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The increased use of renewable energy sources sets requirements for more flexible demand-
side solutions with their intermittent production. The electricity network is getting smarter and 
approaching a level of a smart grid where the consumption can be optimized and kept in balance 
with the production. Since electricity consumption takes place within residential consumers’ 
homes as a part of their daily life its optimization is a personal subject that should be studied to 
be able to understand the best practices. It has also been found that it is common for active users 
to create their own solutions. All of these aspects together create opportunities for co-develop-
ment between the consumers and commercial solution providers. 

The aim of this study was to bring clarity to the contemporary topics of home energy manage-
ment and co-development via virtual communities. The research objective was set to first describe 
the processes of developing home energy management solutions in Finnish virtual communities 
and the solutions developed by consumers. Second part of the objective was to describe the 
solution providers and discuss ways of co-development between consumers and solution provid-
ers. Research questions were set accordingly to the research objective. First question was divided 
into two and it asked how the solutions are developed and what kinds of solutions are developed. 
The second question was divided into two as well and it asked what kinds of solutions are com-
mercially available already and how the solution providers can participate in solution development 
in virtual communities. 

The phases of the research process were literature review, data collection using semi-struc-
tured interviews, qualitative data analysis, and synthesis. The findings of the literature review 
about consumers were that they can have more influence on consumption with smart home so-
lutions and microgeneration. Innovative lead users were considered important in co-development. 
The concepts of smart grid and demand-side management were also discussed as well as virtual 
communities and knowledge sharing. A framework was constructed of the interaction of users 
and solution providers in virtual communities. Semi-structured interviews were chosen as the data 
collection method to collect interviewees’ experiences in various details. Seven consumers and 
seven solution providers were interviewed during the process. The chosen data analysis method 
was thematic analysis which was conducted with the help of computer-aided qualitative data anal-
ysis software. 

The results of the interviews revealed that there were lead users and user innovators who 
discussed solutions actively in virtual communities. Part of frequent interaction is knowledge shar-
ing and helping out other community members. The virtual communities had tens of thousands 
of members. The recent growth in member amount seemed to lower the level of professionality 
and knowledge in the communities. Users had created mostly software based solutions, but also 
some hardware and behavioral were found. The most important benefits for users were monetary 
and information benefits.  

Among interviewed solution providers the most common business model was to provide home 
energy management systems as a service. With a subscription the customers get price-based 
consumption optimization. The providers were using virtual community platforms to some extent. 
Ideas for improvement include smaller pilot groups and discussion involving consumers. 

This study contributed to research fields of home energy management, user innovation, and 
virtual communities. Future research could include quantitative data from social media analysis. 
 
 

Keywords: smart grid, home energy management, smart homes, user innovation, knowledge 
sharing, virtual communities, co-development 
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Uusiutuvien energianlähteiden lisääntynyt käyttö asettaa vaatimuksia joustavammille kulutta-
japuolen ratkaisuille niiden jaksottaisesta tuotannosta johtuen. Sähköverkko kehittyy älykkääm-
mäksi ja lähestyy älykkään verkon tasoa, jossa kulutusta voidaan optimoida ja pitää tasapainossa 
tuotannon kanssa. Sähkön kulutus tapahtuu kotitalouskuluttajien kodeissa osana heidän jokapäi-
väistä elämäänsä, joten sen optimointi on henkilökohtainenkin asia, jota tulee tutkia sen parhai-
den toimintatapojen ymmärtämiseksi. Lisäksi tutkimuksista on selvinnyt, että aktiiviset käyttäjät 
luovat omia ratkaisujaan melko yleisesti. Kaikki nämä näkökohdat yhdessä luovat mahdollisuuk-
sia yhteiskehittämiselle kuluttajien ja kaupallisten ratkaisujen toimittajien välillä. 

Tämän tutkimuksen tarkoituksena oli selventää kodin energianhallinnan ja virtuaaliyhteisöjen 
välityksellä tapahtuvan yhteiskehittämisen ajankohtaisia aiheita. Tutkimuksen tavoitteeksi asetet-
tiin ensinnäkin suomalaisissa virtuaaliyhteisöissä tapahtuvan energianhallintaratkaisujen kehitys-
prosessien sekä kuluttajien kehittämien ratkaisujen kuvailu. Toisena osana tavoitetta oli kuvailla 
ratkaisuntarjoajia ja pohtia yhteiskehittämisen tapoja kuluttajien ja ratkaisuntarjoajien välillä. Tut-
kimuskysymykset asetettiin tutkimuksen tavoitteen mukaisesti. Ensimmäinen kysymys jaettiin 
kahteen osaan, joissa kysyttiin, kuinka ratkaisuja kehitetään, sekä millaisia ratkaisuja kehitetään. 
Toinen kysymys jaettiin niin ikään kahteen osaan, joissa kysyttiin, millaisia ratkaisuja on kaupal-
lisesti tarjolla, sekä miten ratkaisuntarjoajat voivat osallistua ratkaisujen kehitykseen virtuaalisissa 
yhteisöissä. 

Tutkimusprosessin vaiheita olivat kirjallisuuskatsaus, tiedonkeruu teemahaastatteluilla, laa-
dullinen data-analyysi, ja synteesi. Kirjallisuuskatsauksen löydökset kuluttajiin liittyen olivat, että 
heillä on paremmat mahdollisuudet vaikuttaa kulutukseen älykotiratkaisuilla sekä mikrotuotan-
nolla. Kiinnostuneilla ja innovatiivisilla käyttäjillä on merkittävää arvoa yhteiskehittämisessä. Älyk-
kään sähköverkon ja kysynnän hallinnan konseptit käsiteltiin katsauksessa virtuaalisten yhteisö-
jen ja tietämyksen jakamisen lisäksi. Tutkimuksessa koottiin myös viitekehys käyttäjien ja ratkai-
suntarjoajien vuorovaikutuksesta virtuaalisissa yhteisöissä. Teemahaastattelut valittiin tiedonke-
ruumenetelmäksi, jotta haastateltavien kokemukset saatiin kerättyä monipuolisin yksityiskohdin. 
Prosessin aikana haastateltiin seitsemää kuluttajaa ja seitsemää ratkaisuntarjoajaa. Data-ana-
lyysi menetelmäksi valittiin aihekohtainen analyysi, joka toteutettiin tietokoneavusteisen laadulli-
sen data-analyysin ohjelmiston avulla. 

Haastattelujen tulokset paljastivat, että lead user -tyyppiset käyttäjät ja innovaattorit keskuste-
livat ratkaisuista aktiivisesti virtuaalisissa yhteisöissä. Osana jatkuvaa vuorovaikutusta on tiedon 
jakaminen ja muiden yhteisön jäsenten auttaminen. Virtuaalisissa yhteisöissä oli kymmeniä tu-
hansia jäseniä. Viimeaikainen kasvu jäsenten määrässä vaikutti vähentävän ammattimaisuutta ja 
laskevan tietämyksen tasoa. Käyttäjät loivat enimmäkseen ohjelmistopohjaisia ratkaisuja, mutta 
myös joitakin laitteistoon ja käyttäytymiseen perustuvia ratkaisuja löydettiin. Tärkeimmät hyödyt 
käyttäjille olivat rahalliset ja tietohyödyt.  

Haastateltujen ratkaisuntarjoajien joukossa yleisin liiketoimintamalli oli tarjota kodin energian-
hallintajärjestelmää palveluna. Tilaamalla palvelun asiakkaat saavat hintaan perustuvan kulutuk-
sen optimointipalvelun. Palveluntarjoajat käyttivät virtuaalisten yhteisöjen alustoja jossain määrin. 
Kehitysehdotuksiin sisältyy pienten testiryhmien käyttö ja asiakkaiden osallistaminen. 

Tämä tutkimus edesauttoi tutkimusta kodin energianhallinasta, käyttäjäinnovaatiosta, ja virtu-
aalisista yhteisöistä. Tuleva tutkimus voisi sisältää sosiaalisen median kvantitatiivista analyysiä. 

 
 
Avainsanat: älykäs sähköverkko, kodin energianhallinta, älykodit, käyttäjäinnovaatiot, 

tietämyksen jakaminen, virtuaaliset yhteisöt, yhteiskehittäminen  
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1. INTRODUCTION 

The increased use of renewable energy sources (RES) makes more flexible demand-

side solutions necessary since their production capabilities vary based on external con-

ditions such as wind speed and other weather conditions (Welsch et al., 2013). In addi-

tion to this there have been concerns in Europe regarding the availability of electricity. 

Related increases in pricing have raised the consumers’ awareness of demand response 

and consumption optimization possibilities (Statistics Finland, 2022).  

1.1 Background of the study 

A survey ordered by the European Commission (2022) shows that 69,7% of citizens in 

Finland have changed their everyday habits to save on energy due to the increase in 

energy prices. The recent price development is illustrated in Figure 1 as the average 

monthly wholesale price. There are also many possibilities to make electricity production 

and consumption more efficient and to achieve financial benefits on a personal and or-

ganizational level throughout the electricity network. For innovation activity the price in-

creases are a supportive aspect as concerns and willingness to change habits make 

ground for new innovations. Active conversation around the topic can be observed in 

various virtual communities such as discussion forums or Facebook groups online.  

 

Figure 1. Average monthly electricity price in Finland (adapted from Statista 2023) 
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Social media and different kinds of open forums are excellent and accessible platforms 

for virtual communities and participation is usually possible for companies or their repre-

sentatives as well. This allows us to think of new ways of involving customers in the 

production development process. Co-development has been found to improve new prod-

uct success, product performance, and fit to market (Gruner & Homburg, 2000; Lau et 

al., 2010). In co-development the companies address the innovative power of active cus-

tomers and together these parties can guide the innovation to meet the needs of the 

market sustainably. Innovation among users is more common than one might think (von 

Hippel et al., 2011). 

User innovations typically modify the products, services, or processes to better suit their 

specific needs. The innovations may be created by user firms, organizations, individuals 

or in open collaboration. (Baldwin & von Hippel, 2011) In this study the focus is on user 

innovations created by individuals for the purposes of their household. The motivation 

for and the value of user innovations comes from the benefits that they provide in their 

specific use case. These may also be categorized as grassroots innovations where 

grassroots refers to the general public (Hua et al., 1993). The results of user innovation 

can be expected to vary based on the different user needs which might also make user 

innovations a potential source of customer knowledge. Rohracher (2003) states that user 

innovation can have the greatest impact on products that are transitioning from an inno-

vation to the early stage of diffusion.  

A central concept for better energy management at households is demand response 

(DR). Demand response solutions can be utilized to make efficient use of renewable 

energy sources and flatten the demand curve which usually has high peaks daily and 

seasonally. In DR solutions consumers receive signals from energy companies or sys-

tem operators to either increase or decrease the load (Lauby et al., 2013; Niesten & 

Alkemade, 2016). Often in commercial solutions the signals come from the dynamic pric-

ing of electricity which incentivizes consumers to prioritize their consumption during 

cheaper prices. Niesten and Alkemade (2016) conducted a review with a database of 

194 United States projects and 240 European projects including Finnish ones. They 

found that the value of DR solutions for consumers is realized as lower consumption and 

lower bills, greater quality, improved control, and prioritization of loads of public im-

portance for example in hospitals. 

Molderink et al. (2010) stated that the potential of households in improving energy effi-

ciency hasn’t been well studied. The themes of demand-side management have grown 

exponentially in academic interest since then as can be seen from Figure 2 below. There 

is still a need for further studies as the available solutions change constantly. There has 
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been particularly little research on the development process and results of demand re-

sponse solutions in virtual communities. Hyysalo et al. (2013) have conducted a similar 

study but they focused solely on heat pumps and internet forums. The use of internet 

and social media behaviour has changed since then. Smart phones and new applications 

have made social media and discussion forums more common and accessible. For ex-

ample Rheingold’s (2000) description of online communities also differs from what can 

be seen today.  

 

Figure 2. Scopus search results on “(‘demand response’ OR ‘demand-side 
management’) AND (household* OR domestic)” (November 2022) 

Virtual communities have been around since late 1980s with one of the first being WELL 

which Rheingold (2000) explores in his book “The Virtual Community”. His definition of 

a virtual community includes long-form discussions that form webs of personal relation-

ships online. Nowadays virtual communities can have clear boundaries and member-

ships as is the case in closed Facebook groups. One way to classify virtual communities 

is based on the type of consumer need. The communities focusing on discussion around 

demand response can be classified as communities of interest. This means that their 

interactions are limited to one specific topic only. (Armstrong & Hagel, 1996) The amount 

of expertise and knowledge on these topics varies largely between communities. While 

looking for Finnish communities around DR solutions one can come up with multiple 

Facebook groups with 10 000–50 000 users and forums focused on specific solutions. 

These communities can also be described as independent since no organization is in 

any way in control of the communities. This gives freedom to the members to come up 

with unique solutions. 
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This study focuses on the development of solutions in Finnish virtual communities be-

cause Finland has an advanced electricity network and easily accessible and active com-

munities. I will also build a framework of interaction in virtual communities. Finland is one 

of the leading countries in smart grid implementation with 99% smart meter coverage 

already in 2016, and the competition in the electricity market has been free since 1995. 

(Finnish Energy Authority, 2017). Smart meters enable dynamic pricing and likely every 

retailer in Finland offers real-time hourly pricing with the prices being published on the 

day-ahead basis with the wholesale trade taking place at the Nord Pool Spot exchange 

(Waselius & Ekqvist, 2020). Most of the Finnish consumers’ contracts have flat rates with 

fixed terms. These consumers will not be able to benefit from the full potential of demand 

response solutions.  

Still, the higher prices and concerns about the availability of electricity have received 

publicity. The TSO of Finland, Fingrid’s, software application for monitoring hourly prices 

has tripled its user base since Spring of 2022 (Halonen, 2022). Fingrid (2022b) has also 

stated that consumers have already been able to reduce consumption by seven percent 

compared to 2021. The estimated peak demand is 14 400 MW and the maximum Finnish 

production capability is 12 900 MW including Olkiluoto 3 which has started production in 

Spring 2023 after many delays. (Fingrid, 2022b) Demand response solutions could lower 

the peak demand to ensure availability. The increased interest of consumers can also 

make new business models possible. There is also more active conversation within vir-

tual communities which can potentially be a source of valuable customer knowledge. 

1.2 Research objective, questions, and scope 

This study draws from multiple theories and concepts to form comprehensive under-

standing on how home demand response solutions are developed in virtual communities. 

This requires knowledge on the social studies of collective behaviour and user innova-

tions, and information technology related studies of demand response and smart homes 

as week as understanding of the electricity network. As can be seen from Figure 2 these 

fields have gained increasing attention in the literature during the last 10 years. In addi-

tion, smart grids and therefore many demand response solutions have not yet been im-

plemented in most of the countries. User behaviour and styles of interaction are also 

changing quickly with the popularity of different communication applications. This study 

aims to bring clarity to these contemporary topics and examine the best practices of the 

current time. 

The research objective is divided into two parts. First, the objective is to describe the 

processes of developing demand response solutions in Finnish virtual communities and 
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common behaviour in those communities. There is an underlying assumption that users 

do develop solutions which is justified by user innovation being generally quite common 

as von Hippel et al. (2012) found out, and smart solutions being in the early diffusion 

stage as discussed in chapter 1.1. Second, the study should describe these solutions on 

a general level and discuss ways of co-development between consumers and solution 

providers. The scalability of solutions is interesting because users often innovate for their 

own needs without designing for scalability deliberately. User innovation and public dis-

cussions within communities might be valuable sources of customer knowledge but the 

best practices need clarification. For example Hyysalo et al. (2013) suggest that the best 

practices of company involvement in user innovation are not clear. I have derived two 

research questions from these objectives. These are presented below. 

 RQ1a: How are home energy management solutions developed in virtual  

communities? 

RQ1b: What kinds of home energy management solutions do consumers de-

velop? 

Questions RQ1a and RQ1b are focused on the consumers’ side of energy management 

to find out what they are doing currently regarding solution development. This does help 

achieving both parts of the research objective. It is assumed that for the most part it is 

consumers who are sharing their solutions in virtual communities and looking to develop 

them further with the help of the community. Exceptions to this include open-source de-

velopment in which the organization shares the solution openly. By answering these 

questions, we can learn about common practices of development assisted by virtual 

communities and possibly evaluate if the solutions could have an impact on the commer-

cially available ones. 

 RQ2a: What kinds of home energy management solutions are commercially avail-

able? 

RQ2b: How can solution providers participate in solution development within vir-

tual communities? 

Questions RQ2a and RQ2b are set to study the solution provider perspective. First, the 

commercially available solutions are described to get an overview of the current market. 

These solutions could also be compared to the consumer developed solutions described 

in answering RQ1b. This can reveal how well the solution providers are delivering what 

the consumers need. By answering the second question, ways of interaction between 
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solution providers and consumers can be proposed for more comprehensive develop-

ment processes. It is important to first get the answers to question RQ1a to be able to 

evaluate how solution providers role could fit into the existing practices. 

The scope of this study includes Finnish demand response solutions for households. The 

research is limited to Finland because otherwise the work would be too large to complete 

with given restrictions. The regulation and overall state of the electrical network also var-

ies largely between different countries. The Finnish grid can enable smart solutions eve-

rywhere which creates a supporting environment for demand response. Finland is part 

of the Nordic electricity market and has similar infrastructure to other Nordic countries so 

the results can likely be generalized to the Nordics. The household consumption is rela-

tively small, but households form a very big customer base for DR solutions such as 

energy management systems. The scope with respect to time is limited mostly to the 

current situation of late 2022 to early 2023 and the described solutions will be from this 

time period. 

1.3 Structure of the study 

The structure of the study follows closely the research process and has clear individual 

sections with their own purposes which each make progress towards finding answers to 

the research questions. This first chapter introduces the topic, explains why it is important 

and states the research objectives and questions. The objectives and research questions 

are what guides the whole paper. The essential topics to understand that are briefly in-

troduced include demand response, demand-side management, smart grid, virtual com-

munities, and social innovation. 

The next part of the study is a literature review which consists of chapters 2, 3, and 4. 

The purpose of the literature review is to explore existing literature to find out what is 

already known about the topic, and to identify the most relevant theories. This eventually 

enables the comparison of findings of this study to previous literature and the positioning 

of this paper among existing literature. The review also helps in recognizing what should 

we seek to know more about. The focus in chapter 2 is on consumers role in an evolving 

electricity network that offers smarter possibilities for energy management. Chapter 3 

explores solution providers’ role and existing business models identified from the litera-

ture. Chapter 4 is about virtual communities and reflects on how both the residential 

consumers and solution providers can interact in virtual communities to develop solutions 

together. 
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Chapter 5 presents the research methodology. Starting from research design which 

states the research philosophy, theory development approach, and methodological 

choices. These are necessary to understand the underlying assumptions and beliefs to 

view the study critically. After these the methodology is specified with research strategy, 

and methods of data collection and analysis. Finally, in chapter 5 the validity and relia-

bility of selected methods are assessed. 

The results of the study are stated in chapter 6. The purpose is to clearly present what 

was found using the research methods presented in chapter 5. This does not yet include 

interpretation of the meaning of the results since that is handled in chapter 7. In chapter 

7 the results are analysed, and the information is integrated into the theories identified in 

chapters 2, 3, and 4 to form answers to the research questions. 

Chapter 8 concludes the paper with discussion about the contributions and implications 

of the study. First, the meaning of the results is positioned against existing theory and 

then in the managerial implications what actions do the results suggest taking. Finally, 

the limitations of the study and future research possibilities are acknowledged. 
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2. CONSUMERS IN A SMARTER ELECTRICITY 
NETWORK  

The purpose of this chapter is to describe the role of consumers as a central part of the 

electricity network. The concept of smarter electricity network refers to the smart grid and 

overall development of smarter solutions which enable new possibilities for the consum-

ers to even create their own solutions. Chapter 2.1 locates the consumers in the elec-

tricity network and their relationships to other actors. Chapter 2.2 is a comprehensive 

presentation of energy management solutions available to households that were found 

in the literature. Chapter 2.3 addresses how well these solutions have diffused using the 

theory of diffusion of innovations and barriers to adoption are identified. Chapter 2.4 in-

troduces the concept of users as innovators which is essential for the idea of co-devel-

opment. 

2.1 Consumers’ role in a smart electricity network 

Electricity consumers include customers of all sizes ranging from industrial actors to 

households and users of electric vehicles (EVs). The DR solutions are thus also on dif-

ferent scales and in this study the focus is on the household level. Electricity networks 

also have multiple actors such as producers, transmission system operators (TSOs), 

distribution system operators (DSOs), retailers, and consumers. The energy flow in the 

network follows that order starting from generators and going to the consumers. Smart 

grids introduce new actors to the network and increase information flow between all the 

actors in both directions.  In Figure 3 the new actors and parts of the network are high-

lighted with round shapes and bolded text. 

 

Figure 3. Transition from traditional electricity network to a smart grid 
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The European Commission’s science service Joint Research Centre’s (JRC) outlook 

shows that there are also multiple other stakeholders interested in investing in smart grid 

projects in Europe. The state usually plays a big part in controlling the development of 

the network. Universities are one of the biggest investors and the share of other public 

institutions is also significant. Other important investors include related hardware manu-

facturers and software developers. (Gangale et al., 2017, p. 36)  

The role of users in demand-side management is interesting because the whole user 

base is so vast and versatile. Generally, the users can be divided into three categories, 

residential, commercial, and industrial. The users within all these groups obviously vary 

between sizes, consumption sources and financial resources. As a user of electricity, 

they are also users to multiple firms providing services and products related to consump-

tion of electricity. Silvast et al. (2018) highlight that developers and experts often assume 

the consumer to be active and rational. However, the adoption rate of smart devices 

remains low hinting that all household consumers are not active.  

Silvast et al. (2018) also state that relatively few are interested in analyzing their con-

sumption patterns frequently. In a questionnaire by Hong et al. (2020) 26.6 % of respond-

ents were classified as rejecters of smart home services. The rejecters were those who 

responded that they would not use a smart home product and service in the future. Still, 

even some of the rejecters with low income are forced to look into options to reduce their 

costs of energy. The wide variety of users and expanding options of smart grid create 

new business possibilities and shift the role of the users. Users of all types are becoming 

more active in controlling demand and even producing and storing energy. 

Turning entire electrical networks smarter is a huge project which must create benefits 

that should be greater than the costs for all stakeholders. Participating in DSM comes 

with costs initially and during events. An event refers to the signal to reduce consumption 

being active. Initial costs include investing in the enabling technology and spending time 

to establish a response plan which are both paid by the customer. While reducing con-

sumption, the customer may face inconvenience and rescheduling costs. On a system 

level the initial costs include metering upgrades, software costs, and customer educa-

tion. The ongoing demand response programs need administration, marketing, pay-

ments to participating customers, and evaluation. (DOE, 2006, p. 23) For all the costs it 

is usually the customer who ends up paying the final bill. Therefore, it should be in the 

customers’ own interests to optimize consumption and reduce peaks to reduce their 

costs. 
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The features listed earlier create benefits for the consumer financially, through infor-

mation and reliability, and environmentally (Gopstein et al., 2020, p. 7). The direct finan-

cial benefits are easy to see in bill savings and incentive payments from participating in 

a program. Benefits of better reliability are also direct in that they reduce exposure to 

outages. Information is used for home automation, communication with other consum-

ers, and for more informed decisions improving quality of life. The environmental benefits 

are wider and reduced pollution and emissions work towards a greater good. This can 

make consumers happier and more conscious about environmental decisions.  

2.2 Managing electricity consumption in households 

The design and diffusion of demand response solutions in the residential sector is a 

challenge because of the variance in building types and the occupants. The needs, will-

ingness, and resources of individuals play a significant role in which solutions get imple-

mented. There are many sources of consumption in buildings and households which can 

be shifted to reduce costs. This includes for example space heating and cooling, venti-

lation, heating of hot water, and appliances. However, the shifts must be done so that 

the comfort level of the residents is not reduced. (Jensen et al., 2017, p. 26) The ability 

to shift energy loads can also be described as energy flexibility. Jensen et al. (2017, p. 

29) highlight also the difference between the available flexibility and the actual obtainable 

flexibility. The availability is dependent on the design of the building, installed energy 

service systems and control of demand. The obtainable flexibility on the other hand is 

affected by behavior of the residents, climate of the area, and the needs of other sur-

rounding energy networks. 

Heating is usually the biggest source of consumption in buildings, offering therefore the 

biggest savings from relatively small actions. The effect of heating solutions on the elec-

tricity grid depends on the type of heating used for the building. If electric heating is not 

used, additional electric devices such as heat pumps may increase electricity consump-

tion. Considering overall energy efficiency, they might still have a positive impact, but the 

focus of this study is on optimizing electricity consumption. The main options identified 

from the literature for optimizing electricity consumption for heating in households include 

heat pumps and energy storages. Heat pumps have been found to be the most important 

step in reducing energy consumption in households (Hedegaard et al., 2012). Heat 

pumps are already widely used, and their popularity is expected to increase. Heat pumps 

are very efficient compared to other forms of electric heating. Together with heat storage 
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options and microgenerators they form the basis of an efficient household heating sys-

tem. Heat pumps can also be optimized with smart devices and there have been active 

user communities formed around optimizing their usage (Hyysalo et al., 2018). 

In buildings the concept of energy flexibility is important to enable adjustments to de-

mand. Storages are important for capturing the excess energy from peak generation 

hours of intermittent sources. The typical energy storages increasing flexibility include 

hot water tanks, buffer tanks, storage heaters, batteries, and the thermal mass of build-

ings (Jensen et al., 2017). Larger hot water tanks and smaller buffer tanks are often 

installed together with a heat pump. Hot water tank ensures availability of hot water, and 

the buffer tank reduces the number of heat pump start-ups for better efficiency. Hede-

gaard et al. (2012) studied different combinations of storages with heat pumps and high 

share of wind power. They found that heat pumps alone reduce excess electricity signif-

icantly and tanks increase the reductions, but passive heat storage is a more cost-effec-

tive option.  

Passive heat storage meaning the thermal mass of buildings can be used efficiently by 

storing heat during excess production and cheaper prices. The capabilities of thermal 

mass can be increased with phase change materials for instance. Passive storage 

causes changes in the indoor temperature, and it can be controlled by setting an allowed 

variance of temperature. (Hedegaard et al., 2012) Each additional degree in variance 

will have a noticeable difference in results. The storage can be considered full/empty 

when indoor temperature is at the furthest allowed point of variance. It is better to fill the 

storages before peak loads to avoid running out if possible. The optimal amounts can be 

predicted with load models (e.g. Palensky & Dietrich, 2011, p. 385). 

Besides heat, energy can be stored as electric charge in chemical batteries such as 

lithium-ion batteries. Batteries let the user make their electricity consumption more flexi-

ble directly. These types of batteries are also used in electric vehicles, so it is possible 

to use EVs for multiple demand response purposes. They do increase the overall load 

but can be used in demand-side management to balance it. This has made new services 

such as vehicle-to-grid (V2G) and grid-to-vehicle available. In vehicle-to-grid the electric-

ity from a vehicle battery is sold to the grid making the consumers active participants in 

the market. The energy flows are also more diverse than in the traditional grid. In grid-

to-vehicle the electricity is bought to charge the battery. (Niesten & Alkemade, 2016, p. 

631) The charging times can be optimized with smart solutions to take place during 

cheaper prices. 
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Individual EVs can be used in households to store energy from renewable sources or 

during cheaper prices to make their consumption efficient. The most effective results 

from EVs can be achieved with a whole fleet of them. With a bidirectional charging station 

these vehicles could participate in power grid regulation or act as a spinning reserve to 

provide electricity during an outage. (Tan et al., 2016) These solutions have their chal-

lenges too, mainly high investment costs and social barriers. Like many other demand 

response solutions, V2G would require changes in behavior. Users often want to be in 

control of their vehicles at all times and makes sure that they have enough energy to 

drive during an emergency. (Tan et al., 2016, p. 726) Therefore, it is important to spread 

information and demonstrate the benefits of this type of usage. Batteries are in most 

cases necessary to capture the intermittent energy from microgeneration. 

With the available microgeneration options consumers can become producers. If an en-

tity does both consuming and producing, they are regarded as a prosumer (Espe et al., 

2018). This makes microgenerators an important part of the grid among active consum-

ers. The most common solutions are small scale wind turbines, photovoltaic systems, 

and combined heat and power (CHP) which are also more actively developed further as 

there is more common interest. Microgeneration using photovoltaics or small scale wind 

turbines still faces the same inflexibility issues as larger scale generation. One way to 

solve this problem on a small scale is to combine generation with electricity and heat 

storages. (Molderink et al., 2010) These renewable sources have positive environmental 

effects and increase consumer awareness of production and consumption. (Geelen et 

al., 2013, p. 154) Other benefits of small scale generation include reduced load on the 

grid through immediate consumption without long-distance transport (Palensky & Die-

trich, 2011, p. 382). For the customer the most important benefits are financial savings 

and increased self-sufficiency. Microgenerators are also available in varied sizes and 

scale to the needs from households to industrial.  

The production resources can be integrated into a smaller electricity network and distri-

bution system within a community creating a microgrid. This is called distributed gener-

ation since it is not centralized like traditional production. (Planas et al., 2015, p. 727) A 

microgrid can provide power to buildings and increase their self-sufficiency. This also 

makes it more viable for consumers to invest in generators as the costs can be divided 

within the community. The generators will also need sufficient storage systems for effi-

cient regulation. On a more detailed level the single participants of a microgrid can be 

viewed as nanogrids (Burmester et al., 2017). Nanogrids use smart technologies to op-

timize their energy consumption and are equipped with a gateway to connect them to 

other power entities. This enables the participants of a microgrid to trade energy. Alam 
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et al. (2019) formed an optimized model for peer-to-peer energy trading and highlight the 

importance of fair costs and an optimal amount of renewable energy sources and stor-

ages. The performance of microgeneration also depends highly on location and climate. 

Especially wind and photovoltaic generation will vary based on surrounding environment. 

The management and planning of home appliance use is often the easiest way for many 

to take part in demand-side management. Energy can be conserved with optimized us-

age and the efficiency of appliances can be improved by replacing old ones. Many ap-

pliances are shiftable, meaning that their use can be shifted to another point in time. This 

causes a rebound effect where the load cannot be completely avoided (Palensky & Die-

trich, 2011, p. 382). Shiftable appliances include for instance a dishwasher, oven, and a 

vacuum cleaner.  

User behavior has a great impact on energy usage in appliances. Heating and use of hot 

water is often controlled by the user and consumes a lot of energy. The impact of behav-

ior can be reduced by increasing automation in appliances with smart devices. Devices 

that commonly have smart options include heat pumps, lighting, security devices, wash-

ers, and fridges. (Geelen et al., 2013) Smart devices can easily reduce energy consump-

tion costs, but the user has to give up some control and information which raises security 

concerns. Smart appliances can be complemented with storage systems and microgen-

eration. The best result is achieved through connecting multiple devices and optimizing 

the aggregated load. 

Smart devices are typically controlled via different kinds of hubs. These hubs are often 

provided by the same companies that offer smart devices. More active users with some 

programming capabilities can develop their own hubs and control systems for smart de-

vices. This makes more flexible solutions possible whereas the available hubs in the 

market will in some cases force the customer into that company’s ecosystem. Other pop-

ular options are open-source projects such as Home Assistant. These programs can be 

installed on for example microcomputers and enable control of devices remotely from a 

smartphone. (Qin et al., 2019) This kind of approach requires activity and effort from the 

user to for example schedule devices to times of lower prices. The scheduling of appli-

cations can be automated with a home management system. The principle of a home 

energy management system (HEMS) is to shift and curtail demand according to the goals 

of demand-side management. (Beaudin & Zareipour, 2015) An optimal network for a 

household utilizing as many DSM solutions as possible is presented in Figure 4 below. 
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Figure 4. Architecture of an optimized household electricity network (adapted from 
Zhou et al. 2016) 

The main tasks of HEMS include monitoring, logging, control, alarms, and management. 

It can monitor the condition of operation and the whole network and display the status 

for predictive maintenance. It can also log real time prices and consumption data which 

can be very motivating for active users. The controls can also be done from a handheld 

device, and HEMS alarm system notifies if something is not working the way it is sup-

posed to. The management covers management of all connected services such as ap-

pliances, storages, and EVs. (Zhou et al., 2016) HEMS may be optimized mathematically 

to provide the optimal solution to consumption patterns in different DR scenarios. Model-

predictive controls can be created based on load models of devices to optimize its use 

(Palensky & Dietrich, 2011, p. 385).  

2.3 Diffusion of household solutions 

Traditionally the assumption in innovation theory has been that producers are the ones 

innovating and creating new commercial products. This kind of thinking can be tracked 

down to Schumpeter who in the 1930s and 1940s saw innovations as mainly radical new 

products or processes driving economic change (Hagedoorn, 1996). This rather narrow 
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way of viewing innovations can be challenged, and nowadays other categories of inno-

vations are widely recognized. In this study I will use a very broad definition of innovation 

covering any new idea or method applied into practice for a specific reason to achieve 

some benefit.  

Another theory that offers relevant insights and aspects for reviewing the characteristics 

and behaviour of user innovations is the diffusion of innovations, which Rogers (2003) 

has explored. He defines diffusion as “… the process by which an innovation is commu-

nicated through certain channels over time among the members of a social system” 

(Rogers, 2003, p. 13). Plotting the diffusion as a cumulative number of individuals adopt-

ing the innovations most often results in an S-shaped curve. This is illustrated in Figure 

5. The rate of adoption varies for different innovations and Moore (2014) discusses also 

the chasm which has been found to form before the rate of adoption increases and the 

innovation reaches the masses. In the beginning the diffusion rate is naturally slower as 

less members of the social system have knowledge about the information.  

The first adopters are often called innovators and early adopters. These are the most 

active users interested in collecting information about the innovation. It can be assumed 

that among these users the proportion of ones creating their own innovations based on 

the new ideas is high. Therefore, it can also be assumed that user innovation takes place 

most actively during the earlier phases of diffusion. The lead user theory by von Hippel 

(1986) strongly supports this assumption. During the diffusion process the core innova-

tion is being modified and improved with sustaining and incremental innovations. In the 

beginning the innovation is thus not so well defined and can easily be changed more. 

Here the users also have the most room to make their own innovations that make the 

solution fit their needs. User innovations may also be necessary in some cases such as 

competitive sports when there are not enough tailored options available (Franke et al., 

2006). 
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Figure 5. Innovation adoption lifecycle (adapted from Moore 2014) 

Figure 5 illustrates the diffusion of innovations, for example smart homes, using the dif-

fusion of innovations model by Rogers (2003) and the chasm between early adopters 

and early majority which Moore (2014) explains. When studying the diffusion rates of 

smart home technologies, it seems clear that the market is currently in the chasm (Shin 

et al., 2018). This means that much of the development of smart homes is likely yet to 

come, and there is room for experiments. The social norms need to develop as well to 

support the diffusion of smart homes (Rogers, 2003). Smart home technologies are such 

a broad category of innovations which have significant potential for improving living that 

they as a whole are not in danger of disappearing (Sovacool et al., 2021). Specific prod-

ucts however may have short lifespans and get replaced quickly. Since the market for 

smart homes is so vast, there are also differences between groups of different de-

mographics, and psychographics too. 

Shin et al. (2018) used technology acceptance model which takes into account perceived 

ease of use and perceived usefulness extended to analyze the adoption and diffusion of 

smart homes. They found that on average ease of use was more important for the young 

and those with high income. Usefulness on the other hand is more important for the old 

and those with lower income. Gender and education level also correlated with attitude 

towards smart technologies. Interestingly, in their study perceived privacy risks did not 

have a significant effect on attitude. (Shin et al., 2018) Hong et al. (2020) found suppor-

ting results on the impact of privacy to smart home resistance. Privacy risk as improper 

use of personal data did not affect resistance significantly. This can be explained by the 

beliefs of users including that they have nothing to hide, that they can control the data, 

or that the consequences are too vague. (Hong et al., 2020) This does not mean that 

privacy could be ignored in designing new products, but other aspects may improve the 

diffusion of smart technologies more. 
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Smart homes and demand response are facing resistance and slower rates of diffusion 

than expected. The slow adoption of smart technologies is surprising with the possible 

benefits of assisted living, security, entertainment, smart communication with the grid 

and energy efficiency which also increases sustainability. (Balta-Ozkan et al., 2013) 

Many seem to be concerned of their personal data protection, information overload, and 

health. Data protection laws can also hinder the development, for example smart meters 

reading more frequently than every 15 minutes infringe European Convention on Human 

Rights. (Silvast et al., 2018).  

Barriers to demand response in general include the effort and costs in acquiring 

knowledge about and purchasing enabling technologies versus the perceived share of 

savings (Balta-Ozkan et al., 2013). This seems to imply that there is a need to make 

information easily available. There is likely room for improvement in marketing demand 

response solutions to the majorities. It is important to illustrate the benefits of demand 

response clearly. Sovacool et al. (2021) also found that one of the biggest factors in 

increasing acceptance and likelihood of adoption of smart home technologies is 

knowledge. Owning some smart technologies is also positively related to the likelihood 

of adoption. (Sovacool et al., 2021) This may be partly due to increased interest in the 

technologies by early adopters, but most seem satisfied with their products. Spreading 

practical information to especially those groups with moderate amounts of interest would 

likely increase diffusion of demand response. With smart home technologies it is also 

important to highlight their energy efficient use. 

Other barriers to adoption of smart homes include reliability issues, trust in utility compa-

nies, and loss of control. There is also financial risk that the products may not be worth 

it, but Hong et al. (2020) found that it is not significant. In addition, it is quite likely that 

smart home users will create ways to use the technologies in ways that designers are 

not able to imagine (Balta-Ozkan et al., 2013). This might create habits that are not sus-

tainable or energy efficient. Sovacool et al. (2021) also noticed this possibility and found 

that smart home technology has already been used to spy on relatives or play practical 

jokes with hearing aids, for example. Some of these issues can be prevented with proper 

design and testing, but most importantly knowledge should be spread. It is necessary to 

increase recognition of usefulness and awareness especially regarding the use of smart 

technologies to participate in demand response. 

Consumers seem to also be concerned of the social impacts of many of these technolo-

gies that may affect the daily life and routines significantly. The impact on routines is 

emphasized when multiple people including children live in the same household. Nicholls 

and Strengers (2015) studied the flexibility of peak demand in practice. They noticed that 
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peak demand activities are linked to other times of the day, the persons required to per-

form those activities, and to the meanings of them. For example cooking and carrying 

out other chores are often restricted by other activities. (Nicholls & Strengers, 2015) 

Balta-Ozkan et al. (2013) also studied the social barriers to adoption of smart homes but 

they did not focus on certain types of households. They found that it is important for 

technologies to be easily integrated into existing lifestyle and sense of home. People 

were concerned of losing control, privacy issues, and repair and maintenance costs.  

The impact of behavior on demand response is not limited to smart technologies. In Eu-

rope many older and inefficient houses will be standing throughout decades causing a 

challenge to retrofit and modernize those to achieve the efficiency needed. The task is 

left to the homeowners who often might need more information and incentives to make 

big improvements. For example, windows have been replaced for appearance while big-

ger benefits could be achieved with wall or roof improvements. Solar panels have also 

been installed because it is seen as fashionable, showing the importance of social and 

cultural aspects in widespread change in households. (WBCSD, 2009, p. 27) Investment 

decisions in these cases are made by individuals, making their emotions and values play 

a significant role. Silvast et al. (2018) found that the type of housing stock, lifestyle, 

household economics and the view of each person in a household affects how smart 

technologies are seen. Not everyone making the decisions about their home is a financial 

expert either, so the benefits of the solutions need to be communicated in an understand-

able way. 

2.4 Users as innovators 

Anyone can create an innovation, and it is evident that user innovations have much value 

that is easily overlooked. Von Hippel et al. (2011) call this a new innovation paradigm 

and have found that in all nations they have studied users spend billions of dollars in 

innovating. In the UK it is 1.4 times the consumer product R&D expenditures of produc-

ers. The difference between user and producer innovations is that users expect to benefit 

from their innovation via use while the producer expects to benefit from production and 

sales (von Hippel et al., 2012). It has been easy to overlook the importance of user inno-

vations related to electricity and demand response since users are legally forbidden from 

doing most electrical modifications. However, with the smart grid technologies much of 

the solutions rely on software which can be developed by anyone. Open source solutions 

seem common among active participants in related social media groups. These include 

single-board computers such as Raspberry Pi and hubs like Home Assistant. 
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User innovations are limited by users’ own real-world experiences which define most of 

what they consider possible (von Hippel, 1986, p. 791). This has been seen in problem-

solving tasks, usage patterns, and new product designs. Users also have limited access 

to resources such as new technology which may not be available yet or has very high 

costs. Therefore, it is unlikely for the users to create radical or disruptive innovations that 

are based on novel technological solutions. These innovation types are defined in the 

innovation matrix which includes also sustaining and incremental innovations. Radical or 

breakthrough innovations often create new markets with new business models and rev-

olutionary technology. Disruptive innovations bring something different to existing mar-

kets which may at first appear unappealing to most customers. Sustaining innovations 

increase the product or service performance enough to sustain the interest of customers 

in iterations. Incremental innovations are small improvements which do not change any 

core functionality. (Satell, 2017)  

Sustaining and incremental innovations often achieve good results when they are based 

on the customers need and the feedback received from earlier versions. In user innova-

tions the user as an innovator has firsthand knowledge of their needs and can create 

variations of the product that suit those needs better. For that reason, user innovations 

can also be an important source of market knowledge and finding out what the users 

want. Von Hippel (1986) discusses user innovations specifically from that standpoint and 

introduces the concept of lead users. His definition of a lead user includes that the user 

faces general needs of a marketplace months or years before the masses encounter 

them and that a lead user can expect to benefit significantly by obtaining a solution to 

their needs (von Hippel, 1986, p. 796). 

The concept of lead users is illustrated in Figure 6 below. Some users will face the gen-

eral needs earlier as a direct result of the diffusion of innovations within a society (Rog-

ers, 2003). Von Hippel (1986) theorizes that users who have the most to gain from a 

solution to a new innovation will have devoted the most resources to understanding it. 

As a consequence, they also will have that understanding and knowledge about user 

needs which is very valuable for market research.  
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Figure 6. Lead user components based on von Hippel (1986) 

The two main components, high expected benefits, and being ahead on an important 

marketplace trend, which define a lead user are highlighted in Figure 6 above. Both of 

these components are measurable, making lead userness a variable that can be used 

to analyze the market. In addition to these components being present the user will need 

access to innovation-relevant resources. Franke et al. (2006) showed that these compo-

nents should be treated independently and proved that they do indicate different things. 

The higher the user can expect the benefits to be, the more likely it is that they will inno-

vate. The more they are ahead of the trend, the more likely it is that their innovations are 

commercially attractive. (Franke et al., 2006) Being ahead of the trend may also increase 

the likelihood to innovate if the users are so much ahead that there are no options avail-

able on the market that would satisfy their needs. 
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3. SOLUTION PROVIDERS IN A SMARTER ELEC-
TRICITY NETWORK 

This chapter covers the necessary knowledge about solution providers who provide 

value to the customers and satisfy their needs. The chapter begins with an overview of 

the smart grid concept and how that is being implemented in Finland particularly. This 

network is the environment of the solution providers and gives an idea of the relation-

ships between actors. Next, in chapter 3.2 demand-side management is explained with 

the different ways that industrial and commercial actors are implementing it. The third 

part of this chapter presents a way to analyse business models of solution providers and 

describes aggregators and energy service companies as new business models in the 

smart grid. 

3.1 The smart grid concept as an environment 

Most of the technologies enabling smart demand-side solutions are a part of the concept 

of smart grid. A smart grid is essentially an electricity network with integrated information 

and communications technology (ICT) devices enabling two-way flow of electricity and 

information for efficient and sustainable delivery (Aboumalik et al., 2019, p. 132; Siano, 

2014, p. 462). Monitoring devices, mainly smart meters, are essential to enable the flow 

of information together with communication technologies. The two-way flow means that 

consumers can have a more active role in the grid and have an efficient impact with their 

own production or DR solutions. To enable sustainable delivery, integration of renewable 

energy sources is an important aspect of smart grid. The implementation of smart grid 

provides value broadly to the different actors in the electricity network. These include 

lower consumption and bills for the customer and lower plant investments for the service 

providers due to lower peak demand (Siano, 2014, p. 632) The level of smart grid adop-

tion varies from country to country. 

The smart grid makes the electricity network more efficient, intelligent, and flexible. The 

main idea is to integrate ICT solutions into the grid to reduce demands and costs and 

give optimal control to the customers and operators with enhanced information flow 

(Cecati et al., 2010, p. 3322). One of the most used high-level concepts of smart grid is 

the model by the United States National Institute of Standards and Technology (NIST). 

This model consists of seven domains all connected with secure communication flows. 

The model separates transmission, distribution including distributed energy resources 

(DER), customer, markets, operations, generation, and service providers. (Gopstein et 
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al., 2020, p. 11) This is illustrated in Figure 7 below. The sheer number of various do-

mains shows how the network is spreading and becoming more distributed while forming 

new connections and ensuring information flow.  

 

Figure 7. Smart grid conceptual model (adapted from Gopstein et al. 2020) 

The European Commission has identified five domains to which smart grid projects can 

be classified. These are smart network management (SNM), demand-side management 

(DSM), integration of distributed generation and storage, electric mobility, and integration 

of large-scale renewable energy sources. (Gangale et al., 2017) In this paper the focus 

is on demand-side management and the latter three domains because they are viable 

also on the household level. SNM projects are related to the operational management to 

ensure preventive maintenance and self-healing for example. DSM includes features 

such as dynamic pricing and advanced metering infrastructure (AMI) to enable it. One 

central feature of a smart grid is a two-way flow of energy and information and a decen-

tralized structure. Distributed generation and storages can be integrated even on a 

household level to ensure reduced power losses and better quality. This also positively 

affects the integration of renewable energy sources. (Ahmad et al., 2017, p. 552; Gan-

gale et al., 2017, p. 43) 

Smart solutions come in many types but the idea behind smartness is to enable auto-

mated decisions and increased information flow between devices. The increased de-

mand for smart devices makes smart solution providers important in the grid. These 

range from smart meters needed for dynamic pricing and information availability to home 
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energy management systems which can be used to control the consumption in house-

hold. More connections and smarter meters increase the information flow in both direc-

tions and between all the actors in the grid. This creates the need for organized data 

management and potential for new service providers. (Gopstein et al., 2020, p. 58) 

In Finland the government has recognized the importance of smart grids and the devel-

opment of the network is done according to the plan of smart grid working group of the 

Ministry of Economic Affairs and Employment (Huttunen et al., 2022, p. 57). The plan 

includes smart meters, aggregators, energy communities, and a customer-driven retail 

market model. The market model relies on the implementation of datahub which simpli-

fies handling of information to all parties involved. (Pahkala et al., 2018, p. 41) The dat-

ahub was made available in February 2022 (Fingrid, 2022a). It is an important piece in 

enabling more efficient services to residential customers. The infrastructure needed for 

smart grid solutions is established to a level that can support the business opportunities 

in demand-side management. The potential market for these solutions is big since the 

customer base includes practically everyone eventually, with over 2.7 million households 

in Finland alone. 

Smart grid also diversifies resources and available options increasing competition and 

innovation and reducing market power of bigger companies (DOE, 2006, p. 27; Gopstein 

et al., 2020, p. 7). The operators also gain benefits from lower costs and have less need 

for capacity investments due to a flatter load curve. Their flexibility and reliability are also 

increased (Niesten & Alkemade, 2016). Smart grid not only offers all these benefits but 

is also necessary to allow for the growth in electricity demand and the integration of 

renewable energy sources (Jensen et al., 2017). The environmental benefits of reduced 

pollution and emissions work towards a greater good. In commercial and industrial sec-

tors this can increase the reputation and brand image of those actors. 

3.2 Demand-side management supporting consumers 

Demand-side management includes everything affecting electricity consumption that can 

be controlled on the demand side. Along with demand response other commonly recog-

nized categories within demand-side management are energy efficiency and microgen-

eration. (Lauby et al., 2013; Saffre & Gedge, 2010) According to York and Kushler (2005, 

p. 2) energy efficiency is about being able to “produce the same or better levels of energy 

services […] using less energy”. Solution providers can focus on offering more energy 

efficient products to make that easier.  
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Other ways to support energy efficiency are analysis tools within an energy information 

system are very useful and can provide calculations such as time series comparison and 

benchmarks. (Palensky & Dietrich, 2011, p. 383) Such tools provide benefits also for the 

residential sector and have been noticed to increase the motivation of consumers to par-

ticipate DSM. (Anda & Temmen, 2014) Energy efficiency can further be improved with 

energy controllers on which the user can for example define device classes based on 

importance. The controller then allows devices of a certain class to be turned on based 

on the current load and set goal. (Palensky & Dietrich, 2011, p. 384) 

Energy efficiency also includes energy conservation which is about reducing demand by 

using less. Energy conservation in households is most of all affected by the consumers’ 

behavior and daily practices. (Palensky & Dietrich, 2011) It is therefore important that 

consumers are motivated and encouraged to participate in energy conservation. A sud-

den change in behavior that would reduce the comfort level of users is unlikely. It can be 

assumed that modifying electrical devices for better efficiency are not the primary target 

of active user innovations since users are not legally allowed to make electrical modifi-

cations. Behavioral innovations are still possible, but it is more difficult for solution pro-

viders to make use of those. 

The operators can establish demand response which can be divided into two categories, 

price-based and incentive-based. (DOE, 2006) In price-based programs the suggested 

consumption patterns are reflected on the time-varying rates of the value of electricity. 

The assumption is that consumers will decrease their electricity consumption during 

higher prices and increase it during lower prices. The different pricing methods are pre-

sented in Figure 8. With the development of smart grid retailers in Finland are able to 

offer day-ahead hourly pricing to households as well. (Annala et al., 2018, p. 2)  

The popularity of dynamic pricing has remained moderate at around 10 % for the last 

four years. (Pantzar, 2022) The effectiveness of price-based programs on household 

consumption has correspondingly been low. The price differences have not been per-

ceived as big enough to account for lower comfort level and change of habits. (Darby & 

McKenna, 2012) During the following years of 2022 however, the share of dynamic pric-

ing and its effectiveness are expected to increase significantly due to the increases in 

price generally. Demand response solutions and energy efficiency are gaining value and 

social attention. 
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Figure 8. Price-based demand response methods (adapted from DOE 2006) 

As depicted in Figure 8 the price-based methods can be divided into static and dynamic 

pricing. The most static method is flat pricing with a constant rate agreed upon for months 

or even years. This does not support demand response but households with these kinds 

of contracts can gain benefits from off-peak consumption through an aggregator for ex-

ample. Time-of-use (TOU) pricing covers all time-varying rates that can be based on 

seasons or time of day (Panda et al., 2022, p. 3732). Typically, the price is higher during 

winter and daytime.  

Critical peak pricing (CPP) can be used in addition to TOU prices. In CPP the usual rates 

get a slight discount but during peak events the price is increased. Participants will get a 

notification of the event typically a day in advance. (Herter, 2007) Day-ahead hourly pric-

ing allows for smarter planning and automated DR solutions. Real-time pricing would 

require more advanced meters and infrastructure. The day-ahead hourly pricing in Fin-

land is going to change into prices that update every 15 minutes during 2025 (Koponen, 

2022). This will enable the prices to reflect more accurately the quick changes in, for 

example, wind power production. 

Palensky and Dietrich (2011) argue that pricing alone is not enough to make the grid as 

flexible as needed. Incentive-based programs form the other half of DSM complementing 

price-based solutions. Customers can voluntarily take part in these programs and give 

more control to the utilities who reward for participation or may penalize for failing to do 

so (Panda et al., 2022, p. 3734). Aggregators can also offer these programs to residential 

customers even if they do not have a dynamic pricing contract. Incentive-based pro-

grams include direct load control, interruptible services, emergency programs, demand 

bidding programs, and capacity market.  
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In direct load control the operator has control of certain electric equipment of the cus-

tomer to shut those down if needed. The number of times or hours of intervention is 

usually limited. Interruptible services are available to larger consumers who get rewarded 

for reducing load to an agreed level. Emergency programs offer additional rewards for 

reducing load during events much like in CPP. In demand bidding programs larger cus-

tomers or aggregators offer load reductions at a price in the wholesale market. In capac-

ity market programs customers reduce load at risk of system contingencies for capacity 

market prices. (DOE, 2006; Han & Piette, 2008, p. 2) Next, let us look at what the different 

stakeholders can do regarding demand-side management. 

3.3 Business models in a smarter electricity network 

A business model refers to the design by which a business creates, delivers, and cap-

tures value (Teece, 2010). The customer and their needs are central to a business model 

as the value is perceived by them and delivered to them. Sjödin et al. (2020) define value 

creation as “the processes aimed at increasing value generation”. The created value is 

realized in the final product or service once it has been delivered and consists of the 

whole experience of the customer. Value delivery is about the processes that ensure that 

the customer gets the value promised at value creation. The design of a product or ser-

vice, delivery, and realization of value are parts of value delivery. Value capture on the 

other hand is defined as “the process of securing profits from value creation and the 

distribution of those profits among participating actors such as providers, customers, and 

partners” (Sjödin et al., 2020). 

Decentralization and increased communication possibilities increase the complexity of 

the network. Especially the large number of households and small impact of a single 

individual cause challenges to the profitable implementation of demand-side manage-

ment from operational point of view (Golmohamadi et al., 2019). As a solution, aggrega-

tors can combine the resources and consumption of these users into one entity. This 

creates more efficient communication networks and the ability to participate in larger 

electricity markets. (Gopstein et al., 2020, p. 102; Pahkala et al., 2018, p. 18)  

The system can be viewed from at least three point of views on the level of an operator, 

an aggregator, and a household. Each of these actors has their own goals. The operator 

(DSO) which is responsible for the balance in the network wants to minimize its costs by 

buying electricity at a low cost. Aggregators want to maximize their profit which is the 

difference between compensations from the operator and paid rewards to the users. The 

users want to minimize their costs without too much impact on their convenience and 

comfort levels. In households the acceptable comfort level is a subjective matter. 
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Aggregators are larger customers in the power market which can bring more of the in-

centive-based DR programs available to small residential customers. With the combined 

flexibility, aggregators can utilize direct load control, interruptible services, and demand 

bidding programs (Siano, 2014, p. 462). Based on this setting, Gkatzikis et al. (2013) 

present a demand response market model. In this model the aggregators act as service 

providers of the demand response solutions to the households. The aggregators can 

provide necessary ICT and information to the customers for the system to work. In the 

proposed model in a day-ahead market the operator rewards aggregators based on its 

cost reductions, and aggregators negotiate with users to achieve the desired load pat-

tern.   

Golmohamadi et al. (2019) present an optimized model for aggregators that can be 

viewed as complementing the one by Gkatzikis et al. (2013). The most significant addi-

tion in this model for the households is the home energy management system. HEMS is 

important in household demand response solutions for most people who do not have the 

interest to manually make changes in electricity consumption. It also adds more possi-

bilities to the control options available to the aggregators. 

Okur et al (2021) have researched the business models of aggregators. An aggregator 

creates value for the consumer, the operators, and the aggregator themselves if they are 

able to capture it. The consumer perceives value in savings on electricity bills. The op-

erators on the other hand get value from increased flexibility and power reserves. The 

value is delivered by planning the operational model efficiently and connecting multiple 

consumers to the system. The value can be captured by charging a fee from the con-

sumers and from the operators. (Okur et al., 2021) 

Smart grid and the new demands for flexibility are driving servitization within electricity 

companies. This is changing the role of suppliers and operators. New companies are 

formed with service business models to optimize the consumption of energy. These com-

panies are called energy service companies (ESCOs). Examples of services that ESCOs 

provide include consumption analysis and audits, energy management, property man-

agement, and provision of services such as heating or lighting. (Heiskanen & Matschoss, 

2016) These services are offered mainly to the industrial and commercial customers. 

Servitization also changes how the companies view customers. They no longer just have 

the need for different levels of electricity but also for different services which may lead to 

different categorizations of customers.  
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In addition to these solution providers there are the manufacturers of smart devices and 

EVs who enable home energy management for their part. Their business model compo-

nents are typically those traditional for manufacturers. Value is created through products 

that satisfy the users’ needs. It is delivered with efficient production and delivery methods 

and captured with a one-time payment. Electricity retailers are also traditional and nec-

essary actors in the electricity network. They deliver the electricity to consumers who 

have no other way of getting it. Retailers usually use contracts with monthly payments to 

capture the value. 
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4. VIRTUAL COMMUNITIES ENABLING CO-DE-
VELOPMENT 

The current socioeconomic situation and the stage of smart DSM innovations provides 

excellent ground for new innovations and consumer involvement. Consumers are more 

motivated with the high increases in prices. Combined with virtual community platforms 

such as social media applications there seem to be great opportunities for co-develop-

ment. This chapter explores the literature about virtual communities, knowledge sharing, 

and co-development. Chapter 4.1 is about virtual communities, knowledge sharing, and 

how different platforms are used by consumers and solution providers. Chapter 4.2 goes 

to explore different forms of co-development and the utilization of user innovations by 

solution providers. Finally, chapter 4.3 ends the literature review with a summary of in-

teraction in virtual communities. 

4.1 Virtual communities and knowledge sharing 

Rheingold (2000) defines virtual communities as “social aggregations that emerge from 

the Internet when enough people carry on public discussions long enough, with sufficient 

human feeling, to form webs of personal relationships in cyberspace”. As Roy (2010) 

notes, sufficient human feeling may not be needed in the definition, and the personal 

relationships are the most important aspect of it. Forming communities and relationships 

has always been essential for humans and allows faster development and innovation. 

Communication leading into knowledge sharing and learning is made more efficient 

through technology which eliminates the need to be in a close geographical proximity 

(Rheingold, 2000).  

Nowadays it is natural for people who grow up with social media to belong in many online 

communities and virtual networks. These communities differ in many aspects such as 

whether they are formal, commercial, or public. Also, the motivations, typical mode of 

participation, and characteristics vary naturally. (Roy, 2010) Since lead users are most 

likely to innovate, the most likely communities to support innovations are those where 

lead users can share their ideas and seek support (von Hippel, 1986). Lead users also 

share the same interest which makes them more likely to interact with each other more 

consistently as Singla and Richardson (2008) found. In these groups the likely motivation 

for joining the community is information collecting and sharing on the topic of interest. 

Examples of informative and formal community include communities of practice which 
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can be supported by companies and used for work. More public communities can attract 

members with different motives. 

That the members of a community are willing to share their knowledge cannot be taken 

for granted. Members know that the knowledge is valuable and need sufficient motivation 

to share it to others. Similar to the user innovation theory, higher expected benefits can 

increase the quantity and quality of knowledge shared. Interestingly, Chiu et al. (2006) 

found that this was especially true in virtual communities of practice if the contributor 

could expect higher benefits for the community rather than for themselves. They also 

found that social capital factors including social interaction ties, norm of reciprocity, and 

group identification play a significant role in quantity of knowledge sharing while trust 

between members is not that important. (Chiu et al., 2006) Chen and Hung (2010) con-

ducted a similar study and found results that support those of Chiu et al. (2006) with the 

additions of trust and perceived benefits affecting knowledge collection a lot. It seems 

that many are willing to share knowledge especially if they have social capital but col-

lecting and utilizing knowledge requires also trust and perceived benefits. Knowledge 

utilization is also likely to lead into promoting the community to others. (Chen & Hung, 

2010) At least in professional communities those with useful information are more likely 

to be advertised about to friends. 

In studying social media usage of university applicants, Ma and Chan (2014) found that 

altruism has a clear connection to knowledge sharing behaviour. Also, in case the user 

perceives that their sense of communion can be improved and that they can persist in a 

relationship with others the likelihood of knowledge sharing is increased. (Ma & Chan, 

2014) Many groups focused on sharing information and helping each other with for ex-

ample software problems are open but also have knowledgeable members. In these 

cases, many of the factors listed above will affect knowledge sharing. The motivation for 

sharing knowledge in a virtual community seems to be found in intrinsic sources such as 

sharing for enjoyment, self-efficacy, and a sense of connection, but also in extrinsic in-

cluding reciprocity and gaining social capital. The findings of Nguyen et al. (2019) support 

this and add that extrinsic motivation strengthens intrinsic. Increased knowledge sharing 

leads to members gaining more social capital and as a consequence more likely to share 

knowledge. Gaining knowledge within a community from other users interested in the 

same topics and problems is essential for spurring innovation and creation of new 

knowledge. 

Social media and online communities offer significant possibilities for companies to in-

teract with their customers and practice new ways of marketing. Culnan et al. (2010) 
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suggest three elements that companies can use for effective social media implementa-

tion. The three elements are mindful adoption to match the social media with culture and 

strategy, community building to engage customers with interesting content, and absorp-

tive capacity for acquiring knowledge and analysing content. These are focused on cre-

ating and maintaining communities around companies own social media pages or pro-

files. Alalwan et al. (2017) also highlight the effect of advertising, branding, and customer 

relationship management within social media. These actions can create a valuable pres-

ence and even direct revenue from advertising in certain business models but ignore to 

some extent the input that members of the community provide. Virtual communities can 

contain vast amounts of valuable information to their members and companies whose 

potential users the members are. It is therefore important to identify how companies 

should interact with and participate in these communities.  

Mention et al. (2019) propose a framework for integrating social media and innovation 

strategies. First, sensing capabilities help in sensing and shaping opportunities by ob-

serving trends and preferences or participating in conversations and idea generation. 

Second, seizing capabilities are used to seize the sensed capabilities through spreading 

information, connecting to the right stakeholders and value co-creation. Third, reconfig-

uration capabilities take the seized opportunities and make them a part of the firm’s pro-

cesses and enable open innovation. These capabilities can be practiced on macro level 

with trends, on meso level with customers and stakeholders, and on micro level within 

innovation communities. (Mention et al., 2019) This kind of a comprehensive framework 

enables firms to identify trends, make forecasts and participate on the micro level to see 

the current state of development, and be the first to seize the opportunities. 

4.2 Co-development of demand-side solutions 

Product development leans much on innovations. The models or movements around 

innovation could be divided into private investments and collective action (von Hippel & 

von Krogh, 2003). The most traditional thinking of innovations revolves around the model 

of private investments. Here the assumption is that the results generated by innovations 

which were achieved through private investments are private as well. In private invest-

ment model the motivation to innovate is usually not personal since the goal is to make 

profit for the organization putting the organization’s needs first. The investor gets rights 

to that innovation which others recognize (Demsetz, 1974). This results in extensive 

means of protecting those rights and making sure that no information about the innova-

tion is leaked.  
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Innovation rights are protected with intellectual property law mechanisms including pa-

tents, copyrights, and trade secrets (Grindley & Teece, 1997). This results in temporary 

monopolistic profits and acts towards limiting competition to some extent. Keeping infor-

mation about innovations private also possibly slows down further development. Re-

cently intellectual property has also been used for trading in auctions (Gassmann et al., 

2010). Manufacturers are the most common private investment innovators because they 

typically have the required structures for larger scale manufacturing and distribution to a 

market. Thus, they have very high expected benefits which makes them likely user inno-

vators. They can also spread the development costs over larger amounts of units. For 

users to benefit of innovations with the private investment model they might have to in-

vest in intellectual property protection, and they would most likely not have a wide market 

to sell to. The costs of innovation can grow too high for any individual. In communities or 

in co-development the costs can be shared by allowing someone else to implement a 

certain part of the solution. This also makes it possible to develop more complex products 

than any individual could manage. 

Collective action typically takes place as a social movement to tackle problems, for ex-

ample injustice among social groups, and it has been studied in the social movement 

literature. However, collective action has interesting similarities with innovation which 

Hargrave and Van de Ven (2006) have identified. In the case of demand response solu-

tions much of the responsibility to act is on the demand side meaning the user. This calls 

for change in the behaviour of users. Therefore, there is a need for collective action that 

drives this change and utilizes innovations. Collective action can also take place without 

organization or organizing when individuals work for their own benefit which also sup-

ports a greater cause. The sum of these activities causes an effect that can afterwards 

be clearly seen on the whole system as Wilhoit and Kisselburgh (2015) highlight in their 

case study of bike commuters. When others see the benefits of the individual actions or 

hear about them the solutions may start diffusing within the system forming an S-curve. 

This is likely to happen also with demand response solutions. 

Combining both the private investment and collective action innovation models are the 

private-collective models. Usually, the private investment part of private-collective inno-

vation is that the participants use their own resources to invest in the process. The col-

lective action part comes from free revealing of the results which drives the public good. 

(von Hippel & von Krogh, 2003) A broader categorization of these models is the open 

innovation defined by Chesbrough et al. (2006) as “… the use of purposive inflows and 
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outflows of knowledge to accelerate internal innovation, and expand the markets for ex-

ternal use of innovation, respectively”. Open innovation makes innovation processes 

more flexible and utilizes all sources of creative input efficiently.  

The utilization of many inflows is very supportive of alliances and partnerships in re-

search and development (Gassmann et al., 2010). These collaborations include vertical 

alliances along the supply chain, cross-industry partnerships, and interaction with cus-

tomers. Software development for example has many practices that are in line with the 

principles of open innovation. Iterative and agile development, as well as open source 

software encourage open innovation. Open innovation is more attractive to users than 

manufacturers since for manufacturers there are less options available for making profit. 

Open source software is mostly developed as a kind of collective user innovation that 

takes place in online communities to create software solutions for their or their organiza-

tions’ needs. The term open source software is applied to any software licensed under 

open source licenses which convey rights to use the software at no cost, and to study 

and modify its source code (von Hippel & von Krogh, 2003, p. 210).  Not all the develop-

ers are necessarily users of the software since it is freely accessible to all. In open source 

the developers as the innovators are often motivated by their personal interest towards 

the project and developing their skills. Individuals can be motivated by achieving the 

goals of organizations but working on something that they have selected themselves is 

more likely to be motivating. User innovators can get joy and pleasure out of learning 

about interesting topics, and satisfaction when they have working results that fit their 

needs. 

Von Hippel and von Krogh (2003) categorize open source development as private-col-

lective innovation. Based on the view of Gassmann et al. (2010) open source is also a 

part of the open innovation paradigm. Open innovation is made possible with private 

investments, and when looking at innovation from the perspective of private investment 

model it makes no sense to share any information about the innovation. Avoiding any 

information leaks ensures that all possibilities to make profit out of that innovation stay 

inside. Still, all information is shared for free in the open innovation model. To explain 

this behavior there must be other benefits available to those who share freely. With free 

sharing of open innovation comes the possibility to free ride. In open source development 

this means that users could download the final product and use it without contributing 

anything to the project themselves. In fact, most who download open source software 

are indeed free riders (von Hippel & von Krogh, 2003, p. 211).  
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Gambardella et al. (2017) studied the impact of user innovation on markets and how it 

relates to traditional producer innovation. The two paradigms are illustrated in Figure 9. 

The user innovation includes only user activities, which have been found to begin before 

the producer activities do. In the centre of this illustration both parties are interested in 

innovation which can result in an open collaborative user innovation process that can 

also be called co-development. In this process innovation support and designs are trans-

ferred between parties. Users are often willing to reveal innovation designs for free. The 

producers can support this activity with information, platforms, and tools. (Gambardella 

et al., 2017) 

 

Figure 9. User and producer innovation and diffusion (adapted from Gambardella et 
al. 2017) 

Businesses should be interested in doing research with lead users in virtual communities 

for a couple of reasons. Firstly, since lead users are ahead of the trend, they offer pos-

sibilities to see the general needs of the market beforehand. Secondly, many of the user 

innovations are commercially attractive as proven by experts in for example Franke et 

al. (2006). To engage in co-development in virtual communities, the businesses should 

understand some principles for practice. The value of the community is based on contri-

butions of the members, so businesses should also think of ways to contribute. It is also 

important to have an open culture which gives the users a chance to impact product 

development and is willing to experiment (Spaulding, 2010). Closer interaction with the 

users can result in products that have value to them. 
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4.3 Summary of interaction in virtual communities 

The whole idea of interaction in virtual communities that takes place between users and 

solution providers based on all the theory discussed above is illustrated below in Figure 

10. The purpose of Figure 10 is to be a framework and summary of the interaction which 

will then be taken another look back at chapter 6 after the results. Next, the illustration is 

explained in more detail. 

 

 

Figure 10. User innovation in online communities’ framework 

The grey pillars in Figure 10 represent the areas where different actors can be found. 

The actors participate in actions and gain something as a result of interacting with each 

other which is illustrated with the arrows going from one pillar to another. The actors are 

simplistically divided into two groups which are the users and the solution providers. On 

the leftmost pillar are the users of whom the most important groups are lead users and 

the majorities. The idea of lead users is based on Von Hippel’s (1986) research on lead 

users and the studies following that. This is connected to Rogers’ (2003) diffusion of 

innovations theory in which lead users are the very first adopters who can also be called 



36 
 

the innovators. Moore (2014) highlighted the chasm between early adopters and the ma-

jorities which are the second group in Figure 10. The chasm is an important concept in 

this context because the diffusion of home energy management solutions seems to cur-

rently reside in that chasm. It could be crossed by spreading information between users 

and developing the innovations into more stable and easily accessible forms. 

The center pillar in Figure 10 hosts virtual community platforms. These are different plat-

forms which enable the forming of communities. First, open source development plat-

forms that make communication possible and efficient for the contributors of an open 

source project (An et al., 2011). Second, social media platforms enable communities of 

various scales, types, and around different interests. Users turn to social media for var-

ying needs such as connecting with others, being entertained, or discussing a certain 

topic. Mention et al. (2019) research on innovation and social media is especially relevant 

to this study. The third platforms are the forums. They have usually more strictly defined 

discussion areas for certain topics running on threads. Hyysalo et al. (2013) have re-

searched Finnish forums in a way that is helpful for this study.  

The third pillar contains solution providers. These include the aggregator which was dis-

cussed in chapter 3.3. Okur et al. (2021) study summarizes well the purpose and busi-

ness model of an aggregator. Then there are electricity retailers who sell the electricity 

to consumers and can also offer additional services (Gangale et al., 2017). Third, this 

category includes electric vehicle and smart device manufacturers who create the hard-

ware necessary for energy management (Niesten & Alkemade, 2016). These actors 

could also possibly participate in co-development with the users. Finally, there are the 

energy service companies who were also discussed in chapter 3.3 mainly supported by 

Heiskanen and Matschoss’ (2016) article. 

The activities from the user side to the virtual communities are based around knowledge 

sharing through discussion on those platforms. Especially the input of sharing experi-

ences is a way of knowledge sharing. As said in chapter 4.1, expected benefits of reci-

procity and social capital increase knowledge sharing (Chiu et al., 2006). This has more 

weight when the participants share the same interests. Wu et al. (2019) found supporting 

results in their research. They found that interpersonal trust and the norm of reciprocity 

within a community increased knowledge sharing and longtime participation. Knowledge 

sharing is likely easier to do in a virtual community. You can reach a larger audience who 

all get to say something if they want, and there is less concern of shame or loss of face 

as Wu et al. (2019) put it. 
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As a result of knowledge sharing the participants usually learn something. Those follow-

ing the discussion can learn from others and even those who are share knowledge can 

learn and find new perspectives in situations that can resemble teaching (Nguyen et al., 

2019). Learning is one of the main benefits of being a part of a community especially 

when the group is centered around a topic of interest. On the solution provider side there 

are multiple opportunities for learning within virtual communities. Collecting feedback 

and gaining market knowledge are two examples of this highlighted in Figure 10. The 

willingness of users to express opinions contributes to these opportunities greatly (Luarn 

& Hsieh, 2014) 

Connecting with others takes place on the community platforms and between any users 

including solution provider representatives. This represents the social perspective to vir-

tual communities. Connections create the sense of a community and belonging to a 

group. (Letch, 2006) This is not separate from other activities such as knowledge sharing 

since being active within the group’s discussions is one of the most essential ways of 

forming connections (Ma & Chan, 2014) Connections have value and increase the social 

capital of users. 

The idea of iterative innovation comes from users sharing solutions and then developing 

those further. The solution providers can participate in this in co-development processes 

(Gambardella et al., 2017). Part of this is also the ability to identify commercially attractive 

innovations which the solution providers can then turn into commercial solutions. These 

are also connected to the activity of observing and participating. Solution providers can 

choose where to participate and the model of (Mention et al., 2019) presented in chapter 

4.1 is useful here. One more activity that the solution providers can engage in is market-

ing through creating their own content within virtual communities or by directly targeting 

individual users (Alalwan et al., 2017). 
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5. RESEARCH METHODOLOGY 

This chapter covers all aspects of research methodology to clarify how the research was 

designed and conducted. This also helps in understanding some of the underlying as-

sumptions related to the research philosophy. Saunders et al. (2019) research onion 

model was used as a framework to make these methodological choices. The research 

process is presented in chapter 5.1 as well as the research philosophy and chosen the-

ory development method. In chapter 5.2 the research strategy, time horizon, and purpose 

of the chosen method are described. All the choices are made first of all to support 

achieving the research objectives and secondly to complement each other seamlessly. 

In chapter 5.3 I go over the data collection method which is semi-structured interviews. 

The data analysis techniques and process are described in chapter 5.4. Finally, in chap-

ter 5.5 I analyze the validity and reliability of chosen methodology to define the expected 

quality of this research. 

5.1 Research design and strategy 

The research process consists of a literature review, data collection, data analysis, and 

synthesis to make conclusions. These phases are documented in this paper in respective 

order. The process begun in November of 2022 after it had become evident that there 

was a need for this study. The literature review took largely place in late 2022 and Jan-

uary 2023. Some room was left for later modification or more specific information needs 

during the iterative process of data gathering and analysis. The literature used consists 

mostly of scientific journal articles and some books published mainly between years 2010 

and 2022. The emphasis on especially the demand response solutions was on more 

recent papers to find information on up-to-date technologies. A couple magazines were 

also used to find out how demand response is viewed in the public. The interview ques-

tions were then created and linked to the theory to compare practice to theoretical find-

ings. The interviews were conducted in February and March of 2023 with data analysis 

continuing simultaneously. The writing process continued throughout the research pro-

cess and was finalized in April. 

The research philosophy behind this study is based on pragmatism. Pragmatism puts a 

lot of value on practical use of knowledge and problem solving. In pragmatism the rele-

vant concepts enable successful action. (Saunders et al., 2019, p. 145) In the beginning 

of pragmatic research there is a problem. In this case the problem is that it is not clear 
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how user innovations and interaction could be beneficial for companies working with de-

mand response. The research questions also are in line with pragmatism in asking how 

these issues are currently and how companies can benefit from the results. As a result 

of this study companies can find insight on how they could act to utilize user innovations 

and interact with virtual communities in practice. This will achieve the goal of pragmatism 

in making a useful difference to practice.  

In pragmatism, the role of the researcher is to lead the research driven by their own 

doubt and belief. The research often begins with the researcher sensing something that 

is wrong in the current actions and practices (Elkjaer & Simpson, 2011). In this study the 

problem was that user innovations could be utilized more in demand side management. 

Since pragmatic research does not limit the means of conducting research and empha-

sizes the results, there is also variation in how objectivist or subjectivist the research is 

(Saunders et al., 2019, p. 151). Objectivism and subjectivism can be combined by taking 

the best practices suited for solving the current problem. In addition, pragmatism does 

not restrict the following methodological choices. In pragmatism, the best methods are 

those that best support finding practical solutions and outcomes. (Saunders et al., 2019, 

p. 151) 

The theory development method that best fits the needs of this study is abduction. Ab-

duction combines the other two major theory development approaches, deduction, and 

induction (Suddaby, 2006). In deduction, the theories are confirmed with data, and in 

induction the data is used to form a theory. Combining these methods is well suited for 

the paradigm of pragmatism since the researcher can pick the best practices. In abduc-

tion the researcher is prepared for surprising facts that can be uncovered at any stage. 

These surprising facts are then the key points of interest that are explained with plausible 

theories (Saunders et al., 2019, p. 155). Abductive research moves back and forth be-

tween deduction and induction forming an iterative process. The interview process itself 

was also iterative so that the interview question outline was refined after any new 

thoughts occurred during the process. 

The central methodological choices constituting the research design and factors affect-

ing them are summarized in Figure 11. Philosophy is personal and connected directly to 

the researcher’s assumptions about nature of knowledge and truth as his stance and 

philosophical position (Saunders et al., 2019, p. 131). The choice could be made after 

becoming familiar with common philosophies and identifying assumptions. The research 

problem is the essence of this study, and all choices should support solving it in the best 

way possible. This idea in itself is very practical and fits within pragmatism well. Some 

constraints were also known from the beginning regarding time and scope. This affected 
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the choices of theory development approach and data collection method. The data col-

lection and analysis had to be completed within a couple of months. 

 

 

Figure 11. Methodological choices 

Semi-structured interviews were chosen as the data collection method. This choice was 

made because semi-structured interviews offer the interviewees the chance to explain 

their experiences in their own words while the researcher also has the chance to make 

further questions and go into more detail on interesting and surprising aspects (Saunders 

et al., 2019, p. 444). The main disadvantages of semi-structured interviews include that 

they take a lot of time and effort, and the interviewed group size is smaller than for ex-

ample with surveys. However, semi-structured interviews are great for more in-depth 

exploration and getting to know the interviewees’ individual thoughts. (Adams, 2015) This 

suited well the purpose of this research and the types of interviewees. 

Since only one data collection method was used for this study, the strategy is defined as 

a mono method qualitative research (Saunders et al., 2019, p. 179). The study is also 

exploratory since the aim is to gain insights with open questions. The research questions 

aim at explanations and the interview questions are also designed to gather individual 

views and experiences. The time horizon of this study is cross-sectional, since the phe-

nomenon is studied at this particular time, and not over a longer period. 

5.2 Data collection 

The interviews were divided into two groups, consumers, and solution providers i.e., 

companies offering demand side management solutions to households. Both perspec-

tives needed to be included to get comprehensive answers to the research questions. 

The chosen consumers were active participants in a virtual community and were evalu-
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ated based on their profiles to be likely to participate in innovation activity and co-crea-

tion. Consumer side could provide answers to development process of demand side so-

lutions, and what are the most common solutions. The solution providers were chosen 

based on their offering and how much potential it had to impact the consumption of 

household consumers. The views of this side were needed to get a different perspective 

on development process of demand side solutions and to evaluate how companies can 

benefit from user innovations. 

The sampling technique used was non-probability sampling, meaning that the samples 

were not selected randomly. The common attributes of interviewees were listed above. 

Since I was looking for a set of interviewees who were similar to each other, I was using 

homogeneous purposive sampling (Saunders et al., 2019, p. 321). This sampling tech-

nique was used separately on consumers and solution providers since those two groups 

had different characteristics that were sought after. Homogeneous purposive sampling 

enables in-depth exploration and identifying minor differences within the sample set 

(Saunders et al., 2019, p. 318). This was most helpful towards reaching the research 

objective of getting a clear in-depth understanding of user innovation development and 

user innovators. Therefore, the criteria for a consumer interviewee candidate were that 

they should be an active member in a community and a likely innovator. In solution pro-

viders I chose to contact the founders of companies since they would have been devel-

oping the product since the beginning and are likely to know their goals and processes 

very well. The sampling was done until results begun to saturate and also considering 

the time and scope constraints of this study. The final number of interviewees was 14. 

Since the information sought from consumers and solution providers is different, and 

both can offer valuable insights on different perspectives, different question outlines were 

used for each group. According to the principles of semi-structured interviews, the inter-

view questions were grouped into themes. For consumers, these themes included back-

ground, demand response, innovations, and virtual communities. For solution providers, 

all other themes remained the same, but the theme of innovations was replaced by 

theme of customers. In the innovations theme the focus was on consumer’s potential 

user innovations, their development process, challenges, and scalability. On the other 

hand, in the customers theme the focus was on mapping the customers and conversing 

about their existing or potential role in product development and research. The question 

outline was first produced for consumers, and then for solution providers to get their 

perspective on the same themes with slightly different questions. The question outlines 

are presented in appendices A and B. 
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Tables 1 and 2 below summarize the details of all the consumers interviewed. The con-

sumers were found and contacted via Facebook, since Facebook groups are the largest 

virtual communities around electricity consumption in Finland. 18 users were contacted 

of whom 7 accepted the invitation, 2 refused, and 9 did not respond. The interviews 

begun late January and there were days between the first and second interview to adjust 

the question outline. The consumer interviews lasted until the 8th of February. All the 

interviews were held online via Microsoft Teams. Teams was used to record the meet-

ings and to produce a transcription of speech in real-time. The average interview lasted 

55 minutes.  

Table 1. Summary of consumers interviewed 

Index Date Age Group Gender Duration 

UI1 26.1.2023 26–35 Male 43 min 

UI2 

UI3 

UI4 

UI5 

UI6 

UI7 

2.2.2023 

3.2.2023 

3.2.2023 

6.2.2023 

8.2.2023 

13.2.2023 

36–45 

36–45 

46–55 

46–55 

46–55 

36–45 

Male 

Male 

Male 

Male 

Male 

Male 

55 min 

59 min 

47 min 

56 min 

58 min 

63 min 

 

Table 2. Profession and house type of consumers interviewed 

Index Education level Professional field House type House size 

UI1 Master’s Degree Software Engineering Row house 75 m2  

UI2 Master’s Degree Energy Industry Semidetached 148 m2 

UI3 Master’s Degree Information Technology Detached 210 m2 

UI4 Bachelor’s Degree On pension Flat 27 m2 

UI5 Vocational Telecommunications Detached 230 m2 

UI6 
General Upper 
Secondary 

Security automation Semidetached 165 m2 

UI7 Bachelor’s Degree Information Technology Detached 120 m2 

 

In Table 3 there is a summary of all the solution providers interviewed. With solution 

providers, the challenge was to discover the most suitable companies that provided ser-

vices to households. The process was started in January and the first solution provider 

interview was held on the 2nd of February. The last solution provider interview was held 

on the 23rd of February. From each company, one person was selected to be contacted, 
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and that person was preferably the founder. They were contacted via email. 12 persons 

were contacted and 7 accepted the invitation while 5 did not respond.  

Table 3. Summary of solution providers interviewed 

Index Date Offering Age (years) Employees Duration 

CI1 2.2.2023 Consumption optimization 0–2 1–10 49 min 

CI2 

CI3 

CI4 

CI5 

CI6 

CI7 

8.2.2023 

9.2.2023 

10.2.2023 

13.2.2023 

16.2.2023 

23.2.2023 

Consumption optimization 

Consumption optimization 

Consumption optimization 

Consumption metering 

Consumption optimization 

Electrical contracting 

0–2 

6–10 

3–5 

6–10 

6–10 

6–10 

1–10 

1–10 

1–10 

11–30 

1–10 

11–30 

59 min 

76 min 

48 min 

33 min 

54 min 

45 min 

 

All but one interview was held online as Microsoft Teams meetings to utilize the same 

recording and transcription features as with consumers. The exception was a face-to-

face interview, but it was still recorded and transcribed via Microsoft Teams. The com-

panies represented were rather new, on average they had been working for 5 years, and 

many consumption optimization solutions had been founded within the last year. In the 

case of CI4 and CI6 the company itself was in an older age group but the solution was 

in 0–2 year age group. The average duration of an interview was 52 minutes. 

5.3 Data analysis 

Qualitative data analysis was used because the data collected was descriptive and 

based on individual experiences and the objective is to generate understanding of a phe-

nomenon based on those experiences. Visual and verbal data was available through the 

recordings, but it was decided that textual data would be the best suited for reaching the 

objectives. Therefore, the analysis process begun by transcribing the spoken words into 

text. It was important to have the data as written text to be able to analyze it with software 

and I was only interested in the meaning of text, and not sounds or visual data. The 

transcription process was automatized with Microsoft Office tools. First, I used Microsoft 

Word which produced a transcription with notations for different speakers and 

timestamps of speech. The subscription to that service had a limit of 300 minutes a 

month, so after exceeding that I used Microsoft Teams transcription service instead. 

Teams had less options for the final product, but it was still accurate and produced 

timestamps which also marked any pauses between words even if they were in the mid-

dle of a sentence. 
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All the interviews were held in Finnish and were not translated for the purposes of data 

analysis. Only the direct quotes in this paper were translated to English. After transcribing 

the interviews, the analysis process was continued by coding the data following the 

framework of thematic analysis. In thematic analysis the researcher first becomes famil-

iar with the data, then searches themes and relationships, and tests propositions from 

the patterns (Saunders et al., 2019, p. 651). Themes are “… patterns or meanings de-

rived from a data set that answer a research question” (Kiger & Varpio, 2020). Coding is 

part of becoming familiar with the data, and there are a few ways to generate codes. 

Most of the codes in this study were generated a priori, before analysis based on the 

existing theory. In total, 23 codes were a priori codes. Four themes were recognized 

based on the research questions and objectives. These were the user’s environment as 

in elements describing the household, lead userness, virtual communities, and solutions. 

As the analysis continued, few codes were added based on what emerged from the in-

terviews. Some codes were also combined with others that seemed to apply to very 

similar data.  

The final code set consisted of 37 codes. Of these codes 5 were for the themes that were 

not used to code any single units of data. The codes can be found from Appendix B. The 

environment theme was used with slightly different codes for consumers and solution 

providers. All other codes were applied for both consumers and solution providers. The 

theme of lead userness was also divided into two sub-themes, being ahead of the trend 

and expected benefits. The data analysis and coding were done using computer-aided 

qualitative data analysis software, MAXQDA. 

5.4 Validity and reliability of methodology 

Reliability of semi-structured interviews can and should always be questioned, since 

there is little standardization in the way data is collected (Saunders et al., 2019, p. 447). 

All the questions asked were not always exactly the same, so it is not certain that another 

researcher would get the exact same answers. However, the interview structures were 

planned to guide the interviews towards the essential topics. The most important an-

swers that help answering the research questions would still be likely to always come up 

and the variance in details can enrich the results.  

Reliability is also related to different biases such as interviewer bias, interviewee bias, 

and participation bias. These were considered and minimized while planning and con-

ducting the interviews. By acknowledging the common interviewer bias of behavior and 

speech the interviewer can prevent those by staying neutral (Saunders et al., 2019, p. 

447). Interviewee bias, which could result from an intrusive interview could be avoided 



45 
 

by planning the questions so that trust can be built and nothing too personal is asked. 

There was no need to go deep into personal subjects to achieve the research objective. 

Participation bias could be prevented by planning the sampling so that the interviewees 

were interested to participate. 

Validity was considered with careful planning of the interview question outlines and in 

planning the environment and context of the interviews. The interviews were decided to 

hold online to enable both parties to set up a comfortable environment for themselves. 

As a part of the interview, I would also explain the purpose of the research and data 

collection. The interviewees were also given a privacy notice which stated their rights to 

the data. All these factors should generate trust and rapport which increases the chances 

of achieving a high level of validity (Saunders et al., 2019, p. 451). The question outline 

was designed to address all aspects that could affect the results. Using a different ques-

tion outline for consumers and solution providers ensured that different perspectives 

were handled properly. The questions also probed around different areas of the same 

themes which increases the validity of results. 
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6. RESULTS 

In this chapter the findings of the research are stated. They are presented as they were 

received during the data collection stage. Further discussion and deductions from the 

results can be found in chapter 7. The interviews were analysed and summarised to 

highlight the most important results here. This chapter is filled with direct quotes from the 

interviewees to let them use their own words where best suited. The first two subchapters 

consist mainly of the consumer interview results, and the two after those of the solution 

provider interviews. They are not kept completely separated however to allow the differ-

ent interviews to complement each other. The results are presented in an order that 

follows the order of research questions and objectives to make their further analysis log-

ical. The objectives were to describe the user innovation processes in virtual communi-

ties, then the solutions on a general level, and the related business potential.  

6.1 Description of user innovators and virtual communities 

First, let us take a look at who the innovators are and their lead user characteristics 

according to the theory by von Hippel (1986). After this, the motivation and commonly 

required skills are stated. Finally, the actual innovation process is presented as well as 

the role of virtual communities and businesses in the process.  

6.1.1 Characteristics of user innovators 
Six out of seven consumers interviewed stated that they have made some innovations 

or modifications of their own. The exception was UI4 who had such a low consumption 

of electricity that he perceived the benefits of such innovations would be too small. He 

was still interested in consumption optimization and offered valuable insight into virtual 

communities. There were user innovators among the solution providers as well. Four out 

of seven interviewees had developed their solution for their own needs and then formed 

a business around it. These cases could be analyzed to find any significant characteris-

tics that make a successful innovation. 

To find out user innovator traits, the interviews were coded under themes of being ahead 

of the trend and expected benefits. Being ahead of the trend was broken down into codes 

that marked experience from work, own interest towards technology, attitude towards 

new technology and consumption, and knowledge of the subject. In Figure 12 the inter-

viewees have been mapped based on how much interest towards energy management 

they showed, and how much experience they had from work and previous skills. Higher 
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interest and positive attitude placed the interviewee higher, and the amount of experi-

ence grows from left to right.  

The mapping was done by summarizing the coded sections of being ahead of the trend 

and expected benefits for each individual interviewee. The interviewees were then given 

points from 0 to 10 on the categories of work and skills, and interest and attitude. 0 would 

be a neutral attitude towards innovation and new technologies. Regarding work and skills 

0 would mean that their experience does not help their innovation skills at all regarding 

energy management. The best suited skills seemed to be software development, auto-

mation, and having education in electrical installations. A user innovator with the best 

skillset for energy management would be an electrician with programming skills. 

 

Figure 12. Interviewees' innovation capabilities 

However, none of the interviewees was an electrician. There did not seem to be electri-

cians at all in the set of potential interviewees either. Software engineers were much 

more common, and programming is also a skill that can be learned on your own. Three 

of the seven interviewees were software engineers by profession, and one was a tele-

communications engineer. One worked with automation and robotics. Engineers were 

quite common in this field and more likely to have required skills and interest to innovate. 

UI2 and UI4 had jobs and positions of responsibility which required and provided a lot of 

knowledge about the energy markets. This was not as beneficial to innovation as other 

professions. UI6 had high interest and required knowledge as can be seen from Figure 

12. He described his background followingly: 
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“My father was developing district heating solutions and calculation stuff related 

to that at one time. And I did like different calculation software for him and also 

sold those to Fortum and Helen and so on so it’s kind of a familiar world.” (UI6) 

In the case of user innovators, related work experience was positively correlated with 

interest and positive attitude towards technology such as smart homes. Few of the solu-

tion provider interviewees also had previous jobs such as software engineer which 

helped them develop the solution as a user that they ended up offering to larger audi-

ences. The attitude towards new technology was overall positive, and the interviewees 

saw possibilities in optimization and automation. The most positive views were those of 

UI3, UI6, and UI1 who are at the top right corner in Figure 12. They also had a lot of 

knowledge and experience with software, and that only reinforced their positive views. 

UI1 summarized the attitude with: 

“It’s completely just up to imagination in what kinds of different automation solu-

tions you can build” (UI1) 

During the analysis stage it was acknowledged that expected benefits can be formed of 

expected public good, expected quality of life improvements, and monetary benefits. The 

expected monetary benefits are directly related to how much electricity is consumed in 

the household. Realizing those benefits means that you must also have a dynamic rate 

electricity contract. For five out of six user innovators interviewed, expected monetary 

benefits were the most important motivator. The exception was UI2, who had noticed 

that he does not need the monetary benefits and told the following example: 

“I noticed it when I had a fixed price on the [electricity] deal when that our hybrid 

car was bought that I timed the charging during my work on those cheaper hours 

even though I myself didn’t face that financial benefit. Quite an interesting obser-

vation, […] everyone doesn’t necessarily need a monetary incentive.” (UI2) 

The main motivator for UI2 was expected public good by supporting the electric grid in 

general. All of the interviewees recognized that their actions could result in public good, 

and it motivated them to various degrees. UI6 expected his innovations to inspire others 

which was a motivating factor for him. UI7 also expected good for the people around him 

as they would invest to save energy together. Others wanted to support the grid and 

make it stay in balance. Below is a quote on that from UI1: 

“In the name of truth, I must say that price and decreasing the electric bill are like 

priority number one but then as a second are like those possible power outages 

like avoiding those, so I do want to do my part there […] and to keep the balance 

in the power grid.” (UI1)  
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The expected monetary benefits and therefore the likelihood to innovate is also strongly 

linked to the house type and most of all the type of heating system. UI7 showed an 

interesting case in this since he wanted to create an optimization solution but felt that he 

could not do what he wanted in his own district heated home. Instead, he developed a 

solution for a friend with electric heating. When asked how this happened, he replied 

with: 

“Well, I had technically all the required know-how and frustratingly was only miss-

ing a subject since I couldn’t do it at home. I would have already done it and then 

the friend […] just happened to open his mouth and wondered if it would be pos-

sible to do one of these and almost right away, I answered that yes, it is possible, 

when should we do it?” (UI7) 

The consensus was also that innovations related to consumption optimization would im-

prove quality of life or at least maintain the same quality. These expectations were not 

so high though, that they would have motivated innovators more than monetary or public 

benefits. UI6 mentioned that the heating brings even more comfort when it is optimized, 

and UI7 brought up that devices last a little longer when they are not constantly in use. 

The most common expectation was to learn from the innovation process as UI5 high-

lighted: 

“Of course, the financial side is one [motivator] that you benefit from but on the 

other hand it’s that you want to also in a way learn the possibilities of how these 

can be done and if you have a chance to optimize why not take advantage of it?” 

(UI5) 

This seemed to be a common way of thinking among the user interviewees. Learning 

with others also motivates to share experiences in virtual communities. 

6.1.2 Structure of virtual communities 
The user interviewees were gathered from Facebook groups which made them likely to 

belong to different virtual communities. The results collected related to virtual communi-

ties were divided into businesses in communities, user base, interviewees experiences, 

and common behavior in these communities. The communities that interviewees were 

involved in had between 15 000 and 53 500 members. These were rather large groups 

and the level of knowledge and professionality varied. A lot of growth had also happened 

during the last year which affected the group dynamics. UI2 described the general mass 

of a community focused on dynamically priced electricity in this way: 
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“I’d say that, well, the know-how of the discussants is quite low and it’s maybe 

more about getting tips on how these things could be implemented and then there 

is the other side who are presenting their own solutions there.” (UI2) 

The fast growth of these communities was viewed as a mostly negative thing because it 

has a negative effect on the quality of conversations. Three of the user interviewees 

mentioned that newcomers in the groups often ask the same questions. Some of the 

blame went also to the software platforms which do not have quite effective search func-

tions which would come up with previous answers to those questions. Overall, the level 

of knowledge seemed to be lower among newcomers. UI4 described their interaction as 

below: 

“The newer comers in the group are quite like in a way such that they maybe don’t 

have the slightest idea of the topic and then hope to get easements on their elec-

tricity bills during the winter from solar power and that’s been kind of generating 

mocking conversation.” (UI4) 

Interviewees seem to have clear ideas of what kinds of people these communities consist 

of, and they could often be grouped into different segments within those communities. 

For example, UI2 classified people based on their knowledge. He said that there are 

those who have a lot of knowledge and those who do not. The following seems quite 

usual in virtual communities: 

“Half of those who think they know how things are but who in reality don’t know 

are such that they’ll openly receive new information and half are those who just 

steadfastly stay in their positions. […] And then there are quite a lot of those who 

have never thought about those things.” (UI2) 

The number of experts and professionals who actively offer input in these communities 

seems to be relatively low. This creates the question of how dependent the groups are 

on these few experts. The interviewees had mixed opinions on this. UI4 said that the 

groups are not dependent since there are so many members and knowledge in the mass. 

UI5 on the other hand said that they are dependent and lean heavily on the most active 

experts. He estimated that in a group with 10 000 members there would be around 100 

members who actually participate actively in the discussion and open new topics. There 

are a lot of members who are so called lurkers and just follow the discussion without 

participating.  

All of the user interviewees had very positive experiences from being a part of a virtual 

community. Being a member does not obligate you into anything either and the members 

can participate as much as they want to and whenever they feel like it. Common benefits 
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of these groups included hearing about others’ experiences and learning from the 

knowledge sharing. You can ask for help and usually get the information that you needed 

or share your own knowledge to help others. This can be very inspiring as people who 

have similar interests share their experiences. For UI3 it creates a purpose and a sense 

of social cohesion as is clear from this quote: 

“Since other people in the family of course cannot value those like technical solu-

tions in that way like only when they don’t work there will come a complaint so 

therefore the purpose of communality comes from being able to share the thing 

exactly how you have built it with the good and the bad sides and you get that full 

support and an honest opinion of the community.” (UI3) 

Since there are clearly smaller amounts of participants who are more active, it does not 

seem uncommon to form closer connections among those active members. For exam-

ple, the moderators and experts of groups usually know each other quite well. There 

were also some occasions on which the interviewees had participated in smaller private 

meetings with other members of the group. These seemed to be moments that the inter-

viewees valued and were something special. UI2 had participated in application devel-

opment together with another user who needed feedback. UI5 had participated in multi-

ple meetings of around 30 people to give feedback and test new features of solutions. 

The common area of interest seems to inspire and create a more innovative platform. 

UI6 also expressed interest in meetings that would take place face-to-face and brought 

forth the following idea: 

“What I wish would happen […] would be some kind of a meet up and it would be 

quite optimal to find 20 to 30 people from this smart home group who would go 

explore for example some just built new house with top notch implementations, 

and we’d meet there and go through the house which would also benefit the 

builder and give ideas on how to improve but also inspire others to make good 

solutions.” (UI6) 

Couple of the interviewees highlighted the importance of reciprocity in the interaction in 

communities. Reciprocity can be used as a way to get to know other members better. It 

creates a sense of connection when you help someone who has helped you before and 

share similar experiences. This can also lead to longer development processes and im-

provement in the words of UI5: 

“You can learn from what others have done and then refine it to maybe suit your 

own needs better […] so it is reciprocal when if you see others sharing information 
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you can learn and use why not equally share what you have got from others your-

self.” (UI5) 

Longer development processes as separate conversations that could be followed on the 

platform seemed to be rarer. Typically, the developers get some idea and work on it on 

their own for as long as they can. The idea can be based on input from some other user, 

but it is not necessarily expressed to others right away. It seems likely that the developer 

will post about his idea only when faced with a difficult problem or once the solution is 

ready. There were hardly any cases where multiple posts would have been made about 

the same solution during its development. More detailed development processes seem 

to take place privately, as in the example UI2 mentioned. 

6.2 User innovation results 

During the data analysis results about innovations were coded into three types. These 

were behavioral, software, and hardware innovations. There were clearly more software 

innovations than any other type. 21 of the solutions were classified as software, 11 as 

behavioral, and 9 as hardware based. The software solutions were also the most inno-

vative and unique. The summary of solutions of all user interviewees and of those solu-

tion providers who had originally created their solution as a user are listed in Table 4 with 

their main challenges and benefits. A full table with details of all the solutions grouped 

by their basis can be found from Appendix C: User solutions. 

The hardware solutions were hardly innovations and most of them were included to en-

able the more innovative use of software. Typical hardware includes a single-board com-

puter, smart relays, and sensors with wi-fi or Bluetooth connectivity. The main constraint 

to hardware innovations is the fact that only electricians are allowed to do electrical in-

stallations. The features of smart devices make innovative use possible by enabling the 

user to connect and control them however they want to. 

Similar to hardware, the behavioral solutions seemed not to be very innovative. Guidance 

to most of the behavioral solutions is likely to be found on the Internet for free, and there-

fore it is only up to the user how much they are willing to change. Behavioral solutions 

could be useful if they were spread more. The cost to users comes often in comfort level 

reductions and the challenge of changing behavior and daily habits. Innovative behavior 

can have effective results as UI4 demonstrated: 

“Yeah 640 [kWh] was the current prediction [for the year] so it’s anyways 40% I 

think of the single typical consumption of 1500 [kWh] usually in an apartment of 
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this size. That’s result from the work. I don’t have TV and I’ve done some thinking 

about the computer.” (UI4) 

Software innovations were clearly the most innovative but even with those it was often 

difficult to determine what counts as an innovation. Users who wished to take more con-

trol of their consumption and their smart home in general turned often to open source 

solutions which make it possible to set up a system that fits their needs. Any device with 

the right communication protocol can be connected and controlled with rules defined by 

the user. Defining those rules and control mechanisms was often the most innovative 

part that came up with some of the interviewees. Many of these rules for different devices 

can be found online and shared by other users, so it is not clear who has made the 

original innovation. In addition, there were some clever ways of using smart devices for 

purposes that are not traditionally considered. Some users however, had developed their 

own software from nothing. These are marked in Table 4 with “developed from scratch”. 

UI6 had done remarkable amounts of innovative design process by designing their whole 

house as smart and optimized as possible. He commented on that process in the follow-

ing way: 

“I’d say I have this whole architecture and software solution like self-developed for 

exactly this need so I have barely used any complete commercial solution. This is 

related to the fact that I’ve been doing this for quite a while longer than these 

systems have been, these days the standard that is very often used is Home As-

sistant. I don’t need one because I’ve built equivalent features myself and that’s 

not necessarily a plus that it’s self-built but just a fact.” (UI6) 

A “while longer” in UI6’s case meant that he had started smart home design in 2002. All 

of the other user interviewees used some open source solution as a platform for their 

smart home as can be seen in Table 4. The solution providers did not mention using any 

platform to support their initial self-developed solutions. Their solutions are more focused 

on singular aspects of smart home than what is possible to create with a smart home 

platform. The benefits are based on the interviewees’ comments. All of the solution prob-

ably had slight environmental benefits as they reduced the need to use non-renewable 

energy sources during high demand. However, environmental benefits are only listed in 

Table 4 if the user mentioned them. 
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Table 4. Solutions developed by the interviewees 

Index Solution Basis Challenges Benefits 

UI1 

Electricity price integrated to 
home automation, EV charg-
ing timed with smart plugs, 
automated Christmas lights 

Software:  
Home Assistant 
Hardware:  
smart plugs 

Making sure that 
the devices work 

Monetary, 
learning 

UI2 
Manually timed EV charging, 
dropped room temperature 

Behavioural 
Remember the 
tasks 

Monetary, 
balancing 
the load 

UI3 

Automated heat pump: warm 
certain area half an hour be-
fore waking up, track and 
optimize consumption of all 
devices 

Software:  
Home Assistant +  
ESPHome 
Hardware:  
sensors + relays 

Making sure that 
the devices work 

Monetary, 
comfort 

UI4 
Computer, refrigerator, and 
freezer optimized with buy-
ing decisions 

Behavioural 
Thinking of ways 
to lower already 
low consumption 

Monetary, 
environ-
mental 

UI5 

Floor heating off for 5 hours 
of highest demand, micro-
controllers connected to 
home automation 

Software:  
Home Assistant +  
ESPHome  
Hardware:  
sensors + relays 

Getting the con-
figurations right 

Monetary, 
learning 

UI6 

EV charging optimized, heat-
ing optimizations: avoid 16 
most expensive hours, de-
signed home automation 
software and architecture 

 
Software:  
developed from 
scratch 
Hardware:  
single-board com-
puter + relays 

Software errors    
Monetary, 
learning 

UI7 

Lighting optimized with mo-
tion detectors, monitoring 
device temperatures, using 
sauna in hobby facilities 

Behavioural  
Software:  
Home Assistant  
Hardware:  
relays + sensors 

Getting a perfect 
solution for your 
environment, er-
rors in software 
development 

Monetary, 
learning 

CI2 
Software that gives a control 
signal for consumption opti-
mization 

Software:  
developed from 
scratch  
Hardware:  
single-board com-
puter + relays 

Technological: 
getting signals 
from farther 
away, computer 
errors 

Monetary, 
devices last 
longer 

CI3 
Software that optimizes con-
sumption 

Software:  
developed from 
scratch 

Various techno-
logical 

Monetary, 
learning 

CI4 
Day-ahead price control ser-
vice for relays 

Software:  
developed from 
scratch 
Hardware:  
relays 

Day-ahead spot 
price data licens-
ing 

Monetary, 
learning 
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None of the user interviewees had integrated small scale renewable energy sources to 

their smart home. CI1 predicts that the changes in moving from fossil fuel to renewable 

energy sources will have lots of potential benefits and make the consumers interested in 

different solutions. In general, the solution providers did not see renewable energy 

sources playing a significant role currently for the household consumers but had higher 

hopes for them in the future. 

The costs of innovations consist of time and money. But since user innovators innovate 

on their free time and for example building a smart home is viewed as a hobby, the costs 

do not matter all that much to most users. Interviewees are willing to pay reasonable 

amounts of money for a hobby that they enjoy and from which they learn more about 

their areas of interest. UI5 mentions that doing consumption optimization your own way 

is much cheaper than buying a turnkey solution. The costs are generally viewed very 

reasonable as UI3 says: 

“Monetary expenses have been very reasonable. […] The devices are quite small 

in the end so I could say that for demand response I’d say the monetary costs are 

under 500€ and anyways quite likely under 200€.” (UI3) 

The innovators have not tracked their costs very accurately and have not felt the need 

for that. They will buy what they need if it fits in their personal budget or spontaneously. 

The interviewees do not track their time spent either since it is a pleasurable free time 

activity. Overall, the costs seem minor enough to be ignored, and the benefits surpass 

them clearly. Below is a quote on UI5’s thoughts on temporal costs: 

“Almost daily I’m using time on this but as I said it’s more like on the hobby side 

of things. […] It’s not like I would have only thought that now I must optimize some 

savings out of this. […] It could be said that I had it [smart home] as my hobby for 

one and a half years even before more of this energy stuff came along.” (UI5) 

One of the biggest challenges or obstacles in building an energy management solution 

is the pricing of day-ahead price licenses. You need to pay for a license in order to use 

the information in your own software. This first came up with UI3 and was since dis-

cussed with all interviewees. Nord Pool is the owner of day-ahead price information but 

there seems to be some confusion about the terms of use of this information which is 

caused mainly by other services that offer the price data for free. The biggest organiza-

tion which offers access to this data is ENTSO-E who are the association for the coop-

eration of the European transmission system operators (ENTSO-E, 2023). UI3 com-

mented the licensing of day-ahead prices in the following way: 
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“The current licensing of the electricity market prices is absurd to say the least. 

Because factually most of Finns who automate their home using electricity spot 

prices, well they use that information basically illegally since Nord Pool is the data 

owner and Nord Pool won’t give any rights to use the data without paying for it.” 

(UI3) 

Day-ahead prices are one of the key components of consumption optimization since the 

prices are one of the best indicators of the current market situation. The interviewed 

users were among the most active users but not all of them were sure about the terms 

of use of the day-ahead price data. This could be harmful, and the prices of the licenses 

are so high that private persons cannot usually pay them. The pricing makes more sense 

for businesses, and it seems that all interviewed solution providers were aware of the 

licensing of prices. CI3 made clear how the pricing works: 

“One of the features I don’t like in the world of demand response is that a compo-

nent of spot price guidance which everyone should understand is that the spot 

prices aren’t free. […] Nord Pool’s smallest license is 3.5 thousand a year I think 

to gain access to the pricing information. You can get it from ENTSO-E which has 

a public API, but you are not allowed to fetch it unless you have a deal with Nord 

Pool.” (CI3) 

It is not true that users could not fetch data form ENTSO-E. According to Nord Pool 

(2021) terms of data services the data can be redistributed with a premium use redistri-

bution license. However, it remains unclear how the downloaded data can be used. The 

consensus of the interviewees is that the data could not be used for software or applica-

tions. Toikkanen (2022) from Sitra also states that it is not necessarily allowed. Using 

the data for your own software is on a gray area. 

The interviewees were well aware of different risks that are related to smart devices that 

are remotely controlled. The most concerning and most times mentioned risk was infor-

mation security risks. Five user interviewees and three solution providers associated in-

formation security risks with smart devices when openly asked about risks. The most 

commonly perceived information security risk seemed to be that hackers would gain ac-

cess to your data. The risk was evaluated to be greater if the user is using cheap solu-

tions. UI7 had experienced that the more knowledge he gains, the more suspicious he 

is of new devices: 

“You’ll become more and more suspicious the longer you work with these things 

so maybe I didn’t have this kind of understanding before I started the hobby and 
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explored these devices. […] Even with having graduated with data communica-

tions as my major I wouldn’t have guessed this type of behavior.” (UI7) 

Another risk that many were aware was that the software would not work for some reason 

or other. Most commonly this error could happen if the developer had not taken some 

exception into account. This was mostly associated with software that the users had 

developed themselves. Four of the user interviewees pointed out that software errors 

were possible or had happened. Errors seemed to be common during the first couple of 

weeks since starting to use the solution. A related risk is that of electrical devices catch-

ing fire or causing water accidents. Unmonitored devices could potentially short-circuit 

or for example a heating device could malfunction and start a fire. UI3 had an example 

of a software error in his own home: 

“When the dishwasher runs during the night, a concrete drawback from that was 

that in the automation – it runs for like 3 hours – there had happened an error 

which made it run only for 2 hours. The end result was that […] when we ate 

breakfast those dishes tasted like dishwasher.” (UI3) 

Three user interviewees and one solution provider were concerned that active users 

would make illegal electrical installations themselves to avoid costs and because it may 

seem simple. High voltages are dangerous to deal with without proper education. Two 

of the interviewees also mentioned that smart devices and optimizations impact on the 

value of the property is uncertain. It was assumed that some potential buyers or even 

other family members would not see the value of smart devices or know how to use the 

system especially if it was tailored by the user. The attitude of other family members 

towards the solutions varied between interviewees. For example, UI2 said that his wife 

has also grown interest towards consumption optimization when they got a dynamic 

priced contract. On the other and UI7 had faced an opposing reaction which might de-

scribe the attitude of a rather large group of users. He said the following about this situ-

ation: 

“There has been a little resistance like do we really need this? Do we really need 

to change these things that have become routine over time for us a little bit like 

change is bad and then if something breaks down, I’ll hear about it like now this 

thing here that you had made isn’t working again.” (UI7) 

Some other risks that were mentioned were the safety of cheap devices, and that the 

services these smart devices leaned on would get shut down. Cheap devices were per-

ceived as more likely to break down or risk privacy. It also seemed rather common that 
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some smart devices that lean heavily on cloud services would become useless as the 

service stopped as UI6 said: 

“That kinds of hardware which is tied to a service provider are like oh well you 

can’t and shouldn’t be able to recommend to anyone because there are cases 

that those devices just stop working”. (UI6) 

The interviewees agreed on that software solutions scale quite well and are easy to 

spread for large groups. However, energy management solutions usually have also the 

hardware components for measuring and controlling consumption which complicates the 

scalability. The users must usually at least pay for the installation of relays. The potential 

customer base is huge as has been mentioned, and CI1 estimated that there are 45 

thousand EVs in Finland alone, along with 1.1 million heat pumps and those numbers 

constantly grow. Some solution providers have removed obstacles from the way of scal-

ing by offering installation of hardware in the initial package and a very comprehensive 

solution. This also comes with challenges as CI3 pointed out: 

“This still does require the installation all the way to the customer and dealing with 

that whole pipeline, it doesn’t scale in a minute.” (CI3) 

Taking user innovations directly to commercial purposes would be challenging and more 

difficult to implement effectively. Many of those innovations were built on hardware such 

as microcomputers which would require that the potential users of that innovation also 

have similar hardware as CI2 pointed out. For the configurations to work without adjust-

ments, the optimized consuming devices should also be similar. Depending on the solu-

tion there are also other factors that need to be considered in commercial use. CI3 

pointed out that the quality must be much better, and there is less room for errors. It also 

came up that when dealing with hot water heating optimization it must never get to tem-

peratures where bacteria start to grow. Next, let us take a look at how solutions providers 

deal with these issues currently. 

6.3 Business models of solution providers 

This chapter presents the current business models related to home energy management. 

These results were gathered from the solution provider interviews. The topics of compe-

tition in the field and relationships to other actors in the electricity network are also 

touched upon. Six of seven interviewed solution providers provide home energy man-

agement services directly to consumers. Interviewee CI5 was the exception, who pro-
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duce consumption metering solutions which is a complementary product to energy man-

agement. Interviewee CI1 has also plans to act as an aggregator in the power network. 

The providers have differences in scale, targeted consumption, and pricing methods. 

Value creation 

HEMS as a concept was not familiar to all interviewees. During the solution provider 

interviews Figure 4 was shown to the interviewees and all of them agreed on that the 

figure contains all aspects of HEMS and what would be possible to provide as a service 

to consumers. After seeing Figure 4, CI4 made the following comment on their business 

model: 

“What’s essential is that, in principle, we do it as a service on cloud which means 

that the HEMS center […] is not within the house but it’s specifically on the outside. 

We do that on the outside and understand the risks related to that and so on.” 

(CI4) 

Besides providing energy management as a service, there is another role with big busi-

ness potential, and that is the aggregator. Aggregators were discussed in chapter 3.3, 

and they can combine consumption of households to create flexibility that can be traded. 

Only one of the interviewees had plans to become an aggregator, and that was CI1. The 

principals of their business model were otherwise similar to other interviewees. Working 

as an aggregator adds more income sources but brings more relationships that need to 

be managed as the following comment shows: 

“Then we also work with different electricity companies to get our product working 

with them, so they are practically our customers as well on the b2b side and then 

in the future we’ll be participating in the reserve markets and therefore would in-

teract together with the TSO as well.” (CI1) 

In general, it seems that the bigger the scope of the solution is, the more relationships 

and cooperation you should be able to take care of. The most benefits from cooperation 

seem to be available when the other party is also working close to the customer, or the 

household. These include electricity companies and electricians. There does not seem 

to be a need for DSO or TSO cooperation unless you are an aggregator. The most com-

mon cooperation between other actors is that involving electricians. Anything in the elec-

trical center of the household or any electrical modifications must be done by a profes-

sional. HEMS solutions often require at minimum the installation of a relay. Electricians 

and retailers are used mainly for marketing purposes: 

“We have strong connections to the suppliers and retail side. Because there’s that 

it always requires some device and that’s the way we are trying to go.” (CI4) 
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“What will we get out of collaboration [with retailers]? Well increased sales and 

visibility and if we get a partner who puts 10 000 of those out in the world, I don’t 

know how we couldn’t get anything out of that” (CI6) 

In addition to these partners there are also some complementary products that add value 

to the offerings of HEMS solution providers. These include metering devices, control 

devices, and other electronics. CI6 also mentioned consumer electronics retailers as a 

possible partner. For this study, one complementary actor was interviewed. That was 

CI5 who produces metering devices and sensors. These devices are also useful to active 

users who wish to build their own energy management solutions. For these kinds of de-

vices, it is important that they are compatible with different environments and integra-

tions:  

“And then on the integrations side an open source home automation platform 

called Home Assistant supports now our sensors, so those users of course are 

controlling things with that based on our values. […] All integrations are not done 

that we would like so the work continues.” (CI5) 

The potential customer bases of HEMS solution providers are rather large based on the 

interviews. The solution providers have not had the need to divide their customers into 

specific groups based on their needs. Anyone who uses electricity can become their 

customer, but that relationship is the most beneficial for both parties when the consump-

tion is large enough. Some examples of savings are usually presented on company web-

sites but finally it is up to the consumer to decide if their investment will be profitable. A 

common factor with the potential customers was that they are very likely to live in a 

detached house. Those consumers will have the most control over their consumption, 

and generally consume more than other house types. Detached houses are also more 

common outside city centers. CU1 described their customers followingly: 

“Talking about our ideal customer, they would maybe be of the kind who lives 

outside of downtown in some row, semi-detached or detached house with their 

own charging station” (CI1) 

CI3 stated that the customer is the property owner and most common properties are 

detached houses or cottages. Cottages or summerhouses are great targets for a HEMS 

solution since their owners are typically living elsewhere and not optimizing that apart-

ment. This was mentioned by UI2 as well as CI3. The customers should also have a spot 

price based electricity contract to get the monetary benefits of optimization. All the solu-

tion providers agreed that their solution should not require special knowledge about the 
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technologies and that optimization should be made easy for the consumer. CI4 estimated 

that 

“the potential customer base is at around 100k and at that point I’d set the target 

in Finland at about 10k.” (CI4) 

All of the solution providers were targeting the same large customer group. The large 

amount of potential customers was viewed as a positive aspect, and they share the same 

needs that can be met with the value creation methods. Next, the value capturing ele-

ments of the results are presented. 

Value capture 

There are essentially two ways of providing HEMS. It can be physically installed and 

operated within the house or outside on a cloud. The latter is reminiscent of software as 

a service (SaaS) model, in which the software is licensed on a subscription basis. This 

model of providing energy management is in principle HEMS as a service. All of these 

service providers use monthly subscription as a pricing method. In this method the cus-

tomer pays on average a fee of 6€ to 10€ monthly to enable the optimization based on 

the spot price of electricity. Other common costs for customers include investments to 

relays, their installation costs, and other home automatization depending on the solution. 

The vision of HEMS as a service providers seems to be along the lines of 

“a comprehensive solution which the households can control. So that the electric 

load is as smart as possible and all this would happen automatically through our 

app service including boilers, direct electric heating […], maximized utilization of 

solar power, electric vehicle charging, heat pumps, everything.” (CI1) 

A comprehensive solution is viewed as the most attractive to consumers since it provides 

bigger potential for savings and flexibility. The biggest motivation for consumers to invest 

in energy management are the savings in consumption, so for the majority the solution 

should at least optimize the biggest sources of consumption. The other aspect that has 

the most impact on the buying decision is comfort. The solution should not reduce the 

level of comfort. A comprehensive solution is most likely to satisfy both of these needs, 

and it may also be necessary due to more complex consumption as interviewee CI3 

points out: 

“How this must be done […] is that we look at it from the point of view of the 

property because it’s the whole system that needs to be optimized […] and the 

more this energy transition advances with customer’s own production, electric ve-

hicles etc., the more we need that control capability in the property and the most 

logical solution is to control the whole system.” (CI3) 
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Production development costs are among the highest of costs to solution providers. CI1 

estimated that 60-70% of their resources goes to product development. There are little 

material or facilities when developing mostly software solutions. When the solution in-

cludes some physical components like is the case for CI6 those costs start to matter and 

CI6 said that designing a physical product does add its own challenges. Another signifi-

cant cost is the licenses to use day-ahead price data from Nord Pool. As mentioned, 

theses prices are too high for any individual consumer to pay, and as a fixed cost will 

matter more the less customers and therefore income there is. If an installation service 

is added to the solution, there comes additional costs from that too. Those can be often 

directly added to the price as customers are happy to pay for the ease. All of these costs 

have to be covered in the price in order for the solution providers to capture the value 

delivered. 

Value delivery 

There seems to be two different routes that service providers use to produce an attractive 

solution. First, there is the option to start by providing optimization for a single device or 

part of consumption, and then expanding horizontally to different devices. The second 

option is to provide a comprehensive package right from the beginning. Both of these 

models have their own challenges. As said, a single controllable element is not as at-

tractive as controlling the whole system. On the other hand, developing a comprehensive 

solution usually requires more time and other resources. Interviewees CI1, CI2, and CI4 

chose to start by offering optimization to a single consumption source. Choosing to offer 

only one element may result in a need for the customer to have more knowledge about 

electricity consumption and technology as the quote from CI2 shows: 

“We offer the control signal based on the weather forecast and electricity spot 

price and then different compensations that can be freely selected such as how 

sunny or windy it is […] and that’s sort of our part and then the user should decide 

according to their own consideration how to integrate the control signal to their 

real loads.” (CI2) 

In practice this means that the user needs to have some programming knowledge and 

be motivated enough to find out the best solution for them. The user needs knowledge 

also about their consumption and how to integrate the control signal. This type of solution 

is more likely to bring the users and their ideas closer to the company since they are 

likely to need assistance and there are multiple ways to implement the final solution. 

Also, the users are likely to interact with each other which was found out in the interview 



63 
 

with CI2 as well. The responsibility of the final product working is more on the user in this 

case. More about responsibility came up also with CI1: 

“For example, in how we connect to different devices, well we use different third 

party interface solutions meaning in practice for example with electric vehicles we 

haven’t built the connection separately for each vehicle but instead use such a 

site as access API” (CI1) 

Providing a more limited solution is done by relying more on third party devices and 

software which makes those parties responsible of maintenance and operation. It is also 

common to use third party relays or smart plugs that the user has to get installed them-

selves in one way or another. This is much cheaper than developing your own device. 

Interviewees CI3, CI6, and CI7 have developed their own systems and provide compre-

hensive services. CI3’s view on responsibility is the following: 

“A significant aspect is that when we deliver it as a turnkey solution, we also know 

that everything will work. We sort of wanted to make it easy and practical for the 

customer. […] And quite many even big actors in the field have fallen in these 

things because when someone delivers components, some other installs, and no 

one is responsible if it doesn’t work at the customer, so we want to make sure that 

it works.” (CI3) 

CI7 does the turnkey delivery a little different than the rest since they are an electrical 

contractor whose customers are the property owners and developers. They provide 

smart consumption management to entire apartment buildings. The user and consumer 

getting the benefits of the savings is still the resident. CI7 highlights the importance of 

energy wise behavior: 

“You see, the resident is in the middle of everything so sure enough that energy 

wise behavior has been our entire baseline with this system.” (CI7) 

The competition between optimization service providers is not very tough. Most of these 

actors have only started to provide services during the last couple of years. Therefore, 

their business is still at such a small level that it is generally perceived that there are not 

many competitors around in this field. However, it was especially noticed during the 

phase of seeking potential interviewees for this research, that there are many service 

providers and competition could soon become more relevant. Below is the take of one 

service provider on competition: 

“We are still fighting against other investments the customers make like they’ll 

quickly be thinking if they should get a fireplace in the house or [our] optimization 

service. Or do I want a new car, or do I optimize this house so that’s the biggest 
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challenge I guess like we aren’t even competing with anyone providing similar 

services. Overall, it’s that has some customer ever heard that you can do this 

[optimization] and that’s more like the big problem.” (CI3) 

While it seems that there are no direct competitors with similar services, the customers 

still have other options that are treated like competition by providers. Some of the mon-

etary benefits of smart home energy management solutions can be achieved without 

smart devices. As was noticed in chapter 6.3, these include manual timers, behavioral 

solutions such as dropping the room temperatures or rethinking sauna schedules, and 

architectural choices in the building such as should you get a fireplace. This quote raises 

another important issue which is the current knowledge base of consumers in house-

holds. The solution providers must communicate the value of these solutions clearly in 

order to gain attraction. In the next chapter is the part of results that handled the role of 

solution providers in virtual communities dealing also with knowledge sharing. 

6.4 Solution providers in virtual communities 

All the user interviewees, who were among the most active participants in virtual com-

munities, had also noticed the presence of companies. Many companies had been no-

ticed to participate in these groups especially for marketing or even selling purposes. 

This can be even a problem since advertisement or posts about products on sale can 

easily take up all the room from constructive discussion. UI4 mentioned a group in which 

they had a separate thread for all the sales posts.  

All of the user interviewees agreed on that having representatives from companies of the 

field can have a positive impact on the group as long as they behave respectfully. The 

rules of many groups state that you must mention in your posts if you are bound to any 

company. This way no one gets cheated on and the participants feel that the discussion 

is fair. The interviewees’ general view was that company representatives usually praise 

their own products and give more or less negative opinions of competitors solutions. One 

important aspect about the behavior of representatives which was brought up was that 

they should know their audience and what the community is about. Otherwise, they might 

appear foolish and do damage to their brand as this comment from UI6 clearly demon-

strated: 

“And a company that joins there only to spread information about their product 

and thinks that they are really fancy and so on but is freaking expensive and isn’t 

fit for that audience at all. Those are mainly ridiculous, and I’ve seen this to some 

extent that they are like in a totally wrong place spreading their message.” (UI6) 
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As long as they acknowledge the rules of the community and who they are discussing 

with, representatives are welcomed to the groups. Discussion could lead to something 

which benefits all parties. Active users seem happy to discuss the topics that they have 

knowledge about. Some interviewees had also positive experiences of companies reach-

ing out to users. For example, UI5 had been able to join a testing group through a survey 

one company had held: 

“You also get some indirect financial benefits in a way since I’ve learned and been 

deep in this [optimization hobby] I’ve also been able to join some manufacturer’s 

testing group and also get devices from there in return for testing and reviewing.” 

(UI5) 

User interviewees had also noticed other ways in which having companies around would 

be beneficial. Early on during this research UI2 brought up that solution providers could 

get a lot of benefits and competition analysis from virtual communities. UI3 supported 

these ideas and added that the feedback is brutal and honest in these groups. UI2’s view 

on market research is quoted below: 

“Well, I wish companies would collect [information on customer needs and mar-

kets] because in the tendering group and in the spot price group comes up all the 

time like especially those applications have been criticized quite a lot so there 

would be a good product development opportunity for sure. […] In the forums you 

can clearly see the whole palette of providing companies, their benefits as well as 

good and bad sides. (UI2) 

Overall, the solution providers had already positive views on virtual communities and 

social media. They had also seen the value that users can provide to product develop-

ment and other knowledge. Most of them were relatively active social media users. CI6 

was the only one who said that none of their development team are on social media. He 

thought he will hear what the public discussion is about from other sources anyways. 

These sources included newspapers and face-to-face discussions or phone calls. Almost 

every one of the solution providers used virtual communities differently and a couple had 

set up their own discussion forums. CI1 for example had found that they can use spe-

cialized communities to find certain types of users and dig into their experiences. Below 

is their description of how they use communities around EV’s: 

“We want to get different user experiences and link different vehicles and every 

car brand has their own Facebook site so if we some week want to test how these 

BMWs or Renaults work then we can approach those guys from their Facebook 

groups.” (CI1) 
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None of the solution providers said that they would be very actively posting to the com-

munities, and marketing there did not play as big of a part for the interviewees as could 

have been assumed based on consumer interviews. Most of the solution providers 

agreed that they had got a clearer view on competition and amateur software develop-

ment by following discussions on social media. The main platforms that the solution pro-

viders used along with their use cases have been listed in Table 5. This information was 

mainly collected with questions about how the solution providers interact with their cus-

tomers and their presence in virtual communities.  

Table 5. Solution providers’ use cases of community platforms 

Platform Used by providers Use Cases 

Social Media CI1, CI3, CI4, CI5 CI7 

- Collect user experiences and ideas 
- Recruit test users 
- Test if there’s demand 
- Follow competition 
- Follow user development 
- Marketing 

Forum CI2 
- Collect ideas 
- Test demand 

Open Source  
Development 

CI5 
- Collect ideas 
- Test with community 
- Follow competition 

Messaging CI3, CI5 
- Collect ideas 
- Discuss ideas 
- Test with pilot group 

Email CI2, CI4, CI6 - Customer service 

 

CI5 was the only solution provider who had decided to use open source development 

model. Their source codes are available publicly and software can be developed by the 

community. Still, he said that product development happens mostly in-house, and out-

siders only fix some errors occasionally. He did not see any drawbacks from being open. 

Moreover, it was seen as a very positive side that attracts customers and makes it pos-

sible to have a tight community. Here’s CI5’s answer to why they chose to go open 

source: 

“It has been one of our main principles since the beginning and has been of inter-

est to a lot of customers like software enthusiasts and other computer people who 

are using this have seen it as a very good thing and we’ve got a lot of big business 

customers as well who have chosen this because it’s open.” (CI5) 

CI5’s company has their own forum related to the software development, the products, 

and news that they announce. Of the other interviewees, CI2 had also set up their own 



67 
 

forum mainly for discussing optimizable electricity loads but the forum also has areas for 

free discussion and electricity price for example. Allowing free discussion is more likely 

to keep the users engaged and coming back. CI5 said that they get constantly ideas and 

feedback thanks to the forum. According to CI2 their technological choices have now 

started to attract experts and professionals to the forum as user base has grown. They 

also get constantly ideas as the following comment reveals: 

“Yeah, I’d say lately it’s been more like there’s coming more of those [ideas] than 

we have time to handle so we just need to write the ideas up and I’m not really 

looking for more at the moment. […] It just needs decisions and implementations, 

on which are worth doing.” (CI2) 

Most of the solution providers had so many ideas coming in that they did not consider 

running out of ideas a possibility. A more likely problem was how to identify good ideas 

from bad ones. As can be seen from Table 5, most of the solution providers had some 

way to use the community for testing new ideas. CI1 recruited specific users by contact-

ing them with direct messages. CI2 and CI4 said that they can post about the idea for 

the community to think about so they will see if there is demand for the solution. CI3 had 

a specific pilot group of closer customers who could test and give feedback of new ideas. 

CI5 used the open source community for testing. Most of the interviewees agreed that it 

is relatively easy to identify good ideas from all the ideas of customers. CI3’s answer to 

question about that is quoted below: 

“It is easy [to recognize ideas that have potential]. Usually those will just have to 

be quite radically refined of course, so that they could become a product or a 

feature but yes you get a lot of ideas from there. […] It’s not difficult like if 200 

customers are screaming for a feature you probably should implement it but if one 

wants to heat some bathing tub you don’t necessarily implement that” (CI3) 

Even though many said that identifying good ideas was easy, not many user innovations 

seemed to be directly commercialized and taken into production. As CI3 said above, the 

ideas need to be radically refined before they are useful to masses. Commercialization 

of user innovations was more common in the way that businesses were built around 

those solutions by the innovator. The ideas from community seemed to be more about 

the features for existing solutions such as the example of optimizing bathtub heating 

above. More radical changes and the core innovation was still done by the internal de-

velopment teams of solution providers. 

It seems that co-development with users is more common and has a deeper meaning 

for the smaller and newer solution providers. For example, CI2 and CI4 both let it be 
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known that the community is very important to them, and they see the value of user 

innovations. They also actively participated in conversations. Also, both of these actors 

said that they are not doing this only for the profit but to actually help others. This may 

result in higher risk tolerance and willingness to try new things, like the ideas of custom-

ers. For bigger actors there seems to be more responsibility and a brand image to take 

care of as CI3 commented: 

”When amateurs are playing with those [solutions] themselves it’s alright like they 

[the users] will understand that if it didn’t work today, it’s their own fault and it’s 

just on a hobby basis but when you turn it into a business you are responsible for 

that it works at the customer. And then it must work.” (CI3) 

The main user need based on the solution provider interviews as well seemed to be cost 

savings. Only a small percentage of customers were interested in the environmental ef-

fects of optimization. The most active users were interested in the technological side of 

solutions. Not many were interested in electricity consumption or demand response in 

itself. CI3 made the following remark which seems to summarize well the role of demand 

response for households: 

”Demand response is a functionality of home automation. Like it’s good to remem-

ber that there is no demand or a market to which you could sell specifically de-

mand response to consumers but instead it has to be included in a modern prop-

erty […] through optimizations.” (CI3) 

This suggests that energy management could add value to smart homes and automation 

and the value of that package would be greater than any of those individually. 
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7. DISCUSSION 

In this chapter the results of the study are discussed in relation to the theory and how 

they can be interpreted. The aim is to look back at the research objectives and the re-

search questions. Answers to the research questions derived from those objectives will 

be stated here. The structure of this chapter is built around those questions. Chapter 7.1 

is a discussion about the consumer side of solution development answering research 

questions 1a and 1b. First, the solution development processes are reflected upon and 

second the solutions themselves. Chapter 7.2 brings the solution providers into the dis-

cussion and answers research questions 2a and 2b. First, the commercial solutions pro-

vided are addressed and second the co-development possibilities within virtual commu-

nities. Overall, this chapter is discussing the implications of the results. 

7.1 Consumer solutions and development processes 

Research question RQ1a was stated as “How are demand response solutions developed 

in virtual communities?”. Virtual communities were then discussed in chapter 4. Finally, 

the actions of consumers and solution providers were illustrated in Figure 10. This forms 

a basis for reflecting on the theory and results of solution development in virtual commu-

nities. 

Development processes in virtual communities 

Going back to Figure 10 we can take a summarized look at the interaction and develop-

ment processes that take place in the virtual communities. The same figure can be found 

below as Figure 13 with a couple of additions based on the results. Messaging platforms 

were included in the virtual community platforms after noticing their importance based 

on the interview results. Messaging seemed to be an essential part of forming closer 

relationships and communicating to a smaller number of connections. These platforms 

were often separate from other social media or forums although the line between a social 

media and a messaging platform can sometimes be vague.  
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Figure 13. Updated framework of user innovation in online communities 

 

Starting from the user side it was indeed found that there are lead users who innovate 

and share their results to others. Using Rogers (2003) classification of innovation adopter 

categories all of them were early adopters regarding home energy management. Many 

had first adopted smart devices to optimize daily routines and create comfort which led 

to interest about monetary benefits available from consumption optimization. The char-

acter traits of the interviewees mapped in Figure 12 showed that they were very inter-

ested in smart technologies and optimizing electricity consumption.  

The interviewees fit to von Hippel’s (1986) definition of a lead user for the most part. The 

element of being ahead on an important marketplace trend was strongly present. The 

users were aware of smart solutions, and the effects of balancing the load on the elec-

tricity network. They had implemented solutions before the masses. The presence of the 

other component – high expected benefits was not as clear, but it was there. The con-

sumers did expect monetary benefits but those were not significantly higher than they 

would be for any average consumer. The real benefit that mattered the most for these 
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users was the benefit of learning and joy from interacting with others who shared the 

same interests.  

This benefit is not available to most consumers because it depends on the personal 

relationship to smart technologies and electricity consumption which could create feel-

ings of a wide range. The investments that the users made included time and money, 

and often dealing with frustrating errors. Many consumers would not feel like those in-

vestments are worth the rewards. This recognition sets requirements for the solutions 

targeted to masses, as they clearly cannot require such investments. Mainly the time 

investments and frustrations should be minimized with these solutions. The benefit of 

learning and interacting with others establishes the importance of the learning, connect-

ing with others, and knowledge sharing aspects highlighted in Figure 13. All of these 

were found to be essential parts of user interaction in the communities of the interview-

ees. 

The iterative nature of innovation was not as strongly present as was expected at least 

in a single user’s development process. User interviewees reported that they did get 

ideas from other users and could develop those further. This is consistent with the idea 

of peer-to-peer diffusion of innovations (Gambardella et al., 2017). The ideas are devel-

oping iteratively so that one user develops it to some point, and then another user can 

continue from there. A single user’s development process took place mostly on their own 

with their own resources and help from the group was typically requested only once per 

solution. But when help was asked, it seemed to often be very effective and new per-

spectives could be found. 

Solutions developed by consumers 

The next question, RQ1b was stated as “What kinds of home energy management solu-

tions do consumers develop?”. Below are answers to this question based on the inter-

view results presented in chapter 6.2 and the literature findings presented mostly in chap-

ter 2.2. A table of all the solutions can be found from Appendix C. 

The solutions were categorized by whether they were based on hardware, software, or 

behavior. As was expected based on the literature, it was noticed that it is difficult for 

users to create hardware innovations when working with electricity. There were many 

unique software solutions, but it was difficult to draw a line on what counts as an innova-

tion. Users’ unique smart home configurations may be an innovation, but it is difficult to 

turn those into a commercial product. Behavioral innovations were also not that easily 

turned into commercial products. These do, however encourage consumers to engage 

in energy management and could be useful in spreading information about the benefits 
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of consumption optimization. It was found in the literature review and then confirmed by 

the results that spreading information about energy management is one of the most im-

portant aspects of getting the solutions to masses. 

Looking at the solutions with the classification of smart grid projects by Gangale et al. 

(2017) it can be noticed that most of the solutions fall under demand-side management. 

Some had integrated storages which increase the flexibility considerably. The best use 

of storages depends on the environment including the type of heating. None of the inter-

viewees had integrated renewable energy sources to their solution. Additionally, the so-

lutions could be classified by the functions of home energy management (Zhou et al., 

2016). Most of the innovations across all categories were used to directly control the 

consumption. There was some overlapping between functions and some systems were 

used to control and manage the whole household. Most of the active consumers used 

an open source based solution which allowed the customization of smart energy man-

agement. 

The scalability of solutions was briefly assessed and also listed in Appendix C. The eval-

uation was based on how much other devices the solutions needed and to what degree 

they were tailored for that specific user. It was found that behavioral solutions are the 

most scalable since they can often be put to use without other investments. One of the 

best examples of behavioral solutions was gamification of consumption by UI3. This 

makes consumption optimization fun for everyone in the household. Software innova-

tions were also mostly scalable, but many required some devices along with the soft-

ware. The typical challenges with software were errors created by the developer. Both 

of these issues can be quite easily removed from commercial products. 

Consumer solutions reveal different kinds of needs for energy management. The inno-

vations were used to control consumption, manage the whole system, track devices and 

produce information, and support the system. All of these functionalities could be in-

cluded in a comprehensive energy management solution. 

7.2 Commercial solutions and co-development in virtual com-
munities 

Research question RQ2a was stated as “What kinds of home energy management so-

lutions are commercially available?”. The context of electricity network and the available 

solutions based on the literature were discussed in chapter 4. The interviewed solution 

providers were then described in chapter 6.3. Connecting the theory with the results 

gives a comprehensive view of the market. 



73 
 

 

Commercially available solutions 

Looking back at the rightmost pillar in Figure 13 there were a couple of additions based 

on the interviews. HEMS as a service and complementaries were added there among 

other solution providers. HEMS as a service was clearly the most common way to pro-

vide energy management solutions to households. Complementaries include electrical 

components such as relays and meters. Also, electricians can be included as comple-

mentaries to energy management. 

The number of different kinds of solution providers in Finland was surprising. No retailers 

or ESCOs were interviewed. Only one provider was identified as an aggregator. They 

also provided home energy management as a service and planned to combine aggrega-

tor model with that service, but the aggregator parts of the business were not yet oper-

ating. Their aggregator business model would be consistent with that described by Okur 

et al. (2021) as they would combine the flexibility from their customers’ assets and use it 

for trading in electricity markets and providing power reserves.  

The role of an aggregator seems to be an emerging one that has much potential in the 

future as was speculated in chapter 3.3. Since many players are currently building HEMS 

solutions it would make sense for these actors to add aggregator activities into their busi-

ness model as CI1 planned to do. Golmohamadi et al. (2019) suggested in their compre-

hensive study of multi-agent based optimization of aggregators that the responsive res-

idential consumers should have HEMS which allows also the communication of data 

between actors. HEMS as a service providers are already providing the system so they 

could also collect the consumption data and use it to provide combined flexibility to the 

grid. Sending the data or allowing control of the consumption would require more trust 

between the customers and solution providers. 

There was a good number of studies on the concept of HEMS and what its role should 

be in the smart grid. Zhou et al. (2016) for one covered the architecture of HEMS well 

which was helpful during the interviews. Interestingly, there did not seem to be studies 

of business models related to providing HEMS. Based on the interviews, HEMS could 

be provided with a specific focus or comprehensively to cover the whole household. 

None of the interviewed providers used a one-time transaction model where the system 

would be installed and then left operating. Instead, all of them provided the service which 

included the price data to guide consumption. This model can be broken down with the 

value creation, capture, and delivery model (Teece, 2010). 
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The value that is created by a home energy management system is mostly monetary 

seen in the bill savings (Gopstein et al., 2020). Based on the interviews, monetary value 

is the most important benefit to consumers. HEMS rarely adds comfort to daily life, but it 

should absolutely not reduce it. In some cases, the consumer might be concerned of 

environmental issues or the load on the grid, and a HEMS can ease those concerns. 

Consumers interested in technology or following their consumption will perceive value in 

the information available via HEMS. The amount of monetary value is not the same for 

everyone but depends on consumption of single devices and the number of optimized 

solutions. 

HEMS providers can capture value mainly with different pricing methods. All of the inter-

viewed solution providers used a service fee on a monthly basis. Those who had physical 

devices as a part of their solution had a one-time payment for the devices and installa-

tion. Ending the service would mean that the consumer no longer has access to infor-

mation which the optimization is based on.  

There were also a couple of different ways to deliver the value. Starting from solution 

design, the biggest differences were on how many consumption sources are optimized, 

and if there were physical devices included. A comprehensive solution seems to be what 

most consumers want, but more targeted solutions enable customization and growth. 

Software only solutions could just be installed and operated on customers devices mak-

ing the delivery easier. Physical devices would need physical delivery and installation by 

an electrician. 

Additionally, there are complementary services, and CI5 would fall into the category of a 

smart device manufacturer. They used a traditional business model of manufacturing the 

devices and selling them with a one-time payment. Complementary providers have pos-

sibilities for cooperation or expanding their business to energy management. CI5 for ex-

ample was planning to add control mechanisms to their products. 

Co-development via virtual communities 

The last question, RQ2b, was stated as “How can solution providers participate in solu-

tion development in virtual communities?”. The theory to support this discussion was 

presented in chapter 4. The interviews provided results from both the consumer and 

solution provider viewpoints to their interaction in virtual communities. The communities 

seemed to have a certain structure in how their participants were organized. In Figure 

14 below there is an illustration of the hierarchy which could be found within these 

groups. 
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Figure 14. Hierarchy of a virtual community based on the interviews 

Lurkers do not provide any value to the group and some of them may have forgotten that 

they are a part of the group. The majority of members seem to be lurkers. Newcomers 

are clearly separated from other groups since established members seem to have neg-

ative expectations of them. The virtual platforms also often mark newcomers with a sym-

bol on their profile. Newcomers can become participants as they post openings or dis-

cuss other users’ posts. There are many participants who post every now and then and 

are then forgotten. Constant participants are those established members who are often 

recognized by their name and are expected to reliably create productive content. To be-

come a constant participant the participants should join the discussions often, be open 

and interested, and pay attention to reciprocity. The smallest group of the hierarchy are 

the moderators who set the rules of the community and watch that they are obeyed. 

This kind of a hierarchy resembles Rogers (2003) idea of innovation adopter categories, 

and to some extent it could reflect the adopters. Constant participants are likely to be 

innovators and lead users since they really like discussing the topic. Solution providers 

and their representatives fall mostly under the categories of lurkers, newcomers, or par-

ticipants. This more passive role serves their purposes of collecting knowledge and ob-

serving the trends through active users. 

All of the identified activities of solution providers in virtual communities illustrated in Fig-

ure 13 were also found from the interview results. Solution providers did participate and 

use communities to gain knowledge. Especially bigger providers used also social media 

for marketing. Before the interviews it was expected that providers would be able to di-

rectly use consumer innovations for commercial purposes or to gain knowledge about 

customer needs. However, during the interviews it was found that most of the solution 
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providers already had established ways to interact with customers and generate ideas. 

Four out of seven providers had some way of collecting ideas from customers efficiently. 

Virtual communities still offer new ways of interacting and some innovations could be 

commercialized. 

As Gambardella et al. (2017) stated, user innovation is typically active even before pro-

ducer innovation processes begin. The innovation regarding home energy management 

is already at the stage where both parties are innovating. Users innovate for the use 

value, and producers for the selling value. The innovations seem to be more incremental 

than radical (Moore, 2014). This means that it is fruitful time for collaborative improve-

ment and innovation (Gambardella et al., 2017).  

Based on consumer interviews, active users enjoy development and discussion that 

takes place in smaller groups or even face-to-face. Some users had experiences of face-

to-face problem solving or participating in smaller pilot groups. Solution providers could 

also benefit from discussing ideas or testing pilot versions with active users who are 

enthusiastic about their solutions. Users are often willing to share their ideas for free and 

enjoy learning and discussing with likeminded people. A private meeting could be held 

online or face-to-face. 

Open source development can be used, but it was not very active in this sample of inter-

viewees. CI5 said that most of the development still takes place in-house. Also, none of 

the consumer interviewees had participated in open source development although they 

developed software as a hobby. It seems that users are still willing to share their own 

source codes within their communities or to smaller groups and friends who they have 

met from the communities. Consumers value respectful discussion. Based on the inter-

views, they enjoy interacting with solution providers as long as they respect the rules of 

the community and discuss productively. It can be a very positive experience for an ac-

tive user to engage in a discussion with a solution provider and have knowledge trans-

ferred in both directions. 
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8. CONCLUSIONS 

This final chapter concludes the study with the most important findings regarding the 

research problem and what these findings mean in relation to the literature and practice. 

Chapter 8.1 discusses the theoretical contribution that this study was aiming at and has 

made. Chapter 8.2 is a conclusion about the managerial implications with how the results 

can be used in practice. Chapter 8.3 addresses the limitations of the study with possible 

errors and evaluation of used methods, validity, and reliability. Finally, in chapter 8.4 I 

present some ideas for future research based on what gaps in the knowledge were iden-

tified while carrying out this research. 

8.1 Theoretical contribution 

A considerable part of this study was the literature review in chapters 2, 3, and 4. To fully 

understand all aspects of virtual communities and co-development regarding energy 

management of residential consumers it was necessary to draw knowledge from multiple 

areas of literature. The three theoretical domains that were considered essential were 

home energy management, user innovations, and virtual communities. This chapter re-

lates the findings to the theories. 

Home energy management was first set up with the concept of smart grid which Gopstein 

et al. (2020) had constructed. In home energy management the architecture which Zhou 

et al. (2016) describing a HEMS was very useful to this study. The results of this research 

further established the concept of HEMS from both the user and solution provider point 

of view. All of the aspects of HEMS described by Zhou et al (2016) could be a part of a 

smartly managed home. Furthermore, the results revealed consumers’ needs from a 

home energy management system. It is necessary that the optimization of consumption 

does not reduce the level of comfort. Consumption optimization could be a part of a smart 

home system which increases comfort with other aspects such as lighting or security.  

The diffusion of smart home innovations in general is an interesting topic and the results 

reveal what the most active users consider as risks of smart devices. Based on the liter-

ature of Socavool et al. (2021), Hong et al. (2020), and Balta-Ozkan et al. (2013) it was 

expected that consumers have too little knowledge of solutions, and barriers of diffusion 

include social impacts, reliability issues, trust in the solution provider, and loss of control. 

Solution providers seem aware of the importance of social impacts and reliability. A little 

surprisingly, the interviewees considered information security to be the biggest source of 
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risks. It may be that more active users who have knowledge and understand the tech-

nology are more aware of information security risks.  

The theory of user innovations relied on Von Hippel (1986), Von Hippel et al. (2011), and 

Gambardella et al. (2017). This study specified the characteristics of user innovators in 

home energy management. There are unique constraints to user innovation when work-

ing with electricity, but user innovators were still found. The results were in line with the 

previous findings and supported the theory that lead users innovate for their own usage 

benefits. It was identified that the expected benefits of lead users are mostly financial 

and learning. They were ahead of the trend because of their personal interests often 

combined with their work experience. 

Regarding virtual communities the most important theoretical contribution is the frame-

work of user innovation in online communities in Figure 13. It combines the lead user 

theory, diffusion of innovations, virtual communities, and how the users and solution pro-

viders typically act in communities. It was noticed that virtual communities are important 

for lead users to share knowledge and connect with others (Chiu et al., 2006). The solu-

tion providers also have different uses of communities in their mostly passive role. Com-

munities are useful for gathering market knowledge, getting to know the customers, and 

spreading knowledge. 

8.2 Managerial implications 

Providing HEMS as a service seems to be coming more common and there were many 

new actors among the interviewees. These solutions could soon be crossing the chasm 

from early adopters to majorities. Some of the challenges in getting consumers more 

interested are the smaller amount of dynamic pricing based contracts and lack of 

knowledge. Consumption optimization solutions could be a part of modern comprehen-

sive smart home systems. There is also room for aggregators in the market since cur-

rently there did not seem to be any operating. The financial benefits that aggregators can 

offer may attract consumers. Recent discussion around electricity during the winter of 

2022 and 2023 was helpful but consumers in general still seem to be lacking knowledge 

about energy management and are perhaps not interested in gathering that knowledge. 

Virtual communities could be utilized more to involve active users in solution develop-

ment processes. The users seem to have a positive attitude towards solution providers 

who are present in the communities as long as they respect other users and value their 

knowledge. By passively observing, the providers can gain knowledge about customer 

needs, competitors’ solutions, and user experiences. With a more active role some users 
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could be recruited for pilot groups to test new features and give feedback. Active users 

seem to enjoy discussions on the topics they are interested in and willing to give feed-

back and ideas. Some of the passive users could also be interested, but it might be more 

difficult to contact those, since they cannot be seen in the discussions as frequently. 

Some interviewed solution providers had also had good experiences with their own dis-

cussion forums. It was found to be useful in idea generation and fixing errors. Creating 

a forum can be a good way to work closer with the customers. Some noteworthy aspects 

are that a discussion forum needs moderation, and a good idea is to divide the forum for 

different topics if possible. It could be embedded in the provider’s websites or created on 

some existing community platform.  

Most of the user innovations could not be directly commercialized since they were con-

figurations for user’s own systems or based on behavior. These innovations do show 

what the users want though, which seems to be comprehensive solutions that provide 

monetary benefits. The solutions should also be easy to acquire and use. 

8.3 Limitations 

This chapter assesses the limitations of the study and evaluates if the constraints matter 

and to what extent. Every study is limited by the research design and there is a very 

natural possibility for errors. The purpose of the evaluation of these limitations is to allow 

for better application of the results. 

The environment of research and access to data or equipment are commonly limiting 

factors. In this case the most limiting element was the time frame. There was a six month 

time frame to complete this study, so the objective had to be set so that it is possible to 

achieve in that time. The data had to be collected from a certain small time window. That 

fit well the purposes of understanding the current situation better. There was no notice-

able limits in access to research or interview data. The most limiting factor of literature 

review was that the researcher had little knowledge of the energy industry beforehand. 

This meant that more basic elements had to be studied and the ability to critically review 

certain topics could be lower. The equipment to conducting this research did not cause 

limitations and online meeting tools allowed for long distance interviews to reach partic-

ipants from all over Finland.  

Data collection is one of the most error prone areas of research and interviews as a 

method are no exception. One of the main constraints of this study was the limited num-

ber of interviewees. The number was limited due to limited time and the number of suit-

able solution providers in Finland was not very high. The research objective was set so 
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that it could be achieved with a limited number of participants. It seems that the effect of 

this constraint was minor because the answers seemed to saturate during the final inter-

views. The research achieved its objective of guiding co-development at the current 

stage of energy management solutions diffusion. Once the market is more stable and 

more solutions providers emerge there are possibilities to study other aspects with more 

provider participants. With more participants it would be possible to study the quantitative 

aspects and behaviour in virtual communities.  

Interviews should also be reviewed through reliability and validity. The reliability of inter-

viewees could be assessed through interviewer bias, interviewee bias, and participation 

bias. The interviewer bias is about the non-verbal behavior and other aspects of speech 

that could be interpreted as expectations or otherwise might affect the interviewee. Dur-

ing the interviews I focused on staying neutral and only expressing interest toward hear-

ing the interviewees own experiences and not showing my own opinions. I was able to 

generate trust and the interviewees happily gave answers to all the questions. This was 

further helped by the interviewees own interest towards the topic, so they were often 

excited to talk about something that they knew well. The online interviews also reduced 

the effect of non-verbal behavior both from my side and the interviewees’ side. 

Interviewee bias is more difficult to assess, but it seems likely that its effect was also 

minor. The aspects mentioned above of interviewees interest reduce the likelihood of 

interviewee bias as well. It is often a result of the interview being intrusive, but since the 

interviewees were happy to answer all questions, the level of interviewee bias is likely 

low (Saunders et al., 2019, p. 447). The effect of participation bias resulting from the 

nature of those willing to participate is also likely to be low. The aim was to interview 

active users who are interested in innovating and discuss in virtual communities. Since 

they want to discuss online, it can be assumed that the most active users are happy to 

participate in an interview further helping to reach the objective. 

There seems to be no clear threats to the validity of this study. The aspects to ensure 

good validity presented in chapter 5.4 could be implemented as planned. The interviews 

seemed comfortable for both parties. The privacy notices were sent to interviewees and 

there was a sense of trust and rapport. 

8.4 Future research 

In this chapter I will present a few suggestions for directions of future research which 

seem worthwhile based on the results of this study. These could also fill some gaps that 
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are still left in the knowledge base. There is a need for continued research on user inno-

vation in general. Home energy management offers suitable ground for this with its active 

users and modifiable products that need more refinement to meet the needs of the 

masses. 

First of all, the virtual communities could be analyzed in more detail. The original re-

search idea for this study was to carry out a social media analysis which could include 

quantitative analysis of the interaction within virtual communities. This idea still seems 

attractive and could add important knowledge. The analysis could include how active 

different participants are, are there some smaller groups within these communities, and 

more detail on the role of solution providers.  

The reason why this study was not a social media analysis is that such a study was on 

a grey area ethically. Facebook has big Finnish communities around energy manage-

ment but at the time Facebook’s terms of use are against data collection. For example 

Mancosu and Vegetti (2020) researched ethical use of Facebook data and came to a 

conclusion that it is difficult to evaluate the legal impact of collecting the data. The terms 

of different platforms and laws around data usage are evolving so change could happen 

in one direction or another. If no ethical solution for social media analysis can be found, 

quantitative data could also be collected with surveys.  

Since this study was focused on lead users who were considered the best suited for co-

development activities, the study of how can home energy management solutions cross 

the chasm and reach majorities was left out of scope. In this case the majority means 

the same as the majority of everyone using electricity. Innovations of different solution 

providers and even users will without a doubt reach a stable stage that is easy to adopt 

for the majorities. However, here lies an excellent opportunity to study the needs of a 

vast market and further develop understanding of needs in modern living. The objective 

of such research could be to find out what is required from different actors to cross the 

chasm and what are the needs of the majorities. The user innovations could also be 

analyzed in more detail using experts and possibly in collaboration with the solution pro-

viders. 

As was mentioned in chapter 2, the users are not limited to residential users but also 

include commercial and industrial. The scope of this study was on the residential users, 

so further studies could address commercial and industrial users. It would be especially 

interesting to see how much those users are innovating for their own use and are those 
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innovations utilized optimally. While this study did contribute to knowledge about co-de-

velopment, there are further possibilities to study it in more detail in both user and solu-

tion provider sides. 
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APPENDIX A: INTERVIEW STRUCTURES 

The structure below was translated from Finnish. 

Consumer interviews 

Background 
1. Could you tell me about your environment – house type, size, heating, electricity 

contract, who you live with? 
2. Are you in charge of electricity consumption in any other property?  
3. Personal information – age, gender, education level, professional field 

 

Demand Response 
4. Do you pay a lot of attention to electricity consumption? Do you control it? 
5. What kinds of benefits have you received from flexible demand? Which is the 

greatest source of these benefits? 
6. Were the benefits what you expected? Did anything surprise you? 
7. How did you get interested in electricity consumption? Was it about technology, 

consumption, money, or other things? 
8. How have you implemented demand response actions? Did you need outside 

help? 
9. How well do these demand response actions fit into your everyday life? Are there 

any challenging aspects? 
10. If they own an EV: how does the EV affect consumption, does it have the tech-

nology for V2G? 
11. What kinds of smart devices do you own? How do they affect your consumption? 
12. What kinds of risks would you relate to smart devices? Have your perceptions of 

risks changed over time? 
13. How could knowledge and information about demand response be spread? 

 

Innovations 
14. Have you developed or modified your demand response solutions by yourself? 
15. How did the development process of that solution go? What benefits did you 

seek? 
16. What kinds of challenges and costs are related to said development process? 
17. Are these solutions fit for your specific need or could others benefit from those as 

well? 
18. Why didn’t you buy a commercial solution as it is? 

 

Communities 
19. Have you shared your own solution on the Internet? For what purpose? 
20. Have you asked help for solutions? How did the development process of that idea 

go? 
21. How are you using virtual communities yourself? 
22. How has the growth of the communities affected the interaction? 
23. What do you expect from other members of the community? 
24. Have you noticed the presence of companies or their representatives in conver-

sations? 
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Solution provider interviews 

The structure below was translated from Finnish. 

Background 
1. Could you tell me about your business – what do you offer, for how long, size, 

business model, customer groups? 
2. Where did you get the idea from? What challenges have there been in its imple-

mentation? 
3. Personal information – age, gender, education level, professional field 

 

Demand Response 
4. How do your products/services support demand response? What role does de-

mand optimization play within your company? 
5. How would you describe your role in demand response? What about relations to 

other actors in the electricity network? 
6. What needs do customers have, why do they buy from you? What kind of a role 

does demand response have in the customers part? 
7. How do the products/services play together with other solutions (smart devices 

and the environment) 
8. How would you like to expand your offering? 

 

Customers 
9. Who are your customers? Are they technologically oriented? How do they relate 

to electricity consumption? 
10. Who are your target customers? What kinds of customer groups? 
11. Have you noticed your customers making their own modifications or innovations? 

How could you benefit from these? Are they harmful to your business in any way? 
12. What kind of a role does product development have in your company? 
13. How are customers involved in product development? 

 

Communities 
14. How do you interact with your customers? 
15. How is your company present in social media? 
16. Do you actively participate in conversations? Do the company representatives as 

private persons? 
17. Have you noticed ideas that could be commercialized? 
18. Have you followed conversation about your own and your competitors’ products? 
19. How would you describe the conversations in virtual communities? 
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APPENDIX B: THEMATIC ANALYSIS CODES 

Initial code structure after coding consumer interviews 
 
Codes derived from existing theory (a priori) are marked with ap after the code 
Other codes are labels developed from data. 
 
Environment (ENV) 

• House (HOU) 
o Devices (DEV) 

• People (PEO) 
• Heating (HEA) 
• Electricity (EL) 

 
Lead userness (LU) ap 

• User's position wrt the trend, ahead of the trend (TRE) ap 
o Work related (WORK) ap 
o Own interest (INT) ap  
o Attitude (ATT) 
o Knowledge (KNOW) 
o Skills (SKIL) 

• Expected benefits (EB) ap 
o Monetary (MON) ap 
o Quality of Life (QOL) ap 
o Public good (PUB) 
  

Virtual communities (VC) ap 
• Development process (DP) ap 
• Behavior (BEH) ap 
• Users (USER) ap 
• Companies (COMP) 

  
Solutions (SOL) ap 

• Perceived risks (RISK) 
• Benefits (BEN) ap 
• Costs (COST) ap 
• Constraints (CON) 
• Class (CLA) ap 

o Behavior (BEH) 
o Software (SOF) ap 
o Hardware (HAR) ap 
o Smart device (SMA) ap 
o Electric vehicle (EV) ap 
o Photovoltaic (PV) ap 
o Wind turbine (WT) ap 

• Scalability (SCA) ap 
• User need (UN) ap 
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Final code structure after thematic analysis 
 
Businesses (BUS) 

• Relationships (REL) 
• Offering (OFFER) 
• Customers (CUS) 
• Development procecss (DEV) 

 
Environment (ENV) 

• People (PEO) 
• Electricity (EL) 
• Heating (HEA) 
• House (HOU) 

o Devices (DEV) 
 

Lead userness (LU) ap 
• User's position wrt the trend, ahead of the trend (TRE) ap 

o Work related (WORK) ap 
o Own interest (INT) ap  
o Attitude (ATT) 
o Knowledge (KNOW) 

• Expected benefits (EB) ap 
o Public good (PUB) 
o Quality of Life (QOL) ap 
o Monetary (MON) ap 

 
Solutions (SOL) ap 

• Perceived risks (RISK) 
• Benefits (BEN) ap 
• Costs (COST) ap 
• Constraints (CON) 
• Class (CLA) ap 

o Behavior (BEH) 
o Software (SOF) ap 
o Hardware (HAR) ap 

• Scalability (SCA) ap 
• User need (UN) ap 

 
Virtual communities (VC) ap 

• Companies (COMP) 
• Users (USER) ap 
• Users own experiences (EXP) 
• Behavior (BEH)
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APPENDIX C: USER SOLUTIONS 

 

Basis Index Solution Benefits Challenges Scalability 

Software UI1 Integrated Nord Pool day-ahead prices to home automation 
Information, 
learning 

Nord Pool data licensing ++ 

Software UI1 EV charging timed with smart plugs Monetary Setting up the plugs ++ 

Software UI1 
Christmas lights automation: turn on when the sun goes 
down 

Monetary, 
comfort 

Finding information ++ 

Software UI3 
Heat pump automation: check wake-up alarm from phone 
and turn heating on for a certain area before the alarm 

Monetary, 
comfort 

Software errors ++ 

Software UI3 Software to optimize relays and smart plugs based on prices 
Monetary, 
learning 

Software errors +++ 

Software UI5 
Floor heating optimization: 5 hours of highest demand heat-
ing is off 

Monetary, 
learning 

Software errors, temperature 
dropping too low 

+ 

Software UI6 EV charging optimized to four cheapest hours Monetary Software errors ++ 

Software UI6 
Ground-source heat pump: avoid 16 hours of highest prices 
of the day, 450l boilers to make it possible 

Monetary, 
learning 

Software errors, temperature 
dropping too low, installation 

+ 

Software UI6 
300l boiler heats for six cheapest hours of the day or more if 
temperature drops below 40 Celsius 

Monetary, 
learning 

Software errors, temperature 
dropping too low, installation 

+ 

Software UI6 Heat pump resistors reconfigured for efficiency 
Monetary, 
learning 

Installation, finding infor-
mation 

+ 

Software UI6 Lighting controlled with motion detection 
Monetary, 
comfort 

Setting up the devices ++ 
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Software UI7 Lighting controlled with motion detection 
Monetary, 
comfort 

Setting up the devices ++ 

Software UI7 Electrical heating optimized to cheap hours at friend’s place Monetary 
Software errors, temperature 
dropping too low, installation 

+ 

Software CI2 
Software that gives a control signal for consumption optimi-
zation of specific devices 

Monetary, 
learning 

Software errors ++ 

Software CI4 
Software to optimize relays and smart plugs based on elec-
tricity price 

Monetary Software errors ++ 

Software UI6 Self-developed home automation software and architecture 
Monetary, 
learning 

Software errors, integrating 
distinct parts to one system 

- 

Software CI3 
HEMS solution: optimize consumption based on electricity 
price 

Monetary Software errors, installation +++ 

Software UI3 Software to track consumption of each device 
Information, 
learning 

Software errors ++ 

Software UI7 
Monitor devices: if temperature drops somewhere, you get 
an automated alarm 

Information, 
learning 

Software errors ++ 

Software UI4 
Implement calculations of production and expected profit of 
photovoltaics production 

Information, 
learning 

Acquiring knowledge + 

Software UI7 
Someone had developed an API for fetching day-ahead 
prices 

Information 
Software errors, Nord Pool 
data licencing 

+++ 

Hardware UI1 Smart plugs to control all multimedia devices Monetary Setting up the plugs ++ 

Hardware UI2 Monitor storage temperature Information Acquiring the devices ++ 

Hardware UI4 
Freezer and refrigerator controlled with timers and sensors + 
adjusted to exact temperatures 

Monetary 
Acquire knowledge, installa-
tion, configuration 

+ 

Hardware UI4 
Computer power supply and cooling renewed to become 
more efficient 

Monetary 
Acquire knowledge, installa-
tion 

+ 
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Hardware UI6 Better sealed doors -> stop the heat loss from air currents Monetary Install the sealing +++ 

Hardware UI3 
Sensors (temperature, CO2, organic compound, water, con-
sumption) on all devices -> data to home automation 

Information, 
learning 

Acquire and set up the de-
vices 

+ 

Hardware UI5 
Connected consumption meters, microcontrollers (tempera-
ture, lighting) and smart thermostats to home automation 

Information, 
monetary 

Acquire and set up the de-
vices 

+ 

Hardware UI3 3D print cases for microprocessor Learning 
Acquire a printer and design 
the model 

+ 

Hardware UI6 
Ventilating base floor with 10cm concrete slab with floor 
heating 

Monetary, 
learning 

Designing the architecture - 

Behaviour UI3 Plan the consumption and needed energy in advance 
Monetary, in-
formation 

Acquiring information +++ 

Behaviour UI5 Replan heating - no need for electrical heating in the garage Monetary Acquiring information + 

Behaviour UI6 
Drop room temperatures from 23 to 20 and bedrooms to 
eighteen Celsius 

Monetary Adjust comfort level ++ 

Behaviour UI1 Avoid sauna and charge EV at public stations Monetary Adjust comfort level ++ 

Behaviour UI2 Manually time EV to cheap prices Monetary Remember the task ++ 

Behaviour UI4 Always consider consumption when buying devices Monetary Spending time with the task +++ 

Behaviour UI7 Go to sauna elsewhere - at hobbies Monetary Remember the task ++ 

Behaviour UI1 Monitor consumption using different mobile applications Information Spending time with the task +++ 

Behaviour UI2 Follow consumption, spot price, price information Information Remember the task ++ 

Behaviour UI3 Educate the family about prices Learning Adjusting to new situation ++ 

Behaviour UI3 
Gamification of consumption within family - who consumes 
the least 

Learning, 
comfort 

Remember the task +++ 

 


