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Summary
Achieving sustainable consumption of energy is an important issue due to the increasing
demand for energy and its environmental impact. One of the biggest consumers of the global
energy production is the residential sector. Factors determining pattern of energy
consumption in this sector are firstly, characteristics of the buildings and equipment and
appliances which are used inside them and secondly, people who are using the buildings. The
former could be approached by using efficiency strategies; i.e. designing and using materials
and utilities which are low energy demanding or reducing consumption of energy. The latter
could be reached by adoption of demand side management strategies which could improve
pattern of energy consumption by the end users. Combining these strategies bring out energysmart buildings with energy-smart people as the users. This project aims at introducing
potential approaches to strategies of promoting sustainable behavior regarding energy
consumption in individuals, with the focus on the students of Linköping University living in
the properties of housing company of the city, Studentbostäder.
For fulfilling this purpose, literature review has been done for finding influencing factors on
and strategies for shaping of pro-environmental behavior 1. In the next step, two projects with
focus on demand side management for changing energy consumption of individuals have
been studied. Afterward, a questionnaire based on the results of the literature review was
prepared and used to gain an understanding of first: attitude, values, knowledge, and
awareness of students of Linköping University regarding environmental issues, and second:
point of view of the students toward the strategies for shaping pro-environmental behavior.
Results of the above mentioned methods were used for identifying characteristics of a
demand side management project based on provision of feedback on energy consumption for
the users. It has been proposed that designing and implementing such project has the potential
of affecting pattern of energy consumption by people and lead to its reduction, especially
among students accommodating at housing company of city of Linköping, Studentbostäder.
More studies are needed for finding feasibility of implementing such project.

1

Refer to Section 2.1

Page i

Acknowledgement
to the dead pheasant
Right now, I am finishing this project, editing my last pages, and writing my last sentences
and meanwhile I am looking backward and I am seeing the way that I have passed for
reaching this point. I see my weak and strong points and I am learning from them. I feel that
if I go back, I could do it in a better way and reach a better result. However, I know that it is
almost impossible and it is better to stick to the linear progression of the time from the past
toward the future and go forward. It means using this learning and applying it in my future
works and avoiding the mistakes that I have done during this master thesis project.
None of these, the project itself and its direct and indirect outcomes for me and maybe others,
would be possible without helps and supports of certain people.
First of all, I want to thank and give my best regards to my advisor and supervisor in this
project at Linköping University, Professor Tomohiko Sakao; his guidance and advice through
the whole process of doing this project cannot be valued by words.
Then I want to thank all of my friends - in Linköping, back in home, or anywhere else - who
were by my side – not only in spatial terms - whenever I needed them.
In the end, I want to dedicate this project to my parents and brothers who are always
supportive and helpful to me: Maghsoud, Zarrin, Sohrab, and Daryosh.

Kaveh
Linköping, October 2011

Page ii

Table of Contents
Summary ..................................................................................................................................... i
Acknowledgement .....................................................................................................................ii
Table of Contents ..................................................................................................................... iii
List of Tables ............................................................................................................................. v
List of Figures ............................................................................................................................ v
Acronyms .................................................................................................................................vii
1.

2.

3.

Introduction ........................................................................................................................ 1
1.1.

Background ................................................................................................................ 1

1.2.

Aims ........................................................................................................................... 5

1.3.

Method ....................................................................................................................... 5

1.4.

Scope and delimitations ............................................................................................. 7

Results of Literature Review ............................................................................................. 9
2.1.

Introduction to Pro-environmental Behavior ............................................................. 9

2.2.

Determining Factors in the Shaping of Pro-environmental behavior ...................... 10

2.3.

Strategies for Promoting Pro-environmental Behavior............................................ 14

2.4.

Case Studies ............................................................................................................. 18

2.4.1.

Case of Oberlin College ..................................................................................... 18

2.4.2.

Case of Växjö..................................................................................................... 23

Proposal for a Demand Side Management Project in the City of Linköping .................. 29
3.1.

Aim and intended outcomes..................................................................................... 29

3.2.

Stakeholders ............................................................................................................. 29

3.2.1.

Municipality of Linköping ................................................................................. 29

3.2.2.

Linköping University (LiU) ............................................................................... 31

3.2.3.

Stångåstaden (Studentbostäder) ......................................................................... 32

3.2.4.

Tekniska Verken ................................................................................................ 35

3.3.
4.

5.

Questionnaire results: students of Linköping University......................................... 37

Discussion ........................................................................................................................ 43
4.1.

Review of the energy consumption pattern in Studentbostäder accommodations .. 43

4.2.

Strategies of shaping pro-environmental behavior .................................................. 46

Conclusion and Recommendations .................................................................................. 50
Page
iii

6.

References ........................................................................................................................ 52

7.

Appendices....................................................................................................................... 58
7.1.

Appendix A – Services by Tekniska Verken ........................................................... 58

7.2.
Appendix B - Questionnaire for assessing attitude of students of Linköping
University toward environment ............................................................................................ 62
7.3.

Appendix C - Additional Tables and Figures .......................................................... 66

7.4.

Appendix D - Glossary ............................................................................................ 69

Page
iv

List of Tables
Table 1 - Type of policy measures, their characterisitics and examples (Swedish Energy
Agency, 2010) ............................................................................................................................ 2
Table 2 - Examples of pro-environmental behavior models (based on Froehlich et al., 2010)
.................................................................................................................................................. 10
Table 3 - Criteria for filtering data from apartment and private houses in SAMS project
(SESAC, 2010) ........................................................................................................................ 26
Table 4 - Demographics information of Linköping students from 2005 to 2010 (based on
Statistiska centralbyrån, 2011a; Statistiska centralbyrån, 2011b) ........................................... 31
Table 5 - Six year summary of income statement (thousand SEK) by Stångåstaden
(Stångåstaden, 2009; Stångåstaden, 2010)............................................................................... 32
Table 6 - Utilities costs for Stångåstaden and Studentbostäder (based on Stångåstaden, 2009a;
Stångåstaden, 2010) ................................................................................................................. 33
Table 7 - Income statement of Tekniska Verken and its subsidiaries from 2006 to 2010 (based
on Tekniska Verken, 2010) ...................................................................................................... 36
Table 8 – Ranking of strategies among female students based on their age group ................. 40
Table 9 - Ranking of strategies among male students based on their age group ..................... 40
Table 10 - Ranking of strategies among female and male students ......................................... 40
Table 11 - Ranking of strategies based on income level (less than 7,000 SEK, n=152) ......... 41
Table 12 - Ranking of strategies based on income level (7,000 - 14,000 SEK, n=111).......... 41
Table 13 - Ranking of strategies based on income level (more than 14,000 SEK, n=17) ....... 41
Table 14 – Total ranking of strategies propsed to respondents of the questionnaire ............... 42
Table 15 - Number and size of Studentbostäder properties in Linköping (based on
Studentbostäder, 2011) ............................................................................................................ 44
Table 16 -Summary of involved stakeholders in designing a strategy of promoting proenvironemntal behavior among tenants of students’ residential buildings .............................. 49

List of Figures
Figure 1 - Electricity consumption by housing and service section in Sweden and its share
from total consumption (based on Statistiska centralbyrån, 2011a) .......................................... 3
Figure 2 - Share of different usage of electricity in Swedish households – excluding
consumption for heating and hot water (based on Palm & Ellegård, 2011) .............................. 3
Figure 3 - Model of pro-environmental behavior and its barriers created by Kollmuss and
Agyeman (2002) ...................................................................................................................... 13
Figure 4 - Pathways of data flow and information feedback in Oberlin dormitories (Petersen
et al. 2007) ............................................................................................................................... 19
Figure 5 - Reduction of electricity consumption in percentage in competing dorms (Petersen
et al., 2007) .............................................................................................................................. 20
Figure 6 - Electricity conservation vs. baseline consumption (Petersen et al., 2007) ............. 21
Figure 7 – Sample screenshot of Oberlin College CRMS (Oberlin College, 2011) ................ 22
Figure 8 - Sample screenshot of Oberlin College CRMS (Oberlin College, 2011) ................ 22
Page v

Figure 9 - An abstract schematic of feedback provided to users in SAMS project (SESAC,
2010) ........................................................................................................................................ 24
Figure 10 - Sample screenshot of EnergiKollen (SESAC, 2010) ............................................ 25
Figure 11 - Sample screenshot of EnergiKollen (SESAC, 2010) ............................................ 25
Figure 12 - Percentages of electricity consumption changes for apartments in Växjö (SESAC,
2010) ........................................................................................................................................ 27
Figure 13 - Percentages of electricity consumption changes for private houses in Växjö
(SESAC, 2010) ........................................................................................................................ 27
Figure 14 - Comparison of electricity costs (SEK) per square meter between Stångåstaden
and Studentbostäder (based on Stångåstaden, 2009a; Stångåstaden, 2010) ............................ 33
Figure 15 - Age distribution of respondents ............................................................................ 38
Figure 16 - Study level distribution of respondents ................................................................. 38
Figure 17 - Accommodation type of respondents .................................................................... 38
Figure 18 - Comparison of electricty consumption (kWh/m2) of Stångåstaden and
Studentbostäder ........................................................................................................................ 43
Figure 19 - Possible relation of stakeholders in a strategy for shaping a sustainable behavior
among students of Linköping................................................................................................... 49

Page
vi

Acronyms
BBC
CoM
CRMS
CSR
DSM
EU
GHG
kWh
LiU
MIBB
Mtoe
MWh
SEK
SESAC
TEMP
TWh
U.S.
UBC
VEAB
VKAB

British Broadcasting Corporation
Covenant of Mayors
Campus Resource Monitoring System
Corporate Social Responsibility
Demand Side Management
European Union
Greenhouse Gas
Kilo Watt hour
Linköping University
Inventory of the indoor environment
Mega tonne of oil equivalent
Mega Watt hour
Swedish Kronor
Sustainable Energy Systems in Advanced Cities
Transport, Energi, Miljö, Projekt
Tera Watt hour
United States
Union of Baltic Cities
Växjö Energi AB
Växjö Kommunföretag AB

Page
vii

1. Introduction
1.1. Background
Achieving sustainable consumption of energy is an important issue due to the increasing
demand for energy and related environmental impact. This impact includes different issues
such as resource depletion, greenhouse gas (GHG) emissions, and leakage of hazardous
materials into the environment, depending on the source of the energy. The importance of the
issue is reflected in the EU’s policies for achieving targets of 20-20-20, which has been set in
2007; the objectives are to reach 20% reduction in greenhouse gas emissions, increase energy
efficiency by 20%, and satisfying 20% of the energy demand by renewable energies. These
targets must be reached by 2020 in member countries of the EU. The drivers for setting these
goals are “security of supply, competitiveness, and sustainability” (European Commission,
2010).
The EU’s policies have affected decision and policy making processes in the national level in
European countries. In Sweden and as a response to the above mentioned goals and also for
achieving “ecological sustainability, competitiveness and security of supply”, the parliament
has approved “a joint climate and energy policy” (Swedish Energy Agency, 2010a). The
purpose of this policy is fulfilling following targets by 2020:
•
•
•
•

The proportion of energy that is supplied by renewable sources shall amount to at
least 50% of the country’s total energy demand.
Efficiency of energy use must be improved by an overall reduction of 20% in energy
intensity compared to 2008.
Greenhouse gas emissions must be reduced by 40% compared to 1990.
At least 10% of energy used by transport section must be supplied from renewable
sources.

Measures that could be used for reaching objectives of this policy are normally categorized
into four groups: administrative, economic, informative and research-based; One target of
these policies is the energy consumption issue, which has great impact on Sweden and EU’s
20-20-20 sustainability targets. All sustainable energy scenarios are impossible without
significant energy consumption reduction. Due to the deep connection of energy consumption
with environmental issues, it is of high importance to develop strategies to reduce energy
consumption in different sections of the society in order to reach a sustainable energy system
(Fischer, 2008; Galis & Gyberg, 2010).
One of these sections which is considered as a main consumer of the energy and contributor
to the energy-related CO2 emissions globally is the residential sector. It was responsible for
36 percent of global energy use in 2008. In the U.S., eight percent of the global produced
primary energy in that year was consumed alone by the building sector, which was higher
than energy consumption by the transportation and industry sections of the country. About
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73% of this used-energy came from electricity and this figure is estimated to reach 78% by
2035 (Swedish Energy Agency, 2010b; US Department of Energy, 2010).
Table 1 shows these categories, their characteristics and examples introduced by Swedish
government (Swedish Energy Agency, 2010a).
One target of these policies is the energy consumption issue, which has great impact on
Sweden and EU’s 20-20-20 sustainability targets. All sustainable energy scenarios are
impossible without significant energy consumption reduction. Due to the deep connection of
energy consumption with environmental issues, it is of high importance to develop strategies
to reduce energy consumption in different sections of the society in order to reach a
sustainable energy system (Fischer, 2008; Galis & Gyberg, 2010).
One of these sections which is considered as a main consumer of the energy and contributor
to the energy-related CO2 emissions globally is the residential sector. It was responsible for
36 percent of global energy use in 2008. In the U.S., eight percent of the global produced
primary energy in that year was consumed alone by the building sector, which was higher
than energy consumption by the transportation and industry sections of the country. About
73% of this used-energy came from electricity and this figure is estimated to reach 78% by
2035 (Swedish Energy Agency, 2010b; US Department of Energy, 2010).
Table 1 - Type of policy measures, their characterisitics and examples (Swedish Energy Agency, 2010)
Policy type
Administrative

Characteristics
-Mandatory
-Quantitative/Technical

Examples
-Regulations
-Limit values (emissions)
-Requirements for type of fuels and energy efficiency
-Long-term undertakings
-Environmental classification

Economic

-Mandatory

Informative

-Voluntary

-Taxes
-Subsidies, grants
-Sureties
-Emission rights trading
-Electricity certificate trading
-Information
-Advisory services
-Training
-Opinion-forming
-Research
-Development
-Demonstration
-Commercialisation
-Procurement

Research-based

-Long-term perspective

In Sweden, primary energy used by the residential and service sector in 2007 was 11.06 Mtoe
(128.63 TWh); 60.85% of this amount was used only by households and the rest belonged to
the service sector. 70.57 TWh of this energy was provided by electricity; this amount reached
75 TWh in 2010, which accounted for 51% of the total used electricity in the whole country.
On average, residential and service sector has accounted for 49% of the total electricity
consumption from 1990 to 2010. Figure 1 shows the trend of TWh of electricity used by the
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housing and service sector in Sweden and its share of total consumption of the country from
1990 to 2010 (Eurostat, 2009; Statistiska centralbyrån, 2011a).

Figure 1 - Electricity consumption by housing and service section in Sweden and its share from total consumption
(based on Statistiska centralbyrån, 2011a)

Of total electricity consumption in Sweden’s residential sector, 60% is related to heating and
hot water and the rest of it is used for lighting and other appliances. Figure 2 shows the
proportion of different appliances and lighting accounting for electricity consumption in the
household sector in Sweden. An increase in single households, bigger living areas, more
appliances in households and several appliances of same sort in one household are among
reasons of growing of energy consumption trend in Sweden (Palm & Ellegård, 2011).

refrigerator and freezing

19%

24%

cooking
washing and drying
9%

dishing
TV, video and radio

12%

6%
6%
14%

computers
other appliances
lighting

10%

Figure 2 - Share of different usage of electricity in Swedish households – excluding consumption for heating and hot
water (based on Palm & Ellegård, 2011)

Regarding GHG emissions, in 2005 households in the U.S. were responsible for 1,254.5
million metric tons of energy-related carbon dioxide emissions, which was about 21% of total
energy-related CO2 emissions of the country. Also 12% of energy-related emissions in EU-15
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countries (member countries in the European Union prior to the accession of ten candidate
countries on 1 May 2004) in 2005 belonged to residential sector that emitted 423.84 million
metric tons of energy-related CO2 emissions (OECD, 2007; US Department of Energy,
2008).
In the residential sector, how energy is consumed inside the buildings depends on two
important factors: the characteristics of the buildings and the lifestyle of the people who are
using those buildings (Galis & Gyberg, 2010). Abrahamse et al. (2005) mention the following
five factors, referred to as TEDIC factors, that are affecting energy consumption in
households and may lead to an increase in energy usage:
•
•
•
•
•

“Technological development, e.g. energy-intensive appliances;
Economic growth, e.g. increase of household incomes;
Demographic factors, e.g. population growth;
Institutional factors, e.g. governmental policies;
Cultural developments, e.g. emancipation, increasing mobility of women.”

For reducing the negative environmental impact of the residential sector, it is important to
have energy efficient buildings, equipment, appliances, and lighting systems; though another
significant aspect is creating sustainable behavior in people who are going to use them.
According to Gardner and Stern (1996), this sustainable behavior could be in two forms:
•
•

Efficiency behavior: refers to one-time actions such as adding insulation to a house or
choosing a more energy efficient oven.
Curtailment behavior: refers to those actions that would recur in time and could
become a habit and routine, e.g. lowering thermostat settings or efficient use of oven.

It must be noted that without sustainable behavior, using innovations and technologies, which
are supposed to increase energy efficiency, may not only fail in reduction of consumption,
but may also lead to a rebound effect. For example, by owning energy efficient appliances,
people may start using them more, or by implementing smart metering devices that show
real-time cost of energy, a shift in consumption time may occur so that more energy is used
during cheap hours and as a result, total energy consumption could increase (Abrahamse et
al., 2005).
Therefore, for better realization of the potential of technological innovations for reducing
energy usage, diffusing a sustainable behavior is also necessary. The importance of this
aspect has been felt and reflected by Swedish government in “a joint policy of climate and
energy”. For example, they support usage of tools such as information campaigns, which are
believed to be influential on increasing knowledge and awareness and improvement of
attitude and behavior of consumers (Schipper et al. 1989, cited in Peterson et al., 2007; Galis
and Gyberg, 2010; Swedish Energy Agency, 2010a; Palm & Ellegård, 2011).
This sustainable behavior regarding energy consumption (energy consumption pattern) is part
of a broader concept called pro-environmental behavior; i.e. a behavior which is consider as
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having a protective approach toward, or a tribute to a healthy environment in the context of
the considered society (Krajhanzl, 2010).
This project studies influencing factors in shaping such behavior in people and potential of
these factors for being used in strategies for promoting pro-environmental behavior among
individuals.

1.2. Aims
This Master-thesis Project in Environmental Technology and Management at Linköping
University (LiU) aims to identify a) important factors that determine pro-environmental
behavior in individuals, especially students, and b) possible strategies that could be used to
shape such behavior among them.
The results of the mentioned investigation are then used as the basis for suggesting potential
strategies for promoting pro-environmental behavior for energy consumption reduction in an
actual case; i.e. students of Linköping University. Based on those strategies, a project has
been proposed that could be implemented on properties of the student housing company of
the city of Linköping, Studentbostäder, in order to affect the electricity consumption pattern
of students.

1.3. Method
For doing this project, it was necessary to get a grip on the current situation of energy and
electricity consumption in the residential sector globally and in Sweden. Data for this section
was mostly gathered from literature review and organizations’ websites.
After that, literature review has been done to become familiar with the concept of proenvironmental behavior and for understanding influencing factors in and strategies for
shaping such behavior in people.
For the next step, two projects, which used strategies of promoting pro-environmental
behavior for reducing energy consumption among end-users, were investigated: one from the
U.S. and one from Sweden.
After these literature reviews, data about possible involved stakeholders for doing a demandside management project in the city of Linköping has been gathered, mostly from related
websites and some from interviews with knowledgeable persons.
Based on the results from previous literature reviews, a questionnaire was designed and sent
to students of Linköping University to get some indications about first: attitudes of students
toward environmental issues and second: point of view of students toward strategies for
promoting pro-environmental behavior among individuals.
The following is brief description of used methods.

Page 5

− Literature review
Literature review was the main method used during the project. It included mostly scientific
papers, books, and organizational reports. Where possible, this study used first hand
resources; e.g. by finding mentioned papers and books in other ones. In case the main source
was unavailable, it is quoted or cited from the source that was referring to it.
Literature related to pro-environmental behavior and its related topics were gathered from
different disciplines such as energy and environmental science, behavioral science, and
psychology. Different keywords such as energy efficiency, consumption pattern,
environmental friendly behavior, and pro-environmental behavior were used for this purpose.
By starting the literature review, more related literature was identified and used for better
understanding of the mentioned concepts.
Each of the two mentioned projects, which focused on promotion of pro-environmental
behavior in end-users, was chosen based on a rationale:
1. Case of Oberlin College: similarity of targeted end-users in this case (i.e. students) to
the final focused group of this project
2. Case of Växjö: spatial similarity of the case to this project (i.e. Sweden)
Little literature was at hand about these two studied projects; there was a scientific paper
(case of Oberlin College) and some official reports (case of Växjö) which were used
alongside with data gathered from related websites of these two cases.
Data and information about identified stakeholders involved in designing and implementing a
demand-side management project in the student accommodations of the city of Linköping
were gathered from reliable resources such as their annual reports; other sources like their
websites were also used for this purpose.

− Interview
An interview was conducted with Teodor Hovenberg, the energy coordinator (Energistrateg)
in Stångåstaden, a housing company in the city of Linköping. The interview was performed
using an unstandardized method (Berg, 1998); i.e. an unstructured interview with no set order
to any questions. The reason for choosing this type of interview was to obtain a description of
the current situation of the energy consumption in the properties of the company from an
expert point of view. Therefore, no predefined question was used. During this interview,
some information, data, and statistics regarding energy consumption in the properties of
Stångåstaden and its subsidiary, Studentbostäder, was received.

− Questionnaire
For obtaining a general and abstract understanding of the views of Linköping University
students toward the environment, related problems, and potential strategies for changing
behavior towards sustainability, a questionnaire (See Appendix B) was designed and sent to
about 2,800 of them on August 10, 2011. After 6 days, 280 students answered the
questionnaire, which was about 10% of the involved students, although it is not certain how
many of them received the questionnaire.
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Rationale for designing the questionnaire in a general form was due to the abstract level of
the project itself, which did not discuss a specific plan in details. Because of this, the
questions were subjective, and their only purpose was to serve as an indicator of possible
attitudes of students.
The questionnaire was arranged in the following three parts:
•
•

•

For the first part, the goal is to see how students describe their attitude, values,
knowledge, and awareness regarding environmental issues.
In the next part, some strategies based on those introduced in section 2.3 were
suggested to students and they were asked to rate them. The Likert scale (Likert,
1932) was used for the rating and scoring. Each item in this part asked about how
encouraging/discouraging the strategy was from students’ point of view. Using this
scale, a summative score could be calculated for each item and they could be ranked
based on those scores.
The last part of the questionnaire was for gathering demographic information of
respondents, which could be useful for better analyzing of the answers.

The theoretical foundation for designing different parts of the questionnaire derived from two
sources:
•
•

Literature review related to pro-environmental behavior, determining factors in its
shaping, and its promoting strategies.
Literature review of cases of Oberlin College and the city of Växjö; results of the
surveys which have been done among targeted end-users in these two cases alongside
with the strategies used in their projects were influential on designing of the
questionnaire.

In analyzing the results of the questionnaire, the following constraints and limitations, which
prevented the respondent group to be the best representation of the students of Linköping
University, are mentionable:
•
•

Small sample space; i.e. only 280 students participated in the questionnaire. A larger
number of students could have led to a more representative sample.
Temporal constraint: the questionnaire was sent to students during the summer,
which means most of them were not available for answering the questions. If the
questionnaire were being done during the study period in the University, the
demographic distribution of the students would become more even.

1.4. Scope and delimitations
The project considered academia and potential stakeholders who are involved in promoting
demand-side management of electricity consumption among students in the city of Linköping
as the audience. These are the Municipality of Linköping, Tekniska Verken AB (energy
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company of Linköping), Stångåstaden and Studentbostäder (housing companies of
Linköping), and the University of Linköping.
The project is only focused on proposing a potential strategy for shaping pro-environmental
behavior in people through a demand-side project. Therefore, it does not discuss a detailed
project and feasibility of its implementation in a specific spatial and temporal framework.
The following limitations influenced this project:
•

•

Limited access to information, data, and statistics from mentioned stakeholders in the
city of Linköping (e.g. regarding energy consumption, costs, finished and in progress
projects)
Lack of resources for improvement of the questionnaire (e.g. as a matter of time,
contact with students, experience)
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2. Results of Literature Review
In the three following subsections, an introduction to pro-environmental behavior,
determining factors for shaping it, and strategies for its promotion are presented. These parts
are followed by presentation of two projects that used these concepts for improving energy
consumption pattern in their targeted group of end-users.

2.1. Introduction to Pro-environmental Behavior
Behavior could be called pro-environmental when it is judged generally (or according to
knowledge of environmental science) in the context of the considered society as a protective
approach toward, or a tribute to a healthy environment. The main areas that professionals
focus on for judging impact of a behavior on the environment are usage of energy, raw
materials, waste production and pollution (Krajhanzl, 2010).
It is not clear why people engage in environmentally responsible behavior. Many disciplines
such as education, economics, sociology, psychology and philosophy have tried to explain
pro-environmental behavior, although no definitive explanation has yet been found
(Froehlich et al., 2010; Turaga et al., 2010).
Froehlich et al. (2010) mention two theoretical frameworks that could be used for explaining
pro-environmental behavior: rational choice models and norm-activation models. “Rational
choice models assume that human behavior is regulated by a systematic process of
evaluating expected utility” and “norm-activation models are based on the premise that
moral or personal norms are direct determinants of pro-social behavior.” Table 2 shows
examples of pro-environmental behavior models and their assumptions. (Froehlich et al.,
2010)
According to Froehlich et al. (2010), Norm-Activation models are different from rational
choice-models in two important ways:
•
•

“they recognize that behavior may be rooted in altruistic values
personal norm activation (e.g., moral obligations) may trump subjective perceptions
of utility”

The oldest and simplest model of explaining pro-environmental behavior is a linear
progression that starts from environmental knowledge, which brings pro-environmental
attitude and as a result, generates pro-environmental behavior (Kollmuss and Agyeman,
2002; Froehlich et al., 2010). Many studies have shown that although an increase in
environmental knowledge could lead to changes in environmental attitude, this new attitude
does not guarantee a shift in environmental behavior and a gap between the two last phases of
progression could show up. Rajecki (1982, cited in Kollmuss and Agyeman, 2002) states four
reasons for this gap between environmental attitude and behavior:
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•

•

•

•

“Direct versus indirect experience: Direct experiences have a stronger influence on
people’s behavior than indirect experiences. In other words, indirect experiences,
such as learning about an environmental problem in school as opposed to directly
experiencing it (e.g. seeing the dead fish in the river) will lead to weaker correlation
between attitude and behavior.
Normative influences: Social norms, cultural traditions, and family customs influence
and shape people’s attitudes, e.g. if the dominant culture propagates a lifestyle that is
unsustainable, pro-environmental behavior is less likely to occur and the gap between
attitude and action will widen.
Temporal discrepancy: Inconsistency in results occurs when data collection for
attitudes and data collection for the action lie far apart. Temporal discrepancy refers
to the fact that people’s attitudes change over time.
Attitude-behavior measurement: Often the measured attitudes are much broader in
scope (e.g. Do you care about the environment?) than the measured actions (e.g. Do
you recycle?). This leads to large discrepancies in results.”
Table 2 - Examples of pro-environmental behavior models (based on Froehlich et al., 2010)

Framework

Model

Assumption

Attitude models

favorable attitudes translate into favorable behaviors

Rational choice Responsible environmental behavior model

Norm-Activation

intention to act as well as situational factors are
conductive to an action
(e.g. economic constraints or social pressures)

Rational-economic model

people act to maximize rewards and minimize costs

Value-belief-norm model

behaviors are activated in regard to other persons
(e.g. who would suffer from environmental damage)
and also in regard to the self and non-human species

In this section, the concept of pro-environmental behavior was introduced. In the next
section, determining factors in the shaping of such behavior is presented.

2.2. Determining Factors
environmental behavior

in

the

Shaping

of

Pro-

The study by Kollmuss and Agyeman (2002) categorizes influential elements of establishing
pro-environmental behavior as demographic, internal, and external factors. Internal factors
include a complex named environmental consciousness that consists of factors such as
environmental knowledge and awareness, values and attitudes, and emotional involvement.
The following section discusses these above mentioned factors:
• Demographic factors
Age, gender, and years of education are important factors in influencing pro-environmental
behavior. How people care about and act regarding the environment is related to their
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gender, age groups, and years of education. For example, emotional involvement of women
with environmental issues is greater than of men. Galis and Gyberg’s (2010) cases also
include interviewees that act differently in the case of environment-affecting behaviors based
on their age and gender.
•

External factors

− Institutional factors
For encouraging pro-environmental behavior among people, providing some infrastructure
might be essential; e.g. for promoting decreased usage of private vehicles, infrastructure for
public transport or bicycle routes must be available.

− Economic factors
These are strong factors and have a great influence on decisions made by people and the
lifestyle they choose; e.g., inclusion of the electricity bill in rent could reduce people’s
interest in decreasing their energy consumption, whereas putting monetary rewards such as
discounts on the bill for lower energy consumption could motivate people to control their
energy usage. It must be noted that economic factors are not always dominating and
sometimes other factors such as social and cultural norms may overcome and motivate
people not to act strictly on economic reasons.

− Social and cultural factors
Social and cultural norms are among factors that shape the behavior of individuals. This is
also true in the case of environmental acts. People’s social and cultural backgrounds are
influential on their attitude toward the environment. As an example, people from countries
with high population density have more concerns about resource usage compared to people
from countries with low population density.
•

Internal factors

− Motivation
There are two kinds of motivation: primary and selective. The former is influential on
shaping a lifestyle or behavioral pattern, e.g. choosing an environmental lifestyle, and the
latter affects specific actions, e.g. choosing car instead of bicycle on a rainy day to be more
comfortable. An internal barrier to pro-environmental behavior is non-environmental
motivations. An individual, who is motivated to act according to his or her environmental
values, may be impeded by other internal overt/hidden conscious/unconscious motivations.

− Environmental knowledge
Although having knowledge about environmental issues is not a prerequisite for having a
sustainable lifestyle, it is necessary for the establishment of conscious pro-environmental
behavior. An action that is done without being conscious of it could be reversed by removal
of the forcing factor, such as economic motivation.
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− Values
Values are important in shaping people’s intrinsic motivations. Values themselves are
affected by the “microsystem”, e.g. family, neighbors, peer groups, the “exosystem”, e.g. the
media and political organizations, and the “macrosystem”, which is the cultural context the
individuals live in.

− Attitudes
Having an environmental attitude has little relation to acting in an environmental manner.
Dieckmann and Preisendorfer (1992, cited in Kollmuss and Agyeman, 2002) suggest that
environmental attitude may not lead to pro-environmental behavior when cost of the act is
high; the cost here is not only a monetary term, it includes other factors such as time and
effort needed for an action. It could be said that a positive environmental attitude can lead to
low-cost pro-environmental behavior. Attitudes are also influencing each other; for example,
a positive attitude toward technology could reduce attitude toward environmental behavior.

− Environmental awareness
Having environmental awareness means “knowing the impact of human behavior on the
environment” and it consists of cognitive and perception-based components. Usually it is
hard to perceive environmental problems caused by human behavior, because environmental
problems are intangible, grow slowly and gradually, and are part of complex systems. These
characteristics act as barriers for reaching environmental awareness.

− Emotional involvement
This means to what extent a human has an affective relationship to the natural world. It is
very important in shaping values and attitudes. There is a direct relationship between
emotional involvement and pro-environmental behavior; there is more chance of acting in an
environmentally friendly way when a person is engaged deeply with the environment.
Barriers to lack of involvement could be lack of knowledge and awareness and nonconforming nature of environmental problems.

− Locus of control
Locus of control refers to the power to control and affect something. People who feel they
have control to change something are more likely to engage in pro-environmental behavior
compared to people who believe their actions have low impact.

− Responsibilities and priorities
The highest priority of people in their life is their own and family’s well-being, which they
feel a sense of responsibility toward. When environmental actions are seen to be in line with
this priority, people feel responsible for them too and their likelihood of choosing sustainable
behavior increases.
All of the issues mentioned above are compiled by Kollmuss and Agyeman (2002) into a
model for explaining influential factors and barriers to the shaping of pro-environmental
behavior. This model, which is represented in Figure 3, is influenced by previous studies,
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mostly Fliegenschnee and Schelakovsky (1998) and Fietkau and Kessel (1981). As
mentioned before, characteristics of this model are as following:
•
•
•

•

Internal factors: consist of personality traits, value system, etc.
External factors: consist of political, social and cultural factors, infrastructure,
economic situation, etc.
Environmental consciousness: a complex built of values and attitudes, emotional
involvement and knowledge; there are also contradictions between these three
elements that could prevent formation of an environmental consciousness.
Barriers: could be lack of internal incentives, lack of environmental consciousness,
lack of external possibilities and incentives, old behaviors, and negative or
insufficient feedback about behavior.

Figure 3 - Model of pro-environmental behavior and its barriers created by Kollmuss and Agyeman (2002)

In the model presented in Figure 3, black boxes represent barriers to actions that could lead to
pro-environmental behavior. The two arrows between internal and external factors show
actions from each factor that could influence the other one; e.g., some political actions
derived from internal motivations of citizens could lead to creation of external factors such as
new policies or improvement in infrastructure. The two narrow arrows from internal and
external factors toward pro-environmental behavior indicate actions such as low consumption
due to a simplicity-based value system (internal factor) or monetary constraints (external
factor) that lead to such behavior. The bold arrow is representative of stronger and more
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efficient actions resulted from combination of both internal and external factors. The narrow
arrow from pro-environmental behavior toward internal factors is an indication of how
feedback from behavior could motivate or discourage internal factors. As can be seen in the
diagram, the common barrier to all direct and joint actions is old behavior pattern that could
prevent reaching a sustainable behavior regarding environmental issues (Kollmuss &
Agyeman, 2002).
In this section, identified factors that are influencing shaping of the pro-environmental
behavior were presented. The next section is going to introduce strategies that could be used
for promotion of this behavior.

2.3. Strategies for Promoting Pro-environmental Behavior
Most models of pro-environmental behavior try to describe how and why humans behave
regarding environmental issues and they do not offer any strategies for spreading proenvironmental behaviors. In this section, some motivating techniques used in behavioral
psychology that could be used for promoting pro-environmental behaviors are summarized
and introduced. These strategies could be categorized as antecedent and consequence
strategies; antecedents are those that aim to influence one or more determinants before
performance of behavior while consequence strategies try to influence behavior by presenting
its positive and negative consequences. (Abrahamse, 2005)
•

Antecedent strategies

− Information
Providing better information for people could lead to a more responsible behavior by them,
especially when it is used in combination with other strategies. Media campaigns, pamphlets,
or informational websites are examples of this widely used strategy. According to Froehlich
et al. (2010), for increasing effectiveness of this method, provided information must have the
following characteristics; otherwise, it may only have marginal effects:
•
•
•
•

Easy to understand
Trustable
Presented in a way that attracts attentions and is remembered
Delivered as closely as possible –in time and place- to the relevant choice

Presented information could be in general form about energy-related problems, or specific
form about possible solutions. The purpose of providing these types of information for endusers is raising their awareness about existing problems and increasing their knowledge about
possibilities of solving those problems (Abrahamse, 2005).
Studies show that providing information through workshops is more effective compared to
mass media campaigns such as newspapers or television programmes. Another important
factor is eliminating unnecessary information and providing users with personalized and
relevant data, e.g. by suggesting potential measures of energy saving in a specific household
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after doing an energy audit of it (Geller, 1981; Hutton & McNeill, 1981; Luyben, 1982;
Staats et al., 1996; Winett et al., 1982).

− Goal-setting
This is another strategy that “operates through a comparison of the present and a desirable
future situation.” It could be done by individuals, groups, or external agents. This strategy
yields its best results alongside other strategies such as feedback and commitment
(Abrahamse, 2005; Froehlich et al., 2010).
According to Locke and Latham (2002, cited in Froehlich et al., 2010), goal-setting works by
four mechanisms:
1.
2.
3.
4.

Directing attention and effort toward goal-related activities
Energizing goal pursuers, e.g. higher goals bring higher efforts
Making the effort persistent
Motivating individuals for using, applying, and/or learning strategies or knowledge of
best accomplishment methods for their goal (indirect impact)

Study of Becker (1978) shows that setting a high goal, e.g. reducing 20% electricity
consumption, has stronger effect and is more useful compared to a low-level goal setting, e.g.
2% reduction, which considered as not being worth the effort. This study along with study of
McCalley and Midden (1998) both show that providing feedback alongside with goal setting
have high potential for changing the behavior of end-users.

− Commitment
Expression of commitment, e.g. through a pledge or a promise, increases chances of
exhibiting persistent behavior. Commitment could be accompanied by a goal and it could be
a self-pledge or a commitment to society. For example, one could make a self-pledge to
reduce his or her energy consumption by five percent (personal norm activation) or could
follow an announcement in a local newspaper to satisfy expectation of others; in this case
social norms play a determinant role (Abrahamse et al., 2005; Gonzales et al., 1988, cited in
Froehlich et al., 2010).
The studies by Katzev and Johnson (1983) and Pallak and Cummings (1976) show that using
a public and group commitment with a follow-up period strategy could bring about
conservative behavior in case of electricity and gas consumption.

− Modeling
This strategy deals with providing examples of behavior that could be used as a model for
others. Using an “understandable, relevant, meaningful, and rewarding (in terms of positive
results)” model could motivate people to follow it. A study by Winett et al. (1985) focused
on modeling by teaching measures for energy saving through a television program targeted at
middle-class homeowners. The result was 10% reduction of electricity use compared to a
control group that acted as baseline (cited in Abrahamse, 2005).
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− Incentives / Disincentives
These could be used as a type of antecedent strategy, because they occur before performance
of a given behavior; incentives or disincentives are used to motivate or discourage a person or
group to perform an action. It is not necessary for these strategies to be in monetary form.
They are mostly useful for shaping efficiency behavior in end-users. For example, giving
incentives for utilizing technological innovations such as energy efficient appliances or
insulation methods in households could lead to wider usage of them. An example of nonmonetary incentives could be providing special parking places for fuel-efficient vehicles in
cities in order to encourage people to choose them instead of less efficient ones (Froehlich et
al., 2010; Stern, 1999).
•

Consequence strategies

− Comparison
Comparing individuals or groups or even self-comparison of a person (e.g. with one’s
previous behavior) could be an effective plan in encouraging pro-environmental behavior.
Comparing individuals or groups could evoke a sense of competition, social comparison, or
social pressure; this feeling could be increased when comparison is made to an important or
relevant reference group. Combining comparison with feedback could lead to a more
effective strategy (Abrahamse, 2005; Froehlich et al., 2010).

− Rewards / Penalties
This is another method for motivating responsible behavior. It must be noted that there is a
difference between strategies of rewards and penalties and strategies based on incentives and
disincentives. As mentioned before, strategies of providing incentives and disincentives are
among antecedent strategies, but rewards and penalties are consequence motivating
techniques that appear after a behavior. They are mostly useful for shaping curtailment
behaviors. (Froehlich et al., 2010; Gardner & Stern, 1996) Most of the studies reviewed by
Abrahamse et al. (2005) show the positive effects of reward strategies on energy savings in
the form of significant difference between those who were offered rewards and those who
were not. It is not necessary for the reward to be monetary; even a nominal award, e.g. an
acknowledgement of positive behavior, or game-like awards such as points and levels could
promote a sustainable behavior (Froehlich et al., 2010).

− Feedback
It is well established in psychology that providing feedback has positive effects on
performance. It could be in the form of low-level feedback or high-level feedback. Low-level
feedback provides explicit detail regarding the impact of a behavior while high-level
feedback gives general positive or negative comments on a behavior (Froehlich et al., 2010).
The American Heritage Dictionary (2000) defines feedback as “the return of a portion of the
output of a process or system to the input, especially when used to maintain performance or
to control a system or process” (Petersen et al., 2007).

Page
16

Eco-feedback is “providing feedback on individual or group behaviors with a goal of
reducing environmental impact”; it is based on the hypothesis that people would change their
behavior when they are presented with the impact of their actions on the environment.
Normally, most people are unaware of how they are affecting environment by their daily
behaviors such as driving to work or showering. Providing this information to individuals
may bridge this “environmental literacy gap”. (Froehlich et al., 2010) According to
McCalley and Midden (1998), “it is possible to generate responsible conservation behavior
using eco-feedback.”
Eco-feedback is a strategy to engage people in “environmentally responsible behavior”.
When people have a measure to relate certain outcomes such as energy savings with their
own behavior, they become more motivated and this could be done by utilizing feedback,
especially when it is provided immediately after an action (Abrahamse, 2005; Fischer, 2008;
Geller, 2002).
Based on studies reviewed by Abrahamse (2005) and Fischer (2008), three important
characteristics are recognizable for designing constructive feedback:
•
•
•

Frequency: it could be continuous, e.g. real-time and constant representation of data,
or discontinuous, e.g. provision of data in form of monthly or annually reports.
Contents: it must be understandable and interesting for users, e.g. giving information
regarding costs or amounts of customers’ energy consumption.
Scaling: it could be comparative, e.g. comparing performance of individuals or groups
to others or their own-self (for example comparing with previous performance), or
non-comparative, e.g. only representing the current performance.

In the case of energy usage, especially electricity, providing a well-designed eco-feedback
system could lead to reduction in end-user consumption. Normally, it is hard to motivate
people to control their electricity usage. This is mostly because electricity is an “abstract,
invisible, and untouchable” product and service. It is not an end product, but a driver for
other products and services. Due to the invisibility of electricity, people have almost no direct
interaction with it and receive little feedback on their consumption pattern, e.g. only from
monthly bills. Eco-feedback is a way to make electricity and its consumption, costs, and
environmental impact visible to users. Designing of eco-feedback is very important for
achieving good performance and results on energy consumption. Fischer (2008) suggests that
a successful feedback approach for electricity usage usually has following characteristics:
•
•
•
•

“it is given frequently and over a long time;
provide an appliance-specific breakdown;
is presented in a clear and appealing way;
and uses computerized and interactive tools.”

In the succeeding sections, two projects, which targeted at reducing energy consumption of
the end-users by improving their consumption pattern, are presented. These projects used a
mixture of strategies introduced in this section for reaching their goals.
Page
17

2.4. Case Studies
In this part of the project, two cases that tried to promote pro-environmental behavior by
applying strategies mostly based on feedback systems in residential buildings are studied.
One is case of Oberlin College in Ohio, which has been operating an eco-feedback project in
its dormitories since 2005 (Petersen et al., 2007); the second case is a joint project in Växjö,
Sweden where a Demand Side Management for changing tenants’ behavior by using
feedback was started in 2008 (CONCERTO, 2011).

2.4.1. Case of Oberlin College
This section is an introduction to “Campus Resource Monitoring System” (CRMS) and an
eco-feedback project that has been running since 2005 in Oberlin College. Materials for this
section are from the Oberlin College website (2011) and Petersen et al. (2007). Only results
related to electricity usage are presented here.
• Background
The Campus Resource Monitoring System of Oberlin College has been developed to display
electricity and water usage in the college’s residence halls. The purpose of this system is to
provide dormitory residents with easily interpretable real-time information about their
electricity and water consumption. The rationale behind this act is that providing this
information could motivate and help residents to control and reduce their resource
consumption and as a result, the negative environmental impact of college’s buildings would
decrease.
In 2005, a two-week competition was held between 18 dorms of Oberlin College with the
goal of reducing electricity and water consumption by residents. Educational materials such
as fliers and fact sheets were distributed at similar densities among residence halls to promote
resource usage conservation, but no suggestion regarding how to do it was proposed.
Sixteen dorms were provided with low-resolution feedback in the form of weekly-integrated
whole-dorm electricity and water use statistics; these data were shown once in the middle and
once at the end of the competition on a website designed for this purpose.
Two other dorms were given high-resolution feedback; in each of them, two floors received
their individual floor consumption and the third floor received only whole dorm
consumption. For providing high-resolution feedback, a real-time monitoring and displaying
system for resource use was designed and installed in two of the dormitories. This system
consists of the following three parts:
1. Off-the-shelf electricity and water flow sensors
2. Inexpensive wireless datalogging and networking hardware (to avoid costs of wiring)
3. Networking, database management, and display software custom developed by the
research team of the Lewis Center for Environmental Studies at Oberlin College
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Every 20 seconds, the system was scanning and gathering data from sensors and transmitting
them to a base station where data were inserted into a database and after that, processed data
from the server became available on the internet. On visiting the webpage, time-series graphs
created from processed data were shown to the visitors.
After the end of the competition period, reduction percentages were calculated compared to a
baseline, which was obtained from a three-week pre-competition study. The winner was the
dorm with highest percentage of resource usage reduction.
Data gathering continued for a two-week post-competition period to investigate the impact of
feedback on residents’ behavior.
A survey was also done to gain an understanding of strategies used by students for their
resource usage reduction.
Figure 4 shows how the competition was arranged and how pathways of dataflow were
constructed.

Figure 4 - Pathways of data flow and information feedback in Oberlin dormitories (Petersen et al. 2007)

• Results
Figure 5 shows reduction percentages in competing dorms during the feedback period.
Overall per capita electricity consumption of dorm residents reduced from 367 watts during
the baseline period to 250 watts during the feedback period, representing 32% reduction. The
greatest percentage of reduction could be seen in dorms that received high-resolution
feedback (marked by * on the charts), which was about 55% energy use reduction in average;
there was no clear difference in the percentage of reduction between those who received their
individual floor’s consumption and those who were provided with only whole dorm
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consumption. The dorms that were provided with low-resolution feedback reduced their
consumption also, mostly in freshman dorms (labeled with FR); although five of
upperclassmen dorms (labeled with UP) had an increase in their resource usage. In average,
there was 31% reduction of electricity usage in low-resolution dorms.

Figure 5 - Reduction of electricity consumption in percentage in competing dorms (Petersen et al., 2007)

The number of visits to the webpage of the competition for getting feedback was also higher
among dorms with high-resolution feedback compared to low-resolution dorms. Sending of
real-time data to the webpage continued during the post-competition period and the number
of visits remained high, which could be an indicator of students’ interest in getting feedback.
Results of the post-competition survey about strategies for resource conservation showed that
consumption reduction was achieved by applying some simple actions like the following
(percentages in parentheses show how many students mentioned the strategy):
•
•
•
•
•
•

Turning bathroom lights off when unoccupied (71%)
Keeping lights off when dorm rooms were unoccupied (70%)
Using natural lighting during the day (59%)
Shutting off computer monitors while not in use (50%)
Turning off hall lights (42%)
Turning computers off when not in use (39%)

These strategies were found out individually or collectively, e.g. during planning sessions
held by dorms’ residents or via email-based discussions regarding methods of decreasing
resource usage. A majority of students stated that they would continue this conservative
behavior after the competition.
It could be seen in Figure 6 that dorms with the highest per capita consumption of electricity
during the baseline period had the highest percent of reduction; although two dorms with
high-resolution feedback (shown by *) had the highest reduction despite their low per capita
consumption during the baseline period.
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Figure 6 - Electricity conservation vs. baseline consumption (Petersen et al., 2007)

In total, the monitoring system for both water and electricity cost $5,000 for each dorm and
the energy consumption of the system was about 0.3% of the rate of electricity savings during
the feedback period. Twenty percent savings in the costs for both resources of water and
electricity was achieved during the competition. Petersen et al. (2007) assumed that with a
more conservative installation cost of $10,000 per dorm and a sustained utility saving of 5%
in response to feedback, such a system would pay for itself in less than eight years.
• Conclusion
Despite the goal of reducing resource usage in Oberlin College dorms, Peterson et al. (2007)
stated that by providing students with feedback on their consumption’s amount, they would
become more engaged with environment. Ignorance and alienation between people and
resource flows is a factor that could prevent a sustainable relationship between these two.
Providing feedback could remove this gap and construct environmentally smart people.
Oberlin College is still running and expanding its CRMS. It provides real-time feedback on
electricity consumption of all dorms; water usage is also planned to be included in the
monitoring system. The competition has also been going on each year since 2005 and
residential halls with largest reduction percentages over the baseline and over a one-day
period during the competition receive awards.
Figure 7 and Figure 8 are two sample screenshots of the Oberlin College CRMS that is
currently accessible on College’s website (Oberlin College, 2011). It shows data such as
whole dorm or per person electricity usage, CO2 emission, and costs. Data are also available
for different periods such as daily, weekly, and monthly and they can be compared with
statistics from other residential halls and buildings.
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Figure 7 – Sample screenshot of Oberlin College CRMS (Oberlin College, 2011)

Figure 8 - Sample screenshot of Oberlin College CRMS (Oberlin College, 2011)
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2.4.2. Case of Växjö
• Background
In 2007, the city of Växjö gained two international awards: “Sustainable energy award,”
February 2007 from the European Commission within the Sustainable Energy for Europe
Campaign and “the best environmental practice in Baltic Cities Award”, September 2007
from Union of Baltic Cities (UBC). The target of the city is to be fossil fuel free by 2050. In
2006, Växjö succeeded in reducing CO2 emissions by 30% compared to 1993 alongside with
its increasing economic growth (Växjö kommun, 2011).
Right now, the city is a member of following associations:
•
•

Energy Cities: “the European Association of local authorities inventing their energy
future” (Covenant of Mayors, 2011).
The Covenant of Mayors (CoM): “a commitment by signatory towns and cities to go
beyond the objectives of EU energy policy in terms of reduction in CO2 emissions
through enhanced energy efficiency and cleaner energy production and use” (Växjö
kommun, 2011).

The City of Växjö is involved in the European Sustainable Energy Systems in Advanced
Cities (SESAC) project which itself is part of CONCERTO project. “The CONCERTO
initiative, launched by the European Commission, is a Europe wide initiative proactively
addressing the challenges of creating a more sustainable future for Europe’s energy needs”
(CONCERTO, 2011). Right now 58 communities are participating in 22 projects to achieve
high possible levels of self-supply of energy. SESAC is a project running from 2006 to 2011
and it is about keeping growth of a local economy alongside with reduction of CO2
emissions. It targets usage of innovative energy measures in new building development
projects and renovation of existing buildings. Its focus is on energy saving and the use of
renewable energy for electricity, heating, and cooling. Delft (The Netherlands), Grenoble
(France), and Växjö (Sweden) are the cities that do the demonstration projects and three cities
of Kaunas (Lithuania), Miskolc (Hungary), and Vastseliina (Estonia) are gaining knowledge
and experience through the local energy studies they are performing. (CONCERTO, 2011;
SESAC, 2011a)
The following is a list of goals of SESAC project (SESAC, 2011b):
•
•
•
•
•
•

“a district heating system with low temperature waste heat
district absorption cooling using RES in summer and district heating in winter
the design, construction and operation of (energy optimised) eco-buildings (35-40%
lower energy use than national standards)
building integrated photovoltaics generating electricity
demand-side management, such as individual metering (and consumer initiated load
control)
cooperating with energy users, and changing energy behavior”
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To fulfill the targets of SESAC, some projects were implemented in Växjö. One of them dealt
with Demand Side Management in building stocks. This project was called SAMS, a Swedish
word that can be translated as “being in agreement” or “being friends”. It focused on
changing behavior of inhabitants of the city regarding energy consumption and raising their
energy awareness. The aim of the project was achieving 5% reduction in usage of electricity
by altering consumption pattern of the people of Växjö. In abstract, the project used the
concept of feedback to make an impact on end users’ behavior. Data was collected from
consumers and after processing, were made available to users. Figure 9 shows a schematic of
the process of providing feedback to users. The following members were involved in the
project (Scharp, 2008; SESAC, 2010):
•

•

•

Växjö Energi AB (VEAB): this company provides electricity, district heating, and
broadband for city of Växjö. It is also owner of the grid. People can buy electricity
from the open market and they are provided with individual metering of electricity.
Hyresbostäder I Växjö and Växjöhem AB (VKAB): These are two housing
companies in Växjö and they are subsidiaries of Växjö Kommunföretag AB (VKAB).
They own 11,600 apartments in city of Växjö.
Växjö Kommun: it is the municipality of Växjö.

Figure 9 - An abstract schematic of feedback provided to users in SAMS project (SESAC, 2010)

Most of households in Växjö were equipped with smart meters that read consumption data
daily and sent it to VEAB, which is considered the owner of this data due to owning the grid.
The data become available on a web-based system called EnergiKollen, which was winner of
“European Smart Utility award” in 2007 (European Smart Utility Awards, 2011), and users
could access their consumption information through it. This system was designed in a
“pedagogical and interesting way” to make consumers aware of their electricity
consumption. Data regarding consumption and cost could be presented for different periods
such as daily, monthly, and annually. It was also possible to compare with average
consumption of other people, e.g. neighbors or friends. Figure 10 and Figure 11 show two
screenshots of EnergiKollen and some data that is available to users (SESAC, 2010).
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Figure 10 - Sample screenshot of EnergiKollen (SESAC, 2010)

Figure 11 - Sample screenshot of EnergiKollen (SESAC, 2010)

The method of providing feedback to users has been implemented in order to avoid a strategy
of external pressure and instead move toward creating interest and motivation in customers to
participate in sustainable behavior. In designing activities for fulfilling the goals of the
project, the following points were taken into account by members of SAMS (SESAC, 2010):
•
•

“Help consumers to gain knowledge about efficient saving strategies.
Give consumers feedback from measures taken.
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•
•
•
•
•
•
•

Help consumers to compare their consumption to others.
Provide more information about energy saving ideas for those who want them.
Show the possibilities/recommendations of purchasing energy efficiency applications.
Show successful measures in the bill.
Engage people in easier activities to achieve changes in attitudes.
People show more powerful reactions to losses than to gains.
The consumer wants to feel that there is a possibility to choose and to control.”

All activities in SAMS project could be categorized by one of following strategies (SESAC,
2010):
•

•

•

Engaging people, e.g. by mentioning the title of “The Greenest City in Europe” that
was used by BBC in 2007 for the city of Växjö, in order to make people feel that they
are part of the project.
Creating locus of control, i.e. people often do not know much about the way they use
electricity and hence they think there is no control over it. The project tried to remove
this gap by presenting EnergiKollen and giving feedback to people regarding their
consumption pattern.
Making people interested in sustainable behavior, e.g. by holding competitions for
individuals or groups through the EnergiKollen portal to motivate people to act in a
more sustainable way. When people do something out of interest, there is a better
chance of learning from that action compared to an act motivated by pressure.

After doing all the activities during the project period (2007 until 2010), data from 22,000
meters were sorted and filtered based on the conditions in Table 3. After that, data from 8,000
meters from apartments and 3,200 meters from private houses were analyzed to see if the
target of 5% reduction in annual electricity consumption compared to the starting time of the
project was achieved (SESAC, 2010).
Table 3 - Criteria for filtering data from apartment and private houses in SAMS project (SESAC, 2010)

Apartments

Private houses

700 - 10,000

1,500 - 15,000

Annual consumption increase/decrease

< 50%

< 50%

Monthly consumption
(percentage of annual consumption)

0 - 50%

0 - 50%

Annual consumption (kWh/year)

• Results
Starting from January of 2008, on the first day of each month, the amount of saved energy
during its last year was calculated and compared to the same calculation for other months.
After 30 months of running the project, reduction of electricity consumption in apartments of
Växjö reached over 3%; although in private houses it was about 0.2%, which could be
because of the stated problems with presenting energy consumption of the private houses
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with district heating through the EnergiKollen. These results are shown in Figure 12 and
Figure 13. The annual electricity consumption reduction was 1,115 MWh (evaluated in June
2010), amounting to about 150,000 € (SESAC, 2010).
Figure 12 and Figure 13 show that during the first months of initiation of the project, the
trend of electricity consumption was increasing. During this period, the focus of the project
was on engaging people to participate in SAMS and not on changing their behavior. By the
introduction of the EnergiKollen in the middle of 2008, the trend of consumption reversed
and it started to decrease. After the end of all activities in March 2010, people lost their
interest in the objectives of the project, i.e. achieving energy consumption reduction and
energy efficiency, and consumption started to increase again. Another result was that
individual customers that used and received feedback from EnergiKollen saved 98 kWh per
household on average, and others who did not use the system saved 18 kWh per household on
average. Increase in the traffic to the VEAB website is an indicator of people’s interest in
using this service (SESAC, 2010).

Figure 12 - Percentages of electricity consumption changes for apartments in Växjö (SESAC, 2010)

Figure 13 - Percentages of electricity consumption changes for private houses in Växjö (SESAC, 2010)
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Four individual competitions were held with participation of 77 people. One group
competition was also held among politicians and members of SAMS with 10-15 people and a
leader in each group. The motivation for having a small number of people was to gain more
knowledge about how to use competitions for saving energy. The top five participants in the
contests succeeded in achieving energy savings of 50% to 79%. Results from a questionnaire
that was sent to competitors showed that they achieved energy savings by using small and
easy measures such as less lighting, smart usage of computers and trying to be more aware of
electricity consumption. Another feedback from the contests was a positive response of
participants to competitions, especially when they were competing against or in cooperation
with people that they knew. Most of them showed eagerness to participate in other
competitions (SESAC, 2010).
The results from last part of the project show that required investment was 190 € for each
MWh of saved energy, but further studies are needed to investigate behavioral changes and
lasting of them over time (SESAC, 2010).
• Conclusion
For reaching the aim of 5% reduction in electricity consumption in city of Växjö, several
stakeholders came together, including the energy company of Växjö (VEAB), the
municipality of Växjö, and housing companies. This collaboration provided the necessary
holistic view that was needed to carry out such project (SESAC, 2010).
The concept of feedback through the EnergiKollen portal and its interactive interface raised
interest in people for following the impact of their behavior on energy consumption. In the
beginning, people experienced difficulties logging on to the system, but after some educating
activities, more people started using it and they became interested in it. People who used this
system succeeded in saving more energy (SESAC, 2010).
Another interesting part of the project for people was competitions that were held among
individuals and teams. When customers were competing against other people that they knew,
they showed more interest; compared to individual contests, team competition was more
popular (SESAC, 2010).
One resulting point of the project was that although it is possible to change the behavior of
people using projects similar to SAMS, stopping persuasion-based activities might halt
reaching this goal. After the end of all the activities in the SAMS project, the trend toward
more efficient energy consumption reversed. More studies are needed to see the lasting
effects of such projects (SESAC, 2010).
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3. Proposal for a Demand Side Management
Project in the City of Linköping
3.1. Aim and intended outcomes
This project aims at introducing potential approaches to a strategy of promoting proenvironmental behavior regarding electricity consumption in student residential buildings in
the city of Linköping. Designing and implementing a project based on such strategy demands
involvement of different stakeholders that could influence and be influenced by it. In the city
of Linköping, following primary stakeholders are recognizable:
•
•
•
•
•

Municipality of Linköping
Linköping University (LiU)
Stångåstaden and Studentbostäder (housing companies in Linköping)
Tekniska Verken (energy provider in Linköping)
Students

The first four of these stakeholders could contribute in adoption of the strategy and design of
the project which they could use for fulfilling their sustainability targets in all aspects of
environmental, social, and economic.
Students are also among the primary stakeholders, because as the end users they are the main
target of the strategy for shaping of a pro-environmental behavior. Therefore, they could
influence the project and could gain benefits by acceptance of a sustainable lifestyle.
The succeeding section is about introduction and presentation of these primary stakeholders.
In the section follows by it, results of the questionnaire for students of Linköping University
are presented in order to provide an indicator of characteristics of this group.

3.2. Stakeholders
A summary of recognizable primary stakeholders that have significant influence on designing
a demand side management project in student accommodations in Linköping is presented in
this section.

3.2.1. Municipality of Linköping
Linköping is Sweden fifth largest city with an approximately 145,000 inhabitants. It is
located in the southern part of Sweden and is considered as a student city because of large
number of students studying in its University (Linköping, 2011a).
The Municipality is responsible for “social services, childcare, schools, spatial planning and
building, health and environmental protection, refuse collection and waste disposal,
emergency and rescue services, water and sewerage, and public transport” (Linköping,
2011a).
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The City Council is the highest decision making body in the city, which is the local
equivalent of the Parliament. It has 79 members and normally holds ten meetings each year.
The following issues are among the main subjects that are discussed and set by the
Municipality (Linköping, 2011a):
•
•
•
•
•

“Goals and guidelines for municipal operations
Budget and taxes
Choice of board and committee members
Choice of accountants
Annual discussion about whether finances and
handled correctly (freedom from liability)”

municipal operations have been

The local equivalent of government for the city is the Executive Board; the difference is that
all the parties are involved in the board. The Executive Board is responsible for leading and
coordinating works and responsibilities of the boards and committees as well as the
municipal companies such as Tekniska Verken and Stångåstaden (Linköping, 2011a).
• Sustainability in Linköping
Linköping is a growing city in both economic and population aspects; each year about 800 to
1,000 people are added to the inhabitants of the city. In the interest of having a sustainable
society, Linköping has invested in projects for handling environmental and health issues such
as waste management, emissions, and water pollution. As a signatory of the Covenant of
Mayors, Linköping aimed at reducing fossil fuel usage in the energy system, expanding
production and use of biogas as vehicle fuel, increasing energy efficiency in residential and
business sections, and propagating an environmentally friendly lifestyle by its citizens
(Covenant of Mayors, 2011; Linköping, 2011b).
The Swedish Government’s supports to Climate Investment Programmes (Klimp) has started
in 2003 as a continuation of another investment programme in local level called LIP, which
ran from 1998 to 2002. The purpose of the Klimp is motivating and encouraging
municipalities, companies and other stakeholders to invest in long-term projects that reduce
GHG emissions. By 2008, the Swedish Environmental Protection Agency had distributed the
grants five times among municipalities. A project could be qualified for this grant if it has the
following requirements (Naturvardsverket, 2009):
•
•
•
•

A good climate strategy
A holistic perspective
Collaboration
Grant efficiency

The City of Linköping has received 35.8 million SEK for its climate investment programme.
This programme includes a project called TEMP, which stands for Transport, Energi, Miljö,
Projekt (translated into Transport, Energy, Environment, Project). TEMP was an information
and communication project concerning energy and climate issues. This project aimed at
supporting residents of Linköping in order to increase their knowledge about solutions to
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environmental matters. Some examples of these solutions are providing and suggesting
alternative methods of transportation, using biogas for vehicles, methods of reducing energy
consumption, and using renewable energy sources for heating. Linköping Municipality,
Tekniska Verken AB (the energy company), ÖstgotaTrafiken (public transport of Linköping),
and Vägverket region Sydöst (Swedish Road Administration) collaborated on this project. All
these participants, with broad cooperation from NGOs, local businesses, and the University,
worked on increasing knowledge and awareness of how choosing energy sources and fuels is
influencing greenhouse gas emissions. Running campaigns, surveys, and competitions in
schools for children were among methods that used in TEMP for fulfilling targets of the
project (Linköping, 2011b; Naturvardsverket, 2009).

3.2.2. Linköping University (LiU)
Linköping University is one of the most important study and research centers in Sweden. It
has 3,800 employees and a total annual income of 3,200 million SEK in 2010, which 47%
came from education and 53% from research. With 27,600 students, of which about 80% are
studying at the undergraduate level, it is considered as a one of the major national and
international players in the field of research and education. Table 4 shows some statistics
about Linköping University regarding its total students and new entrants between 2005 and
2009, categorized based on their gender and their study type. Students from more than 70
countries come to LiU for education and most LiU students spend a semester or year in
another country; due to this fact, the University and its students have large amount of
interaction with other people and nationalities (Linköping University, 2011a; Statistiska
centralbyrån, 2011a; Statistiska centralbyrån, 2011b).
Table 4 - Demographics information of Linköping students from 2005 to 2010 (based on Statistiska centralbyrån,
2011a; Statistiska centralbyrån, 2011b)

Total students
Exchange students
Freemover students
Total entrants
Exchange students
Freemover students

2005-2006
Total
Female
22,130 54%
698 41%
893 38%
4,707 50%
689 41%
495 40%

Male
46%
59%
62%
50%
59%
60%

2006-2007
Total
Female
21,406 54%
756 40%
1,000 42%
4,489 51%
746 39%
425 42%

Male
46%
60%
58%
49%
61%
58%

Total
22,067
859
1,249
5,030
838
622

2007-2008
Female
55%
37%
43%
50%
37%
44%

Male
45%
63%
57%
50%
63%
56%

2008-2009
Total
Female
21,915 55%
1,008 40%
1,265 41%
5,125 51%
997 40%
595 46%

Male
45%
60%
59%
49%
60%
54%

2009-2010
Total
Female
23,211
54%
1,054
41%
1,840
39%
6,054
49%
1,030
41%
1,010
39%

Male
46%
59%
61%
51%
59%
61%

• Sustainability in the University
LiU has built up environmental management as an internal part of the organization and
adopted an environmental policy in order to fulfill its responsibility for sustainable
development. LiU has four environmental goals in the following areas (Linköping University,
2010):
•
•
•

Increasing knowledge about the environment, e.g. through research, education, and
collaboration with society.
Limiting climate impact, e.g. by reducing CO2 from energy usage and travel.
Using natural resources in a more efficient way, e.g. by waste handling and
procurement.
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•

Having minimal impact from harmful and infections substances from the operation,
e.g. by reducing leakage of chemicals to water, Freon usage, and emissions of SO2
and NOx from energy usage and travel.

3.2.3. Stångåstaden (Studentbostäder)
Studentbostäder is part of Stångåstaden housing company, which is owned by Linköping
municipality. It is responsible for providing accommodation for students of Linköping
University. Stångåstaden has the largest share of the housing market in Linköping, owning
about 26% of all properties and residential housing units of the city; it owns and manages
more than 18,500 apartments, of which 4,200 of them are used for student housing and
managed by Studentbostäder. A summary of income statement for Stångåstaden from 2005 to
2010 could be seen in Table 5 (Stångåstaden, 2009a; Stångåstaden, 2010).
Table 5 - Six year summary of income statement (thousand SEK) by Stångåstaden (Stångåstaden, 2009;
Stångåstaden, 2010)
Income statement
Net turnover
Property expenses
Gross income
Central administration and marketing
Shares of income from associated companies
Income from sales of property
Selling expenses
Operating income
Interest income
Interest subsidy
Interest expenses
Income after financial items
Tax
Profit for the year

2005
1,117,292
-927,619
189,673

2006
1,069,978
-817,370
252,608

2007
1,084,706
-931,811
152,895

2008
1,119,505
-853,076
266,429

2009
1,163,448
-888,822
274,626

2010
1,203,406
-942,901
260,505

-61,515
422,285
-5,530
544,913

-64,646
1,634
45,293
-3,503
231,386

-63,479
-129
81,217
-6,579
163,925

-77,347
791
926
190,008

-71,603
-486
-1,107
202,397

-62,133
81,311
279,683

2,425
11,830
-105,948
453,220

1,881
12,233
-87,022
158,478

2,535
7,853
-95,543
78,770

3,301
5,015
-115,680
82,644

1,258
4,583
-109,541
98,697

1,884
2,741
-99,597
184,711

-10,330
442,890

-33,162
125,316

-2,328
76,442

-27,627
55,017

-10,648
88,049

-27,635
157,076

Studentbostäder owns different types of apartments and corridors, which accommodate about
25 percent of Linköping University’s 28,000 students (Stångåstaden, 2009a; Stångåstaden,
2010); according to Stångåstaden’s annual report (2010), there was an increase in demand for
student housing in 2010 compared to previous years; reasons of these high demands in this
period could be the following:
•
•
•

High population of individuals aged between 19-23 years;
High rate of unemployment;
Introduction of fees for international students for the year 2011 that has led to high
number of application and admittance in the year 2010, before the change took effect.

The student housing units are classified as “flow-through housing, with an average tenancy
of 1.5 years” and annual moving rate of about 65%; they are normally smaller –compared to
normal residential units- with common areas like the kitchen and dining room, and adapted to
the needs of students. The rent is only for 10 months (June and July are free) and electricity is
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always included, “which means that the electricity costs for the building and common areas
are far higher than for the Stångåstaden properties, where each tenant has his or her own
electricity account” (Stångåstaden, 2009a; Stångåstaden, 2010).
The utilities costs per square meter of rented space for Studentbostäder are usually higher
than for Stångåstaden; “this is due to the fact that the rented residential area is smaller in
relation to the total building area, as much of Studentbostäder’s housing consists of kitchens
and common rooms, which are not included in the rented area.” Table 6 shows total and per
square meter utilities costs of renting units for Stångåstaden and Studentbostäder between
2007 and 2010. A comparison of electricity costs per square meter can be seen in Figure 14;
according to the available data, Studentbostäder average costs for the years 2007 to 2010 is
about 365% higher than for Stångåstaden (Stångåstaden, 2009a; Stångåstaden, 2010).
Table 6 - Utilities costs for Stångåstaden and Studentbostäder (based on Stångåstaden, 2009a; Stångåstaden, 2010)
Utilities costs

2007
SEK thousand

Stångåstaden

Studentbostäder

Heating
Electricity
Water
Waste
Total
Heating
Electricity
Water
Waste
Total

108,846
28,675
24,886
18,902
181,309
12,233
10,463
2,759
1,999
27,454

2008

SEK/m2
101
26
23
17
167
114
98
26
19
256

SEK thousand
111,004
31,861
27,113
19,595
189,573
12,375
11,298
2,955
2,115
28,743

2009

SEK/m2
102
29
25
18
174
115
105
28
20
268

SEK thousand
120,428
31,908
28,101
19,047
199,484
13,561
12,102
3,181
2,143
30,987

2010

SEK/m2
111
29
26
17
183
127
113
30
20
289

SEK thousand
133,030
33,021
28,210
28,210
213,595
16,137
12,585
3,490
2,465
34,677

SEK/m2
122
30
26
26
196
139
108
30
21
298

Figure 14 - Comparison of electricity costs (SEK) per square meter between Stångåstaden and Studentbostäder
(based on Stångåstaden, 2009a; Stångåstaden, 2010)

• Sustainability in Stångåstaden
In its environmental policy, Stångåstaden is trying to have a proactive environmental
approach and provide a healthy and environmentally friendly living condition for its tenants.
As part of its Corporate Social Responsibility (CSR), Stångåstaden developed an
environmental management plan that targeted environmental issues with solutions for
reducing energy consumption, less use of resources, phasing out of harmful substances,
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environmental management of projects and contracts, providing a healthy indoor
environment, and having environmentally aware tenants. Here is a summary of objectives set
for these mentioned concerns (Stångåstaden, 2009b; Stångåstaden, 2011):
•

•

•

•

•

•

Energy consumption: the company will annually draw up action plans which means
that its energy use per unit area decreases. (It includes performing energy surveys of
all properties)
Resource usage: the company must reduce its consumption of resources; in order to
do so, it must decrease amount of waste, which goes for incineration and landfill,
reduce the consumption of hot water and water that goes to the treatment plant and
reduce amount of non-renewable vehicles’ fuel. For instance, strategies for waste
sorting and water consumption reduction for nearly 100 percent of its households
have been done.
Harmful substances: the company will continuously phase out harmful substances
from its operations; for example, Stångåstaden conducts environmental audits of the
use of chemicals and building materials during renovation and remodeling.
Indoor Environment: at least 95 percent of tenants of Stångåstaden must be satisfied
with the air and climate in their homes at survey of MIBB (Inventory of the indoor
environment).
Tenants' environmental awareness: the company tries to increase its tenants'
environmental awareness through regular information continuously; for instance
environmental information disseminated through its customer magazine, website and
via the new TV portal as well as in connection with school contacts and theme days.
Contractors: they shall act in accordance with Stångåstaden’s environmental policy.
Each contractor shall follow the environmental requirements and these should be
increased in line with Stångåstaden’s environmental performance improvement. The
requirements are investigated by audits. Stångåstaden runs at least ten environmental
audits of its contractors per year to look at their environmental management.

Energy efficiency is an important matter from both an economic and environmental
perspective. Stångåstaden wants to increase its energy-saving work with new focus on
analysis and effective management of maintenance. The company is implementing a new tool
called Momentum Resource Control for enabling faster feedback on energy performance in
order to introduce more efficient measures. The function of this tool is managing information,
statistics, and costs related to buildings and it is supposed to have a significant impact on
energy usage (Stångåstaden, 2009b).
Another target of the company is having environmentally aware tenants. A feedback
campaign started in 2009 to give customers information regarding the impact of their actions
on the environment; e.g. amount of saved wood due to recycling of tenants’ newspapers and
cardboard packaging. Other actions such as giving vouchers to customers for spending in the
company’s Smart Home Store and the introduction of green carpooling were used, although
the latter was canceled due to lack of interest among tenants (Stångåstaden, 2009b).
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3.2.4. Tekniska Verken
Tekniska Verken is the energy company that provides energy, water, and waste management
related products and services in city of Linköping. The following is a summary of various
fields that Tekniska Verken is active in according to their website (Tekniska Verken, 2011a):
•

•

•

•

•

•

Energy Production and Waste Management: Tekniska Verken provides district
heating and cooling for 90% of households in Linköping by incineration of wastes.
Cities of Katrineholm, Borensberg, Kisa, Skärblacka, Åtvidaberg and Mjölby are also
among customers of district heating by Tekniska Verken. For this purpose, they
recycle and process waste and operate landfill sites on behalf of households and
industries. Wastes from over thirty municipalities are collected for energy recovery at
Gärstad plant. Electricity is also produced in waste incineration plants and sold on
Nordic electricity market alongside with electricity from their 38 hydropower plants.
Water Treatment: Tekniska Verken treats wastewater from municipalities before its
return to the nature. They also purify collected water from lakes and watercourses for
use of households. There are 2,000 km of pipes for carrying of drinking and
wastewater in Linköping.
Infrastructure: A subsidiary of Tekniska Verken named Stadspartner AB is
responsible for contract, consulting and planning services for new construction,
operation and maintenance, project planning and emergency preparedness. Their
focus is on water, waste, district heating and cooling, electrical power, urban
networks, property services and energy efficiency sectors.
Electricity and Data Networks: Utkist Nät AB is another subsidiary of Tekniska
Verken that is responsible for the main electricity network in Linköping and part of
networks of Mjölby and Katrineholm. It also provides and maintains outdoor lighting
for municipality of Linköping. Offering maintenance, consulting, and planning in
fields of networks and lighting is another service provided by Utkist Nät AB. This
company is one of the leading providers of communication and broadband services in
three municipalities of Linköping, Mjölby, and Katrineholm.
Biogas: Svensk Biogas is a company parented by Tekniska Verken and is involved in
production and distribution of biogas as a fuel for vehicles and bio fertilizer. It owns
several filling stations in the region and two production plants in Linköping and
Norrköping.
Electricity Market and Renewable Energies: Tekniska Verken alongside with eight
other local energy companies own Bixia AB, a subsidiary that is active in electricity
market in Sweden. It is Sweden fourth largest electricity trading company with
customers all over the country. Focus of this company is buying and selling electricity
in the electricity market. This company buys the largest portion of small-scale
produced electricity from its customers; this includes electricity produced by
households with renewable energies such as wind.

Tekniska Verken offers different energy services to its customers in fields of consultancy,
auditing, maintenance, and energy efficiency. A summary of these services can be seen in
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Appendix A. However, these services are mostly one-time projects and they are not targeting
at establishing a long-term and constant relation with the customers for energy efficiency.
An income statement for Tekniska Verken and all of its subsidiaries can be seen in Table 7.
Table 7 - Income statement of Tekniska Verken and its subsidiaries from 2006 to 2010 (based on Tekniska Verken,
2010)

Income statement (million SEK)
Revenue
Depreciation/amortization & impairment
Operating profit
Result from financial items
Earnings before tax
Net income

2006
4,773
-416
431
-105
326
211

2007
5,097
-432
540
-109
431
297

2008
5,385
-437
624
-108
516
415

2009
5,347
-452
620
-104
516
365

2010
6,368
-470
547
-97
450
324

• Sustainability in Tekniska Verken
Tekniska Verken’s commitment to sustainability is shown in six set targets for improving its
relation with the environment, people, and the community (Tekniska Verken, 2010):
1. Offering cost-effective products and services which reduce environmental impact, for
example:
• Providing purified water
• Expanding production and distribution of biogas
• Improving district heating power plants
• Investing in renewable energies and guarantying sources of electricity
• Upgrading electricity network
• Offering sustainable lighting solutions
2. Conserving natural resources, for example:
• For reducing energy use in the company and its subsidiaries, potential of
energy recovery from processes are investigated
• Increased waste recycling is at hand by operation of new recycling centers
• Biofertilizers are produced and distributed to be replaced with artificial
fertilizers
3. Reducing impact of emissions from Tekniska Verken’s activities, for example:
• Having good preparation in case of accidents and emergencies that could lead
to unwanted leakages and emissions
• Expanding usage of biofuel-based plants
• Replacing transformers oils with biodegradable FR3 oil for reducing
discharges to the soil
• Maintaining pipe network and pumping stations for reducing discharges to
water
4. Helping to reduce environmental impact of other players, for example:
• Participating in Klimp project in order to increase awareness of residents of
Linköping regarding impact of their behavior and life style on environment
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•
•

Offering services for improving energy efficiency of customers
Setting requirements for environmental issues in agreements and contracts
with suppliers
• Sharing experiences in fields of water purification and biogas production with
other countries
5. Clear and user-friendly operating system with high-quality follow-up, for example:
• Setting a new and clearer policy on quality, environment, and working
environment
• Involvement of staffs in the work by describing processes and developing
effective working methods
• Procurement of an effective IT system for handling of customers-related
issues, as well as budget and results reporting
• Installation of a new system for allowing customers to search for and analysis
their own water samples
6. Being socially responsible, improving working environment and motivating staffs, for
example:
• Encouraging students and attracting them to the company by showing how
working at Tekniska Verken can influence both the quality and the
environment of community
• Continuous focus on good health by introduction of initiatives such as
personal planning and measuring and discussing health issues
• Improving working environment by carrying out site specific risk assessments
for hazardous chemicals

3.3. Questionnaire
University

results:

students

of

Linköping

Students are the main target group of this thesis project. Any strategy that is going to be
chosen for shaping sustainable behavior among this group with the aim of reducing energy
consumption must be in accordance with the characteristics and demographic factors of the
students.
The questionnaire in Appendix B was used to gain an understanding of attitude, values,
knowledge, and awareness of students of Linköping University regarding environmental
issues. It was sent to about 2,800 students and in six days, 280 answers were collected and
used for the results. No method for data proofing was applied and answers were used as they
were collected for creation of statistics; it is due to the fact that purpose of the questionnaire
was not to determine specific results, but just to provide a general idea of the attitudes of
students toward environmental issues.
Some demographic information for the respondents can be seen in Figure 15, Figure 16, and
Figure 17. More detailed statistics and the results of the questionnaire can be found in
Appendix B.
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Figure 15 - Age distribution of respondents
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Figure 16 - Study level distribution of respondents
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Figure 17 - Accommodation type of respondents

Based on answers to the questionnaire sent to students of Linköping University, it could be
said that most of students consider themselves to have average knowledge about
environmental issues. Although it is very unclear how students have interpreted their scale of
knowledge (weak/average/high) due to the subjective nature of the question and lack of any
description or hint in the questionnaire, it could be an indicator of how they see themselves
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compared to others. About 62% of respondents stated they have average knowledge about the
environment and 32% categorized their knowledge as high.
About 95% of respondents think environmental problems must be solved somehow, although
what they consider as environmental problems is not obvious. Answers to item ‘b’ of
question 2 could indicate that for about half of the respondents, the dominant attitude is not
totally toward the effectiveness of technology; meanwhile answers to item ‘f’ could be
interpreted as a belief in the effectiveness of a strategy that includes institutional factors
among about half of the respondents.
About 81% agreed that they have an impact on the environment because of their lifestyle and
stated their willingness to reduce their negative impact, although about half of respondents do
not want to engage in costly actions (regarding money, time, comfort, etc.). Of all the
respondents, 78% believe in the effectiveness of small actions such as more efficient usage of
lighting or washing methods in reducing the negative impact of their lifestyle. (based on
items ‘c’, ‘d’, ‘e’, and ‘g’ of question 2)
Answers to question three were used for scoring some strategies which were derived from the
blueprints of those introduced in section 2.3. The method for scoring was Likert scaling
(1932).
Table 8, Table 9, and Table 10 show ranking of strategies by students based on their gender
and age group. It must be noted that number of people in different categories of age and
gender are different and more statistical tests must be done for better analysis of the data. The
number of respondents in each category is shown by “n”.
For female students in all age groups, positive economic strategies (i.e. presentation of
economic savings and monetary incentives and rewards) have the highest rank while
strategies with negative implications (i.e. fines and penalties and giving negative feedback)
have the lowest rank.
For male students in different age groups, more diversity in ranking could be seen. Males
over 30 years old are more in favor of providing information while males less than 24 years
old ranked creation of sense of commitment as the best strategy.
In general, both female and male students are in favor of positive economic strategies and
ranked strategies with negative meaning (i.e. fines and penalties and giving negative
feedback) as the least effective strategies.
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Table 8 – Ranking of strategies among female students based on their age group

Giving information
Self-comparison
Group-comparison
Presentation of economic savings
Competition
Creating sense of commitment
Monetary incentives and rewards
Put fines and penalties
Positive feedback
Negative feedback

-24 (n=46)
rate
rank
42
63
48
82
48
46
74
7
35
13

female
25-29 (n=53)
rate
rank
57
73
49
82
34
54
84
22
64
27

30+ (n=29)
rate
rank
40
33
31
45
22
39
37
21
36
14

Table 9 - Ranking of strategies among male students based on their age group

Giving information
Self-comparison
Group-comparison
Presentation of economic savings
Competition
Creating sense of commitment
Monetary incentives and rewards
Put fines and penalties
Positive feedback
Negative feedback

-24 (n=55)
rate
rank
60
54
60
54
46
77
41
58
71
12

male
25-29 (n=74)
rate
rank
87
89
79
100
48
65
106
41
73
45

30+ (n=23)
rate
rank
34
28
26
33
27
33
32
1
30
20

Table 10 - Ranking of strategies among female and male students

Giving information
Self-comparison
Group-comparison
Presentation of economic savings
Competition
Creating sense of commitment
Monetary incentives and rewards
Put fines and penalties
Positive feedback
Negative feedback

female (n=128)
rate
rank
139
169
128
209
104
139
195
50
135
54

male (n=152)
rate
rank
181
171
165
187
121
175
179
100
174
77

Table 11, Table 12, and Table 13 show ranking of strategies based on income level of student
respondents. It could be seen that the ranking of strategies by income level is almost similar
to their ranking based on gender. Again, positive economic strategies have the highest rank
and strategies with negative meaning (i.e. fines and penalties and giving negative feedback)
have the lowest ranking.
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Table 11 - Ranking of strategies based on income level (less than 7,000 SEK, n=152)

Item
1
2
3
4
5
6
7
8
9
10

Strategy
Monetary incentives and rewards
Presentation of economic savings
Giving information
Self-comparison
Creating sense of commitment
Group-comparison
Positive feedback
Competition
Negative feedback
Put fines and penalties

Score
224
222
183
179
174
162
153
133
93
80

Table 12 - Ranking of strategies based on income level (7,000 - 14,000 SEK, n=111)

Item
1
2
3
4
5
6
7
8
9
10

Strategy
Presentation of economic savings
Monetary incentives and rewards
Self-comparison
Positive feedback
Giving information
Creating sense of commitment
Group-comparison
Competition
Negative feedback
Put fines and penalties

Score
177
153
140
118
114
105
100
71
37
10

Table 13 - Ranking of strategies based on income level (more than 14,000 SEK, n=17)

Item
1
2
3
4
5
6
7
8
9
10

Strategy
Monetary incentives and rewards
Giving information
Self-comparison
Presentation of economic savings
Positive feedback
Group-comparison
Competition
Creating sense of commitment
Put fines and penalties
Negative feedback

Score
27
23
21
20
18
17
16
16
14
11

Table 14 shows the total ranking of strategies which is similar to the rest of the
categorizations.
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Table 14 – Total ranking of strategies propsed to respondents of the questionnaire

Item
1
2
3
4
5
6
7
8
9
10

Strategy
Presentation of economic savings
Monetary incentives and rewards
Self-comparison
Giving information
Creating sense of commitment
Positive feedback
Group-comparison
Competition
Negative feedback
Put fines and penalties
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Score
419
404
340
320
295
289
279
220
141
104

4. Discussion
In this section, a review of energy consumption pattern in Studentbostäder accommodations
is presented, and based on the results of the sections 2 and 3, a project for shaping proenvironmental behavior among students of this company is proposed.

4.1. Review of the energy consumption pattern in
Studentbostäder accommodations
About 7,000 students of Linköping University accommodate Studentbostäder properties. The
energy consumption in those accommodations is much higher compared to Stångåstaden
properties. Figure 18 shows a comparison of electricity consumption (kWh per square meter)
among properties of Studentbostäder and Stångåstaden from 2007 to 2010, created using data
obtained from Stångåstaden. On average, the electricity consumption of Studentbostäder is
about 3.6 times higher than of other Stångåstaden properties. More energy consumption
statistics for Stångåstaden and Studentbostäder are available in Appendix C (Hovenberg,
2011; Linköping University, 2011b; Stångåstaden, 2010).

Figure 18 - Comparison of electricty consumption (kWh/m2) of Stångåstaden and Studentbostäder

The amount of energy used in residential buildings depends on a mixture of heterogeneous
factors such as buildings and utilities (i.e. characteristics of the buildings and building
equipment) and humans and their lifestyles and practices (Galis and Gyberg, 2010; Schipper
et al. 1989, cited in Peterson et al., 2007).
In the case of Studentbostäder, the high electricity consumption compared to other properties
of Stångåstaden could be explained by characteristics and properties of the tenants and
buildings. According to Kollmuss and Agyeman (2002), the external and internal factors are
determining how electricity is going to be used.
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The energy consumption statistics of Studentbostäder is for its 4,000 residential buildings it
offers in six different areas in Linköping: Fjärilen, Flamman, Irrblosset, Lambohov, Ryd, and
T1. Table 15 shows number and size of Studentbostäder properties in those six mentioned
areas (Studentbostäder, 2011).
Table 15 - Number and size of Studentbostäder properties in Linköping (based on Studentbostäder, 2011)
Corridor room
number of
properties
Fjärilen
Flamman
Irrblosset
Lambohov
Ryd
T1
Total number and
midrange size

1 room
2

size (m )

number of
properties

2 room
2

size (m )

number of
properties

3 room
2

size (m )

number of
properties

2

size (m )

235
131
1,354
-

19
18-21
20
-

50
3
380
123
644
201

25-32
26
24-46
25-39
25-41
27-34

12
19
40
28
138
-

39-52
40-44
38-47
50
40-60
-

1
125
-

83
59-74
-

1,720

20

1,401

35

237

49

126

67

In corridors, each student has a small room (about 20 m2) and every one shares the common
area and the kitchen, which are not included in the rented area, with others; due to this fact,
the utility costs per square meter for Studentbostäder are higher than for Stångåstaden. In
2010, electricity cost for Studentbostäder was about 12.6 million SEK, which equates to
about 108 SEK per square meter and about 150 SEK per student per month. For Stångåstaden
this amount was about 33 million SEK in 2010, which means 30 SEK per square meters
(Stångåstaden, 2010; Studentbostäder, 2011).
Tenants of Studentbostäder are students with an average tenancy period of 1.5 years. They
are from different backgrounds and cultures, creating a heterogeneous set of people with
different lifestyles. About 67% of students in Sweden are less than 30 years old (Swedish
National Agency for Higher Education, 2010) and they fit in the age group described by
Liddle and Lung (2010) as having a small but positive impact on environment. According to
them, people in range of 20 to 34 years old usually have a positive influence on environment,
even though it may not be significant (Liddle and Lung, 2010).
In the case of Studentbostäder, the reason for higher electricity consumption among students
compared to other tenants could be because of factors determining pattern of energy usage,
which have been mentioned in 2.1.
Non-environmental motivations such as not losing comfort could overcome the willingness to
act in a pro-environmental way; about half of the respondents to the questionnaire have stated
that they prefer to change their lifestyle only in the case that it does not cost them much (as a
matter of money, time, comfort, etc.).
Lack of knowledge and awareness or even worse, misunderstanding and false knowledge, are
other factors that may prevent students from choosing a sustainable lifestyle. Even if they
know that their lifestyle may have negative impact on environment, they may not know about
details and causality of their actions and their specific environmental impact.
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The existence of other attitudes and values such as believing in technology and its power of
solving problems or considering governmental agencies as responsible actors could
demotivate students from acting in a sustainable way. As an example, about half of the
respondents to the questionnaire declared that technology is enough for handling
environmental problems; about the same proportion stated that provision of infrastructure is a
prerequisite for having pro-environmental behavior.
Alongside all these factors, one important external aspect is also hindering the development
of a sustainable student community. This factor is lack of monetary incentives for students.
Studentbostäder has included costs for electricity and heating in the bills. By doing so, the
only method of giving feedback on energy consumption is removed and it becomes hard for
the tenants to relate to these “abstract, invisible, and untouchable” products and services
Fischer (2008). As for district heating, it does not present the same problem; students in
Studentbostäder housing do not have much control over consumption of heating. Average
district heating consumption of Studentbostäder’s properties from 2007 to 2010 was about
three percent lower than of Stångåstaden (Hovenberg, 2011). However, as it has been
mentioned, electricity consumption per square meter for these years was about 3.6 times
higher for Studentbostäder; this is where the impact of human factors on energy usage pattern
can be seen. It must be noted that this comparison is based on amount of consumption per
square meter and not per person. Each property of Studentbostäder accommodates few
people, in most cases only one person. On the other hand, tenants of Stångåstaden are mostly
families, which means accommodation of higher number of people in a property. Therefore, a
per capita comparison of energy consumption between Stångåstaden and Studentbostäder
may show a wider gap
Some statements from respondents to the questionnaire could be interpreted as indicators of
hints for above mentioned points. Here are some examples:
“The major contribution can only be done by the administration & decision makers in
adopting the clean technologies in University. Apart from this, it is the industrial
sector to innovate the traditional methods in to ecofriendly methods.” (Male, 26,
International student, Master of Innovation Management and Product Development)
“Major companies should show the way.” (Male, 23, Swedish student, Occupational
Therapy)
“I think students in general want to change parts of their lifestyle to be more
environmental friendly, like myself, but don't know what to do or where to start.”
(Female, 23, Swedish student, Occupational Therapy)
“I feel, personally, that I don't know what will make a difference, which leads me not
doing anything to change my lifestyle.” (Female, 22, Swedish student, Graphic
Design and Communication)
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“Minute lifestyle changes bring a positive impact on the environment, but the crucial
step is to invest in renewable energy sources and stop using OIL!” (Male, 27,
International student, Master of Communication Electronics)
“I do believe that most of the students are aware about environmental issues. The
most important thing to motivate them is to give them the infrastructure, things that
facilitate the "green idea".” (Female, 26, International student, Master of Innovation
Management and Product Development)
“People are unfortunately lazy by nature; I believe the most effective way to save
resources/environment is to engineer automatic solutions to circumvent "the human
factor".” (Male, 26, Swedish student, Master of Medical Biosciences)

4.2. Strategies of shaping pro-environmental behavior
Strategies of shaping pro-environmental behavior among students living in Linköping have
the potential to reduce their electricity usage by changing their consumption pattern toward a
sustainable one. Based on the results and discussed lifestyle of students, the following
characteristics seem necessary in the design of such a strategy:
•
•
•
•
•

Informative: to fulfill the environmental literacy gap of students and increase their
environmental knowledge and awareness
Goal-oriented: as it has been mentioned in 2.3, setting goals is useful in motivating
people and also helps to make actions persistent
Binding: it could encourage people to engage more with the strategy by using factors
such as personal norm activation or social pressure
Comparative: any kind of comparison (self and group) could be useful in motivating
students by evoking a sense of competition in them
Rewarding: both monetary and non-monetary rewarding systems are useful in
motivating students

An eco-feedback project using a kind of terminal for communicating with students, like those
used in the cases of Oberlin College and the city of Växjö, could provide the infrastructure
for a strategy with these mentioned characteristics. Corridor rooms owned by Studentbostäder
have good potential for implementing such a project. Each corridor is a small community
consisting of at least eight students. The common area in these properties could serve as the
interactive zone for interaction of users (students) and information. As could be seen in case
of Oberlin College, it is not necessary to provide each user and student with his/her individual
consumption in order to affect their consumption pattern. Providing this information for small
communities such as corridors could be useful for making a change.
The positive point of these common areas is that they facilitate interaction of students among
themselves, which itself could be an educational method for adopting energy-efficient
actions. This kind of group learning could be noticed in the case of Oberlin College. The
education and information-providing part could also be done with help of other actors such as
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the University. Provision of elective courses, seminars and workshops could be helpful for
raising environmental knowledge and awareness of students. In the project implemented in
city of Växjö, it has been claimed that their portal, EnergiKollen, has been designed in a
pedagogical way. This same approach could be used for educating students by providing
information about environmental problems and actions through the terminal alongside the
consumption information. If information is provided in an understandable and attractive way
and is related to actions, it will be more beneficial. For example, showing the potential effects
of small actions could lead to locus of control in students and presenting other positive
impact of actions on an individual’s life could bring these actions into accordance with their
higher values and bring a sense of responsibility. One of the most important aspects of
educating students, as mentioned in the results, is its potential for making a behavior
persistent; by doing this, there is a higher chance of having sustainable behavior even in the
absence of external influencing factors such as monetary issues.
The addition of goal-setting and rewarding parameters in the strategy, e.g. by
Studentbostäder, is another factor that could motivate and engage students more in the
project. As has been mentioned, a monetary reward is not necessary and providing bonuses
for students could also contribute to the target.
Referring to the questionnaire, here are some comments on strategies by respondents that
could be useful in clarifying these parameters:
“Give lunchtime courses about global situation, statistics, and the biggest
environmental mistakes people make.” (Male, 25, International student, Master of
Computer Science)
“Show implications on health (yours, other humans and animals) from environmental
unfriendly lifestyle.” (Male, 24, Other, Graphic Design)
“Encourage neighborhoods to be environmentally friendly especially student
corridors […by using] Queue points as bonuses for good environmental conduct.”
(Male, 26, International student, Unknown Program)
“[Make] everyone to be an actor in preserving the environment. Doing so will make
everyone to feel like responsible and will help to avoid negative impact on the
society.” (Male, 35, International student, Master of Business Administration)
“Simply explaining how much energy you can save by doing small thing. Then explain
how big impact that could have on the environment.” (Male, 25, Swedish student,
Teaching program)
“Make it seem as easy as possible. People who are not already doing something
about environmental problems probably are not so interested unless it is easy to make
the change.” (Female, 22, Swedish student, Graphic Design)
“I believe that money is something that drives/motivates most people (especially
students). Therefore an effective method to decrease negative impact on the
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environment should be to make environmentally "unfriendly" products more
expensive.” (Female, 20, Swedish student, Energy, environment, and management)
“More media presence and public displays to make people aware of the issue.”
(Male, 29, International student, Master of system on chip)
“Promoting more health consciousness, because people are conscious about
themselves, everybody wants to live a longer life. So environmental issues and health
should be connected and need to promote vastly through communication media, so
that people can be more concern about environment.” (Female, 28, International
student, Master of Business Administration)
“I think information is the key in this problem, but only informing about the problem
will not lead to much progress in the issue. I think it is of vast importance to
specifically guide individuals in their choices, how does this specific action affect the
environment and how can I as an individual achieve the same goal/result in a way
that is less harmful to the environment. […] I think that it is more important to put the
emphasis on what we as individuals can do to help rather than on what we should not
do. I think that it also needs to be cheaper as well as easier for citizens to act in a
more environmental friendly way […]” (Female, 25, Swedish student, Master of
Medical Biosciences)
“I don't believe in punishment as a method, it is only further discouraging and could
make me like the cause even less.” (Female, 26, Swedish student, Master of Medical
Biosciences)
“I think negative feedback in general may put the individual into a defensive mode
making him wanting to justify his behavior and no longer listen to suggestions how he
could improve. So I suppose positive feedback tends to work better.” (Female, 24,
International student, Unknown program)
“I do such small things as switching off lamps, etc. and I believe it helps. However,
I'm pretty much sure that for better results people need financial incentives.”
(Female, 23, International student, Master of Business Administration)
“I have tried to convince my friends to shut off the light and other things, but I think
you have to reach some sort of understanding by yourself - that you need to do
something. If you don’t really care the new habit of shutting down the lights in a room
will disappear if you don't realize that you want to improve the environment.”
(Female, 20, Swedish student, Energy, environment, and management)
In the case of Linköping and based on the results and discussed issues, it could be said that
having this eco-feedback project has the possibility and potential to benefit all actors
mentioned in 3.2.
The amount of saved energy and electricity in such a project depends on how it is designed,
implemented, presented, and responded to. However, by looking at two projects of Oberlin
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College and city of Växjö, expecting at least 5% reduction of consumption is not out of reach.
Knowing that average per square meter electricity consumption of Studentbostäder between
2007 and 2010 was about 58.36 kWh, achieving a 5% electricity consumption reduction in its
corridor rooms (i.e. about 34,400 m2) means about 100,000 kWh of annual savings. A rough
calculation using current electricity price gives about 17,000 euro in annual savings by
reducing 100,000 kWh of electricity consumption for Studentbostäder. Expecting a higher
price for electricity in future is a good reason for adopting energy saving strategies (Europe’s
Energy Portal, 2011; Hovenberg, 2011; Studentbostäder, 2011).
Table 16 shows a summary of potential stakeholders and their possible gains from such
projects. Figure 19 is a possible schematic of how stakeholders and infrastructure could
interact with, influence, and affect each other; i.e. in two terms of helping each other to move
toward sustainability and fulfilling their targets.
Table 16 -Summary of involved stakeholders in designing a strategy of promoting pro-environemntal behavior
among tenants of students’ residential buildings
Stakeholder
Municipality of Linköping

Stångåstaden
(Studentbostäder)

Tekniska Verken
(Utkist Nät)

University of Linköping

Students

Role
• responsible for spatial planning and buildings,
and health and environmental protection
• responsible for coordinating Stångåstaden and
Tekniska Verken
• owner of the infrastructure (buildings)
• direct communicator with students
• could provide knowledge in design of
infrastructure
• owner of the infrastructure
(electricity and communication network)
• could provide knowledge in design of
infrastructure

Potential gains
• fulfilling sustainability targets
(environmental and social aspects)

• direct communicator with students
(educational role)
• could provide knowledge in design of
infrastructure
• end-users of energy

• fulfilling sustainability targets
(social aspect)

Tekniska Verken
Linköping
Municipality

• economic benefits by energy saving
• fulfilling sustainability targets
(environmental and social aspects)
• economic benefits by offering necessary services
• technical benefits
(better load management)
• fulfilling sustainability targets
(environmental and social aspects)

• proenvironmental lifestyle

Examples of
infrastructure

Stångåstaden
(Studentbostäder)
Buildings
Linköping
University
Terminals

Meters

Data Processing Unit

Students

Figure 19 - Possible relation of stakeholders in a strategy for shaping a sustainable behavior among students of
Linköping
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5. Conclusion and Recommendations
It was seen that one potential approach for achieving energy efficiency in a society is shaping
pro-environmental behavior in the end-users in the residential sector. This pro-environmental
behavior could improve the energy consumption pattern of end-users and result in a more
sustainable energy system.
This project identified determining factors (internal and external) in formation of such
behavior and strategies for its promotion. Two projects, with the purpose of realizing energy
efficiency in residential sector by improving energy consumption pattern among end-users,
were introduced and studied.
The results of these sections were used for designing a questionnaire for students of
Linköping University. This questionnaire aimed at finding and suggesting potential strategies
for promoting pro-environmental behavior for energy consumption reduction in an actual
case; i.e. students of Linköping University living in the properties of student housing
company of the city, Studentbostäder.
It could be concluded that there is good possibility of changing the lifestyle and behavior of
people toward a sustainable and pro-environmental one by applying a demand-side
management project. Based on the findings of this thesis, designing an eco-feedback project
is recommended for promoting pro-environmental behavior among people, especially
students, as they are a group with potential of having positive attitude toward and impact on
the environment.
The design of the project is very important; as it has been mentioned before, some strategies
might not lead to the desired behavior or may even have negative impact. Such a project
could use the proposed strategies in the result and discussion sections to become more
influencing. For designing the project, the experience of introduced case studies could also be
used. The following is considered as important characteristics of a successful project:
•
•
•
•
•

Informative
Goal-oriented
Binding
Comparative
Rewarding

For further studies, it is recommended that Linköping University in cooperation with
Stångåstaden and Tekniska Verken study and design a specific demand-side management
project in details for shaping pro-environmental behavior regarding energy and electricity
consumption among students based on the recommended strategies. The feasibility of
implementing such project is something that must be investigated in future research. Same
task could be done by similar stakeholders in different spatial scales.
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Another possible study is finding potential of improving energy consumption pattern of
individuals in different groups of end-users in different sectors: e.g. people living in the
elderly houses or labors working in the industry sector.
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7. Appendices
7.1. Appendix A – Services by Tekniska Verken
In this section, a summary of some of services offered by Tekniska Verken is introduced.
(Tekniska Verken, 2011b)
•

Upgrading substations for district heating in companies and small houses (Byte av
fjärrvärmecentral)
In this service, Tekniska Verken is offering new and modern substations for district heating.
The company is responsible for following:
•
•
•
•
•
•

taking care of the existing substation (taking it out and carting away);
helping with sizing and selection of substation;
Supplying, installing and adjusting new substations, pumps, closed expansion tanks
and electronic control equipment;
do the piping and connection to the existing wiring and insulation;
taking care of isolation of intact during switch resets;
and guarantying the performance for two years.

Cost of this service is 37,500 SEK (including VAT) for small houses and for companies
depends on their demands.
•

Maintenance of district heating and cooling in companies and small houses
(Felavhjälpning fjärrvärme/fjärrkylcentral)
In this service, Tekniska Verken takes care of maintenance of district heating and cooling
systems for small houses and companies. If customers have problems with room temperature
or hot water, Tekniska Verken tries to fix it within 2 working days; in emergency cases such
as leaking, risk of property damage and personal injury, the company acts without
unreasonable relay.
Cost of this service for small houses and companies is as following:
•
•

•

For changed materials, Tekniska Verken charges customers based on the material
price list.
For small houses:
o Weekdays 7:00 a.m. to 5:00 p.m. (including VAT): 550 SEK/hour
o Other times (including VAT): 1100 SEK/hour
For companies:
o Weekdays 7:00 a.m. to 5:00 p.m. (excluding VAT): 440 SEK/hour
o Other times (excluding VAT): 880 SEK/hour

• Function test heating and cooling systems in companies (Funktionskontroll)
Tekniska Verken provides functional check of heating and cooling systems of companies.
Following is included in this service:
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•
•
•
•

service calls once or twice per year;
doing the test protocols;
preparing consumption statistics;
and advice and assistance in emergency faults.

Cost of this service is 2,600 SEK for single visit and 4,850 SEK for two visits annually.
• Investigation of operation efficiency for companies (Driftoptimering)
Energy cost is a significant item in the budget for most property owners. By continual
optimization of efficiency for building's technical installations operation, significant energy
savings can be achieved. Tekniska Verken offers housing companies a complete investigation
of operation efficiency. This service consists of three steps:
1. Tekniska Verken investigates and collects data regarding building's technical
installations such as heating systems, ventilation, water heating, cooling and lightning.
2. In the next step, collected data are analyzed and potential of energy saving are
identified. Two types of proposals will be offered to customers; one can be
implemented on existing equipment without major investment requirements; in an
alternative, Tekniska Verken provides cost effective proposals for actions that require
investment, but still are profitable and add value to the building.
3. Tekniska Verken could continue with implementation of the proposed energy
efficiency solutions. Thereafter, Tekniska Verken updates the data with continuous
monitoring of energy use and gives an annual report to customers in order to make the
effectiveness of the service clear.
Cost of this service depends on demands of the customer.
• Energy tracking for small houses (Energikollen)
It is a web-based service offered by Bixia, a subsidiary of Tekniska Verken, for small houses.
In this service, Bixia compares customers’ consumption with what is average for similar
cases. Customers can see cost savings and payback for various possible actions.
• Energy mapping for companies (Energikartläggning)
Energy maping gives customers the opportunity to check whether buildings’ technological
systems function optimally and if there is any potential for improving energy efficiency
through various measurements.
Tekniska Verken determines which systems should be investigated and how extensive the
mapping will be. Usually Tekniska Verken focuses on the systems that have high potential of
saving such as ventilation, heating, cooling and lighting.
Tekniska Verken uses data logging and power measurements to create a good, clear picture
of its operation, and energy profile. Based on this analysis and measurements, Tekniska
Verken develops some proposals. The company concentrates primarily on proposals that can
be implemented on existing equipment without major investment requirements; cost-effective
and profitable proposals that require investment and add value to the property will also be
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considered. Results of the energy audit are presented in form of a report highlighting existing
status of technical installation and any proposed action.
Cost of this service depends on demands of the customer.
• Adjustment of heating systems for companies (Injustering av värmesystem)
In most buildings, there are undesirable temperature differences between different areas due
to the uneven heat distribution. A well-adjusted heating system can lead to about 10%
savings and prolonged life of the heating system components alongside an improved comfort
and reduction of environmental impact. In this service, Tekniska Verken performs adjustment
of heating systems for companies.
Cost of this service depends on demands of the customer.
• Ventilation performance control for companies (Obligatorisk ventilationskontroll)
Due to importance of well-functioning ventilation systems for human health, it is important to
continuously check and verify their operation according to prescribed standards. Property
owners are responsible for mandatory ventilation control that must be carried out regularly.
Tekniska Verken offers this service to do this checking on behalf of companies by using
function controllers with extensive experience in various types of buildings and ventilation
systems.
Cost of this service depends on demands of the customer.
• Thermography for small houses (Termografering)
In this service, Tekniska Verken investigates the building with an infrared camera and
delivers a simple and clear report on insulation condition of buildings. Thermography
technique can detect heat leakage, leaky windows and doors, insulation defects in walls and
hidden moisture damages. The investigation is best done in winter when the contrast between
outdoor and indoor temperature is highest.
Cost of this service is 3000 SEK (including VAT) for each investigation.
• Energy facts for companies (Energifakta)
The best condition in order to reduce energy costs is to have a complete picture of
consumption of electricity and heat. A package of three services is offered by Tekniska
Verken in order to give customers constant access to their current consumption statistics:
•

Energifakta statistic: consumptions are presented in graphs and in tabular form, where
customer can choose to see a selected period (hours, days, weeks, months or years).
Customer can also study the cumulative values and get normalized values based on
seasons. It is easy to put together different types of reports, such as the annual
statistics report. Cost of this service is as following:
o Web-base (with one year historical figures):
 Starting fee: 500 SEK/delivery point
 Annual fee: 520 SEK/delivery point
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•

o Text file format:
 Starting fee: 200 SEK/delivery point
 Annual fee: 320 SEK/delivery point
o Energifakta MBus: in this service, Tekniska Verken installs a data
transmission unit (MBus) which transmits measured data of systems with high
resolution. Cost of this installation is 2000 SEK/delivery point.
Energifakta mätvärden: daily measurements are sent to customers in text file format
via an FTP server. These hourly values of heat and electricity consumption can be
easily imported into customers own applications for compilation of reports and
calculation of statistics.

• Information on district heating system for small houses (Informationsbesök)
Tekniska Verken offers this service for small houses to give information about district
heating system to customers. Customers will receive tips on how to look after substations and
the settings they should check occasionally. They will learn about:
•
•
•
•
•
•

substation components;
setting the desired indoor temperature;
setting the desired hot water temperature;
how to read their energy consumption;
settings they need to adjust when the house is too hot or cold;
and how to air elements of the heating system.

Cost of this service is 600 SEK (including VAT).
• District heating for small houses (Fjärrvärmeservice)
This is the district heating service offered by Tekniska Verken; it includes the following:
•
•
•
•
•

Information on district heating system for small houses (Informationsbesök)
Service Visits and regular monitoring to keep the system in form.
Discounts on troubleshooting.
Discounts on materials.
Consumption statistics for keeping track of energy consumption.

Cost of this service is 59 SEK/month (including VAT).
• Energy audit for companies (Energibesiktning)
Tekniska Verken offers an energy audit service for companies for analyzing property's energy
statistics and gives customers an overview of their total energy use. Tekniska Verken then
does a site visit to assess whether consumption is reasonable in relation to building design
and engineering systems.
Cost of this service is 6,000 SEK for housing companies. For other companies, the cost
depends on demands of customers.
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7.2. Appendix B - Questionnaire for assessing attitude of
students of Linköping University toward environment
− Questions:
1) How do you describe your knowledge regarding environment and its problems?
(Weak / Average / High)
2) What is your opinion about following statements? (Disagree / Neutral / Agree)
a. "Environmental problems are important issues and they must be taken care of"
b. "Technology by itself could take care of environmental problems and solve
them"
c. "My lifestyle has impact (in a positive or a negative way) on environment"
d. "If my lifestyle has negative impact on environment, I am willing to improve
it"
e. "I am willing to improve my lifestyle to reduce its negative environmental
impact, only if it does not cost me much (as a matter of money, time, comfort,
etc.)"
f. "Reducing negative environmental impact of my lifestyle is not possible
without infrastructures such as public transportation and energy efficient
buildings"
g. "Small actions such as turning off a lamp or using less hot water for washing
dishes are useful in reducing environmental problems"
3) We want to use some of following strategies for motivating people (especially
students) in adopting a new environmental friendly behavior. How motivating do you
think these strategies are? (-2: highly discouraging) (-1: discouraging) (0: no effect)
(+1: encouraging) (+2: highly encouraging)
a. “Giving information about environmental problems (their nature and causes)
and solutions to people and groups”
b. “Comparing differences between environmental impact of old and new
lifestyle of an individual and presenting the results to him/her (selfcomparison)”
c. “Comparing differences between environmental impact of lifestyle of an
individual or a group with others and presenting the results to them”
d. “Presenting economic savings that could be gained by improving an
individual's lifestyle in an environmental friendly way”
e. “Holding competitions among individuals and groups with goal of reducing
their negative impact on environment”
f. “Creating sense of commitment and responsibility toward environment
through other important issues for a person; for example by setting a goal of
creating a green University, students may feel they are part of something
important and decide to contribute to the goal”
g. “Giving monetary incentives and rewards, for example giving discount on
rents or providing subsidies for environmental friendly products”
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h. “Put penalties and disincentives, for example fining or extra charging of a
person for using energy more than a certain amount or above average”
i. “Giving "positive feedback" on how an action is contributing to "reduction of
environmental problems"; for example showing amount of saved resources by
turning off a lamp”
j. “Giving "negative feedback" on how an action is contributing to "growth of
environmental problems"; for example showing how much CO2 is emitting
because of usage of laptop by an individual”
4) What other strategies do you think are useful for promoting an environmental friendly
lifestyle? (optional - express any idea and suggestion of yours regarding potential
strategies)
5) Other comments on questions: (optional - feel free to write your comments about
topics that have been mentioned in questions)
6) Your study level: (Undergraduate / Master student / PhD student)
7) Which group do you belong to? (Swedish student / Exchange student / International
student / Other)
8) What is your program of study?
9) Gender: (Male / Female)
10) What is your age?
11) What kind of accommodation do you have during your studies in Linköping /
Norrköping? (Corridor room / Single apartment / Shared apartment / Other)
12) What is your monthly income (e.g. from job, scholarship, student financial aid)? (less
than 7,000 SEK / 7,000 - 14,000 SEK / more than 14,000 SEK)
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− Answers:
Appendix B – Table 1 – Demographic characteristics of respondents

-24
Knowledge
Weak
Average
High
Study level
Undergraduate
Master
PhD
Study type
Swedish student
Exchange
International
Other
Accommodation type
Corridor room
Single apartment
Shared apartment
Other
Income
less than 7,000
7,000-14,000
more thant 14,000
Total

female
25-29
#
%

#

%

#

%

30+

-24

male
25-29
#
%

#

%

30+

#

%

1
29
15

2%
63%
33%

2
34
17

4%
64%
32%

1
20
7

3%
69%
24%

3
39
12

5%
71%
22%

6
36
30

8%
49%
41%

0
15
8

0%
65%
35%

23
21
2

50%
46%
4%

9
43
1

17%
81%
2%

3
26
0

10%
90%
0%

20
35
0

36%
64%
0%

5
67
2

7%
91%
3%

0
22
1

0%
96%
4%

31
1
14
0

67%
2%
30%
0%

19
0
34
0

36%
0%
64%
0%

7
0
22
0

24%
0%
76%
0%

27
1
26
1

49%
2%
47%
2%

11
0
63
0

15%
0%
85%
0%

1
0
22
0

4%
0%
96%
0%

12
16
18
0

26%
35%
39%
0%

21
12
20
0

40%
23%
38%
0%

10
11
5
3

34%
38%
17%
10%

13
13
28
1

24%
24%
51%
2%

25
11
38
0

34%
15%
51%
0%

7
8
8
0

30%
35%
35%
0%

20
26
0
46

43%
57%
0%
100%

23
25
5
53

43%
47%
9%
100%

15
10
4
29

52%
34%
14%
100%

30
25
0
55

55%
45%
0%
100%

51
17
6
74

69%
23%
8%
100%

13
8
2
23

57%
35%
9%
100%

Appendix B – Table 2 – Demographic characteristics of respondents
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female
Knowledge
Weak
Average
High
Study level
Undergraduate
Master
PhD
Study type
Swedish student
Exchange
International
Other
Accommodation type
Corridor room
Single apartment
Shared apartment
Other
Income
less than 7,000
7,000-14,000
more thant 14,000
Total

male

total

#

%

#

%

#

%

4
83
39

3%
65%
30%

9
90
50

6%
59%
33%

13
173
89

5%
62%
32%

35
90
3

27%
70%
2%

25
124
3

16%
82%
2%

60
214
6

21%
76%
2%

57
1
70
0

45%
1%
55%
0%

39
1
111
1

26%
1%
73%
1%

96
2
181
1

34%
1%
65%
0%

43
39
43
3

34%
30%
34%
2%

45
32
74
1

30%
21%
49%
1%

88
71
117
4

31%
25%
42%
1%

58 45% 94 62% 152 54%
61 48% 50 33% 111 40%
9
7%
8
5%
17
6%
128 100% 152 100% 280 100%

Appendix B – Table 3 – Rating and ranking of strategies among respondents

Giving information
Self-caomparison
Group-comparison
Presentation of economic savings
Competition
Creating sense of commitment
Monetary incentives and rewards
Put fines and penalties
Positive feedback
Negative feedback

female
rate
rank
139
169
128
209
104
139
195
50
135
54
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male
rate
181
171
165
187
121
175
179
100
174
77

total
rank

rate
320
340
279
419
220
295
404
104
289
141

rank

7.3. Appendix C - Additional Tables and Figures
Appendix C – Table 1 – Electricity consumption (kWh/m2) of Stångåstaden’s properties for 2007 to 2011

Period
Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec
Totalt

2007
1.37
1.23
1.37
1.32
1.37
1.32
1.36
1.36
1.32
1.37
1.32
1.37
16.08

2008
1.38
1.29
1.38
1.33
1.38
1.33
1.38
1.38
1.34
1.39
1.34
1.39
16.31

2009
1.55
1.39
1.48
1.31
1.28
1.18
1.15
1.20
1.24
1.39
1.41
1.52
16.10

2010
1.54
1.38
1.47
1.31
1.27
1.14
1.10
1.20
1.24
1.36
1.39
1.50
15.90

2011
1.48
1.32
1.41
1.25
1.21
1.10
1.10
8.87

1.80
1.60
1.40
1.20

2007

1.00

2008

0.80

2009
2010

0.60

2011

0.40
0.20
0.00
Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Appendix C – Figure 1 – Electricity consumption (kWh/m2) of Stångåstaden’s properties for 2007 to 2011
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Appendix C – Table 2 – Electricity consumption (kWh/m2) of Studentbostäder’s properties for 2007 to 2011

Period
Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec
Totalt

2007
5.60
5.41
5.68
4.86
5.16
3.82
3.19
4.26
5.21
5.61
5.69
5.18
59.67

2008
5.39
5.34
5.21
4.99
4.87
3.50
3.10
4.31
5.10
5.35
5.59
5.07
57.81

2009
5.32
5.16
5.58
4.72
4.95
3.65
3.09
4.25
4.97
5.55
5.59
5.12
57.96

2010
5.31
5.18
5.48
4.92
5.05
3.80
3.17
4.10
5.03
5.41
5.44
5.12
58.01

2011
5.12
4.96
5.27
4.59
4.83
3.66
3.16
31.59

6.00
5.00
4.00

2007
2008

3.00

2009
2010

2.00

2011
1.00
0.00
Jan Feb Mar Apr May Jun

Jul Aug Sep Oct Nov Dec

Appendix C – Figure 2 – Electricity consumption (kWh/m2) of Studentbostäder’s properties for 2007 to 2011
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Appendix C – Figure 3 – Comparison of district heating consumption (kWh/m2) of Studentbostäder and
Stångåstaden’s properties for 2007 to 2011

Appendix C – Figure 4 – Comparison of water consumption (m3/m2) of Studentbostäder and Stångåstaden’s
properties for 2007 to 2011
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7.4. Appendix D - Glossary
Antecedents strategies (pro-environmental behavior): are targeting at influencing one or
more determinants before performance of behavior.
Corporate Social Responsibility (CSR): is a form of corporate self-regulation integrated
into a business model. CSR policy functions as a built-in, self-regulating mechanism whereby
business monitors and ensures its active compliance with the spirit of the law, ethical
standards, and international norms. The goal of CSR is to embrace responsibility for the
company's actions and encourage a positive impact through its activities on the environment,
consumers, employees, communities, stakeholders and all other members of the public
sphere.
Chronosystem (Ecological Systems Theory): The patterning of environmental events and
transitions over the life course, as well as sociohistorical circumstances. For example, divorce
is one transition. Researchers have found that the negative effects of divorce on children
often peak in the first year after the divorce. By two years after the divorce, family interaction
is less chaotic and more stable.
Consequence strategies (pro-environmental behavior): are trying to influence behavior by
presenting its positive and negative consequences.
The current (or nominal) price: of a commodity is its price considered in current terms,
without taking account of inflation.
Eco-feedback: is providing feedback on individual or group behaviors with a goal of
reducing environmental impact.
Energy: all forms of commercially available energy, including electricity, natural gas
(including liquefied natural gas), liquefied petroleum gas, any fuel for heating and cooling
(including district heating and cooling), coal and lignite, peat, transport fuels (excluding
aviation and maritime bunker fuels) and biomass as defined in Directive 2001/77/EC of the
European Parliament and of the Council of 27 September 2001 on the promotion of
electricity produced from renewable energy sources in the internal electricity market.
Energy audit: a systematic procedure to obtain adequate knowledge of the existing energy
consumption profile of a building or group of buildings, of an industrial operation and/or
installation or of a private or public service, identify and quantify cost‑effective energy
savings opportunities, and report the findings.
Energy efficiency: a ratio between an output of performance, service, goods or energy, and
an input of energy.
Energy efficiency improvement: an increase in energy end-use efficiency as a result of
technological, behavioural and/or economic changes.
Energy efficiency improvement measures: all actions that normally lead to verifiable and
measurable or estimable energy efficiency improvement.
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Energy efficiency improvement programmes: activities that focus on groups of final
customers and that normally lead to verifiable and measurable or estimable energy efficiency
improvement.
Energy efficiency mechanisms: general instruments used by governments or government
bodies to create a supportive framework or incentives for market actors to provide and
purchase energy services and other energy efficiency improvement measures.
Energy intensity: gives an indication of the effectiveness with which energy is being used to
produce added value. It is defined as the ratio of Gross Inland Consumption of energy to
Gross Domestic Product.
Energy savings: an amount of saved energy determined by measuring and/or estimating
consumption before and after implementation of one or more energy efficiency improvement
measures, whilst ensuring normalisation for external conditions that affect energy
consumption.
Energy service: the physical benefit, utility or good derived from a combination of energy
with energy efficient technology and/or with action, which may include the operations,
maintenance and control necessary to deliver the service, which is delivered on the basis of a
contract and in normal circumstances has proven to lead to verifiable and measurable or
estimable energy efficiency improvement and/or primary energy savings.
Environmental awareness: knowing of the impact of human behavior on the environment.
Exosystem (Ecological Systems Theory): Involves links between a social setting in which
the individual does not have an active role and the individual's immediate context. For
example, a husband's or child's experience at home may be influenced by a mother's
experiences at work. The mother might receive a promotion that requires more travel, which
might increase conflict with the husband and change pattern of interaction with the child.
Feedback: the return of a portion of the output of a process or system to the input, especially
when used to maintain performance or to control a system or process
Final customer: a natural or legal person that purchases energy for his own end use.
Final energy consumption: is the energy finally consumed in the transport, industrial,
commercial, agricultural, public and household sectors. It excludes deliveries to the energy
transformation sector and to the energy industries themselves.
Financial instruments for energy savings: all financial instruments such as funds,
subsidies, tax rebates, loans, third-party financing, energy performance contracting, guarantee
of energy savings contracts, energy outsourcing and other related contracts that are made
available to the market place by public or private bodies in order to cover partly or totally the
initial project cost for implementing energy efficiency improvement measures.
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Gross inland consumption: is the quantity of energy consumed within the borders of a
country. It is calculated using the following formula: primary production + recovered
products + imports + stock changes – exports – bunkers (i.e. quantities supplied to sea going
ships).
Macrosystem (Ecological Systems Theory): Describes the culture in which individuals live.
Cultural contexts include developing and industrialized countries, socioeconomic status,
poverty, and ethnicity.
Mesosystem (Ecological Systems Theory): Refers to relations between microsystems or
connections between contexts. Examples are the relation of family experiences to school
experiences, school experiences to church experiences, and family experiences to peer
experiences. For example, children whose parents have rejected them may have difficulty
developing positive relations with teachers.
Microsystem (Ecological Systems Theory): The setting in which the individual lives. These
contexts include the person's family, peers, school, and neighborhood. It is in the micro
system that the most direct interactions with social agents take place; with parents, peers, and
teachers, for example. The individual is not a passive recipient of experiences in these
settings, but someone who helps to construct the settings.
Pro-environmental behavior: is such behavior which is generally (or according to
knowledge of environmental science) judged in the context of the considered society as a
protective way of environmental behavior or a tribute to the healthy environment.
Public Sphere: The public sphere is an area in social life where individuals can come
together to freely discuss and identify societal problems, and through that discussion
influence political action. It is a discursive space in which individuals and groups congregate
to discuss matters of mutual interest and, where possible, to reach a common judgment.
TOE (tonne of oil equivalent): a unit of energy which is equal to the amount of energy
released by burning one tonne of crude oil. The IEA/OECD define one toe to be equal to
41.868 GJ or 11.63 MWh.
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