national Swedish                       
Association for house owners). Due to Chalmers ongoing cooperation with the electricity                       
company E.ON, the company agreed to provide email addresses for 2500 of their electricity                           
clients. The client respondents were chosen by E.ON to show a high resemblance to the                             
target group. In addition to this, some survey questions were designed in order to check                             
how well the respondents actually resemble the target group. By using this approach, a                           
random sample was not achieved, since the respondents were likely the E.ON customers                         
most interested in the subject and thereby willing to answer the survey. It should also be                               
mentioned that since the respondents were contacted in the role of energy consumers, the                           
representative for every household was the person registered as “energy bill payer”, which                         
might affect the representativeness of the respondents. 
 
The survey was sent out on the 13 of march 2017, and a reminder was sent out ten days                                     
later. It was sent out to 2500 households, with the goal of reaching 100-300 responses. In                               
total, 338 E.ON customers answered the survey, but since not all respondents that started                           
the survey finished it, the analysis and modelling were based on 216 adequately answered                           
surveys. 

4.1.2 Survey Questions 
The survey was designed to guide both the search for behavioural causes of the                           
participation level and the modelling of its effects on the electricity system. Part of the                             
survey questions were constructed to help improve some inputs and outputs in the                         
existing models, while others were constructed to capture how consumers relate to this                         
type of DSM-scheme. In order to fulfill this double purpose, a mixture of both qualitative                             
and quantitative questions was required. 
 
At the end of the survey the respondents were confronted with an open ended question,                             
offering the possibility to express additional information not addressed in the earlier                       
questions. They were also asked to write down their email-address if they would like to                             
take part of the results.  

Questions on Household Demography 

In the survey, some basic demographics and questions on household constellation were                       
asked in order to show how well the survey respondent households corresponded to the                           
model sample households, which were picked out of a set of buildings representing the                           
entire Swedish building stock in a study conducted by the Swedish National Board of                           
Housing, Building and Planning (Tolstoy 2011). This information was used in the weighting                         
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of the survey answers, as well as in an analysis of connections between household                           
behaviour and attitudes and different household demographics. 

Geographic Location 

Question GL1 (table 4.1) related to the geographic location of the household, and was                           
answered by marking one of three alternatives in terms of which part of the country the                               
respondent lived in (Götaland/Svealand/Norrland). 
 
Table 4.1. Survey question related to respondent’s geographic location. 

Question GL1  In which part of the country do you live? 

Household Residents 

In addition to helping indicate respondent representability, Questions HR1-HR3 (table 4.2)                     
were used to analyse to what degree household behaviour and preferences are connected                         
to factors like age, gender or if the people living in the house e.g. are retired or have small                                     
children.  
 

Table 4.2. Survey questions related to the respondent and household. 

Question HR1  Gender (of respondent). 

Question HR2  Age (of respondent). 

Question HR3  How many persons, of different age spans, are living in your household (incl. you)? 

Question HR4  Experienced household income as low to high. 

Question HR5  Experienced household income as insufficient to sufficient. 

 

Questions HR4-HR5 were asked to help indicate how attractive monetary savings would be                         
for the household. The questions were formulated to ask for respondents subjective                       
income rather than for their objective income (e.g. monthly salary) since the residents                         
experienced economy was judged to be higher important for their interest in monetary                         
savings than the actual income. Questions on objective income, occupation etc. were not                         
asked since these questions, to the extent they were interesting for the analysis of the                             
study, were judged to already be covered by other survey questions. 

Building Characteristics 

Question BC1 (table 4.3) was asked to make sure all the responses in the survey were                               
actually from people living in a single family dwelling. If a respondent answered no on this                               
question, she/he was immediately directed to the end of the survey, without answering any                           
more questions. Questions BC2-BC4 were asked in order to investigate possible                     
connections between building characteristics and household behaviour and preferences.  
 

Table 4.3. Survey questions related to building characteristics. 

Question BC1  Do you live in a single family dwelling? 

Question BC2  Which year was your house built? 

Question BC3  How big is your house? 

Question BC4  Which type of heating system does your house have? 
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Questions on Routines and Temperature Preferences 

In previous work by Nyholm et al (2016) it was assumed that all people are away from                                 
home between 9am and 3pm on weekdays, and that it is acceptable for the indoor                             
temperature to vary between 15 and 24°C during these hours (figures 4.1a-b). It was also                             
assumed that all people are asleep between 23pm and 5am, both weekdays and weekends,                           
and that it is acceptable for the indoor temperature to vary between 18 and 24°C during                               
these hours. The rest of the time (weekends, weekday mornings and weekday nights)                         
household residents are assumed to be at home, accepting the indoor temperature to vary                           
between 21.2 and 24°C . This assumed comfortable temperature interval was based on the                           
measured average indoor temperature in SFDs (21.2°C) together with the idea that a slight                           
temperature increase is perceived as unproblematic, while a temperature decrease is                     
unwelcome (Nyholm 2016). 
 

 
Figures 4.1a-b. Indoor temperature variations assumed by Nyholm (2016) to be acceptable for the households                             
for 24 hours at  weekdays (a) and weekends (b) [°C]. 
 

To model the actual DSM acceptance, a temperature profile had to be created for each                             
household,: stating the maximum and minimum temperature accepted, for every hour                     
over an entire year. The behavioural assumptions constituting Nyholms temperature                   
profiles related both to the household weekly routines and to the household prefered and                           
acceptable indoor temperatures for different circumstances. As a result, survey questions                     
were constructed in an attempt to cover these aspects, and to check the temperature                           
profile assumptions. 

Weekly Household Routines 

In order to evaluate the modelling assumptions related to the weekly household routines                         
the respondents were asked a combination of quantitative questions on their daily and                         
weekly schedule, together with more qualitative questions on the perceived regularity of                       
the stated schedule. Questions MR1-MR2 (table 4.4) were asked in order to get new inputs                             
to the model in terms of which hours of the day the household residents can be assumed                                 
to be asleep, at work, or at home and awake. Question MR3 was similarly used to create a                                   
new modelling input in terms of which days of the week household residents are actually                             
away at work. 
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Table 4.4. Survey questions related to the household’s weekly schedule. 

Question MR1  Mark the household approximate mutual sleeping hours (when everyone in the 
household is asleep). 

Question MR2  Mark the household approximate mutual working hours (when no one in the 
household is at home). 

Question MR3  State the days of the week for which these mutual working hours are valid. 

 
Questions RR1-RR3 (table 4.5) were asked in order to capture the regularity of the stated                             
working and sleeping hours of questions MR1-MR3. The questions were asked to give an                           
indication to the certainty of the modelling inputs of MR1-MR3.  
 
Table 4.5. Survey questions related to the regularity of the household’s weekly schedule. 

Question RR1  There is a high degree of regularity in the household’s mutual sleeping hours. 

Question RR2  There is a high degree of regularity in the household’s mutual working hours. 

Question RR3  The household weekday and weekend sleeping hours are clearly differing. 

Preferred and Acceptable Indoor Temperatures 

In order to evaluate assumptions related to indoor temperatures, the survey included                       
questions related to preferred as well as acceptable temperature intervals for different                       
occasions of the week. Question PT1 (table 4.6) was asked in order to get a new input to the                                     
model in terms of which temperature span the household should stay within at hours                           
when no temperature variations are accepted by the residents. The question was answered                         
by marking one or several out of 9 temperature alternatives (17-25°C). The resolution was                           
set to whole °C, since this was assumed to be the highest resolution for which the                               
respondents could actually give trustworthy answers. 
 
Table 4.6. Survey question related to prefered indoor temperatures. 

Question PT1  What indoor temperatures do you experience as pleasant? 

 
Questions AT1-AT3 (table 4.7) were asked in order to get a new input to the model in terms                                   
of which temperature increases and decreases are acceptable for the household residents                       
for different occasions of the week. The questions related to question PT1 above in the                             
sense that the respondent was asked to use the previously answered temperature                       
preference as starting point when stating the acceptable variations. 
 
Table 4.7. Survey questions related to acceptable indoor temperatures at different occasions. 

Question AT1  Which indoor temperature increase versus decrease do you feel is acceptable at the 
hours of day when everyone in the household are asleep? 

Question AT2  Which indoor temperature increase versus decrease do you feel is acceptable at the 
hours of day when no one in the household is at home? 

Question AT3  Which indoor temperature increase versus decrease do you feel is acceptable at the 
hours of day when someone in the household is awake and at home? 
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Questions on Knowledge and Attitudes 

In order to capture the household’s awareness of and attitudes towards electricity                       
consumption and climate change, the first eight questions of the survey investigated four                         
aspects of the respondent’s attitude and knowledge which were judged to be of importance                           
for this specific case. The aspects chosen were barriers for participation, awareness of                         
consequences, ascription of responsibility and environmental concern.  

Barriers for Participation in Electric Heating DSM 

Questions BP1-BP3 (table 4.8) were asked in order to investigate to which extent the survey                             
respondents experience some of three barriers, commonly assumed to be problematic in                       
the application and success of residential electric heating DSM.  
 
Table 4.8. Survey questions related to potential barriers for participation in the DSM-scheme. 

Question BP1  I have good knowledge about technical possibilities to control my indoor 
temperature and reduce my heating costs. 

Question BP2  I have good knowledge about how the electricity I consume is produced. 

Question BP3  I trust my power company and that the electricity prices I pay are reasonable. 

 
Questions BP1-2 related to barriers regarding the level of knowledge concerning how the                         
DSM-scheme would work. Question BP1 examined respondent’s degree of knowledge in                     
technologies available to control and change residential indoor temperatures possibilities.                   
It was assumed that lack of this knowledge would be a barrier for willingness to participate. 
 
Question BP2 examined the respondent’s degree of knowledge in the production of the                         
electricity the respondent is consuming. It is a common conception that consuming                       
electricity in Sweden is not related to environmental problems. In line with this, it was                             
viewed to be possible that respondents experience that they have the knowledge asked                         
about in BP2, but regards this knowledge as reducing the motivation to participate. Both                           
having and lacking the knowledge addressed in BP2 could therefore potentially block                       
respondents willingness to participate.   
 
Question BP3 related to the barrier of lack of trust, in examining to which degree the                               
respondent trust their power company and the fairness of their electricity prices. A lack of                             
trust in these senses was assumed to possibly extend to a lack of trust also in information                                 
and propositions from the power companies to the households, and to the feeling of                           
power companies withholding information or using the residents to gain economical                     
benefits. 

Awareness of Consequences of Climate Change and Electricity Consumption 

Questions AC1-AC2 (table 4.9) were asked in order to investigate to what extent the                           
respondents are aware of some consequences of electricity consumption. As described in                       
section 3.3.4 the respondent’s awareness of consequences has been assumed to affect                       
her/his attitude towards a DSM-scheme, and further her/his likeliness to participate. 
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Table 4.9. Survey questions related to respondent’s awareness of consequences. 

Question AC1  Climate change is a problem for society. 

Question AC2  Electricity savings help reduce climate change. 

 

The nature of the two questions differed in the sense that while AC1 was related to                               
consequences on a very general level, AC2 referred to a much more specific area of                             
consequences. This was done based on the assumption that a respondent can experience                         
climate change as a societal problem, without seeing electricity savings as having a role in                             
mitigating it. The design of the questions were inspired by two questions on awareness of                             
consequences developed in the context of household acceptance of different CO2                     
emissions reducing energy policies by Steg et al (2005). Steg et al combined six questions                             
as a measurement on the respondent’s awareness of consequences. However, in this                       
study, to keep the size of the survey down, two questions were assumed to give an good                                 
enough estimate of the respondent’s overall awareness of climate consequences of                     
electricity consumption. 

Ascription of Responsibility for Climate Change 

Questions AR1-AR2 (table 4.10) were asked in order to investigate to what extent the                           
respondent ascribe herself/himself responsibility for the consequences of electricity                 
consumption and climate change. As described in section 3.3.4 the respondent’s ascription                       
of responsibility has been assumed to affect her/his attitude towards a DSM-scheme, and                         
further her/his likelihood to participate. 
 
Table 4.10. Survey questions related to respondent’s ascription of responsibility. 

Question AR1  In principle, individuals on their own are not responsible to combat climate change 
through management of their electricity consumption. 

Question AR2  The contribution to climate change through my electricity consumption is negligible. 

 
Also these questions (AR1-2) were inspired by two questions from the study by Steg et al                               
(2005). As with awareness of consequences, while Steg et al used in total six questions to                               
measure respondent ascription of responsibility, this study used only two questions in                       
order to estimate the same. Question AR1 was designed to indicate the respondent                         
principal standpoint in terms of individual responsibility for making electricity consumption                     
changes in order to combat climate change. Question AR2 was designed to indicate to what                             
extent the respondent experience that they themselves are actually responsible for                     
contributing to climate change by their electricity consumption. 

Environmental Concern 

Question EC1 (table 4.11) was asked in order to investigate if the respondent holds a more                               
self-transcending or a more self-enhancing value orientation. As presented in section 3.3.4,                       
the relationship between holding a self-transcending value orientation and being                   
concerned about the environment has been widely established through previous research.                     
Therefore one question was assumed to be enough to estimate the respondent’s value                         
orientation. 
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Table 4.11. Survey question related to respondent’s environmental concern. 

Question EC1  I am generally concerned about environmental problems. 

Questions on Temperature Management 

A number of survey questions were asked in order to increase understanding of how the                             
household residents felt about their indoor temperatures and the possibilities of                     
temperature management. 

Experience of Indoor Temperature 

Questions ET1-ET3 (table 4.12) were asked in order to indicate the household’s indoor                         
temperature experience of today. The questions were asked to indicate if there exists                         
significant comfort incentives for the respondents to take part in the DSM-scheme. 
 
Table 4.12. Survey questions related to experience of current indoor temperature. 

Question ET1  Experience of today’s indoor temperature as unsatisfactory to satisfactory. 

Question ET2  Experience of today’s indoor temperature as cold to warm. 

Question ET3  Experience of today’s indoor temperature as unstable to stable. 

Spontaneous Attitude Toward Temperature Regulation 

Questions SP1-SP3 (table 4.13) related to the respondents spontaneous attitude toward                     
temperature regulation, and were introduced by a short text with information for the                         
respondent to take into account when answering the questions. This approach had the                         
benefit of allowing the respondents to relate to important aspects of electric heating DSM                           
regardless of not having any previous knowledge. However, the answers to the questions                         
were also obviously sensitive to which information had been presented and how. When                         
developing the information text, there was a trade-off between accuracy and brevity of the                           
information. The information text in its entirety can be found in Appendix I. 
 
Table 4.13. Survey questions related to respondent’s attitude toward heating DSM. 

Question SP1  Are you spontaneously positive to this type of heat regulation? 

Question SP2  Would you consider investing in this type of heat regulation, if it would pay off in the                                 
long term? 

Question SP3  Do you feel like this type of heat regulation would involve data collection that would                             
be threatening to personal integrity? 

 
Question SP1 was asked to get a sense of the respondents spontaneous attitude to the                             
setup after being presented with the information. Question SP2 was asked to get a sense of                               
to what degree the respondents saw the setup as valuable enough to actively invest money                             
in it. Question SP3 was asked to get a sense of to which degree the respondent was worried                                   
about the setup collecting information about the households living patterns. 
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Temperature Management Scenario 

After the survey section related to attitude toward temperature regulation in general came                         
a more specific scenario presenting which concrete benefits (in terms of saved money,                         
comfort increase and reduced CO2 emissions) the respondent could expect if taking part in                           
the DSM-scheme. The text can be found in Appendix I, and the underlying calculations it is                               
based on can be found in Appendix II. 
 
Questions SC1-SC3 (table 4.14) were formulated to relate to the Goal Framing Theory                         
(presented in section 3.3.2), in terms of economic incentives (gain goal), comfort incentives                         
(hedonic goal) and environmental incentives (normative goal). The answers were to show                       
what kind of incentives that strongest motivated the respondent to to take part in the                             
scheme, thereby indicating what type of goals that are more easily activated in her/him.                           
What should be highlighted related to this part of the survey is that the respondents goals                               
are not permanent. Even if gain goals (economical benefits) has most strongly motivated a                           
respondent to take part in the scheme under the circumstances presented in the scenario,                           
gain goals do not have to be the main motivation for this person in all situations of                                 
behaviour choice. It should also be mentioned that the exact level of benefits presented                           
are of importance; a person may usually be driven by economical goals, but consider the                             
sum presented in the scenario too low to motivate her/him. 
 
Table 4.14. Survey questions related to respondent’s attitude toward a specific DSM scenario. 

Question SC1  I am positive toward this case of automatic heat regulation since it would save money                             
and be economically advantageous. 

Question SC2  I am positive toward this case of automatic heat regulation since it would contribute                           
to decreased carbon dioxide emissions and reduced climate change. 

Question SC3  I am positive toward this case of automatic heat regulation since it would help avoid                             
unpleasant changes in indoor temperature. 

4.2 Managing Survey Results 
When a sufficient amount of survey responses had been collected, the process of                         
interpreting the survey answers, translating them into a form more suitable for modelling,                         
and analysing the respondent answers and their connections, started off. 

4.2.1 Interpreting Respondent Answers 
To be able to interpret respondent answers or lack thereof, some methodological choices                         
had to be made. 

Open Ended Questions 

Comments left in open ended questions helped in explaining ambiguities in answers due to                           
a non optimal survey design, e.g. if no answer alternative matched what the respondent                           
wanted to answer, or if the respondent felt some important question or information was                           
missing from the survey. When possible, the comments given in the open ended questions                           
were used to guide interpretations of answers and imputations in cases of lacking answers. 
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Failure to Answer 

In order to be able to take into account as many as possible of the survey responses, a                                   
strategy for the handling of failures to answer was developed. It is not perforce to have                               
values on every studied parameter for every household to investigate relationships                     
between parameters or to group the households. Still, it simplifies the work to have an as                               
exhaustive rate of answers as possible. To as great extent as possible, missing answers                           
were imputed based on well underpinned assumptions. The assumptions and their                     
resulting imputations are presented in Appendix III. 

4.2.2 Translating Survey Responses into Modelling Inputs 
Due to a number of fragmentary answers among the 338 survey respondents, only 216 of                             
the answers were used in analysis and creation of temperature profiles. The 216                         
respondents were chosen since their answers were sufficient enough to be able to draw                           
fairly good conclusions. 

Household Routines 

Respondent answers on sleeping hours and working hours, together with their answers on                         
working days (questions MR1-MR3), enabled a weekly household schedule to be assigned                       
through a categorization of each hour of the week into one of three modes (work, sleep or                                 
home). For each of these modes acceptable temperature span was set, creating a                         
temperature profile showing the maximum and minimum accepted temperature for each                     
hour during one week. 
 
The profiles were extended to one year, starting on a sunday, and stretching over 8784                             
hours, to match the year of 2012 (a leap year) run by the model. This created two vectors                                   
(length 8784) for every respondent household; one for the maximum and one for the                           
minimum allowed indoor temperature for each hour of the year. 

Household Temperature Acceptance 

In the survey the respondent was asked to state how much of a temperature increase/                             
decrease she/he would find acceptable during different circumstances (questions PT1,                   
AT1-AT3). Since the respondent was allowed to state more than a single degree as a                             
pleasant temperature, an interpretation strategy was needed when translating the                   
respondent answers into modelling inputs. The model has previously been seen to almost                         
always choose the minimum temperature constraint as indoor temperature, since this can                       
be seen as a form of energy conservation, which is almost always an attractive action from                               
a system perspective. In order to avoid an overestimation of the respondent willingness                         
and its effects, the lowest prefered temperature when no variations are accepted was set                           
to the mean value of the temperature span marked as pleasant by the respondent, rather                             
than the minimum value. When temperature variations are accepted, however, the                     
increases and decreases in temperature were calculated starting from the maximum and                       
minimum degrees marked as pleasant by the respondent. Formulas for calculating the                       
prefered temperature constraints for different circumstances can be found in Appendix IV. 
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Creating the Modelling Temperature Profile 

Through the method described above, 216 pairs of temperature vectors, giving the                       
maximum and minimum allowed indoor temperature for each over of the year in each of                             
the 216 respondent households, could be created. In order to translate these vector pairs                           
to represent the entire Swedish SFD stock, a single pair of temperature vectors was created                             
as an input to the model. 

Household Type Weighting 

In the attempt to weight and scale the respondent answers to better match the entire                             
Swedish SFD stock, the respondents were separated into different demographic groups for                       
which the temperature profiles were expected to be similar within the group, while                         
different between the groups. The respondents were grouped in two levels, firstly based on                           
the constellation of inhabitants in the households, and secondly, within the group, based                         
on the gender of the respondent. 
 
Senior households were distinguished into one group, based on the hypothesis that this                         
group does not have the same level of regular working hours than the rest of the                               
respondents. Families with children were distinguished into one group, based on the                       
hypothesis that the group may have a quite high extent of overlapping working hours.                           
Single person households were distinguished as one group, based on the hypothesis that                         
these households may have a higher potential to participate since only the routines of one                             
person have to be considered as a limiting factor. The households fitting into several of the                               
groups (senior and family, or senior and single), based on the definitions in table 4.15,                             
were modelled as part of the senior group. This was based on the assumption that this                               
demography is the one property impacting the respondents temperature profiles the most.                       
The households not fitting into any of the groups were distributed into one joint group with                               
no specific demographics assumed to be of relevance for their temperature profiles. The                         
statistical percentages used for the weighting were calculated using data from Statistics                       
Sweden (SCB). The data and calculations can be found in Appendix V. 
 
Table 4.15. Definitions used to divide the respondent households into categories. 

Demography 
Grouping 

Definition of household type 

Seniors  Household containing at least one person over 65 years. 

Families with 
children 

Household containing at least one person under 18 years (and no person over 65). 

Single  Household containing only one person (who is under 65 years). 

Other  Household not meeting any of the three definitions above. 

 
After the respondents were distributed into four groups, as described above, each group                         
was divided into two subgroups based on respondent gender. This was done based on the                             
fact that the respondent gender distribution was found to differ significantly from the                         
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statistical gender distribution in Swedish SFDs, together with the hypothesis that the                       
gender of the respondent would have an impact on their survey answers used to create the                               
household temperature profile. 
 
Because of the linear nature of the model, the single temperature profile vector could be                             
created by calculating mean temperature profiles for each of the eight sub-groups pair.                         
This was done by weighting of the eight temperature profiles to match the actual gender                             
disposition of each group, as well as the actual distribution between household types in                           
Swedish SFDs. 
 

 
Figure 4.2. Conceptualisation of the process of combining the eight sub-groups into a common, representative                             
temperature profile. 

Checking of Weighting Method 

While the household types were hypothesized to have an effect on the respondent                         
temperature profiles, weighting based on household resident parameters fails to take into                       
account more technical differences between the households that may be of relevance, such                         
as building year or heating system. An alternative grouping based on instances of these                           
parameters which showed a high difference between respondent and statistics distribution                     
may have a significant impact on the resulting weighted temperature profile. Due to this,                           
another grouping and weighting approach was tested, based on the size of the                         
respondents house, as a kind of validation of the initial grouping method. The building size                             
grouping was chosen due to a significant mismatch of house size between respondents and                           
statistics, in parallel to that the temperature profiles were found to differ between the                           
house size groups. Since the differences in outcome of modelling based on house size                           
grouping and household type grouping was found to be negligible, the robustness of the                           
initial grouping method was validated, and was continued to be used for further                         
temperature profile creation. The house size calculations can be followed in Appendix VI. 

Participation Scenarios 

In the initial modelling the focus was to translate the survey results into modelling inputs,                             
while the stated participation levels were left unmodified, assuming all households                     
participate in the DSM-scheme with the temperature profiles created from their survey                       
answers. For further investigation, three scenarios, with different participation levels, were                     
designed and modelled. The purpose of the scenarios has been to explore the effects we                             
can expect without further participation incentives, as well as the effects we could achieve                           
through some extra effective incentives. These scenarios were chosen because the                     
outcome could be of relevance for policymaking, since the different approaches of focusing                         
either on technological fixes or behavioural mind-set changes has been emphasised. 
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No Subsidy Scenario 

Since people generally are found to show resistance to change, it was assumed that                           
respondents have to be clearly motivated, not just neutral, in order to actually participate                           
in the DSM-scheme. Unless the technical smart meters and the installation of these are to                             
be completely subsidized, there would be an investment cost related to the participation.                         
This cost was regarded as a divide, separating people who actually would participate from                           
those who would need some additional motivation, and was used in the design of a first                               
scenario. In this scenario, only respondents who had answered positively (>4 of 7) on the                             
question if they would invest in the DSM-scheme (question SP2) were considered as                         
participating, while the temperature profiles of the rest were substituted with a steady                         
20.8°C setpoint every hour, equivalent to no DSM (figure 4.3). 
 

 
Figure 4.3. Conceptualization of allowed temperatures for one day in no subsidy scenario in relation to base                                 
case scenario. 

Technical Fix Scenario 

The first of two explorative scenarios were designed to investigate the effects of DSM if all                               
respondents accept a quite big temperature span when they are not at home (working                           
hours) (figure 4.4), while the temperature profiles are to be kept as the preferences given                             
by the respondents for hours when they are at home (awake or asleep). The point of this                                 
scenario was to look at the potential of DSM in terms of making people accept and trust the                                   
technology fully, without accepting a noticeable lifestyle-change. The new maximum and                     
minimum temperature, used for all the respondent during their respective working hours,                       
was calculated using the average temperature of the 5 highest accepted temperatures as                         
new maximum, and the average temperature of the 5 lowest accepted temperatures as                         
new minimum. 

 
Figure 4.4. Conceptualization of allowed temperatures for one day in technical fix scenario in relation to base                                 
case scenario. 

Lifestyle Change Scenario 

The second explorative scenario was designed to investigate the effects of DSM if all the                             
respondents would engage slightly more than their temperature profiles proposes and                     
accept some noticeable changes. More precisely, increasing their maximum accepted                   
temperature with one degree, and decreasing their minimum accepted temperature with                     
one degree, at every hour of the year (figure 4.5). The point of this scenario was to look at                                     
the potential effect of making people accept the idea of compromising the comfort a little                             
bit each, in order to make a big difference together. 

35 



 

 
Figure 4.5. Conceptualization of allowed temperatures for one day in lifestyle change scenario in relation to                               
base case scenario. 

4.3 Behavioural Analysis 
When the survey results were received, they were thoroughly investigated both in purpose                         
of supporting both the modelling and as main material for the behaviour analysis. 

4.3.1 Intention to Participate 
The household participation was investigated in two ways. The first one, henceforth                       
referred to as Willingness to Participate (WTP, not to be confused with the term willingness                             
to pay), related to the respondents attitude towards the presented type of heat regulation                           
(question SP1). The second one, hereafter referred to as Potential to Participate (PTP),                         
regarded the temperature profile that the respondent has accepted, and is influenced of                         
aspects such as habits and routines, rather than simply the respondent attitude toward                         
heat regulation. No high correlation was assumed between these two factors, but a high                           
level of both WTP and PTP was strongly assumed to predict a strong Intention to                             
Participate, which was assumed to be directly related to the resulting household behaviour                         
(figure 4.6). In the modelling (see section 4.4.2) the intention to participate was not                           
distinguished from the potential to participate in the base case DSM, while in the no                             
subsidy scenario, the respondents intention to participate was restrained due to                     
investment costs. 
 

 
Figure 4.6. WTP and PTP affecting the intention to participate preceding behaviour. 
 

A value for each respondent's PTP was calculated as the aggregation of her/his accepted                           
temperature span for each 168 hours of the week, according to equation 4.1. The                           
respondent’s WTP was assigned as her/his answer on question SP1. 
 

Equation 4.1. TP  (Tmax(t) Tmin(t))P =  ∑
168

t=1
−    
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4.3.2 Correlation Analysis 
The survey questions regarding the respondent’s general and scenario specific attitudes                     
and behaviour intentions were investigated in relation to each other through a correlation                         
analysis, in order to explore how well the trend in the answers of different questions                             
followed each other. The p-value of each correlation was calculated, in order to measure                           
the probability that the correlation had occurred completely at random, and that there was                           
no real correlation between the two variables. A low p-value means that there is most likely                               
a real, significant, correlation between the variables. The mean value and standard                       
deviation were also calculated for each question. Figure 4.7 shows how the several aspects                           
investigated through the survey were supposed to underlie the willingness to participate                       
and the potential to participate. 
 

 
 
Figure 4.7. Model of expected relations between WTP and PTP with several factors, regarded in the survey. 

Correlation Analysis Preparations 

Before a correlation analysis could be performed, the survey answers to questions covering                         
the same area had to be evaluated and possibly transformed into indices. For questions                           
that were negatively formulated (SP3, AR1-AR2), the respondent answers were translated                     
so that a positive correlation value always marks a positive correlation between the                         
aspects. 

Subjective Economy Index 

For the correlation analysis, the aspect of subjective economy was assumed to be captured                           
by the questions on experienced income in terms of low-high and insufficient-sufficient                       
(questions HR4-HR5). Since these factors were found to show a high correlation (see                         
Appendix VII), their average was calculated and used as an index for the respondents                           
subjective economy (SE). 

37 



Subjective Comfort Index 

Subjective comfort was assumed to be captured by the questions on experienced indoor                         
climate in terms of unsatisfying-satisfying and unstable-stable (questions ET1 and ET3).                     
These factors were found to show a high correlation (see Appendix VII), and their average                             
was calculated and used as an index for the respondents subjective comfort (SC). 

Ascription of Responsibility 

The two questions related to the respondents ascription of responsibility (questions                     
AR1-AR2) showed a high correlation (see results) and the average of the two was used for                               
correlation as an AR-index (AR). 

Awareness of Consequences 

The two questions related to the respondents awareness of consequences (questions                     
AC1-AC2) were not consistent in that they deal with different generality levels of AC - one                               
relating to the global problem of climate change while the other to the much more niched                               
and small scale issue of electricity savings - and they were not found to show a high                                 
correlation (see results). Thus, the judgement was made that the AC of a respondent is                             
better grasped if the two AC-questions were not aggregated into an index, but looked at                             
separately in order to capture different aspects of consequence awareness. 

4.3.3 Partial Correlation of Goal Frames and Problem Focus 
Based on the Goal Framing Theory (see section 3.3.2), it was assumed that a person’s                             
problem focus - what kind of problem she/he experiences - would determine what kind of                             
benefits from DSM-participation that attracts the person (figure 4.8). If she/he would find                         
her/his indoor climate as unpleasant, she/he would be in a hedonic goal frame, and                           
thereby primarily have eyes for hedonic goals, such as increased indoor comfort. A person                           
experiencing a problematic economical situation, was assumed to primarily have eyes for                       
gain goals, such as economical savings. When a person experienced worries for the                         
environment, she/he was assumed to primarily be accessible for normative goals, such as                         
climate change mitigation. 
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Figure 4.8. A person’s situational circumstances, or problem focus, frames what kind of incentives she/he is                               
receptive to.  

 
Respondents problem foci were measured according to the subjective comfort index                     
(hedonic) and subjective economy index (gain) described in section 4.3.2, together with the                         
environmental concern question EC1 (normative), The respondents accessibility for                 
different kinds of goals was measured by the three scenario specific questions (question                         
SP1-3), asking for willingness to participate due to comfort, cost savings and decrease of                           
CO2 emissions respectively. 
 
An initial hypotheses for the analysis was that a person experiencing a certain type of                             
problem would be more receptive toward DSM-scheme benefits corresponding to the                     
experienced type of problem than to other types of benefits. When investigating this                         
hypothesis, it had to be highlighted that the questions measuring the respondent's                       
problem focus do not operate in the same generality level for the different types of                             
problems. While subjective economy and subjective comfort were captured through                   
specific questions relating to household level problems, the question regarding                   
environmental concern was asked in a much more general way. 
 

A partial correlation was carried out to further analyse the roots of the correlations found                             
between problem foci and goal accessibilities (see results). Since the three different goal                         
accessibilities showed a high internal correlation, it was of interest to see what would                           
happen if the different accessibilities were investigated separately. Partial correlation                   
allows for calculating the correlation between two variables while a third variable,                       
potentially disguising or over enhancing the correlation between 1 and 2, is held constant.                           
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The partial correlation (r) between variable 1 and 2 (variable 3 held constant), was                           
calculated according to equation 4.2. 
 

Equation 4.2.   r 12.3 =  r − r r  12 13 23
 

√(1−r ) (1−r ) 2
13

2
23

 

 
Two hypotheses were tested through partial correlation, based on the unexpected                     
correlation results (see section 5.1.3) that economic incentives of DSM did not especially                         
attract people who experienced their income as insufficient, and that comfort incentives                       
did not especially attract people who were unhappy with their indoor climate. Further, it                           
was assumed that people who regard climate change as a problem are more attracted by                             
all kinds of benefits of DSM (economy, comfort, environment), than others.  
 
The first hypothesis was that the apparent, but unexpected, strong correlation between                       
hedonic and gain goal accessibility on one hand, and environmental concerns on the other,                           
was caused by the strong, and expected, correlation between normative goal accessibility                       
and environmental concerns in combination with the strong correlation between the three                       
goal accessibilities. The second hypothesis was that an unobserved, but expected,                     
correlation between hedonic goal accessibility and hedonic problem focus, and between                     
gain goal accessibility and gain problem focus, was hidden due to the same intercorrelation                           
between the three goal accessibilities. To test the first hypothesis normative gain                       
accessibility was held constant. To test the second hypothesis, also the hedonic goal                         
accessibility and the gain goal accessibility were held constant one at the time. 

4.4 Modelling Analysis 
The system analysis was carried out through output studies in GAMS and Excel. The studied                             
outputs gave numerical results for a whole year, while, for simplicity, the month of january                             
and its first week were chosen to illustrate the results. The patterns seen in the selected                               
time frames were then checked against yearly patterns in order to assess the                         
representability of the patterns. However, since January is a winter month, system demand,                         
as well as the production from chp plants are relatively high at that part of the year. 

4.4.1 Models and Scenarios 
Figure 4.9 illustrates how the survey functions in relation to the models used for the work,                               
enabling modelling and analysis of the system effects of the survey respondents stated                         
participation rate. 
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Figure 4.9. Relation between used system models and the survey. 

Modelling Demand 

The ECCABS (Energy, Carbon and Cost Assessment for Building Stocks) model (figure 4.9),                         
developed by Mata et al (2013), is a bottom-up simulation model built to assess possible                             
energy and CO2 savings for different residential sector energy savings measures. The model                         
uses an hourly heat balance to estimate the energy demand for the households under                           
study over one year.  
 
The model for SFD electric heating DSM (SFDDSM in figure 4.9) was developed by Nyholm                             
(2016) as an optimization sub-model for ECCABS. It builds on the ECCABS fraction of energy                             
demand for SFD electric heating, and allows the household residents to cost-minimize, by                         
shifting their heating consumption to hours when electricity price is low, or simply allowing                           
for indoor temperatures to decrease at times (Nyholm 2016). 

Modelling Supply 

The ELIN (Electricity Investment) model (figure 4.9) is a bottom-up, long-term investment                       
cost-minimizing model. Since the model is built to minimize investments and generation                       
costs to meet electricity demand under a number of constraints, it lends itself well to                             
investigate different possible pathway of the European electricity system development                   
(Nyholm 2016).  
 
The EPOD (European Power Dispatch) model (figure 4.9) is a bottom-up, dispatch                       
optimization model, in the sense that it minimizes the costs of power production within a                             
given generation composition and within some given constraints (Göransson 2014). It is                       
often used as an extension to the ELIN investment model, and is built to, with an hourly                                 
resolution, cost-minimize the electricity generation dispatch over one year, with the year                       
and generation composition in question often derived from a ELIN pathway scenario                       
(Nyholm 2016). 

Green Policy Scenario 

To study, and try to draw conclusions around, the future is a somewhat complex and                             
uncertain task, but nonetheless a necessary one when planning for a sustainable transition                         
of the electricity system. Through the use of scenarios, it is possible to investigate imagined                             
futures which are judged to be interesting to look at.  
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In the (ELIN) pathways for the European electricity system, different scenarios, building on                         
different constraints, develop different types of electricity production technology                 
compositions to reduce the European electricity sector emissions with 95-99% from 1990                       
to 2050 (Nyholm 2016). This involves pathways with no increase in demand, slight increase                           
in demand and a high increase in demand. It also involves pathways with caps on CO2                               
emissions, targets on renewable electricity, and bans on new investments in nuclear and                         
CCS (carbon capture and storage) starting from 2050 (Nyholm 2016). 
 
For the scenario worked with in this thesis, often referred to as the green policy (GP)                               
scenario, the system composition by 2050 is dominated by wind power production (figure                         
4.10). 

 
Figure 4.10. The development of the European electricity generation under the Green Policy scenario [TWh]                             
(Nyholm 2016, p. 42 figure 8(c)).  
 

When comparing the capacity distribution for the year 2032 in the GP scenario with the                             
Swedish power capacity distribution of today the penetration of wind has increased from                         
10 to 52%, while the base load nuclear plants has been completely phased out. The                             
capacity of fossil peak power plants has increased significantly, as a result of the increased                             
need for flexible non-intermittent generation to balance the wind production. 

4.4.2 System without DSM 
In order to distinguish the effects of applying DSM in the system, the system was first                               
modelled and investigated without any DSM. Important aspects to note were the system                         
net load and available variation management strategies. Also the Swedish load, net load                         
and variation management strategies were an important basis of comparison for                     
investigating the effects of DSM. The net load was looked at as the load after subtracting                               
intermittent supply and variation management through hydro, electricity trade and wind                     
curtailment. When the modelling was carried out, the electricity system, governed by the                         
green policy scenario, was investigated in terms of existing wind variation management,                       
and need for additional management through DR. Vast amounts of wind power in the                           
multiregional system, and large amounts of hydropower in Sweden and Norway were                       
highlighted as supposedly affecting this suitability, and were captured by looking at the net                           
load. Also congestion between regions were investigated. These system characteristics                   
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were found by the GAMS-variables describing the different aspects, and investigated in                       
excel, mainly by visually analysing and comparing plotted graphs of the variables. 

4.4.3 Comparing DSM to no DSM 
The modelling package was first run with the temperature profile input for the DSM                           
participation base case. This was done in order to be able to roughly single out the effects                                 
of DSM by comparing the output from the DSM base case to the output for the scenario                                 
with no DSM. The system effects in terms of demand were looked at through changes of                               
the net load, which should ideally be smoothened by DR. In terms of system production,                             
effects were looked for in four relevant areas. The first one was how well the system                               
manages curtailment, the second was if the system shows a switch from peak load                           
technologies to base load technologies, the third was the level of cycling costs in the                             
system, and the fourth was the effectiveness in the trade between regions. Regions that at                             
first sight showed unexpected behaviours in terms of production or curtailment were                       
further investigated to reveal potential congestion in the transmission grid. 

System Demand 

The energy conserving qualities of the scheme were investigated by examining the DSM                         
impact on the yearly load, with the yearly load reduction being equal to the DSM energy                               
conservation. The DR qualities, however, were more complex to grasp, since they did not                           
imply any yearly change in the load, but rather a switch from one time to another. Hence,                                 
the scheme’s DR qualities were looked upon mainly visually through graphs of Swedish                         
demand variations before and after the scheme was applied. Since the DSM takes place at                             
a fairly small scale in Sweden, most load investigations related to the Swedish load, rather                             
to the overall system load, for which the differences from applying would be very small and                               
hard to grasp visually. Lastly, the root of the demand changes - the SFD indoor                             
temperature changes - were investigated. A visual analysis of the temperatures chosen by                         
the model was carried out, as well as a comparison to system aspects which were assumed                               
to could have impacted these chosen temperatures. 

Congestion 

In order to investigate congestion, the yearly trade pattern between specific regions were                         
analyzed and compared to the maximum transmission capacity. The congestion situation                     
in the system was measured as the yearly average of hourly difference in marginal cost                             
(mc) between regions (r1, r2), using Equation 4.3. This is done since large differences in                             
marginal costs over time, and between regions, imply that the electricity has not been                           
efficiently allocated throughout the system.  
 

Equation 4.3. ongestion c = 8784

 mc −mc∑
8784

t=1
| r1 r2|

 
 
By comparing the congestion situation in the system before and after the DSM, it was                             
investigated to what extent the DSM in Sweden reduced congestion problematics in the                         
system. 
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System Costs and Emissions 

System emissions before and after DSM were investigated in order to increase                       
understanding of possible environmental aspects of the scheme. The system costs that                       
were investigated were marginal costs, running costs and cycling costs. Since production                       
and transmission investments were applied as inputs, and did not change for different                         
scenarios, their costs were not seen as part of the system costs. While the running costs                               
relate to different plants and are not affected by how they are run, cycling costs relate to                                 
how efficiently the plants are run and how often they are forced to cycle. Thus, a reduction                                 
of cycling costs may be a sign of efficient DR while a reduction of running costs may be a                                     
result of either DR or energy conservation. 

4.4.4 Comparing Scenarios 
After the general system impacts of applying DSM were examined, the modelling package                         
was run with the different temperature profile inputs relating to the different participation                         
scenarios. The difference between the scenarios was compared in terms of demand,                       
indoor temperatures and system costs and emissions. The effects of the different scenarios                         
were compared to each other, to emphasize the value of different approaches and                         
participation levels. To visualise how the system utilized the allowed temperature span in                         
the different scenarios, their average temperature profiles were plotted. 
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5 Results & Analysis 
In this chapter, the results of the work, as well as the analysis of these results, are                                 
presented in two parts. The first part, section 5.1, describes the behavioural results and                           
analysis, presenting the outcome of the survey, and an analysis of the correlation between                           
different survey answers. The second part, section 5.2, describes the outcome of the                         
modelling in terms of system impacts of DSM and compares the effects of the different                             
DSM participation scenarios. The main points of the stakeholder interview with Björn Berg                         
from Ngenic can be found in Appendix VIII. 

5.1 Survey Results 
Generally, the survey results show that the respondents are pleased with their current                         
indoor temperatures. The regularity in routines is found to be quite high for daily sleeping                             
hours (question PP1), while lower for daily working hours (question PP2). 

5.1.1 Willingness To Participate and Potential To Participate 
In all groups a high WTP-mean value (measured on a 1-7 scale) is seen (table 5.1). The                                 
highest willingness to participate is found in households including children. Other                     
demographic groups found to significantly distinguish themselves as having a high                     
willingness to participate are women and respondents from the northern part of Sweden                         
(Norrland). 
 
In the interview with Björn Berg (see Appendix VIII), it is hypothesized that early adopters                             
for technical heat regulation are mainly young families and middle aged men. The survey                           
findings of a high WTP among households including children confirms the theory of young                           
families as early adopters. However, the survey outcome show no particularly high WTP for                           
middle aged men, meaning the hypothesis of this group as early adopters finds to support                             
in the result. The survey also indicates that household income does not seem to have a                               
significant impact on WTP. Further, the WTP for senior households is found to be lower                             
than for the other groups. This is likely due to the fact that many seniors, as expressed in                                   
the survey’s open ended question, see heat regulation as difficult and pointless for people                           
who are not working. 
 
The potential to participate is also highest for the households including children (table 5.1                           
on next page). This result is unexpected, since these households were expected to have                           
fewer and less regular working hours than others, resulting in a lower than average PTP.                             
The high PTP for these households can rather be seen as acceptance of wide temperature                             
variations also when they are at home. Senior households show the lowest PTP, which is                             
expected due to the limited amount of working hours. 
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Table 5.1. Willingness and potential to participate presented as a mean value for different household types. 

  WTP mean 
(attitude) 

PTP mean 
(1 week) 

All 216 households  5.49  602 

Single households  5.75  612 

Senior households  5.11  503 

Households with children  5.86  669 

Other households  5.57  607 

5.1.2 Open Ended Answers 
In the section at the end of the survey allowing for open ended comments about issues the                                 
respondents felt were not covered sufficiently in the survey, 57 answers were received. The                           
individual answers can be found in Appendix IX. 

Lack of Potential to Participate 

13 of the comments relate to confusion and frustration regarding how households with                         
retired residents can relate to the survey and the scheme. Some indicate that they found                             
the survey questions on working hours hard to answer due to this. Some show an interest                               
in knowing more about how they, having no regular working hours, could participate in                           
DSM. An additional 6 comments relate to other cases of lack of regular working hours,                             
some indicating that they work from home, some that they work in shifts and some that                               
they are unemployed. These groups also found it hard to answer the questions on working                             
hours. 

Experienced Barriers 

Some comments relate to barriers. One respondent experience that the electric utilities                       
increase the electricity prices in order to ensure large profits, while at the same time                             
politicians are increasing the electricity tax. The respondent further states that they have                         
already made huge efforts to decrease costs for electric heating by isolating the house and                             
changing to new doors and windows, but that it has not had an effect on the electricity bill.                                   
Another respondent states that due to the households relatively small living area, they                         
perceive the economic savings from heating DSM to be small. A respondent living in an old                               
house express the concern that changes in heating will make the indoor temperature far to                             
unstable, since the temperature in the old house is fast to respond to heating changes. 

Environmental Impact of  Electricity Use 

Some respondents experience electricity use as being related to low emissions levels, and                         
that climate change mitigation efforts would be better directed at for example reducing air                           
plane travel. A frustration is also expressed regarding that the national Swedish emissions                         
are insignificant on a global scale, so that we can not solve climate change with Swedish                               
DSM. 
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Several comments relate to the Swedish production of nuclear power, and its role in                           
sustainable development. One respondent expresses the attitude that nuclear waste,                   
rather than CO2 emissions, is the main environmental issue that is to be addressed                           
regarding Swedish electricity use. Another respondent state, on the contrary, that Swedish                       
electricity use is environmentally unproblematic as a result of nuclear. 
 
When it comes to the transition to a sustainable electricity system, several respondents                         
display a sustainability vision based on solar energy, with e.g. standards for solar panels on                             
all roofs. Some of these respondents view the scheme, as it is described, as an attempt to                                 
push a real, well needed system change into the future. Another respondent states that the                             
future of electricity will be based on decentralized electricity production and that this will                           
make the DSM-scheme redundant. 

Indoor Temperatures and Heating Methods 

A few of the comments relate to experience of temperatures. Some state that the different                             
household residents prefer different indoor temperatures. One respondent explains that                   
the residents joint disease prevents her/him from decreasing the temperature, which                     
needs to be held higher than in other households. 
 
Some comments indicate that the households regularly use complementing heating                   
options, such as woodstoves, to avoid using too much electricity. Others comment that                         
they have chosen district heating instead of electric heating due to electricity being too                           
expensive. 

5.1.3 Correlation Analysis 
An investigation of correlations between household values, attitudes and potential barriers,                     
increases the understanding of why people chose to engage or not in heating DSM. 

Behind the Intention to Participate 

In table 5.2 on the next page different colours mark different strengths of correlation; gray                             
marking the instances of no significant correlation, yellow the instances of slight                       
correlation, light green the instances of moderate correlation and bright green the                       
instances of high correlation between the variables. The table also states level of                         
significance (p-value) for the different correlations, as well as a mean value and standard                           
deviation for the investigated variables. 
 
The correlations in table 5.2 show that the respondents are positive in terms of all three                               
potential motivations asked about (comfort, economy, environment), but that the                   
environmental benefits are perceived as the strongest motivation. The three goal                     
accessibility variables correlate strongly to each other, and all of them correlate strongly                         
with WTP. This could indicate that people either see the DSM-scheme as generally good,                           
and then they embrace all motivations, or they are generally sceptical towards the scheme,                           
and then are not tempted by any of the specific motivation.   
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Table 5.2. Correlation between psychological factors. EC = environmental concern, AR = ascription of                           

responsibility, AC1&2 = awareness of consequences, SE = subjective economy, SC = subjective comfort, BP1 =                               
knowledge of DR, BP2 = knowledge of electricity production, BP3 = trust in power company, SP3 = trust in                                     
handling of personal data, GAG = goal accessibility gain (SC1), GAH = goal accessibility hedonic (SC3), GAN =                                   
goal accessibility normative (SC2), WTP = willingness to participate (SP1) 

  EC  AR  AC1  AC2  SE  SC  BP1  BP2  BP3  SP3  GAG  GAH  GAN  WTP 

AR  0.21 
** 

1                         

AC1  0.48 
*** 

0.36 
*** 

1                       

AC2  0.29 
*** 

0.35 
*** 

0.42 
*** 

1                     

SE  0.00  0.13 
 

0.16 
* 

0.13 
 

1                   

SC  -0.03  0.06 
 

0.03 
 

0.08  0.06 
 

1                 

BP1  0.11  0.07 
 

0.18 
** 

0.16 
* 

0.08 
 

0.25 
*** 

1               

BP2  0.11  -0.05 
*** 

0.23 
*** 

0.21 
** 

-0.03  0.24 
*** 

0.45 
*** 

1             

BP3  0.08 
 

0.08 
 

0.27 
*** 

0.21 
** 

0.13 
 

0.17 
* 

0.17 
* 

0.26 
*** 

1           

SP1  0.10 
 

0.09 
 

0.11 
 

-0.04 
 

0.12 
 

-0.05 
 

-0.03 
 

0.04 
 

0.06 
 

1         

GAG  0.20 
** 

0.07 
 

0.08 
 

0.32 
*** 

-0.06  -0.03 
 

0.07  0.09  0.00 
 

0.06 
 

1       

GAH  0.21 
** 

0.13 
 

0.16 
* 

0.27 
*** 

0.04  -0.07 
 

0.09  0.08  0.05 
 

0.09 
 

0.68 
*** 

1     

GAN  0.29 
*** 

0.22 
** 

0.29 
*** 

0.41 
*** 

0.06 
 

0.04  0.06  0.04 
 

0.07 
 

0.10 
 

0.72 
*** 

0.64 
*** 

1   

WTP  0.24 
*** 

0.15 
* 

0.30 
*** 

0.35 
*** 

0.21 
* 

0.01  0.14 
* 

0.09  -0.05  0.25 
*** 

0.48 
*** 

0.44 
*** 

0.51 
*** 

1 

mean  4.91  3.13  5.94  5.44  4.91  5.64  5.24  4.91  4.03  2.71  5.16  5.01  5.50  5.49 

St. dev.  1.67  1.36  1.31  1.51  1.17  1.17  1.51  1.65  1.43  1.52  1.72  1.63  1.49  1.44 

* p<0.05, ** p<0.01, *** p<0.001 

 
The table 5.2 also shows that environmental concern (EC), ascription of responsibility (AR)                         
and awareness of consequences (AC1 and AC2) constitute a inter-correlating set, where all                         
theses factors correlate to each other, pointing at an “environmentally beneficial package”                       
of concern, awareness and duty. The strongest correlation in the set can be found between                             
EC and AC1, which is expected, since AC1 addresses climate changes in general, while AC2                             
and AR address the connection between electricity usage and climate change specifically.                       
The more specific AR & AC questions, relating to electricity use, do not correlate as strongly                               
with environmental concern. This finding could imply that a significant fraction of the                         
people who generally care about environmental problems are not concerned about                     
electricity use and its environmental consequences. This is further confirmed in the opened                         
ended question where several respondents have written that they do not view                       
consumption of electricity in Sweden as a central environmental issue. 
 
Environmental concern, ascription of responsibility and awareness of consequences can                   
also be seen to correlate with both willingness to participate and normative goal                         
accessibility (GAN). Awareness of the connection between electricity and climate change                     
(AC2) is the variable strongest correlating with WTP, as well as with all three specific                             
motivations. As stated above, all people that care about environmental problems do not                         
see changes in residential electricity use as part of the solution. Thus, it is reasonable that,                               
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as seen in table 5.2, the respondent who experiences that electricity savings help reduce                           
climate change (AC2) will primarily feel motivated to take part in the scheme for                           
environmental reasons (GAN). 

Non-Existent Correlations 

One of the least expected results is the lack of correlation between investigated barriers,                           
on one hand, and goal accessibilities and willingness to participate, on the other. The most                             
unexpected result, seen in table 5.2, is the slight positive correlation between the                         
respondents experiencing the scheme’s data gathering as problematic, and their                   
willingness to participate in the scheme. For this correlation, it should be emphasized that                           
the respondents generally stated that they do not regard the data collection related to the                             
scheme as a problem. This could result in a skewed result, from which no central                             
conclusions should be drawn. 
 
The more interesting result, however, relate to the lack of correlation between barriers and                           
willingness in general, indicating that a reduction of barriers related to knowledge and trust                           
is not central in increasing household willingness to participate in heating DSM. Still it                           
should be mentioned that only a few specific barriers are investigated in the survey, leaving                             
it open what other barriers that might hinder the respondents participation.  

Goal Accessibility and Problem Focus: Partial Correlation 

The initial hypothesis was that a high correlation would be found between the different                           
goal accessibilities and problem foci, e.g. that a respondent with a low and insufficient                           
income would be more interested in the DSM-scheme economic gains. However, as seen in                           
table 5.3, all three goal accessabilities correlate significant with environmental concern, but                       
none of them with either subjective comfort of subjective economy. 
 
Table 5.3. Correlation between different goal accessibilities and problem foci. Light red marks expected but 
non-existent correlations, green marks found correlations. 

  SE  SC  EC 

GAG  -0.06  -0.03  0.20 

GAH  0.04  -0.07  0.21 

GAN  0.06  0.04  0.29 

 

As mentioned, strong correlations can be seen between the three goal accessibility                       
variables. There is a chance that these internal correlations shines through when regarding                         
these goal accessibility variables correlation with the types of problem focus above. A                         
partial correlation analysis is thus carried out in order to unravel this interconnectedness                         
and to test two hypotheses.  
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Hypothesis One - Pseudo Correlation 

When investigating the first hypothesis (see section 4.3.3), the partial correlation tells that                         
when controlling for normative goal accessibility, the correlations between the other goal                       
accessibilities and environmental concern disappears. Correlation between GAG and EC is                     
found to be -0.01, and correlation between GAH and EC ends up at 0.03. This means that                                 
there is no direct connection between respondent attitude toward DSM monetary or                       
comfort aspects, and their environmental concern. Hypothesis one is thereby confirmed. 

Hypothesis Two - Hidden Correlation 

When investigating the second hypothesis (see section 4.3.3), the partial correlation tells                       
that even after isolating the specific goal accessibility and problem focus, no vital economic                           
or comfort benefits are experienced by the respondents to be related to the DSM-scheme,                           
even for those who are expected to be open to economic and comfort incentives in                             
general. The correlation between GAG and SE is found to be -0.16, while the correlation                             
between GAH and SC ends up at -0.11. Hypothesis two is thereby not confirmed. This could                               
be due to that the economic benefits stated are too small to attract the respondents, and                               
the indoor climate improvement is too hard to relate to without experiencing it. Most likely,                             
economical benefits would attract people to participate if reaching some certain level, and                         
an improved indoor climate would possibly attract people if they had the chance to feel the                               
difference. 

5.2 Modelling Results 
The results show a system with investments according to the green policy scenario                         
constraints (see section 4.4.1), in the year of 2032. Demand and wind data for the modelled                               
results are from the year of 2012. The modelling results for the system without DSM is first                                 
described. Thereafter, the system with the DSM-scheme is compared to the system without                         
DSM. Lastly, the different DSM-scheme scenarios are compared to each other.   

5.2.1 System without DSM 
The system studied, placed in northern europe, covers about half of its demand with wind                             
power, and has a significant amount of hydropower (14% of production) available to                         
balance the system. Still, the available hydro is not enough to completely balance the wind                             
intermittency, and as a result, a significant extent of flexible fossil (gas, coal) production is                             
needed to help manage the wind variation, as a result amounting to about 12% of the                               
yearly system production. 

Load and Net Load 

On a system level, about 8% of the available wind is curtailed over one year. Figure 5.1                                 
shows the system load as well as the net load when intermittent production and variation                             
management through hydro is extracted. As can be seen in the figure, the slight and                             
recurring variations in the load turn to larger, irregular variations in net load, which need                             
to be handled by the rest of the system. These variations force most of the production                               
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technologies to regular cycling (see section 3.3.1), and there is hardly any room for base                             
load in the system. 
 

 
Figure 5.1. System load and net load variations for one month (January) [GWh]. 

Swedish Variation Management 

Swedish wind production amounts to roughly 32% of the Swedish load, which is a fairly low                               
fraction compared to the other countries. As has been discussed previously in section 2.2,                           
and as can be seen in figure 5.2, hydropower, plays a significant role in the Swedish                               
management of the complex net load variations. Together with trade, this results in a fairly                             
unproblematic net load for which production is to be covered by thermal production, as                           
well as a close to negligible level of curtailment (<0.1% of wind production). 
 

 
Figure 5.2. Swedish load and net load variations for one month (January) [GWh]. 
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Trade 

As mentioned previously, the Nordic countries frequently use trade in order to manage                         
Danish wind variations by import of Norwegian and Swedish hydropower. By investigating                       
the import and export from Denmark (DK1) to the south of Sweden, it is found that the                                 
maximum transmission capacity is utilized for large parts of the year. This means that the                             
transmission capacity between the countries is a limiting factor in managing system wind                         
variations through Swedish hydropower. 
 
This dynamic is further visible when investigating Danish wind curtailment in relation to                         
times when the export capacity to Sweden is fully utilized (figure 5.3). As can be seen, there                                 
is an apparent correlation between the Danish curtailment and the times when maximum                         
transmission capacity to Sweden is reached, meaning Danish curtailment might be reduced                       
if the transmission capacity to Sweden was to be increased, or utilized differently, avoiding                           
congestion. 
 

 
Figure 5.3. Relation between Danish (DK1) wind curtailment and electricity export to southern Sweden (SE1)                             
over one month (January) [GWh]. The positive values mark available export capacity while the negative values                               
mark wind curtailment for every hour. 

Hydropower 

As almost 80% of the Swedish hydro production occurs in the northern part of the country                               
(SE3, SE4), while around 90% of electricity demand and wind production is located in the                             
southern part (SE1, SE2), transmission within the country is crucial in order to manage                           
variations. As can be seen in figure 5.4, there is an apparent bottleneck for export from SE3                                 
to SE2, with the transmission capacity frequently limiting the possibility to export hydro-                         
power to the southern parts of Sweden. This also has an effect on the potential for Swedish                                 
hydro to manage system wind variations in general, since most of the trade with the rest of                                 
the system occur from the southern parts of Sweden. 
 

 
Figure 5.4. Transmission [GWh] over one year between Swedish regions SE2 and SE3, negative values mark                               
import to SE2 and positive values mark export from SE2. 
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This bottleneck between the north and south of Sweden is also evident when looking at the                               

marginal cost variations over one month (figures 5.5a-b). Since the northern part of the                           
country has a high availability of hydro capacity but a low electricity demand, the electricity                             
prices in the northern regions are constantly low. In the southern part of the country,                             
however, hydro capacity is limited while electricity demand is high. At the same time, the                             
relatively low marginal costs of southern Sweden are increased by a high transmission                         
availability connecting the regions to other parts of Europe and leveling out the cost                           
variations between countries. 
 

 
Figures 5.5a-b. Marginal cost variations [€/kWh] for one month (January) in Swedish regions SE2 (a) and SE4 (b),                                   
chosen to represent the northern and southern part of the country. 

Congestion 

Table 5.6 gives an idea of where congestion occurs, before DSM is applied, between                           
Sweden, Denmark, Norway and Germany. Problematic congestion is coloured red in the                       
table and slightly problematic congestion is coloured yellow. Uninvestigated congestions                   
are coloured grey in the table. As seen there is a severe difference in marginal costs                               
between southern Germany (DE1-3), where production of coal and gas takes place, and                         
Denmark (DK2) where the availability of wind power is high. The difference is also big                             
between Denmark (DK2) and Norway (NO1), where both hydro and gas production occurs.                         
Northern Germany (DE4), connecting southern Germany with Scandinavia, is further found                     
to highly differ, in marginal costs, from Denmark and Norway. Also between southern                         
Sweden and Denmark congestion is found. 
 
Tabel 5.6. Congestion in system without DSM, measured as difference in average marginal costs between                             
regions [€/kWh]. 

  SE1  SE2  DK1  DK2  NO1  DE1  DE2  DE3 

DK1  15.12  14.24             

DK2  14.27  13.68             

NO1    8.61    18.93         

DE1        23.18  20.66       

DE2        17.55  17.89       

DE3        17.48  17.84       

DE4  12.04  11.31  19.50  16.77  17.24  6.43  0.78  0.71 

System Costs and Emissions 

The yearly production for meeting system demand without DSM emits about 308.5 ktonnes                         
CO2. It is related to system costs of the magnitude of 30 000 M€. Around 97% of these costs                                     
are in the form of running costs, while only 3% are system cycling costs. 
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5.2.2 Effects of DSM 
The system effects of DSM are investigated in terms of changes in demand, supply, costs                             
and emissions. 

System Demand 

The modelled DSM-scheme only has an impact on Swedish demand, while the load in all                             
other system countries stay unchanged. The Swedish demand fraction constituted of SFD                       
heating demand, however, is allowed to increase, decrease and shift in time, with the                           
temperature profiles constraining the allowed load changes. Since the model is a cost                         
optimization model, demand changes will occur whenever they have potential to reduce                       
system costs. 

Energy Conservation 

Since energy conservation is allowed, and directly linked to reduced system costs, the                         
DSM-scheme involves energy conservation. Over one year, electricity use is reduced by                       
about 1.6 TWh, through reduced indoor temperatures in the Swedish SFDs. This is a                           
significant quantity, amounting to around 9% of the SFDs electric heating demand, and                         
around 1% of the total Swedish electricity demand. This reduction is in line with, but                             
slightly higher than, Nyholms (2016) previous findings of 1.46 TWh. 

DR and Net Load 

Except for the obvious system value of load reduction, there is also an apparent system                             
value of load shifting, as can be seen by the DR variation pattern in figure 5.6, indicating                                 
the system sees a value in decreasing demand at times, while increasing it at other. The                               
exact DR benefit is harder to measure, though, since all seen system benefits of the                             
DSM-scheme could be attributed to either energy conservation, DR, or a combination of                         
the two. 

 
Figure 5.6. Swedish net load to be supplied by chp, bio, waste and gas for one month (January) [GWh]. 
 
When investigating the Swedish net load to be supplied by thermal and chp plants (figure                             
5.6) it is apparent that DSM acts by decreasing net load variations. Further investigations                           
show a pattern where avoided net load dips (hours 53, 244, 435) result from a reduced                               
need for the chp technologies to cycle production, while the avoided peaks (hours 202, 585,                             
731) result from a decreased need for gas peak production. It is apparent from figure 5.6                               
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that DSM succeeds in reducing the net load variations related to fast variations, but not the                               
variations which span over longer time frames of several hours (e.g. hours 71-79,                         
466-482). 

Temperature Variations 

As seen in figure 5.7, the system utilizes the opportunity to decrease the indoor                           
temperature to a much higher extent than the opportunity to increase it. This is expected,                             
since energy conservation, through lower temperatures, usually implies lower costs. Still,                     
the actual temperature in figure 5.7 does differ from the minimum temperature curve,                         
which indicates that the system sees a value in DR, and uses the ability to increase the                                 
temperature now and then. 

 
Figure 5.7. Temperature variations within accepted temperature span during one week (1st of January)                           
compared to wind production pattern [°C]. 
 
It is seen in figure 5.7 that when the allowed minimum temperature is highest, during                             
evenings (e.g. hours 16-21), the system wants to stay on this lowest allowed temperature.                           
The opportunity to increase in temperature is taken mostly at night time (e.g. hours 22-30),                             
when the net load is usually low. The strong temperature increase, even reaching the                           
maximum allowed temperature, during the wednesday of the plotted week (hours 48-56)                       
can be seen to mirror the high level of wind in the system at the same time, while the                                     
tuesday peak (hours 25-30) seem to be caused by an attempt to smoothen the net load and                                 
avoid the need for cycling, which can be seen in the removed net load dip in figure 5.6                                   
(hour 53). 

System Production and Trade 

The most apparent effect on the yearly level, of applying DSM, is a decreased net electricity                               
import to Sweden, roughly equal to the level of energy conservation achieved by the                           
scheme. Also important effects are seen in areas of wind curtailment and peak load                           
technologies. 

Curtailment 

For the system as a whole, the wind curtailment is reduced by 218 GWh for the entire year,                                   
which can be compared to the 1614 GWh load reduction achieved by the DSM-scheme. The                             
reductions in curtailment happen mainly in Denmark, but also to a high extent in UK and                               
Poland (figure 5.8), all three being countries with high penetrations of wind power                         
production. In relative terms, the biggest curtailment effect can be noticed in Sweden,                         
where 100% of the previous curtailment is avoided through DSM. However, it should be                           
noticed that curtailment levels in Sweden were extremely low even before applying DSM,                         
due to a high availability of other variation management strategies. 
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Figure 5.8. System wind curtailment reductions for one year divided into the system countries and presented in                                 
terms of absolute reduction [GWh] as well as reduction in relation to curtailment without DSM [%]. 
 

It could be imagined that applying DSM in the southern parts of Sweden would help                             
decrease Danish curtailment even further but the congestion problem related to Danish                       
wind production and curtailment, discussed further below, seems to limit the effect the                         
Swedish scheme has on Danish curtailment. 

Peak Load Production 

For the system as a whole, production from (non-chp) coal and gas can be seen to decrease                                 
1560 GWh over the year, which is roughly equivalent in size to the total energy conserved                               
by the scheme. The gas production decrease occurs mainly in Norway and Germany, while                           
the coal production decrease occurs mainly in Germany (figure 5.9). Both in absolute terms                           
and relative to initial peak production, the largest difference overall occurs in Norway,                         
where about 95% of the country’s gas and coal production is avoided due to DSM. 

 
Figure 5.9. System fossil (coal and gas) production reductions for one year divided into the system countries                                 
and presented in terms of absolute reduction [GWh] as well as reduction in relation to production without DSM                                   
[%]. 
 

When studying the gas and coal production decrease over time, it is evident that the                             
production decreases in Norway and Germany have vastly different characteristics. While                     
the German production decrease show clear signs of a reduced need to manage system                           
variations by peak fossil resources (figures 5.10a-b), the Norwegian gas production                     
decrease does not have the same peak load characteristics, but rather acts as a base load                               
with no significant variation management qualities (figure 5.11). This could imply that the                         
German production decrease is a consequence of increased levels of available variation                       
management in the system, while the Norwegian production decrease is rather the result                         
of a reduced system load, cutting production where it is most expensive. It seems like gas                               
can be run as base load in Norway, which is likely due to their high level of flexible                                   
hydropower. 
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Figures 5.10a-b. Avoided coal (a) and gas (b) production in Germany for one year [GWh]. 
 

 
Figure 5.11. Avoided gas production in Norway for one year [GWh]. 
 

This hypothesis is strengthened by looking at the country’s load profiles before DSM is                           
applied. When observing the net load, excluding intermittent production as well as                       
variation management through hydro and trade, it is apparent that the need for increased                           
variations management is high in Germany (figure 5.12a), while almost non-existent in                       
Norway (figure 5.12b). 
 

 
Figure 5.12a-b. Load and net load over one month (January) for Germany (a) and Norway (b) before DSM is                                     
applied [GWh]. 

Congestion 

When the congestion situations before and after the DSM are compared, the change,                         
indicates how well the Swedish DSM manages to reduce congestion problematics in the                         
system. Presented in table 5.7 on the next page, significant congestion decreases are                         
colored green, while uninvestigated congestion changes are colored grey. 
 
Table 5.7. Reduction of congestion through DSM, measured as decreased difference in average marginal costs                             
between regions [€/kWh]. 

  SE1  SE2  DK1  DK2  NO1  DE1  DE2  DE3 

DK1  -1.04  -0.06             

DK2  -0.62  0.07             

NO1    -0.46    -0.10         

DE1        0.15  0.06       

DE2        -0.04  -0.04       

DE3        0.02  0.01       

DE4  -0.49  0.35  0.29  0.14  0.10  -0.01  -0.18  -0.12 
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When DSM is introduced in the system, congestion seem to decrease between Sweden and                           
the closest located regions (SE1 with DK1-2 and DE4, SE2 with NO1, see figure 5.13), while                               
the schemes effects on congestion tend to fade away with increased distance from                         
Sweden. Regarding southern Germany on one hand and Norway and Denmark on the                         
other, the congestion even seems to increase from before the DSM, indicating that these                           
transition problems are too wide to be handled, which is reasonable due to the limited                             
scale of the DSM in Sweden. The strong reduction in congestion between SE1 and DK1                             
clearly shows that the Swedish demand uses DSM to adjust to Danish wind production,                           
confirming that congestion effects mainly take place on more local scale. 
 

 
Figure 5.13. Modelled regions adjacent to Sweden (Nyholm 2016, p. 35 figure 7). 

System Costs and Emissions 

While the green policy scenario implies a cap on CO2 emissions, this cap is not certainly a                                 
binding constraint, wherefore it is interesting to investigate the emissions impacts of                       
applying the DSM-scheme. 

System Emissions Reductions 

The total yearly system emissions can be seen to decrease with 869 tonnes CO2 when the                               
DSM-scheme is applied. A reduction is expected, since the system demand and thus                         
production decreases due to energy conservation. However, it is hard to draw conclusions                         
around how much of the emissions reductions that are due to DR and improved variation                             
management. 
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Marginal Costs 

When investigating the marginal costs over one month in Sweden, it can be noticed that                             
applying DSM helps decrease the marginal cost variations in the regions, as well as                           
between the regions (figures 5.14a-b). This implies that the scheme has helped to reduce                           
the bottleneck problematic within the country, as well as in relation to other countries,                           
allowing the system to allocate the electricity more cost efficiently. 
 

 
Figures 5.14a-b. Marginal cost variations for one month (January) before and after DSM, for Swedish regions                               
SE2 (a) and SE4 (b) [€/kWh]. 

Cycling and Running Costs 

The total savings from the DSM-scheme is almost 120M€ for the entire system, with about                             
16% of these savings occurring in Sweden. As can be seen in figure 5.15, about 90% of                                 
these savings comes from a reduction in running costs, while the remaining 10% is a result                               
of reduced cycling costs due to the plants running more efficiently. 
 

 
Figure 5.15. Savings in Sweden and system savings due to DSM [M€]. 
 

The apparent reduction of running costs might be related to decreased production in                         
more expensive plants, as a combination of energy conservation and efficient DR. As                         
expected, the largest savings in running costs occur in Norway and Germany, which relates                           
well to the reduced fossil production in these countries. Further, the cycling costs are                           
reduced most in Germany and Sweden, with almost no reduction in Norway. This gives                           
further weight to the theory that German fossil production decrease as a result of DR, while                               
the Norwegian fossil decrease simply as a result of its expensive running costs. The                           
Swedish cycling costs are reduced by almost 15% as a result of the scheme. On the system                                 
level the reduction exceeds 1%, which is significant since the source of the reduction is                             
solely the management of electric heating in Swedish SFDs. That the cycling cost reduction                           
is relatively high in Sweden could imply that the DSM-scheme is effective in managing                           
variations in local production. 
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5.2.3 DSM Scenarios 
The three scenarios are found to have significantly different impacts on the electricity                         
system. In terms of energy conservation, system costs and reduction of CO2 emissions, the                           
lifestyle change scenario is the most effective one. 

Energy Conservation 

The variation in energy conservation between the different scenarios is a straightforward                       
way to roughly measure their relative efficiencies (figure 5.16). As expected, the scenario                         
where the households have to invest in the scheme (no subsidy scenario) is related to the                               
least energy conservation, with a quite significant reduction of 27% relative to the DSM                           
base case. This reduction in energy conservation can be compared to the reduction of                           
participating households by 35%.  
 
For the two other (technical fix and lifestyle change) scenarios, the yearly energy                         
conservation is, as expected, increased relative to the base case. The most interesting                         
result is the relationship between the two scenarios, where it can be noted that the largest                               
energy conservation levels are achieved by allowing for slightly larger temperature                     
variations all the time (lifestyle change scenario), for which the energy conservation is                         
increased by 50% relative to the base case, resulting in a reduction of SFD heating                             
electricity demand with 14% (figure 5.16). 

 
Figure 5.16. Energy conservation, in absolute terms [GWh] and in percentages [%], for the DSM Base Case and                                   
the three scenarios. 

Temperature Variations 

When the temperature curves chosen by the system are compared between the three                         
scenarios, they are found to be a quite similar in shape to each other as well as to the base                                       
case. The no subsidy curve, and the span it is restricted to (figure 5.17), can be described as                                   
a slightly squeezed version of the base case’s (see section 5.2.2). 

 
Figure 5.17. Actual temperature variations within accepted span for no subsidy scenario, during one week (1st                               
of January) [°C]. 
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In the technical fix scenario, the system is allowed to both increase and decrease the                             
temperature substantially during working hours, but as seen in figure 5.18, the allowed                         
extension upwards is not utilized except slightly during the wednesday. Still the valleys are                           
seldom fully utilized, possibly resulting from the requirement for the temperature to                       
increase sufficiently before the residents come home in the evening. 
 

 
Figure 5.18. Actual temperature variations within accepted span for technical fix scenario, during one week (1st                               
of January) [°C]. 
 

The lifestyle change curve utilizes the for all hours decreased minimum temperature to a                           
high extent, which is the reason why this scenario is related to the highest level of energy                                 
conservation (figure 5.19). While the allowed temperature span is occasionally bigger in the                         
technical fix scenario, the well utilized opportunity to keep a slightly lower temperature at                           
all hours is found to result in higher levels of energy conservation, possibly due to the                               
technical constraints for reducing and increasing the temperatures greatly at a short time                         
frame. 

 
Figure 5.19. Actual temperature variations within accepted span for lifestyle change scenario, during one week                             
(1st week of January) [°C]. 

System Emissions 

The emission reduction is 24% less in the no subsidy scenario compared to the base case,                               
which can be compared to the reduction in energy conservation by 27%, entailing the loss                             
in participation affects the emissions reduction benefits of DSM less than it affects the load                             
reduction.  
 
For the lifestyle change scenario emissions are reduced an additional 45% (393 tonnes                         
CO2), compared to the DSM base case, while emissions reductions increase only by 26% for                             
the technical fix scenario. This entails a significant difference in emissions reduction from                         
DSM dependent on what approach is chosen for developing and implementing the scheme. 

System Costs 

The total system savings from DSM differs significantly between the scenarios, from 95 to                           
162M€, with the overall largest difference being in terms of the level of running cost                             
reductions achieved by the scenario. The total cost reductions are mainly due to decreased                           
running costs in all the scenarios. Data on cycling costs, running costs and total costs can                               
be found in Appendix X.  
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A comparison between the base case and no subsidy scenario (figure 5.20) implies that                           
about 20% of the system cost reduction from DSM may be lost by forcing the households                               
to invest economically in the scheme. Since the related decrease in households                       
participating in the scheme is around 35%, this means the systems costs reductions do not                             
follow the decreased participation level linearly. 
 

 
Figure 5.20. System savings in percentages for the different DSM scenarios, showed as reduction of costs 
relative to costs in the system without DSM [%]. 
 
The outcome of the technical fix versus lifestyle change scenarios (figure 5.21) implies that                           
increasing the household residents tolerance for slight temperature variations any time is                       
more effective than focusing on technical possibilities to save energy when no one is at                             
home, when it comes to reducing system costs. The difference in savings between the                           
scenarios is significant, with the technical fix scenario increasing savings with 20%                       
compared to the DSM base case, while the lifestyle change scenario increases systems                         
savings by over 35%. It should however be noted that this outcome is highly depending on                               
the assumptions used for the scenarios. 
 

 
Figure 5.21. System savings in percentages for the different DSM scenarios, showed as reduction of costs                               

relative to costs in the system without DSM [%].   
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6 Discussion 
In the first section (6.1) of this chapter, the methods chosen in the work and what impacts                                 
these choices may have had are discussed. In the second and third section (6.2-6.3) the                             
outcome of the behavioural and the modelling analysis, its uncertainties and implications                       
are discussed. In the last section (6.4) the need for further research on the subject is                               
discussed. 

6.1 Methods 
The methodological choice of using a survey to capture SFD household’s attitudes toward                         
DSM is reasonable for the scope of the thesis. However, it limits the results, since all                               
behavioural conclusions are drawn from theoretical, rather than practical information.                   
Asking respondents to imagine how they would feel and act in a specific scenario is                             
obviously not as ideal as watching them act in real life. This is potentially even more                               
striking when asking about abstract concepts such as temperatures and how different                       
temperatures would be experienced by the household. 
 

Another issue related to the survey outcome is that, even though the survey is designed to                               
be neutral in terms of motivations for participation, the survey is sent out from the                             
department of Energy and Environment. There is a risk that this, together with the                           
significant amount of questions in the beginning of the survey relating to environmental                         
issues, might have biased the respondent’s answers, activating their environmental values                     
and increasing their will to answer positively toward environmental benefits. 
 
When it comes to normative motivations and actions, the core of previous research on                           
environmental psychology is that people generally state climate mitigating actions as                     
important and good but that when studying people’s actual behaviour, they are less likely                           
to act on these climate mitigating motivations. Thus, it is not certain that the stated                             
willingness to participate based in normative, climate mitigating, motives would perfectly                     
translate into real household participation. Rather, the thesis outcome can help reveal the                         
existing household interest and support for climate mitigating DSM-schemes, if                   
implemented in a good way. 
 
The method of using different participation scenarios was judged to be a good way to                             
highlight different potentials of heating DSM, selecting three scenarios as representatives                     
of three theoretical aspects of DSM. However, the relative outcome of the different                         
scenarios are to a high degree dependent on specific assumptions made when                       
differentiating the scenarios, rather than to the different conceptual approaches they                     
represent. The lifestyle change scenario assumption of increased temperature variation                   
acceptance of +/- 1°C all the time is specifically crucial, since this assumption is what the                               
resulting findings that this scenario is the most efficient, is based on. The assumption is not                               
grounded in any findings, but is rather chosen as an example of increased acceptance for                             
temperature variations. This means that the exact benefits of the scenario are highly                         
uncertain, and is not to be seen as a realistic potential today. However, the scenario is                               
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chosen in order to investigate what it would imply if people would become more flexible in                               
the future. 
 
Important to note is the fact that the very foundation of the modelling outcome of the                               
thesis is based on a minimisation of running and cycling costs of the system plants.                             
Another valid alternative when investigating electricity demand and supply options in                     
relation to climate mitigation could be to combine the cost optimization with an                         
optimization related to minimising system emissions. To a significant extent, however, the                       
two optimization choices would probably result in similar outcomes in a context such as                           
the green policy scenario, with large penetrations of wind power and caps on CO2                           
emissions. This is due to that, as can be seen in the outcome, the most fossil heavy fuels                                   
are the ones first cut by the cost minimising models. This is also evident for the different                                 
scenarios, as the scenarios with the largest DSM effects under cost minimisation are also                           
the ones achieving the most reductions in emissions. However, it should be noted that                           
while the cost minimizing model removed gas production before coal production, an                       
emissions minimizing model would probably remove the fossil heavy coal production first. 

6.2 Behavioural Results 
The main behavioural finding of the study is that normative, climate change mitigating,                         
motives seem to primarily guide household willingness to participate in heating DSM.                       
Climate change mitigation benefits of DSM seem to be far more explanatory for household                           
participation level than all examined barriers, which implies that it is not of central                           
importance to lower the barriers, but rather to emphasize the benefits. 
 
While survey respondents with a high willingness to participate stated both climate                       
benefits, economic benefits and comfort benefits as important, a further analysis showed                       
that respondent beliefs about the climate benefits of the DSM-scheme guided them to also                           
see benefits in the other aspects of the scheme. This might imply that the households                             
experience DSM to be related to the social dilemma of climate change, connecting the                           
scheme to collective rather than private interests and motives. This is an interesting result                           
since previous studies have noted that households do not view simply energy conservation                         
as a social dilemma, but engage in it rather due to private economic benefit. 
 
More specifically, the factor which is found to have the highest importance for household                           
participation is to what extent the residents see electricity savings as helping to reduce                           
climate change. This means that believing that climate change is a societal problem is not                             
enough for the households to want to participate in heating DSM. This is expected, since                             
attitudes toward more specific issues are generally seen to stronger predict people’s                       
actions in specific situations. In line with that, a way to increase household willingness to                             
participate could be to make the connection between electricity consumption and climate                       
change more apparent for electricity consumers; thereby emphasizing the social dilemma                     
aspects of DSM. This is of central importance, since many people today see consumption of                             
Swedish electricity as being related to relatively little climate impacts, which could be an                           
explaining factor for the current gap between the general and situation specific attitudes                         
on the issue. 
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The findings of the study imply that the household benefits related to economy and                           
comfort do not guide household willingness to participate in heating DSM. However, there                         
can be several valid explanations for this result. One potential explanation is that while                           
climate mitigation is a general, societal issue for which people are relatively used to taking                             
a stand, the DSM-scheme benefits related to comfort and economy are small scale and                           
situation specific, and may thus be harder for the survey respondents to relate to in terms                               
of how they would feel about their indoor temperatures being more stable, or electricity                           
costs reducing slightly. Another possible explanation is that households might not be that                         
sensitive to economic incentives related to their electricity bill, due to the complexity of its                             
different cost constituents as well as electricity being a relatively small household expense                         
in Sweden today. In contrast to the comfort benefits of heating DSM, however, the                           
economic benefits for the households could be increased significantly, which might alter                       
their attitude toward the benefit and increase the economic motivation for participation. It                         
is, however, beyond the scope of this thesis to investigate whether economic incentives in                           
general are not effective in heating DSM-schemes, or whether the economic incentives for                         
this case are simply too low to motivate participation. 
 
When presenting the survey result in terms of household willingness to participate as well                           
as correlation between variables, the survey responses are not weighted to increase                       
representability of responses in relation to target group. Since this is done for the                           
modelling, this means the modelling results relate to a somewhat different group than the                           
behavioural results. It also means that the behavioural results is biased in terms of an                             
overrepresentation of male respondents, and a subsequent underrepresentation of female                   
responses. This might represent a significant bias of the result, since important variables                         
for guiding willingness to participate are found in the survey to differ between genders. The                             
female respondents of the survey display a more positive attitude toward heating DSM in                           
general, as well as toward all three different motives for participating. This is likely guided                             
by their awareness of consequences, ascription of responsibility and environmental                   
concern; factors that are seen to be higher for the average female respondent than the                             
average male respondent. Based on these differences between genders, the average                     
willingness to participate extracted from the survey is likely underestimated. 
 
The other big demography factor seen to correlate with environmental concern and                       
willingness to participate is geographic location of the household. Somewhat unexpectedly,                     
survey respondents living in the northern part of Sweden (Norrland) is seen to display                           
higher environmental concern, as well as a more positive attitude toward all three                         
motivations related to the specific DSM scenario. Although not biasing the result, since the                           
representation of the group in the survey to a high degree match that of the target group,                                 
this result is interesting since it implies that the willingness to participate is higher where                             
the conditions are less favorable. As mentioned before, the SFD electric heating demand in                           
the north of Sweden is low, while at the same time there is a high availability of variation                                   
management through hydropower. This means that although the behavioural potential for                     
households in the north of Sweden might be high, the actual physical potential of DSM                             
taking place and having system effects is limited. 
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6.3 Modelling Results 
The geographical boundaries of the study clearly limit the findings, since the Swedish net                           
load variations differ extensively from those commonly seen in a country with high                         
penetration of wind power in the system. If the investigated DSM-scheme would have been                           
placed in another country with a larger need for variation management, the effects would                           
probably have been far different, likely resulting in larger cost and emissions reductions,                         
both on the system level and within the country applying DSM. With this in mind, it could                                 
be argued that in order to increase the efficiency of DSM, the schemes should be located in                                 
the countries and regions with the most need for variation management, avoiding                       
congestion to limit the DSM benefits. 
 

The expectations on DSM to handle curtailment of wind power are not fully met in the                               
outcome, a finding which must be discussed in the light of geographical boundaries. Most                           
of the Danish curtailment is still in place even when DSM is introduced in Sweden, which                               
could be attributed to the transmission capacity being fully utilized between the countries                         
during times of curtailment. This points at the transmission capacity between the countries                         
as being one limiting factor in decreasing the curtailment, which means that new                         
investments in transmission capacity, or placing the scheme in a country with more                         
curtailment, could be a way to increase the scheme’s impact on curtailment. Still it is found                               
that the congestion between Sweden and Denmark is reduced when DSM is introduced in                           
the system. This could be understood as that while improved transmission capacity is                         
needed to fully utilize the DSM potential effects, the DSM simultaneously reduces the size                           
of needed transmission capacity.  
 

In the result it is hard to separate the DSM-scheme DR related effects from scheme’s                             
energy conservation effects, but it can be seen that both DSM qualities are utilized by the                               
system. For the individual participant the cost reductions are mainly due to energy                         
conservation, meaning that participating in a centralized scheme is a kind of “sacrifice for                           
the greater good” from the individual’s perspective. This increases the importance of the                         
findings that respondents seem to regard DSM participation as handling a social dilemma. 
 

The annual savings that could be achieved on system level from the implementation of                           
DSM is found to be extensive, but spread out among the participating households, the                           
amount is not a very impressive economic incentive for participation. What is not                         
considered when doing this rough calculation is that households that consume the most                         
electricity for heating, thus creating the most significant burden on the system, have the                           
highest economic incentives for DSM participation. This means that households that are                       
most important to attract, from the system perspective, automatically get the strongest                       
economical incentives for participation, while those who already have a low electricity                       
consumption could expect a more or less negligible economic incentive, unless the                       
participation is subsidized. 
 

Furthermore, while the available DSM flexibility decreases in the no subsidy scenario, the                         
decrease is not linearly related to the number of households not participating in DSM. This                             
implies that the decrease in benefit from losing the least interested households is not of                             
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vital importance, since these households display a relatively low willingness and potential                       
to participate, meaning their contribution if participating would be relatively low. 
 

The technical fix scenario explores the effects of allowing the system to do almost whatever                             
it wants with the participants temperatures when they are not at home, while the lifestyle                             
change scenario explores the effects achieved by allowing an increased level of                       
temperature variations at every hour of the day. The outcome of the modelling shows that                             
the lifestyle change scenario outranks the technical scenario, both in terms of energy                         
conservation, cost savings and reduction of CO2 emissions. This result could imply that                         
there is more to gain for a policymaker to direct effort toward achieving an DSM-scheme in                               
line with the lifestyle change scenario over one similar to the technical fix scenario. Still, as                               
discussed above, the household acceptance of the lifestyle change and sacrifice implied by                         
the scenario must be further investigated before a well informed policy decision could be                           
made. 
 

The fact that the DSM is modelled to take place in Sweden limits the conclusions which can                                 
be drawn regarding the value of DSM in a wind dominated system. The low need for wind                                 
variation management in Sweden is not representative for the system countries in general,                         
and the limitations in trade reduces the impacts the scheme can have outside of Sweden.                             
Thus, it is hard to draw conclusions around if the noted system effects, and lack thereof,                               
are a result of heating DSM interacting with a wind dominated system, or simply, to a large                                 
degree, the result of energy conservation in a system where there is no need for extensive                               
variation management. 

6.4 Further Research 
This study has found the potential to reduce the heating demand for Swedish electric                           
heated SFDs by about 9%. This indicates a large inefficiency in the system, which could be                               
mitigated by adapting SFD heating to household habits and behaviour. These possibilities                       
of improvements, although significant, rely on the household resident's acceptance and                     
participation. Therefore, there is a clear need to go on with more concrete behavioural                           
studies and pilot schemes in order to increase understanding and optimize the electricity                         
use in the residential heating sector. 
 

Even though this study has hopefully helped decrease the gap between behavioural studies                         
and electricity systems modelling, it is limited in the sense that it is based on people's                               
theoretically stated routines and temperature preferences. Further studies allowing people                   
to experience different temperatures at different times are needed in order to get reliable                           
values of what people actually find acceptable and not in terms of comfort. Pilot studies                             
are also needed in order to investigate to what extent people's willingness to participate                           
translate into actual participation if exposed to a similar scheme in reality, and if the                             
normative motives of reducing climate change will motivate them to act also in real life. 
 

Although environmental benefits are found to be the most motivating incentive, a pilot                         
study could also help investigate what role economical and comfort benefits of different                         
magnitudes can play in increasing actual participation.   
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7 Conclusions 
The willingness to participate in DSM of electric heating, among Swedish SFD residents, is                           
investigated through a survey and found to be overall high. Among the investigated                         
household types, residents with children are found to show the highest willingness to                         
participate. This household type is also found to have the highest potential to participate,                           
measured as acceptance of temperature variations throughout different hours of the week.                       
Retired residents are found to show the lowest level of both willingness and potential to                             
participate, which is likely a result of their limited hours away from home. 
 
Environmental benefits (normative goal accessibility in figure 7.1) are found to be the main                           
motivation for participation in the DSM-scheme, often needed to be in place to enable the                             
respondents to embrace economical and comfort incentives, while the investigated                   
barriers do not seem to be of central concern. This indicates that people relate DSM to the                                 
social dilemma of climate change and connect the scheme to collective rather than private                           
interests and motives. In line with this, the psychological factor strongest guiding their                         
willingness to participate is found to be their awareness of how electricity savings help to                             
reduce climate change (specific AC in figure 7.1), indicating that the households willingness                         
to participate may be increased by emphasizing the connection between electricity use and                         
climate change. 
 

 
 
Figure 7.1. Relationships between psychological factors. 
 

The results of the survey are incorporated in a techno-economic model of the                         
north-european electricity electricity system and gives that applying electric heating DSM                     
for Swedish SFD is seen to reduce system running and cycling costs by around 120M€/year,                             
and to reduce system emissions by around 870 tonnes CO2/year. The most apparent                         
system effect of the DSM-scheme is the electricity demand decrease of around                       
1.6TWh/year due to energy conservation, which amounts to a reduction of around 9% of                           
today’s electric heating demand for Swedish SFDs. This decrease in demand is reflected by                           
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a decreased production from gas power plants in Norway and coal and gas power plants in                               
Germany. While the production decrease in Germany shows characteristics of reduced                     
fossil peak production, the production decrease in Norway shows signs of resulting from a                           
reduced electricity demand, cutting production where it is most expensive. 
 
The scheme entails a slight reduction in system wind curtailment, mainly in Denmark. The                           
small amount of curtailment previously existing in Sweden is removed due to the scheme,                           
but the reduction in curtailment on a system perspective seems to be limited by                           
congestion. Congestion problematics are further found to decrease between Sweden and                     
its closest neighbouring regions, especially between south of Sweden and Denmark, while                       
the DSM scheme’s effect on congestion in more distant regions is limited. 
 
Through exploring a series of scenarios the study indicate that there are large system                           
benefits related to increasing household acceptance of a slight increase in temperature                       
variations at all hours of the day (figure 7.2, lifestyle change). Focusing on technical                           
possibilities to decrease indoor temperatures rapidly and extensively at times when the                       
residents are away from home (figure 7.2, technical fix) also increases the benefits from                           
the base case scenario, but to a less extent than the lifestyle change scenario. The study                               
further indicates that limiting the DSM participation to households who are open to invest                           
in DSM equipment decreases the system benefits of DSM (figure 7.2, no subsidy). However,                           
although this would decrease household participation by 35%, it would only reduce system                         
monetary savings from DSM by around 20%. 
 

 
Figure 7.2. System effects of different DSM scenarios [%]. 

 
The work suggests further research on DSM in other countries than Sweden in order to be                               
able to fully grasp the interplay between residential heating DSM and wind variations.                         
Further behavioural research is also needed, exceeding the limited theoretical approach                     
used in this thesis and looking at resident's actual routines, preferences and motivations                         
through pilot studies, increasing understanding of not only intention to participate, but                       
actual participation. 
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