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ABSTRACT  

It is often stated that electricity systems need further 
development in order to include the ambitious amount of 
renewable energy. Smart Grids are seen as an enabler for 
an electricity market with increased benefits for both 
consumers and environment. From a system level 
perspective, many advantages could be achieved by 
implementing these innovative technologies. Smart Grids 
are expected to be more flexible and could result in that 
expensive investments can be avoided. Furthermore, 
implementing smart metering could give consumers 
possibilities to obtain a better understanding of their own 
electricity consumption. The information could also help 
consumers to react on price signals by adjusting their 
consumption patterns. Increased knowledge usually 
increase awareness and could therefore be positive for 
energy efficiency activities.  

In order to investigate the potential for increased 
consumer participation in the electricity market with 
respect to demand-response and micro generation, a new 
evaluation method is proposed. In the project “Increased 
consumer power on the Nordic electricity market” large-
scale energy intervention scenarios are being applied.  

The purpose of this it paper is to describe this 
methodology, its’ relation to other methods and the 
foreseen benefits to increase knowledge on the potential of 
demand-side participation in wider areas (e.g. cities and 
regions). In the experiment different social, economic and 
environmental incentives are evaluated in order to 
understand how they influence electricity consumption 
behaviour in the short term. The design of this new 
methodology is based on vast experiences of energy 
consumption surveys in residential consumer segment, 
feedback studies, focus groups and other consumer 
interaction methods. 
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NONMENCLATURE  

Abbreviation 

DR  Demand-Response 
SG Smart-Grid 
 

1. INTRODUCTION 

This paper presents a novel methodology for large-scale 
quantitative evaluations of demand-response potentials in 
wider geographical areas such as cities, regions or nations. 
The method will also be used to identify barriers and 
opportunities for increased active participation by different 
user categories on the Swedish electricity market. To obtain 
increased consumer participation, including demand-
response and energy efficiency measures, will be an 
important perquisite for the evolution of Smart Grid. 
Demand-response actions are foreseen as a cost-effective 
component to balance grids having large shares of 
intermittent electricity generation [1]. Successful schemes 
addressing demand-side could also make way for a higher 
penetration of renewable energy in the future energy 
system. Hence more active consumer participation would 
help Europe to fulfil their European energy and climate 
change targets for 2020. Moreover, having active and well 
educated consumers could result in an increased 
trustworthiness in the Nordic electricity market. The 
stakeholders have been under severe criticism during the 
last winters’ due to peak prices up to 1 400 EUR/MWH 
(2010) on the Nordic electricity exchange market [2], partly 
explained by  low availability in Swedish nuclear power 
plants. Therefore are improved market mechanisms also a 
challenge that deserves attention in order to enable 
consumer participation. Furthermore the consumers should 
be able to trust that the market actors are actively and 
thoroughly scrutinized by the energy regulators.  

 
The discussion on how smart grid could give benefits to 

the environment and customer is intense, but still on a 
rather conceptual level. A survey of Smart Grid projects in 
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Europe conducted by Joint Research Centre (Institute of 
Energy) brings together input and feedback from a variety 
of stakeholders [3]. The analysis of the identified smart grid 
projects are summarized into a number of key observations 
as well as learning points: In terms of investment and scale 
of projects the majority refers to smart meter roll-outs, 
while R&D projects account for a smaller share of total 
budget. Larger demonstration projects are foreseen to 
contribute to better knowledge on impact of innovative 
solutions and validating results to a broader extent. The 
geographical distribution of projects and investment are 
mainly located in the EU15 counties. It is also clear that 
consumer participation is crucial for the success of Smart 
Grid projects, which also makes it an important key 
indicator to evaluate. It is imperative to ensure that 
consumers have trust in and understanding of the whole 
Smart Grid process and receive clear tangible benefits. 

Therefore it is important to understand how and why 
consumers would be willing to contribute with their flexible 
loads in the future electricity market, and under which 
circumstances will this load reduction capacity be available.  
A governmental long-term regulatory framework will also 
be of utmost importance. The up-coming requirements of 
this framework will be even more complex. It needs to 
embrace new types of consumers as well as consider both 
integrity and security aspects that comes along with the 
implementation of Smart Grids. As a complement to small 
and medium scale technical oriented demonstrators it is 
now important to bring new knowledge on a wider scale. 
This paper discusses large-scale energy intervention 
scenarios as novel complementary methodology in order to 
identify drivers for demand-response and to quantify the 
impact of various drivers.  

 

2. METHODOLOGIES AND THEIR QUALITIES 

WHEN EXAMINETHE ENERGY USE 

2.1 USED METHODOLOGIES  

In recent years several different methodologies to 
examine electricity consumption patterns have evolved [4], 
[5]. The different research methodologies can roughly be 
divided into main categories as interviews, energy diaries, 
workshops, focus groups and questionnaires. 
 
Interviews 

According to literature there are some differences also 
within main methodologies [6]. During a face-to-face 
interview the respondent will establish another relationship 
to the interviewer compared to e.g. telephone interviews 
and may also understand the nuances of the questions 
differently. However from representativeness point-of-view 
experience shows that equivalence exists between sample 
structures in face-to-face and telephone surveys when 
working with socio-economic parameters [7]. Generally 
interviews may give an in-depth knowledge about the 
individual energy behaviour related for example to 

household activities such as cooking, washing, cleaning, 
hygienic activities, information and entertainment. In 
addition an increased understanding about the underlying 
causes and activity patterns to the energy used can 
increase the understanding for the rather complicated 
energy use, where some use may be invisible related to 
services such as ventilation, water heater and electric 
equipment that are on standby. The knowledge of these 
underlying patterns could give new insights on which type 
of policy measures, technology developments and designs 
that could give incentives and assist to increase the energy 
efficiency and to develop energy services that could 
encourage consumer participation on the electricity market 
[8-10]. Using in-depth interviews also give some 
possibilities to transfer knowledge and to avoid 
misunderstandings, given that the interviewer have in-
depth knowledge of the energy use and possible also the 
functioning of the electricity market. 

 
Energy diaries 

Another possible scientific/investigation methodology to 
obtain increased knowledge on the patterns of energy use 
is to use energy diaries and social diaries [5], [11]. These 
diaries could show what activities related to the individual 
energy use that is taken place and by whom. With this 
methodology the individual energy use are visualized and 
the knowledge on how different activities contributes to 
the households’ total energy use. Use of energy diaries 
could help to explain the impact of fragmented and 
sequential course of events which may give indication of 
the disadvantage of individual energy use as regards to 
individual cooking at breakfast.  
 
Work shop/Focus groups 

If the investigation addresses the consumer patterns of a 
medium sized group the work shop method with focus 
groups may be applied [12]. Within this methodology 
interested groups are invited to an interactive discussion to 
including simpler questionnaires, brainstorming, structuring 
of ideas and valuation of different important features and 
proposals. With this methodology a slightly bigger selection 
of the population can be mapped, and through some 
educational elements the risk of misunderstanding can be 
avoided to some extent, and the possibility to give the 
participants new insight on how rather complex activities 
contributes to the energy use in everyday life. However this 
methodology address groups with an interest for the 
subject on forehand, hence probably not providing insight 
in how to map the population that have a rather low 
interest concerning issues related to energy consumption. 
Again this will influence the possibilities to scale-up the 
results obtained by the methodology.  
 
Questionnaires 

Through the use of questionnaires larger populations 
could be included in an investigation, though on the 
expense of the detailed knowledge of underlying causes. 
Questionnaires could be based on regular mail but are also 
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suitable as on-line versions, i.e. they are made available 
through Internet links or through e-mails. The mail-based 
interview methods expose a higher risk that the 
respondents’ level of knowledge will influence the final 
result. Misunderstanding of the questions could occur and 
then the respondent answers in accordance with their own 
understanding. A slightly higher degree of incomplete 
questionnaires, i.e. item non-response, have been 
presented in literature [6]. One of the advantages with 
questionnaires are that socio-economic factors such as 
income, housing and level of education can be surveyed, 
which could improve the formation of different energy 
policies and new price models. Experiences from early 
90ties are showing that questionnaires sent out by regular 
mail enable a higher degree of self-disclosure of the 
respondents [6]. This is important when surveys are 
addressing socio-economic factors. Mail-based interviews 
are also experiences a slightly higher response rate 
compared to face-to-face interviews and telephone 
interviews [6]. 

2.2 CHARACTERISTICS OF METHODOLOGIES 

Time  

When comparing existing research methodologies, used 
in investigation of the in energy behaviour and energy 
usage it is important to consider the used time in order to 
obtain representative results. Also In energy research the 
result may be used as basis for development of policies, 
products or new designs of new services, e.g. in order to 
improve consumers energy use awareness. Hence even 
with generally lower response rates questionnaires are 
generally more time efficient compared to in-depth 
interviews and energy use diaries. However, it depends on 
the purpose of the study and which criteria´s that are used 
to measure the effectiveness of proposed methods. 

 
Quality 

As regards to representativeness and in order to obtain 
the possibility to scale up the results it is important to 
understand the characteristics of the respondents. In the 
field of Smart Grids demonstration projects 
representativeness is usually low. Participants have usually 
declared an interest to participate in those technical 
experiments. The technical experiments also usually involve 
a smaller amount of participants. 

A general advantage with questionnaires is that based on 
the response rate a rough estimate of the average interest 
for a question could be estimated. Through the use of 
questionnaires it is hence also possible to identify some 
information about the households that are not responding, 
and thereby reach some findings that could be useful for 
the study. 

 
Socio-economic factors 

A mapping of socio-economic factors as base for 
consumer attitudes should have possibility to be more 
accurate in a when conducted through mail-based 

questionnaires [6]. An important issue that the 
questionnaires in combination with electricity metering 
data can address is the possible discrepancy between the 
captured and actual energy behaviour.  

If the aim of the investigation is to get in-depth 
understanding of the underlying causes to the varying 
energy use given some socio-economic factors, there may 
also be differences in the accurateness between different 
methodologies. If the purpose is to study different design 
concepts for feedback on energy use, personal interviews 
or workshops may be more effective since these concepts 
probably could be difficult to fully explain in a 
questionnaire. On the other hand, if the purpose is to 
obtain a statistical basis of different driving forces, and 
behaviour related to socio-economic factor as well as 
demographical variables it is probably beneficial to proceed 
with questionnaires. 

As regards to use investigations as basis for policy 
scenarios these can be separated in different categories. In 
general Governments is regulating through different policy 
instruments; informative, administrative and economic. 
Depending on which of these three instruments would be 
addressed different investigation methodologies would be 
preferable. In order to investigate interest of different 
economic incentives, e.g. changing the energy behaviour, a 
questionnaire would be useful. If instead focusing on 
different information measures that could have impact on 
the energy behaviour workshops or interviews would be 
preferable. Here designs solutions could be visualised. An 
attempt to summarize the discussion is shown in Table 1, 
below:  

 
Table 1. Methodology performance based on different 

aspects.  
Aspects Interviews Energy 

diaries 
Questionnaire Work shop 

Time efficiency 
(hours/answer) 

Low Low High Medium 

Representativeness Medium Low High Low 

Response rate High Medium Low Medium 

Economic policy 
instrument 

Low Low Medium Low 

Informative policy 
instrument 

Medium Medium Low Medium 

Design of concepts Medium Low Low High 

 

3. WHO ARE THE CONSUMERS ON THE 

ELECTRICITY MARKET? 

In order to understand how the electricity market can be 
developed in the long-term perspective, it is important to 
understand the difference between various consumers and 
stakeholders active on the market. This study primarily 
focuses on the consumer side of the electricity market, 
which will be further discussed based on characteristics, 
possible market incentives and price models. One possible 
characterization of different consumers would be based on 
the level of energy consumption and hence is divided into 
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household, industry, services and trade, and primary 
industry.  

3.1 HOUSEHOLDS 

Household consumers are often seen as an important 
target group and a potential component for the 
development of Smart Grid solutions, especially through 
the connection to smart homes [12]. However, it could be 
questioned how large fraction of all households that could 
be considered as important and will support the vision of 
active consumers in the future energy system. 
Subcategories in the household category could be:  

• Apartments  

• Houses heated with direct electricity 
• Houses heated with water-based electricity 

(including heat pump solutions) 

• Houses heated with district heating or biofuel 
boiler 

All these kinds of households have individual energy 
usage profiles, usually also when households seems to be 
alike. Thereby the potential to shift electricity load and be 
more flexible on the electricity market varies between 
households. For some households electricity is used as a 
primary source for both heating of the house and hot 
water, whereas for many other consumers the electricity 
consumption is primary related to cooking, cleaning and 
entertainment. Despite these differences the households as 
a whole could be considered as a quite homogenous energy 
consumption group. The type of heating and the numbers 
of family members are two possible factors for variance in 
household consumption [13]. Moreover the households’ 
daily routines consist of many choices related to their 
economy. Consumers are on a regular basis forced to 
options due to deregulation of many monopolistic markets 
Due to the deregulation of many  systems of society such 
as telecom, electricity, railway, airway, pension, broadband 
different choices on a regularly basis. In this context, 
consumers also need to be updated on different price 
models and tariff structures related to the electricity 
market. This would probably be a challenge to 
communicate and act on. Most probably large savings 
would increase households’ awareness of the potential and 
need for more flexible consumption. Otherwise other 
choices related to the household economy might need to 
be put on priority.  

Based on the households’ electricity consumption and 
their costs for electricity, it would probably be flexible loads 
related to factions such as heating, hot water, dryer, fridge 
and freezer that could have the largest potential for the 
vast majority. There could of course be exceptions for those 
household that perform energy intense hobbies that 
perhaps can contribute to flexible load. 

Another aspect related to the households’ complex 
everyday life, are the individual consumers interest and 
available time in order to try to understand the functions of 
the electricity market and which strategies that could be 
applied to influence the electricity bill and the electricity 

use, for example by accepting a beneficial price model that 
supports and increased consumer power. Generally the 
electricity market is quite unavailable and complex for 
many residential consumers, and the division into different 
sub markets such as wholesale electricity market/spot 
market, balancing market/intraday market, retail market 
with different financial instruments will probably not 
increase the willingness to get too involved. This is a 
pedagogic problem since some stakeholders’ state that the 
electricity market is as simple as e.g. the food market, 
whereas the real price mechanism is more complicated due 
to the price being generally set one day ahead based on the 
forecast consumption. To summarize, the complexity in the 
electricity market represents one key barrier for consumers 
to become more involved. This may also influence the 
consumers’ trust in the market from a fairness perspective. 
If there is a true intention have more active residential 
consumers there might be a need to educate these in order 
to understand fundamental mechanisms of the electricity 
market. An even more important initiative would be train 
the consumers to control the consumption pattern by 
partly changing their activities, either by themselves or 
together with new stakeholders such as aggregators. 
Finally, the energy sector needs to present a clear proof 
that a more complex everyday electricity consumption 
would be substantially long-term beneficial for households. 

  

3.2 INDUSTRY  

If household consumers can be seen as a quite 
homogenous group, the picture of the industry, service and 
trade companies are very different. Probably a further 
division into sub categories based on their energy use 
pattern may be beneficial. A general trend in the industry is 
towards lean production and on demand. This may 
substantially influence on the possibility to shift load since 
it could directly have an impact on the possibility to deliver 
goods to company´s customers. Another important feature 
is that customer satisfaction is top priority in the global 
market. Therefore it is highly desirable that electricity 
consumption flexibility should not influence this. It should 
rather be the opposite, demand-response features must 
become a competitive advantage. These challenges along 
with smaller stocks probably make the potential for 
consumer flexibility in some business sectors quite small 
even if the economic incentives are substantial. 

One aspect that however could increase the potential for 
consumer flexibility is the fact that some companies are 
competing on price and that substantial savings in the 
energy price during short time periods could create good 
incentives for this category of companies. Of course the 
companies have to take into account many different rules 
making to process more complex such as working hours, 
working environmental issues e.g. degree of ventilation, 
and also quality aspects in manufacturing processes.  

In order to realize the available potential in the industry 
sector, their knowledge about the electricity market 
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mechanisms is important. Also here it is absolutely 
necessary to establish trust and confidence that their 
achievements will lead to increased competitiveness in 
short, medium and long term perspectives. The revenue 
must be able to meet the cost and risk that consumer 
flexibility pose to these companies. One hypothesis is that 
improved knowledge about the impact of electricity prices 
on the final retail price of a product could be one important 
incentive. For the small and medium sized enterprises an 
aggregator function could probably serve as an important 
stakeholder in order to develop and realize the demand 
response potential in this industry segment.  

Examples of industry sectors that could have a 
substantial demand response potential, are real estate with 
ventilation and heating and the food sector with fridges, 
freezers and lighting. 

3.3 PRIMARY INDUSTRY 

A special industry sector with important relation to the 
electricity market is the primary industry, where electricity 
is essential for the production, and provides the value 
added, on the primary export market. Since the electricity 
price directly influences the competitiveness for these 
companies, they often have a good knowledge on the 
different parts of the electricity market and furthermore 
they often know how to negotiate acceptable prices with 
the electricity companies. It should be noted that these 
companies to a relatively large degree are buying their 
electricity based on bilateral contracts and not on the spot 
market (in Nordic countries that is Nordpool). This sector 
could probably, with the right incentives, provide capacity 
to the short term balance market and increase the security 
of supply in the electricity system. The price peaks during 
last winters’ have shown that these companies are 
calculating if it is profitable to close down production when 
the electricity prices exceed certain limits. 

4. EXPERIENCES FROM LARGE-SCALE 

INVESTIGATIONS ON ENERGY 

CONSUMPTION BEHAVIOR  

 
In order to formulate a strategy to evaluate the demand-

response potential in a Swedish context the experiences 
from large-scale questionnaires in the city of Växjö have 
been used. The study concerned energy use in the 
residential sector and if improved energy information could 
influence consumer consumption patterns [15].  

In total 2000 questionnaires were sent out divided in two 
types of residential consumers; 1000 apartments and 1000 
houses located in the city of Växjö, Sweden. The response 
rates were 21.5% and 43.3% for apartments and houses 
respectively. The main purpose with the questionnaire was 
to investigate the effects of web-based feedback on 
electricity consumption and to evaluate the different 
consumers’ preferences on feedback. Furthermore to 
better understand the similarities and differences between 
apartments and houses in terms of electricity usage, 

awareness, attitudes and preferences for energy related 
feedback.  

The households included in the study had been provided 
with web-based information for several years. The 
municipally owned energy company’s aim has been to 
increase energy consumers´ awareness by making it easier 
and more interesting to monitor and change the energy 
usage. The web-based application contains easy-to-follow 
graphics outlining changes of energy consumption. By 
logging in to the free of charge service over the Internet the 
customers of the local energy utility are able to analyse the 
usage of electricity: their daily consumption and also 
compared to previous month/years etc. They can also see 
energy costs, outside temperature, average consumption 
and receive energy saving tips. Consumers are also able to 
compare the energy consumption of different households 
and see how much energy is being used by people living in 
a similar sized apartment. 

The survey consisted of different sets of questions 
divided in several topics: personal/family characteristics, 
energy related behaviour/attitudes and use of appliances. 
Specific questions about the use and understanding of the 
web-site and feedback preferences were also included. 
Some additional questions were included in the survey sent 
to residential living in houses concerning the structural 
characteristics of the building and type heating system 
used. 

Following the qualitative description collected with the 
survey, electricity consumption data sets were gathered for 
different years depending on quality and availability in 
order to investigate the effects of the provided feedback. 

 
The results showed that households decreased their 

consumption with respect to 2007 (year of web-site 
introduction was 2011) levels. Electricity reductions of 
17.5% and 11.9% were achieved by apartments and houses 
that visited the web-site respectively. However, in the 
apartment group as a whole the consumption increased 
with almost 2% during 2008 [15]. The overall lower 
consumption could be an indicator of the effectiveness of 
the web based feedback: households that have made use 
of it achieved greater reductions than the group as a whole.  

On the other hand, reductions achieved in the group of 
households that did not visit the web based feedback, 
could be due to a generally increased energy saving 
awareness created by the informative campaign carried out 
around the web-site introduction. Several consumer-
related parameters have also been proposed to consider 
when developing future feedback tools. The age of the 
consumers, their income, the home type (apartment or 
house) and the energy awareness were found to be the 
most significant characteristics affecting the consumers’ 
preference for feedback [16].  

It became therefore, essential the characterization of the 
households that made use of the provided web-site and 
those who did not consult it. 



Paper ID: ICAE2012- A10653 

 

 6 Copyright © 2012 by ICAE2012 

By finding common aspects for the two groups (visitors 
and non-visitors), future feedback (type, contents, etc.) 
could be improved. 

 
Table 2. Main characteristics of households that visited the web 
based service for feedback and those who did not visit it. 
 Apartments Houses 

 Visitors Non-

visitors 

Visitors Non-

visitors 

Total people  41 161 364 611 

Average people per 

household 

2,3 1,9 2,6 2,4 

Average income 

(SEK/month) 

29 539 25 578 53 761  46 045  

University degree (%) 34 25 37,6 29,5 

Awareness (%) 46 51 54 48 

Average electricity 

consumed for the last 

4 years (kWh) 

2801 2481 9091 7691 

 
Several household related parameters have been 

selected and presented in Table 2. The energy awareness 
part refers to the combination of questions included in the 
questionnaire regarding switching off lights in empty 
rooms, trying to keep low electricity consumption and how 
to maintain it. 

The results show that in general the average of people 
living in the households is higher in the visitors group than 
in the non-visitors. The average electricity consumption is 
also higher in the visitors’ case. The monthly incomes of the 
households that visited the web-site are higher than the 
ones that did not consult it. Also the education levels are 
higher within the visitors (more people with university 
degree).  

All the previously mentioned results could be easily 
related with each other: households with University 
degrees receive higher incomes, consume more electricity 
(probably by having more appliances). It is also 
understandable that households with higher consumption 
would be more interested in controlling their consumption 
(in this case through following the web based feedback) 
than consumer with an overall low consumption.   

On the other hand, in the apartments’ case, households 
that did not visit the web-site claimed being more energy 
aware than people that visited the web-site. This could be 
one of the reasons explaining why they did not make use of 
the web-site. On the other hand, the average electricity 
consumption of the consumers with higher awareness is 
the lowest when compared to visitors and non-visitors 
living in houses and to visitors living in apartments.  

 
This type of results will be beneficial with this study when 

we want to analyze:  
- Connections to earlier studies of demand response 

flexibility 
- technical, behavioural and economic barriers 

influence on the development towards more 
active customers on the electricity market 

- new results that the questionnaires and the 
energy intervention scenarios may give (on larger 
scale)  

 

5. A NOVEL INVESTIGATION METHODOLOGY 

TO STUDY DEMAND RESPONSE POTENTIAL 

IN SWEDEN 

 
Demand-response potential will be an important feature in 
the future energy system. Based on the experiences from 
several years of large-scale questionnaires and state-of-the 
art studies it could be seen that questionnaires gives 
various response rates depending on topic of the survey, 
which geographical area addressed, the educational and 
income levels, etc. [16]. Being able to investigate the 
potentials of demand-response in a wider perspective it is 
important to seek new methods in order to address 
individuals who traditionally not respond in inquiries. In this 
study we are examining the demand response potential in 
Sweden by combine questionnaires to household and 
industry and by Energy Intervention Scenarios. First are 
questionnaires described which is followed by a description 
of the energy intervention scenarios as a complementary 
research method.  

5.1 QUESTIONNAIRES 

An important step in order to examine the interest and 
potential for flexible energy consumption and demand 
response is to utilize separated questionnaires to 
household consumer and the industry sector. The most 
important questions in these questionnaires are:  

• To examine the interest and potential for 
consumer flexibility; 

• To investigate how much different consumers 
think they have to save in order to be interested to 
contribute to an increased demand flexibility; 

• To investigate which price models that different 
consumer categories finds acceptable and 
interesting; 

• Examine the interest for direct load control; 
• Investigate how demand response and energy use 

should be communicated. 
 
The questionnaires will form an important basis for the 

energy intervention scenarios that more in detail should to 
examine incentives in detail that may influence on the real 
demand response potential. The questionnaire here 
represents the theoretical willingness to participate in 
demand-response activities, meanwhile the energy 
intervention scenarios will apply some of the incentives and 
directly invite consumers to interact and make use of the 
incentives. 

The aims of sending out questionnaires, from the 
research project perspective, are multiple. Of course it is to 
identify some key incentives for demand-response and 
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obtain qualitative and representative measures of these for 
different groups of end-users. The questionnaire also serve 
as the first of several following interactions with the end-
users, giving possibility to gain experience of the effect with 
repeated interactions with different types of tools during 
the study. The questionnaires will also be one of first step 
to educate end-users in demand-response potentials. 
Those who respond will be having had some first thoughts 
on how to they can act and react in order to influence their 
energy use and energy cost. Some background questions, 
based on the experiences described earlier are used, to be 
able to categorise consumers in different groups. Questions 
regarding way of housing and socio-economic factors are 
asked along with total electricity use and cost. Thereafter 
the concept with flexible consumption and demand-
response is introduced in order to identify the interest and 
potential for different future energy intervention scenarios, 
and to estimate in which range economic incentives could 
sum-up to in order to activate the demand response 
potential. This could also be seen as the Willingness to 
Accept (WTA) to participate in demand response. 
Furthermore in order to obtain a deeper understanding of 
what economic arrangements that could influence the 
realisation of flexible consumption different electricity price 
models are presented to consumers. The questionnaire 
ends targeting some of the functions in the existing 
electricity market and related mechanisms. An important 
issue related to electricity price models are the increased 
requirements on information and feedback in order to be 
able to adapt electricity use according to these new 
economic prerequisites. End-users will need to make well 
balanced and envisaged decision in compliance with their 
risk willingness and comfort demands. Another important 
issue is the needed time for different customer to be able 
to react on future demand-response requests, and which 
communication platforms that should be used in order to 
transfer the information to the persons in charge for 
flexible load. Finally the interest for direct load control is 
estimated, and is also asked whether energy retailer, 
distribution system operator or other stakeholder, such as 
third party supplier, would be acceptable as responsible for 
these demand-response actions. 

 

5.2 ENERGY INTERVENTION SCENARIOS 

 
Traditionally technical research projects have addressed 

consumers after they have replied positively on a general 
request to participate in the technical experiment. Most 
likely, are these consumers having an energy interest and 
also sometimes so called early adopters. Therefore it might 
be a risk that these experiments not being representative, 
and the results should be interpreted with that in mind. 

Therefore new methods are needed in order to 
understand consumers’ interest participating in the future 
energy market, including many of the new Smart Grid 
features. In order to better understand the actual energy 

use on a larger scale a new investigation method is 
proposed. In this paper energy intervention scenarios are 
introduced as a complementary research method. By 
combining the scenario methodology with other tools, in 
this case questionnaires, new knowledge are envisaged to 
be obtained. Information that could assist stakeholders 
such as policy makers, retailers and future third party 
organisation to develop regulatory framework, economic 
models and other tools enabling more flexible end-users.  

An energy intervention scenario consists of four phases: 
i) Design of scenarios; ii) Implementation of fictive scenario 
in real-life environment; iii) Collecting information and 
experiences during and after the scenario and iv) Evaluation 
of the implemented scenario.  

For energy intervention scenarios access to smart 
metering data will be one important requirement since the 
scenarios will be evaluating consumer flexibility in shorter 
periods of time (during some hours). Since the Nordic 
electricity market is based on energy volumes per hour this 
time resolution will be a natural starting point for the 
scenarios.  

In the design phase of a scenario, it is important to 
concretize which current problem that will be investigated. 
To open scenarios will create vague scenario descriptions. 
Important inputs in the design phase of scenarios are the 
results from e.g. questionnaire. Other tools that could be 
used to create scenarios are focus groups and interviews.  

When implementing the scenario it is important that it is 
launched during period where the investigated problem is 
highly relevant, for example price spikes usually occur 
during the colder Swedish winter months in January and 
February. A more environmental issue could be related to 
loss of electricity production, such as low availability in 
Swedish nuclear power industry that leads to import of 
electricity from coal-fired power plants. To implement the 
scenarios with right surrounding conditions will allow the 
consumers to easier understand the situation described in 
the scenario. Furthermore, when consumers are urged to 
react and change their energy consumption, in real life, in 
order to accomplish the targets described in the scenario it 
is important that they do so that in a situation similar to 
one that usually exists when the investigated problem 
occurs. 

In order to collect information during and after the 
scenario several methods could be used. From a technical 
perspective hourly energy consumption data could be 
collected for the relevant period of time. This will allow 
evaluations on load reductions, load shedding or plain 
energy saving behaviour. To collect information on 
consumer experiences additional surveys such as 
questionnaires and different interview forms could be used, 
such as telephone interviews or face-to-face meetings. 
Experiences from utilities’ customer service could also be 
useful. Some consumers might contact their 
supplier/distribution company for advices or with their 
concerns.  

In the evaluation phase all material are put together for 
an overall analysis. At this stage information are available 
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on the number of consumers participated in the 
experiment, energy consumption reductions, consumers’ 
complain, opinion and reaction etc. The experiences form a 
base for coming scenarios as well for the conclusions on the 
potential solving the existing problem. 

Energy intervention scenarios are foreseen as a valuable 
tool performing large-scale experiments to examine the 
interest and potential for consumer flexibility. The 
methodology will be used to investigate which type of 
driving forces that may influence different consumers’ 
energy behaviour and their ability to actually shift load. An 
important feature of this methodology is that also negative 
or no response are of interest, since it could give an 
indication of potential consumer groups that not likely will 
participate in demand-response program. Due to the larger 
scale of the scenarios there should arise possibilities to 
identify new potentials for demand-response. These could 
also be investigated in a regulatory, economic and 
technology context in order to identify new measures that 
ought to be developed to improve the conditions for 
customer participation in the electricity market.  

 
One benefit of energy intervention scenarios is that it can 

be fitted to actual discussion, actual price situation, and 
other events. 

5.3 SCENARIOS 

Being able to investigate new economic models for 
demand-response will be very important. Besides economic 
incentives also social and environmental incentives needs 
to be further evaluated in order to understand how 
different individual prime movers could influence the 
future demand-response activities. In order to test the 
demand-response potential different main scenarios are 
proposed, namely: 

- economy 
o hypothetic 
o with compensation 

- social media 
- save 

o environment 
o local industry 

 
A basic assumption would be that the consumer make 

their choice when allocating their financial resources based 
on preferences and the price signal that different 
commodities, given free information and low transaction 
cost. This is however simplified assumptions and there are 
other factors that also influence the consumers choice. For 
example the discussion on climate change and 
environmental degradation may influence the energy 
behaviour. Furthermore the increasing use of social media 
is a factor that needs more attention in the energy 
research. This could mean new opportunities to address 
new consumers groups that by tradition have been difficult 
to reach from an energy sector point-of-view. Social media 
could also be used as a tool for creating different 

competing and benchmarking events, in order to stimulate 
awareness and more flexible energy behaviours. 

Important issues to develop are how to communicate 
with the consumers through: 

- Letter with background information 
- SMS 
- E-mail, Web-pages, Local media 

6. CONCLUSION 

In this paper we have described up-coming challenges 
investigating the demand-response potential, in our case 
limited to Sweden and the Nordic electricity market. Based 
on experiences from several large-scale surveys, results 
from questionnaires conducted in the city of Växjö is 
presented, a novel research methodology is proposed. 
Energy intervention scenarios could form a complementary 
method to existing ones when examine consumers’ 
potential to be active in demand-response programs. The 
method could be suitable when interacting with 
consumers. The overall purpose with the research is to 
strengthen the position of the consumers on the electricity 
market. Consumer flexibility and micro production are 
believed to be important tools to improve the functioning 
of the electricity market and to decrease the impact of 
possible market power. Furthermore demand-response 
may also be an important tool in order to enable more 
intermittent energy production without expensive 
investments in the electricity grid. Energy intervention 
scenarios address consumers with fictive conditions that 
they will be offered to react upon in their real-life 
environment, e.g. to save substantial electricity cost by 
shifting load from high price to low price hours. The 
difference by this methodology as compared to previous 
studies is that we are able to more concrete examine the 
potential for different consumer groups and moreover we 
are able to investigate which incentive models that give 
most impact.  
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