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Abstract 

The electricity sector has traditionally been constructed for large scale generation and 
distribution from the high-voltage to the low-voltage network. Transition is however 
underway; intermittent power generation has become less expensive and nuclear power 
plants are set to close down. A key issue is that intermittent power generation is by 
definition weather dependent, hence it cannot be planned. Smart grid solutions have the 
possibility to meet variations in electricity supply and demand and make use of output 
from intermittent renewable energy through a broad range of products and services, e.g. 
energy storage and adjustment of electricity production and consumption in strategic 
times for residential, commercial or industrial end users. Even if the technological 
solutions exist, these demand side resources have still not been integrated to the 
market to the extent that is needed. Since they are of such key importance, there is an 
urgent need to understand the barriers in current market structures as well as to identify 
opportunities and innovative business models that can bring these resources to the 
market. 

An interview study was conducted in order to provide an understanding of the 
challenges individual companies encounter as they develop business models to 
integrate their product and service offering into the electricity markets. Additional data 
was gathered through a literature review of academic papers, market reports and law 
propositions. The results of the study showed that the business models are currently 
undergoing stages of 'trial-and-error' to accommodate the specific needs of the electric 
power system. Actors are trying to prove to the electricity sector that distributed energy 
resources have a purpose to serve in the electric power system.  The actors of these 
technologies seek to explore various types of value propositions, and sources of 
income, which to some extent are centered around the sharing of costs and resources 
with end customers. Furthermore, it would be desirable to align the incentives with the 
particular distribution network's needs and context to form the basis for the choice of 
capacity reinforcement. There are clear operational advantages of smart grid 
technologies, which also reduce profitability related to network capacity. This has to be 
taken into account and evaluated to encourage cooperation between the parties in the 
electricity sector. 
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Sammanfattning 

Elsektorn har traditionellt konstruerats för storskalig produktion och distribution från 
högspännings- till lågspänningsnätet. En förändring är dock på gång; intermittent 
kraftproduktion har blivit billigare och kärnkraftverk stängs ner. Ett problem är att 
intermittent kraftproduktion per definition är väderberoende, så det kan inte planeras. 
Smarta elnätslösningar gör det möjligt att möta variationer i elförsörjning och 
efterfrågan, och ta tillvara på produktionen från intermittent förnybar energi genom ett 
brett utbud av produkter och tjänster, t.ex. energilagring och justering av elproduktion 
och konsumtion vid strategiska tidpunkter för bostads-, kommersiella eller industriella 
slutanvändare. Även om de tekniska lösningarna finns, har dessa resurser för 
efterfrågeflexibilitet ännu inte integrerats i marknaden i den utsträckning som behövs. 
Eftersom de fyller en viktig funktion är det angeläget att förstå hindren i nuvarande 
marknadsstrukturer, samt att identifiera möjligheter och innovativa affärsmodeller som 
kan föra dessa resurser till marknaden. 

En intervjustudie genomfördes för att förstå de utmaningar som enskilda företag möter 
när de utvecklar affärsmodeller och integrerar sina produkt- och serviceerbjudanden i 
elmarknaden. Ytterligare uppgifter samlades in genom en litteraturöversikt av 
akademiska handlingar, marknadsrapporter och lagförslag. Resultatet av studien visade 
att affärsmodellerna för närvarande genomgår en fas av 'trial-and-error' för att tillgodose 
elkraftsystemets specifika behov. Aktörerna försöker bevisa för elsektorn att 
distribuerade energiresurser har ett syfte att tjäna i elkraftsystemet. De aktörer med 
dessa teknologier försöker utforska olika typer av värdeerbjudanden och inkomstkällor, 
som till viss del är inriktade på att dela kostnader och resurser tillsammans med 
slutanvändarna. Vidare bör incitamenten för det specifika distributionsnätets behov och 
sammanhang ligga till grund för valet av kapacitetsförstärkning. Det finns tydliga 
operativa fördelar med smart elnätsteknologi, vilket också minskar lönsamheten 
relaterat till nätkapacitet. Detta måste beaktas och utvärderas för att uppmuntra 
samarbeten mellan parterna inom elsektorn. 

 

Nyckelord: Affärsmodeller, Elmarknad, Energieffektivitet, Förnybar energi 
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Abbreviations and definitions 
 

Ancillary 
services 

The ancillary services are provided to support the electric power system, 
e.g. stability control, voltage control, restarting system and frequency 
control. These services could for example be provided by a balance 
service provider who has aggregated a number of distributed energy 
resources. These network support services are sold through the balancing 
market and consists of primary (FCR) and secondary (FRR) frequency 
control reserves. 

Balancing 
market 

The balancing market is the last stage for trading electricity. The 
transmission system operator (TSO) procures ancillary services through 
a market-based mechanism known as balancing market. 

Bidding areas The markets for allocation of electric energy are divided into several 
bidding areas. The available transmission capacity may vary and congest 
the flow of power between bidding areas, and thereby different area 
prices are established. 

BRP Balance responsible party financially responsible for imbalances, and 
thereby dependent on whether the units for production and consumption 
of electricity are activated or not. 

BSP Balance service provider that provides network support services so-
called ancillary services to the transmission system operator (TSO). 

DER Distributed energy resources are decentralized systems that provide 
electricity and are located close to the demand they serve. 

DSO The distribution system operator is responsible for controlling, operating 
and developing the distribution network in a given area. 

EBGL Electricity balancing guideline. 

FCR Frequency containment reserves, FCR-N (Normal) and FCR-D 
(Disturbance). Also referred to as ancillary services. 

FRR Frequency restoration reserves, aFRR (automatic) and mFRR (manual). 
Also referred to as ancillary services. 

Marginal pricing Electricity price is set hourly in the market equilibrium determined by 
supply and demand where the price will equal the short-run marginal cost 
for the marginal generating unit. 

TSO The transmission system operator is responsible for controlling, 
operating and developing the transmission network. 
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1 Introduction 
In this chapter, the background for this study is presented together with its purpose and 
research questions. 

1.1 Project background 
This study has emerged from a workshop where representatives from the electricity sector were 
invited by the commissioner organization.1 Intermittent renewable energy has become less 
expensive and nuclear power plants are set to close down, which has created completely 
different problem formulations in the electricity sector than those in 1996 when the electricity 
market was deregulated. The purpose with the workshop was to discuss and share ideas about 
how distributed energy resources could become an integral part of the electricity sector, that 
has traditionally been constructed for large scale generation and distribution from the high-
voltage to the low-voltage network. 
 
The residential, commercial and industrial end users have become a central part of the cycle 
where electricity is generated and transferred at the distribution network level, through the 
spread of smart grid technologies based on small-scale generation units, including intermittent 
renewable energy generation and storage close to the point of consumption (Richter 2013; 
Carreiro et al. 2017). Examples of enabling technologies are solar photovoltaic systems, micro 
wind turbines, and micro-combined heat, along with the increased penetration of information 
and communication technology (ICT) (Gordijn & Akkermans 2007; Strbac 2008). 
 
High levels of intermittent renewable electricity generation require the electric power system 
to access sufficient capacity through alternative generation units, where failure to meet 
variations in electricity supply and demand restrict the electric power system’s ability to make 
use of output from intermittent renewable energy (Denholm & Hand 2011; Cochran et al. 2014). 
In Sweden, primarily hydro power plants are used to generate sufficient capacity to meet 
variations in electricity supply and demand (Energimyndigheten 2016). However, constructing 
new large-scale hydro plants is complicated by the limited potential of construction sites and 
growing environmental concerns related to dams (Gordijn & Akkermans 2007). Also, 
reservoirs for hydro power may be unavailable due to seasonal constraints related to fisheries 
or provision of potable water, and nuclear power plants may be considered unavailable to use 
for economic or other reasons  (International Energy Agency 2011). 
 
Furthermore, certain distribution networks in city regions of Sweden experience congestion 
constraints. Services from smart grid technologies were recognized by the workshop 
representatives as a tool to address problems at local level of the distribution network. However, 
the electricity sector involves a range of interests, such as electricity suppliers, balance 

 
1 Swedish Smart Grid Forum, Roles and Responsibilities of Flexibility in the Electric Power System, Stockholm, 
4 Dec. 2018 



 
 

 2 

responsible parties, distribution system operators (DSOs), transmission system operators 
(TSOs). 
 
Smart grid solutions have the possibility to meet variations in electricity supply and demand 
and make use of output from intermittent renewable energy through a broad range of products 
and services (Eid et al. 2015; Boscán & Poudineh 2016a), e.g. energy storage and adjustment 
of electricity production and consumption in strategic times for residential, commercial or 
industrial end users. However, the actors that have invested in smart grid technologies based on 
distributed energy resources have so far mostly used them in response to own needs, or within 
a limited setting, rather than as an integrated part of a larger market. It has proven to be difficult 
to offer electricity surplus as a service to a larger group of end customers in Sweden (Sahlén et 
al. 2018). New business models which make use of decentralized production are recognized as 
a sufficient alternative or complement in many cases to handle intermittent renewable energy, 
and to solve congestion constraints at the local level of the distribution network. In this study, 
a business model is defined as “the rationale of how an organization creates, delivers, and 
captures value” (Osterwalder & Pigneur 2010, p.14). 
 
Previous research suggests that the real challenge of technology shift is the challenge to manage 
the interaction between technological development and business model innovation (Markides 
2006; Christensen 2006). Companies usually capture value by taking advantage of business 
opportunities, new markets and new revenue streams (Teece 2010). Actors with smart grid 
technologies based on distributed energy resources who are in the process of developing a 
business model and accounting for multiple types of value propositions are more likely to 
achieve environmental and social goals and open doors for new actors (Foxon et al. 2015). One 
value proposition from smart grid technologies should not be independently positioned as a key 
income, rather revenue is derived from a properly designed bundle of services (Gordijn & 
Akkermans 2007). Even though there is a clear idea behind each component of a business 
model, once the business model is put together to form an entity, there could be specific 
components which both enable and constrain a company's ability to commercialize smart grid 
technologies (Shomali & Pinkse 2016). 

1.2 Problem formulation 
The electricity sector has traditionally been constructed for large scale generation and 
distribution from the high-voltage to the low-voltage network. Transition is however underway; 
intermittent power generation has become less expensive and nuclear power plants are set to 
close down. A key issue is that intermittent power generation is by definition weather 
dependent, hence it cannot be planned. A power system with high levels of intermittent 
renewable electricity generation requires sufficient back-up capacity from other technologies 
to ensure security of supply at all times. Still today, failure to meet variations in electricity 
supply and demand restrict the electric power system’s ability to make use of output from 
intermittent renewable energy (Denholm & Hand 2011; Cochran et al. 2014). Less back-up 
capacity is needed, if electricity use can be adjusted to better meet supply conditions. Smart 
grid solutions have the possibility to meet variations in electricity supply and demand and make 
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use of output from intermittent renewable energy through a broad range of products and services 
(Eid et al. 2015; Boscán & Poudineh 2016a), e.g. energy storage and adjustment of electricity 
production and consumption in strategic times for residential, commercial or industrial end 
users. Even if the technological solutions exist, these demand side resources have still not been 
integrated to the market to the extent that is needed. To enable the market integration, 
policymakers are seeking to create conditions for market participation of distributed energy 
resources. These resources could address congestion constraints that several city regions of 
Sweden experience today at the local level of the distribution network, and to further make the 
most out of intermittent renewable energy. The actors that have invested in distributed energy 
resources have so far mostly used them in response to own needs, or within a limited setting, 
rather than as an integrated part of a larger market. It has proven to be difficult to offer electricity 
surplus as a service to a larger group of end customers in Sweden (Sahlén et al. 2018). Some 
have argued that the lack of profitability is the reason for the absence of distributed energy 
resources at power markets. Since they are of such key importance, there is an urgent need to 
understand the barriers in current market structures as well as to identify opportunities and 
innovative business models that can bring these resources to the market. If this is not the case, 
a valuable resource in the electric power system might stay underutilized. 

1.3 Purpose 
The purpose of this study is to increase the understanding of the challenges faced by market 
actors, the pioneers that are developing business models centered around the mobilization and 
market integration of distributed energy resources. In addition, the study aims to understand 
how electricity markets are adopting to the introduction of these business models, and thereby 
to the dynamics of the sector as a whole. This is done by answering the following research 
questions.   

1.4 Research questions 

RQ1: How do actors seek to overcome the challenges of integrating their product and 
service offering into the electricity markets? 

RQ2:  How are market conditions adapted to the entry of business models centered around 
mobilization of distributed energy resources? 

1.5 Delimitation 
The unit of analysis is primarily the industrial or meso level of the system perspective 
(Blomkvist & Hallin 2015), as well as the interaction between companies and markets. The 
components of a business model are seen from the perspective of actors are mere businesses, 
not technology developers, hence they either own, control or are in progress of developing new 
smart grid technologies based on distributed energy resources. This study is also delimited to 
ancillary services and market participation at the local level of the distribution network. 
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1.6 Commissioner organization 
The commissioner is an organization within the Swedish Energy Agency called Swedish Smart 
Grid Forum. The organization is actively engaged in the search for innovative solutions in the 
field of energy efficiency and sustainable energy usage. In general terms, the organization 
promotes dialogue between partners in the Swedish electricity sector to identify and develop 
innovative solutions through organized meetings and workshops (Anon n.d.). The organization 
is responsible for the entire process from research and innovation to internationalization and 
harmonizing with the government's objectives of achieving the national environmental and 
climate goals. 

1.7 Contributions 
This study aims to contribute to the literature on business models within the field of smart grid 
technologies that are based on distributed energy resources. Previous research in the field 
emphasizes that the electricity sector has much to gain from accessing a broad range of products 
and services in order to make use of the output from intermittent renewable energy. 
Technologies such as photovoltaic systems, micro wind turbines, energy storage and smart 
meters for demand side management, and further the new EU Commission's guidelines for 
electric power balance are pointed out as factors enabling the entry of new companies and 
intensified competition, however limited attention has been given to understanding the 
challenges of individual companies as they strive to integrate their service offering to the 
electricity markets. 
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2 Literature review 
This section presents a review of recent literature on business models in general, and to 
electricity companies in particular. The literature is presented to provide insights into previous 
studies as well as to introduce the analytical framework within the research field. 

2.1 Designing a business model 
There exists a considerable body of literature on what a business model is, and sometimes 
confused with a business strategy. It should be said that both concepts cover the common 
aspects of competition, value capture and competitive advantage. However, they are 
distinguished in the sense that the business model concept emphasizes cooperation, joint value 
creation and customer-focused value creation (Zott et al. 2011). The business model concept 
recognize that all these aspects have fit together to cover the entire scope of how the 
organization makes revenue and controls costs to gain a profit. 
 
The literature agree that a well-reasoned business model is fundamental for any business. 
Nevertheless, the choice of an appropriate business model may not be apparent when the 
external environment is undergoing change (Teece 2010). This means an external environment 
that previously supported the organization's existence, which has shaped the design of the 
business model in a certain direction.  
 
Anderson and Tushman (1990) describe changes to an external environment to include 
situations such as the advancement of new technologies, which leads to discontinuity and drives 
companies to make adjustments to core capabilities. Markides (2006) further suggests that 
changes to an external environment may derive from a shift in customers' perception of value 
for a product and the actual performance of that product. Prior research suggests that an 
organization must therefore continuously develop and improve its internal and external 
capabilities as a consequence of new technologies, customer perceptions or regulatory 
requirements. 
 
Some authors have also suggested that the challenge of technology shifts lies in the management 
of the interaction between technological development and business model innovation 
(Markides 2006). This means a changed state of equilibrium that cause disorientation and 
inefficiency among companies, which could lead to a struggle for existence. This seems to be 
a common problem, where previous studies have emphasized that the real challenge is a 
business model problem, not a technological problem (Christensen 2006).  
 
It should be noted that the launch of a full-scale new business model rarely happens. New 
business models tend to develop within a niche market. The niche market creates incentives to 
launch a business model that better suits the changed market. This could, for instance, be new 
capabilities that reduces costs and increases customer satisfaction. 
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Chesbrough (2010) and Sosna et al. (2010) perceive the development of business models as an 
experimental process, where the complete picture is unknown. This has been discussed by a 
great number of authors in literature. The capabilities that allow companies to compete 
effectively within the external environment have to evolve over time to keep up with the 
constantly changing environment. Likewise, several of the business models we see today have 
emerged from the growth of Internet through a process of 'trial-and-error', where increased 
knowledge, skills and investments have led to new successful business models (McGrath 2010).  
 
On the other hand, some authors have also suggested that the progress of designing a business 
model could be equally well perceived as a rationale and calculated process, where the 
entrepreneur focuses exclusively on finding an optimal business model which generates 
maximum value, without the need to respond to either technological or regulatory changes (Zott 
& Amit 2010; Teece 2010). Previous studies have exemplified Walmart and Starbucks as 
successful business models which have emerged without the need to respond to either 
technological or regulatory changes (Keen & Williams 2013). 

2.2 The analytical framework of Business Model Canvas 

The components that constitute the framework of a business model have received attention from 
various studies. Some focusing on alliances, partnership and joint value creation (Magretta 
2002; Mäkinen & Seppänen 2007), others on customer relationship, value proposition, 
customer-focused value creation (Mansfield & Fourie 2004; Demil & Lecocq 2010). The 
framework can be perceived as vague due to the general lack of consensus across studies. 
Moreover, a number of authors have criticized the framework for not giving the strategic and 
operational insight on how to implement the intended business actions (Shafer et al. 2005). The 
framework is therefore usually complemented by other methods of analysis for strategic and 
operational decision making. 
 
Osterwalder and Pigneur (2010) Business Model Canvas is a well-known framework that has 
been discussed by a great number of authors in literature. A number of authors have recognized 
that the concept works well to describe and analyze the enabling and constraining factors that 
one may encounter when designing business models. As illustrated in table 1, the concept 
consists of nine components, and each component provide a focus area that helps entrepreneurs 
to see all relevant aspects when discussing the design. 
 
The nine components can further be seen through the perspective of four major areas to focus 
on. The first one is the design of the infrastructure i.e. the organizational structures and 
resources that are needed for the operations to work effectively, which is covered by the 
components of key partnerships, key activities and key resources. The next one focuses on the 
overall interaction with customers, which includes the customer relationships, the key channels 
and the customer segments.  
 
The third one gives insight into the financial aspects of a business model, which includes the 
cost structure and the revenue streams, while the fourth focus area is the value proposition, i.e. 
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the combination of products and services that may be unique and should be easily differentiated 
from competitors. 
 
Table 1. Business Model Canvas (Osterwalder & Pigneur 2010, p.44). 

Key 
partners 
Who are 
our Key 
Partners? 
Who are 
our key 
suppliers? 
Which Key 
Resources 
are we 
acquiring 
from 
partners? 
Which Key 
Activities 
do partners 
perform? 

Key Activates 
What Key Activities 
do our Value 
Propositions 
require? Our 
Distribution 
Channels? Customer 
Relationships? 
Revenue streams? 

Value Proposition 
What value do we 
deliver to the 
customer? Which 
one of our 
customer’s 
problems are we 
helping to solve? 
Which customer 
needs are we 
satisfying? What 
bundles of 
products and 
services are we 
offering to each 
Customer 
Segment? 

Customer Relationship 
What type of relationship 
does each of our Customer 
Segments expect us to 
establish and maintain with 
them? Which ones have we 
established? How costly 
are they? How are they 
integrated with the rest of 
our business model? 

Customer 
Segments 
For whom 
are we 
creating 
value? Who 
are our 
most 
important 
customers? 

Key resources 
What Key 
Resources do our 
Value Propositions 
require? Our 
Distribution 
Channels? Customer 
Relationships? 
Revenue Streams? 

Channels 
Through which Channels 
do our Customer Segments 
want to be reached? How 
are we reaching them now? 
How are our Channels 
integrated? Which ones 
work best? Which ones are 
most cost-efficient? How 
are we integrating them 
with customer routines? 

Cost Structure 
What are the most important costs inherent 
in our business model? Which Key 
Resources are most expensive? Which Key 
Activities are most expensive? 

Revenue Streams 
For what value are our customers really willing to 
pay? For what do they currently pay? How are they 
currently paying? How would they prefer to pay? 
How much does each Revenue Stream contribute to 
overall revenues? 

2.2.1 Key partnerships 
Several studies suggest that neither the value creation, value delivery nor value capture occur 
without the consideration of other parties. This includes various stakeholder relationships, 
mostly through external interactions, such as buyer-supplier relationships, joint ventures and 
strategic alliances (see table 2). Previous studies have shown that these partnerships could be 
unique for the particular company, and even include end customers (Shafer et al. 2005).  
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Prior research suggests that companies usually enter into these partnerships to exchange 
tangible and intangible capabilities (Zott et al. 2011), for example, complicated process steps 
and intellectual property. The exchange of resources between partners in cooperation may be 
motivated by the need to extend own capabilities or reduce costs, and often involve outsourcing 
or sharing of infrastructure, for instance, to acquire licenses or access to customers.  
 
Some authors have also suggested that the different types of partnerships that companies create 
have implications on the entire architecture of the business model (Morris et al. 2005). For 
example, how key resources are managed, and how internal competencies are created and 
maintained. Accordingly, the choice of partnership must align with the company's objectives, 
such as time, scope and size ambitions. 
 
Teece (2010) claim that if the objective is to survive and meet basic financial goals, the 
partnerships look different, compared to a company with the objective to grow the business. 
The latter require significant investments in an attempt to grow the value of the company, and 
eventually generate capital gain for investors. 
 
Prior research suggests that the unique partnerships with key stakeholders are what make a 
business model difficult to replicate by competitors. However, there could be many reasons 
behind the challenge of emulating a business model. The literature review shows that such 
attempts may disturb relationships with existing customers, suppliers, or important alliance 
partners (Teece 2010). 
 
Table 2. The characteristics of three kinds of partnerships (Osterwalder & Pigneur 2010). 

Key 
partnerships 

Description 

Strategic 
alliances 

External actors share their respective internal capabilities, such as core 
competencies. This is done to reduce risk or acquire resources, while still 
remaining completely separate companies. 

Joint ventures External actors create a jointly owned company. This joint venture function 
as a separate entity, where profits and losses are shared between the parties. 
It should be noted that there may exist various ownership relations and 
overlapping responsibilities. 

Buyer-supplier 
relationships 

The relationship is designed to make the company more flexible and 
responsive to changing demands. This includes collaboration between 
manufacturers and their suppliers, or manufacturers and their customers’ 
networks and intermediaries. 
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2.2.2 Key activities 
The literature review shows that key activities are the most important actions a company must 
take to fulfill its business purpose (see table 3) (Osterwalder & Pigneur 2010). A series of 
studies has indicated that these actions relying on internal and external capabilities related to 
creating, delivering and capturing value. For example, competencies and positional advantages 
that enables companies to reach markets or maintain customers. 
 
Several authors suggest that key activities should be performed in a unique way, or combined 
into a process that make the them different from competitors (Shafer et al. 2005). Complicated 
process steps, intellectual property or organizational structures may exist that prevent 
competitors from replicating a business model. Previous research showed that an appropriate 
design and implementation involves evaluating these factors in regard to customers, suppliers, 
and the broader business environment (Teece 2010). 
 
Table 3. The key activities naturally vary depending on business model type. 

Business 
model type 

Description 

Manufacturing 
companies 

Production dominates the key activities of manufacturing companies. Key 
activities relevant for the process of designing, creating and delivering a 
product. For example, planning and controlling production processes and 
logistic chains, in order to meet the expected quality and demand. 

Consulting 
companies 

Problem solving dominates the key activities of consulting companies. Key 
activities related to the nature of understanding and solving the problem 
(knowledge management, continuous training of staff). 

Software 
companies 

Software development dominates the key activities. For example, analyzing 
gathered data and improving the code, in order to increase the user 
experience. 

2.2.3 Key resources 
A company must continuously strive to develop and enhance key resources. A number of 
authors have recognized that these key resources are both material and immaterial (see table 4) 
(Osterwalder & Pigneur 2010). The key resources can be owned or leased by the company or 
acquired from key partnerships. This has also been explored in prior studies by Teece (2010).  
 
Equipment, inventory and building assets correspond to material resources. While, intellectual 
property or organizational structures are examples of immaterial resources, used to capture 
internal capabilities or skills set. Previous studies have shown that strong immaterial resources 
is an important factor when it comes to preventing competitors from replicating a business 
model (Teece 2010). 
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Table 4. Key resources categorized into four broad types. 

Key 
resources 

Description 

Physical Resources that usually require large amount of capital investments (equipment, 
inventory and building assets). H&M is an example of a company that relying 
primarily on physical assets (logistics infrastructure and warehouses). 

Intellectual Brands, knowledge, patents and partnerships are essential resources. IKEA is 
an example of a company that uses its brand (low price, form and function) to 
leverage sales of a wide range of products. 

Human Resources that are commonly used in knowledge-intensive and creative 
industries. For example, a design company that depend on creative people to 
develop a product. 

Financial Resources that are necessary when it comes to financing material and 
immaterial resources, for instance, hiring developers and marketing help. 

2.2.4 Cost structure 
Previous studies have emphasized that the particular key activities and key resources of a 
business model incur various types of costs (see table 5). Some business models are cost-driven, 
while others are value-driven, however, most business models fall in between these two 
extremes. 
 
Prior literature suggests that the cost-driven approach focus completely on offering a low-priced 
value proposition. For example, reducing costs through a high degree of automation, and 
outsourcing of costly functions.  
 
Although there are costs that should be reduced in every business model, the value-driven 
approach generally incurs higher costs related to the value creation and delivery. By focusing 
utterly on providing a value proposition that has a high degree of premium value, usually with 
a personalized value for a particular customer segment (Osterwalder & Pigneur 2010). 
 
Table 5. The cost structure may have the following characteristics. 

Cost 
structure 

 Description 

Fixed costs 
 

Costs that remain constant despite the output level. For example, costs for 
wages, taxes, interest, rent and advertising. 

Variable 
costs 
 

Costs that change in proportion to the output level. For example, costs that 
increase with each manufactured item due to materials, parts and 
transportation. 
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Economies 
of scale 

The scale of output has reached a point where the total cost is spread over a 
large number of produced activities, which leads to a cost advantage.  

Economies 
of scope 

The company has complementary key activities and resources, which mutually 
support each other. For example, the company may use the same marketing 
activities or distribution channels to maintain customer relationships. 

2.2.5 Revenue streams 
Revenue streams result from several types of customer payments, which might derive from one-
time payments or continuous payments (see table 6).  
 
Prior research suggests that it is advisable to adopt a customer-centric perspective when 
analyzing and discussing revenue streams. Thus, customer relationships, channels and customer 
segments are critical components that should be evaluated when assessing what each customer 
segment truly are willing to pay for (Osterwalder & Pigneur 2010). 
 
Table 6. The distinction between different types of revenue streams. 

Revenue 
streams 

 Description 

Asset sale Generated from sales of products, such as consumer electronics. 

Usage fee Derived from user fees of a particular service, priced based on how long and 
how often the customer uses the service. For example, a telecom operator that 
charge customers for the number of minutes spent on the phone. 

Subscription 
fee 

The company provides the customer with continuous access to a service. For 
example, a gym membership, the customer is granted access to a fitness center 
for a monthly, quarterly or yearly payment. 

Lending/ 
Leasing/ 
Renting 

The customer does not have to cover the entire ownership cost. Instead, the 
customer is granted the right to use the asset for a limited time period 
(monthly, quarterly or yearly). 

Licensing The right to use intellectual property, logo or design. The seller is still 
associated with the license and have some control over how it is used. For 
example, a patented technology that is exchanged in return for a license fee. 
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2.2.6 Value proposition 

A central aspect is to consider the value proposition in the context of competition. Scholars 
suggest that some value propositions represent a new or disruptive offer, while others are 
similar but with added features and attributes (see table 7) (Osterwalder & Pigneur 2010).  
 
Several studies suggest that the value proposition should be expressed in terms other than purely 
financial ones (Demil & Lecocq 2010), it is highly associated with customer relationships. A 
number of authors have recognized that the value proposition should be tailored to the context 
of the entire market structure (Wirtz et al. 2016), thus, it should be evaluated in a broader 
context than just the own organization to find its place in the market. Previous research showed 
that companies must balance the value proposition in regard to economic, social and ecological 
values (Boons et al. 2013). 
 
Table 7. The value proposition may have the following elements. 

Value 
proposition 

 Description 

Newness New technologies or designs that fulfill an entirely new set of customer 
needs, which previously did not exist.  

Performance For example, the improvement of a computer component, which leads to 
faster computers, able to support more sophisticated software. 

Customization The value proposition is tailored to suit the particular needs of a customer 
or a customer segment. 

2.2.7 Customer relationship 
The literature review shows that the ongoing interactions or transactions with current and 
potential new customers primarily focus on customer retention, and on driving sales growth 
(Osterwalder & Pigneur 2010). The interactions with customers could range from personal to 
automated processes (see table 8). It is worth noting that the choice of customer relationship 
may have a profound influence on the overall customer experience. 
 
Table 8. The characteristics of different types of customer relationships. 

Customer 
relationship 

 Description 

Personal 
Assistance 

Personal interactions between customers and company representatives that 
could, for example, take place at the company, or through the telephone to 
solve an issue that the customer may face. 

Dedicated 
Personal 
Assistance 

Relationships that typically are developed over a long period of time. The 
sales representative is aware of the particular customer needs. 
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Self-Service For example, a software vendor that provides their customers with user 
manuals in order to guide them through the installation processes. 

Automated 
Services 

For example, a customer who visits a website to track a package that the 
customer has sent or is waiting to receive. 

Communities For example, a digital platform that allows customer to solve each other’s' 
problems (exchange of knowledge/experiences). Which also helps the 
company to get better insights into the customer needs. 

Co-creation The customer is involved in the process of creating value. For example, a 
digital platform that encourage customers and stakeholders to share ideas 
about a product design. 

2.2.8 Channels 
The channels for communication, distribution and sales are known as the mediums through 
which a company reaches its customer segments. This can be done through direct or indirect 
channels, or through a combination of both (Osterwalder & Pigneur 2010). 
 
The literature review shows that direct channels are used when companies decide to sell directly 
to customers. The implications of this are that the company have fewer partnerships to depend 
on, while on the other hand, the company does not have to share profits with others.  
Accordingly, prior studies suggest that higher investments are required to create the necessary 
internal capabilities. The company could instead decide to use indirect channels. This could for 
example be a mediator, an external partner that organize the channels for communication, 
distribution and sales. This decision could make it easier and quicker to market the value 
proposition. 
 
Moreover, it was reported in literature that a company must decide whether they going to use 
their own channels, or reach its customers through various channels with help of external 
partners (Magretta 2002). This suggests that there is a trade-off between indirect and direct 
channels. A number of authors have recognized that a company must use its internal 
competencies as a basis for external positioning (Morris et al. 2005). From the short review 
above, it seems like the challenge is to find a combination of indirect and direct channels that 
is best suited for external positioning in the marketplace. 

2.2.9 Customer segments 
Prior studies suggest that is difficult to fulfill all kinds of requirements and customer 
expectations (Neilson et al. 2008). Differences in prices, products, services, features, or brand 
identities are examples of characteristics that distinguish one customer segment from another. 
This suggests that a company must decide which segments to focus on, and which ones to 
neglect.  
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The literature review shows that this decision has a great impact on the entire business model 
(Osterwalder & Pigneur 2010). The following characteristics are typically used by 
entrepreneurs to target specific requirements and customer expectations: 
 
Table 9. The customer segments may have the following characteristics. 

Customer 
segments 

Description 

Mass Market This type of business model does not target a particular customer segment. 
The value proposition, customer relationships and sales channels are 
developed to serve a broad group of customers with similar characteristics. 

Niche 
Market 

The business model aims to serve a specialized customer segment with 
certain requirements. The supplier-buyer relationships in the automobile 
industry is an example where specialized part manufacturers rely on 
purchases from major automobile manufacturers. 

Segmented The company serve several customer segments with similar needs. By 
making small changes to each value proposition of the particular segment. 

Diversify The business model aims to serve two unrelated customer segments with, for 
example, different prices, services or brand identities. 

Multi-Sided 
Platform/ 
Market 

The company aims to serve two sides of a transaction. For example, a credit 
card company (composed of two customer segments - cardholders and 
merchants). 

 
To summarize, the Business Model Canvas can be perceived as vague due to the general lack 
of consensus across studies. Moreover, a number of authors have criticized the framework for 
not giving the strategic and operational insight on how to implement the intended business 
actions. The framework is therefore usually complemented by other methods of analysis for 
strategic and operational decision making. On the other hand, a number of authors have 
recognized that the concept works well to describe and analyze the enabling and constraining 
factors that one may encounter when designing business models. 
 
The concept consists of nine components, this has been discussed by a great number of authors 
in literature. Each component provides a focus area that helps entrepreneurs to see all relevant 
aspects when discussing the design.  
 
The nine components can further be seen through the perspective of four major areas to focus 
on. The first one is the design of the infrastructure i.e. the organizational structures and 
resources that are needed for the operations to work effectively. The next one focuses on the 
overall interaction with customers. The third one gives insight into the financial aspects of a 
business model, while the fourth focus area is the value proposition. 
 
Prior research suggests that small changes to any of these focus areas could have a profound 
implication on the entire architecture of the business model. For example, how key resources 



 
 

 15 

are managed, and how internal competencies are created and maintained. Accordingly, previous 
studies have shown that the unique partnerships with key stakeholders, internal competencies 
(complicated process steps, intellectual property), organizational structures and arrangements 
are characteristics that make a business model difficult to replicate by competitors. 
 
Previous studies showed that an appropriate design and implementation involves evaluating 
these factors in regard to customers, suppliers, and the broader business environment. This 
suggests that all these focus areas should be evaluated in a broader context than just the own 
organization to find its place in the market. 

2.3 Previous research on business models in the context of smart grid 
technologies 
In the specific case of electricity companies, they should equally take all these components into 
account when designing a business model. Once the business model is put together to form an 
entity, there could be specific components that are both enabling and constraining a company's 
ability to commercialize smart grid technologies (Shomali & Pinkse 2016). The idea is that 
difficulty to change one component may hinder companies from designing innovative business 
models.  
 
Osterwalder and Pigneur (2010) Business Model Canvas emphasizes the “big picture”, and the 
importance to achieve a better alignment between these components. The presented chapters 
(2.2.1-2.2.3) are based on Osterwalder and Pigneur (2010) analytical framework, and can 
therefore be further divided into Customer segments; Value propositions; Sales channels; 
Customer relationships; Revenue streams; Key resources; Key activities; Key partnerships; 
Cost structure. 

2.3.1 Value proposition 

Value proposition is described as “the design of the product or service it offers to its market, 
and how it differentiates itself from other firms with the value proposition” (Rasmussen 2007, 
p.1). Some authors refer to the value proposition as the benefit/value a customer segment 
receives through the business model (Demil & Lecocq 2010).  
 
The value proposition is closely related to the customer segments (see table 9), which are 
defined as “the different groups of people or organizations an enterprise aims to reach and 
serve” (Osterwalder & Pigneur 2010, p.22). A parable from the electricity sector is the 
implementation of regulatory support schemes such as feed-in tariffs, which would create 
interest from customer segments in wind and solar power technologies (Wüstenhagen & Bilharz 
2006), and increase the demands for complementary services from energy storage and smart 
meters to adjust production and consumption at strategic points in time (Eid et al. 2015).  
 
The value proposition is further closely linked to the customer relationships, a business model 
component that is defined as “the reason why customers turn to one company over another, it 
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solves a customer problem or satisfies a customer need” (Osterwalder & Pigneur 2010, p.22). 
Accordingly, the tendency to innovate business models based on smart grid technologies will 
most likely depend on the degree of customer engagement (Shomali & Pinkse 2016). Electricity 
companies have to overcome the barriers of customer engagement, in order to reach sufficient 
capacity at the end user level (SEDC 2016). 
 
The increased use of energy storage from electric cars, and the deployment of intermittent 
renewable energy with limited predictability of capacity, all pose extra load to the local 
distribution network (Carreiro et al. 2017). These factors add to the operational complexity of 
ancillary services provided to support the electric power system (Strbac 2008; Poplavskaya & 
de Vries 2019). Whether electricity companies will consider the quality of electricity supply as 
a part of the value proposition will depend on the level of vertical integration.  
 
Vertically integrated market actors will be more concerned about maintaining quality of the 
electricity supply (Shomali & Pinkse 2016). Products and services from smart grid technologies 
will in the short term likely benefit specialized electricity companies as they are not burdened 
by the loss of value from an existing resource base (Shomali & Pinkse 2016). It has been shown 
that actors with smart grid technologies based on distributed energy resources who are 
developing a business model and accounting for multiple types of value propositions, are more 
likely to achieve environmental and social goals and open doors for new actors (Foxon et al. 
2015). 

2.3.2 Value creation and delivery 

Products and services are distributed and sold through sales channels that enable customers to 
evaluate a value proposition, and companies to raise awareness among customers about a value 
proposition (Osterwalder & Pigneur 2010). In the electricity sector, the primary sales channels 
are the day-ahead and the intraday markets, as well as ancillary services at the balancing market 
i.e. primary (FCR) and secondary (FRR) frequency control reserves (Denholm & Hand 2011; 
Ulbig & Andersson 2015). 
 
Key partnerships is another component closely related to the value creation and delivery. 
Rasmussen (2007, p.1) described key partnerships as “how to integrate its firms own value 
chain with those of other firms in a value network”. The electricity sector is vertically 
unbundled, meaning that generation, transmission, distribution and retailing are separate 
functions. Vertically integrated electricity companies would in particular benefit from smart 
grid technologies, especially those with core activities in transmission and/or distribution 
network (Shomali & Pinkse 2016). This is because they allow networks to improve the value 
delivery to end customers through network optimization and enhanced reliability of electricity 
supply (Strbac 2008). Smart grid technologies based on distributed energy resources would be 
less relevant for unbundled electricity companies (Shomali & Pinkse 2016). The absence of 
vertically integrated electricity companies makes it important to have an appropriate regulatory 
framework to optimize the benefits of smart grid technologies (Strbac 2008).  
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The key activities are the actions required to reach the target value proposition as effectively as 
possible by making skillful use of e.g. distribution channels, customer relationships and revenue 
streams (Osterwalder & Pigneur 2010). Smart grid technologies would increase the complexity 
of the key activities. In accordance with Shomali and Pinkse (2016), it would require specific 
skills, which currently are not among electricity companies core capabilities. Companies 
specialized in ICT seem better equipped to make use of capabilities in data with respect to usage 
patterns, marketing and real time information to gain accurate knowledge of customer needs 
and preferences (Valocchi et al. 2014).  
 
Moreover, key partnerships are organized to acquire resources and reduce the risks through a 
network of suppliers and alliances (Osterwalder & Pigneur 2010). Electricity companies with 
adequate ICT capabilities would use the information to customize their own value proposition, 
or provide it as a service to other actors in the electricity sector, where they would be 
complementary partners to the conventional electricity companies. However, they would also 
gain market share and create new competitive dynamics within the electricity sector (Shomali 
& Pinkse 2016). Furthermore, key resources in the Business Model Canvas (see table 4) 
represent the physical, financial, intellectual, or human resources, which are required  “to make 
a business model work” (Osterwalder & Pigneur 2010, p.34). 

2.3.3 Value capture 

Rasmussen (2007, p.1) describes value capture as “what it costs to produce and how it charges 
for it” and is closely linked to the component of cost structure (see table 5), which are the costs 
to create and deliver value (Osterwalder & Pigneur 2010). The cost structure could be managed 
in various ways. Some companies focus on minimizing costs wherever possible through 
maximum automation and extensive outsourcing. Others take advantage of economies of scope 
by using the same marketing activities or distribution channels to support multiple products and 
services (Osterwalder & Pigneur 2010).  
 
Electricity companies that change from central production to generation from distributed energy 
sources also experience a change in the company's cost structure (Behrangrad 2015). The cost 
structure could mainly consist of smart meters, communication facilities, controllers, software 
and other IT components (Strbac 2008). Costs for conventional capacity reinforcement of the 
local distribution network could be reduced or completely avoided (Strbac 2008; Pöyry 2017) 
and replaced with a cost structure based on ICT, which is added to existing infrastructure of the 
local distribution network (Shomali & Pinkse 2016). 
 
A company must ask itself “What is each customer segment truly willing to pay?” (see table 6 
about revenue streams(Osterwalder & Pigneur 2010, p.30). Electricity companies would 
manage the process of customer engagement through ICT solutions and potentially improve the 
efficiency or to facilitate the maintenance of the generator equipment owned by end customers 
(Richter 2013). Electricity companies would benefit from offering packages of equipment, 
installation and maintenance services with competitive prices, or even for free to gain 
information about end customers electricity usage such as heating, cooling or lighting. In return, 
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they would create new revenue streams from operating home systems and engaging customers 
in the value creation (Shomali & Pinkse 2016).  
 
This can be done by shifting load during peak hours (demand side management) and by offering 
the flexibility as an ancillary service to support the system at local level of the distribution 
network, e.g. stability control, voltage control, restarting system and frequency control 
(Carreiro et al. 2017). Services from demand side management should not be independently 
positioned as a key income source, rather revenue is derived from a properly designed bundle 
of services. Thus, services related to smart grid technologies should capture value from various 
income sources under a liberalized market environment (Gordijn & Akkermans 2007). 
 
There are several value propositions in literature that point out different opportunities to extract 
and create value. This can be for example by adjusting electricity production and consumption 
at strategic times for residential, commercial or industrial consumers. The outcome is that 
individuals with small-scale generation units, including intermittent energy and storage close 
to the point of consumption could sell ancillary services to the market via a third party, also 
referred to as a balance service provider (Energinet et al. 2016).  
 
This may however give rise to administrative challenges and sharing of some revenues with 
these third parties, discouraging potentially distributed energy resources (Pöyry 2017). In 
addition, distributed energy resources would require equipment for real-time measurement, so 
that delivered volumes can be correctly compensated for (Lo Schiavo et al. 2013). Smart grid 
technologies based on distributed energy resources have the opportunity to extract and create 
value from the following services: 
 

- Revenue from electricity sales through day-ahead and intraday markets  
- Revenue from sales of ancillary services to stabilize constant frequency (FCR) 
- Revenue from maintaining capacity ready and available as backup in times of system 

stress 
- Revenue from sales of ancillary services to return frequency to its normal frequency 

(FRR) 
- Revenue from sales of services to reduce the need for network reinforcement (provision 

of solutions to network problems and supply constraints) 
 
To summarize, previous research of business models in the context of distributed energy 
resources emphasizes the absence of vertically integrated electricity companies as an important 
aspect to take into account when designing a business model in the electricity sector. It is 
important to understand the challenges encountered when the value creation is moved forward 
in the value chain.  
 
The key activities are moved closer to end customers, which changes the customer relationship. 
Greater emphasis on customer engagement is called for in order to encourage them to 
participate and invest in distributed energy resources. The complexity of key activities and 
resources increases when activities are reorganized to be delivered from the bottom-up, and not 
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just from top-down. Key resources such as physical, financial, intellectual, or human resources 
will have a greater emphasis on ICT solutions, which will change the existing resource base. In 
the short term, this is likely to benefit specialized electricity companies as they are not burdened 
by the loss of value from an existing resource base. 
 
Previous research has identified several possible sources of income, where actors within the 
electricity sector have the opportunity to extract and create value from distributed energy 
resources. 
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3 Industrial context 
This chapter introduces the current market design and previous suggestion about an additional 
market, where distributed energy resources could participate to solve network problems and 
supply constraints at the local level of the distribution system. The chapter further presents new 
market regulations (EBGL) that are expected to enable new business models based on 
distributed energy resources the forthcoming years. 

3.1 Market design 
The electricity wholesale markets in the Nordics, and North-West Europe, consist of the day-
ahead market, the intraday market and the balancing market. These markets accommodate 
balancing issues in various time scales (Zhang et al. 2014). In addition, portfolios are balanced 
by bilateral agreements (Fingrid 2016). All three markets are of relevance to the aggregators of 
distributed energy resources (DER) as illustrated in figure 1. 
 

 
Figure 1. An actor has aggregated a number of distributed energy 
resources (DER), which are offered to the existing markets for the 
sale of electricity (Han et al. 2017). 

3.1.1 Day-ahead and intraday markets 

The day-ahead market in figure 1 is the main market for the sale of electricity, where bids are 
allowed until 24 hour before dispatch, and the minimum bid size is set to 0.1 MW (Fingrid 
2016). The price levels in the day-ahead market vary depending on bidding area and the amount 
of available supply in relation to demand (Anon n.d.), formed in a single valuation process 
coupled to electricity markets in North-West Europe (Alvehag et al. 2017). The day-ahead price 
is a good indication of what the price level will be in intraday and balancing markets, and it is 
also used as a reference price in bilateral agreements (Alvehag et al. 2017). 
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The intraday market illustrated in figure 2 below, provides the opportunity to balance supply 
and demand up to one hour before dispatch (Anon n.d.). The price level is determined through 
pay-as-bid auction with a minimum bid size of 0.1 MW (Pöyry 2018).  There are no formal 
restrictions that electricity must be sold through day-ahead or intraday markets (Anon n.d.). 
 
The time frames for allocation of electricity in the day-ahead and intraday markets are too far 
away for unexpected variations in supply and demand (Boscán & Poudineh 2016b). The 
consequence is that ancillary services have to respond to changes in demand and supply through 
the balancing market (Weber 2010; Winkler & Altmann 2012). Market actors experience 
greater price volatility and higher price caps closer to the dispatch hour (Fingrid 2016). Trading 
electricity closer to dispatch hour is expected to increase in significance with the expansion of 
intermittent renewable energy (Nicolosi & Fürsch 2009). 

 
Figure 2. The existing markets for allocation of electricity 
accommodate balancing issues in various time scales. The horizontal 
axis illustrates the time frame for trading electricity (Han et al. 2017). 

3.1.2 Balancing market 

The balancing market in figure 2 is the last stage for trading electricity. The transmission system 
operator (TSO) procures ancillary services through a market-based mechanism known as 
balancing market. Automatic and manual reserves are often referred to as ancillary services 
(Denholm & Hand 2011) and managed by the transmission system operator as a single buyer 
in the balancing market (Energinet et al. 2016). Ancillary services can be deployed either to 
increase electricity infeed or reduce electricity withdrawal in case the electric power system is 
undersupplied or vice versa. 
 
The primarily reserve is the frequency containment reserve (FCR), which is used to stabilize 
constant frequency. The secondary reserve, referred to as frequency restoration reserve (FRR), 
is used to return frequency to the normal range. Moreover, FRR consists of aFRR for automatic 
operation to handle minor frequency divergences, and mFRR for manual operation, which is 
used to manage larger frequency divergences (Svk 2018; Pöyry 2018). 
 
Pre-qualification tests are carried out to verify that the provided ancillary services meet the 
requirements. Minimum bid size for FCR-N and FCR-D is 0.1 MW. FCR-N has to be 
symmetrical, which means market actors have to be able to contribute with equal volume to 
increase electricity infeed or reduce electricity withdrawal, if the electric power system is 
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undersupplied. aFRR bids should be given in steps of 5 MW, and a mFRR in steps of 10 MW 
in all bidding areas, with the exception of bidding area SE4, where the requirement for 
minimum bid is also 5 MW (Fingrid 2016). 
 
Moreover, market actors receive remuneration for maintaining ancillary services available and 
ready for use, priced through a pay-as-bid auction. Actual activated bids are priced in 
accordance with marginal pricing (Fingrid 2016). 

3.1.3 Suggested additional market 

Previous research suggests that an alternative would be to introduce a local distribution market 
to minimize risk and enhance investment returns on crucial ancillary services. Long-term 
agreements could be used to achieve a reliable and robust electric power system with high share 
of intermittent renewable energy (Klevnäs et al. 2016). The local distribution market would 
operate beside the mainstream markets. The purpose would be to provide ancillary services to 
solve network problems and supply constraints at the local level of the distribution system (Eid 
et al. 2015). 

3.2 Electricity balancing guidelines 

Over the coming years Sweden will incorporate EU Commission's Electricity Balancing 
Guideline (EBGL). Previous literature has pointed out EBGL as a factor which would open 
doors for entries of new companies and intensified competition (Abbasy et al. 2011; ENTSO-
E 2018). EBGL gives priority to market-based procurement of balancing services without 
“undue barriers to entry for new entrants” (European Commission 2017) Art. 3.1 (e) cited in 
(Poplavskaya & de Vries 2019), p. 265). 
 
Two roles are created to guarantee balance in each connection point of the electric power 
system. These two roles are the balance responsible party (BRP) and the balance service 
provider (BSP). Previously, there was one agreement between transmission system operators 
and electricity suppliers to guarantee balance. Thus, BRP had the opportunity to weigh the 
remuneration received against the risk of imbalance (Sahlén et al. 2018).  
 
EBGL clarifies the roles and responsibilities between BRP and the new role of BSP (Energinet 
et al. 2016). BRP is financially responsible for the balance in a specific connection of the 
electric power system through a contractual relationship with the transmission system operator. 
BSP is responsible for physical dispatch of electricity. A BSP that provides ancillary services 
to the balancing market receives remuneration by the transmission system operator. One or 
several BRP are financially responsible for each BSP (ENTSO-E 2018). The roles must be 
defined in such a way that no gap or overlap exists. The activated volume must be measured 
and linked to intended BSP and BRP  (Sahlén et al. 2018). 
 
The intention of the two separate roles is to ensure a fair and transparent integration of actors 
with distributed energy resources, including vRES, demand side, storage and any kind of 
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aggregated facilities ((European Commission 2017) Arts. 3.1, 5 & 18.4). Thus, no agreement 
between BSP and BRP is required (Sahlén et al. 2018). 
 
There are currently two prices for imbalance settlement; one for production and one for 
consumption (Fingrid 2016). EBGL removes the two-price system and replaces it with one 
price for both production and consumption (ENTSO-E 2018). The purpose is to encourage 
market actors to stay in balance or to help the system to be balanced (Sahlén et al. 2018). 
 
Moreover, in current imbalance settlement model, market actors are expected to balance the 
portfolio on an hourly basis before operational hour. EBGL recommends 15-minute imbalance 
settlement model (ENTSO-E 2018). The intention with shorter time to dispatch is to minimize 
forecast error (Lorenz et al. 2011). Frequent reserve procurements and transactions lead to 
lower balance costs and increase revenue for BSP with intermittent renewable energy 
(Kiviluoma et al. 2012).  
 
Furthermore, EBGL Art.18.4 cited in Poplavskaya & de Vries 2019 allows resources to be 
combined from two or more units. Resources include generating facilities, transmission system 
access, emergency response capability and accounting and billing databases. The purpose is to 
allow entries of new BSPs with less resources. Moreover, marginal pricing is recommended by 
EBGL, Art. 30 (1a) (Poplavskaya & de Vries 2019). 
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4 Method 
This chapter presents the methods used to address business model development centered around 
distributed energy resources. An interview study was conducted in order to provide an 
understanding of the challenges individual companies encounter as they develop business 
models to integrate their product and service offering into the electricity markets. Additional 
data was gathered through a literature review of academic papers, market reports and law 
propositions. 

4.1 Research approach 
The unit of analysis is primarily the industrial or meso level of the system perspective 
(Blomkvist & Hallin 2015), as well as the interaction between companies and markets. The 
components of a business model are seen from the perspective of actors are mere businesses, 
not technology developers, hence they either own, control or are in progress of developing new 
smart grid technologies based on distributed energy resources. 
 
An inductive approach is used throughout this study. In accordance with Creswell (2009), the 
inductive approach is suitable when working with qualitative data, since it allows researchers 
to get a richer understanding of the data, as well as discover new dimensions by developing 
patterns of meaning. 
 
Figure 3 illustrates the research approach, which consisted of a workshop with commissioner 
organization, literature review, semi-structured interviews and analysis. The literature review 
was conducted in parallel with the interview studies and the analysis to support the process of 
building new theory. 

 
Figure 3. Schematic illustration of the research approach. 
 
The freedom to identify a problem and relevant theories allows the researcher to better define 
the research questions and facilitate the process of interpreting data (Creswell 2009; Yin 2014). 
It is not uncommon for the researcher to iteratively move back and forth between gathered data 
and written documentation to make refinement of research questions, purpose and background 
(Blomkvist & Hallin 2015), since knowledge is acquired throughout the whole research 
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process. The inductive approach still allows one to use relevant theories to get a richer 
understanding of the data, as well as discover new dimensions of existing theory. 
 
A series of recent studies has indicated that the electricity sector has much to gain from 
accessing a broad range of products and services in order to make use of the output from 
intermittent renewable energy. Technologies such as photovoltaic systems, micro wind 
turbines, energy storage and smart meters for demand side management, and further the new 
EU Commission's guidelines for electric power balance are pointed out as factors enabling the 
entry of new companies and intensified competition, however limited attention has been given 
to understanding the challenges of individual companies as they strive to integrate their service 
offering to the electricity markets. 

4.1.1 Interview study 
A large part of the data in this study is based on semi-structured interviews. This method 
combines open-ended questions with follow-up questions. The informants can talk openly to 
cover the desired topic, while the researcher simultaneously has the opportunity to follow up 
emerging issues with modified questions (Creswell 2009; Yin 2014). The decision to conduct 
an interview study was formed on the basis of the purpose and problem formulation. A 
qualitative method was considered best suited, since it is especially useful in new research fields 
(Blomkvist & Hallin 2015). This method is appropriate for studies in emerging fields such as 
this one, where problems are identified in complex situations. This approach is in alignment 
with the nature of the commissioner organization's interest in smart grid technologies, as well 
as the implications this might have from a general business perspective. 
 
The commissioner is an organization within the Swedish Energy Agency called Swedish Smart 
Grid Forum. The organization is actively engaged in the search for innovative solutions in the 
field of energy efficiency and sustainable energy usage. In general terms, the organization 
promotes dialogue between partners in the Swedish electricity sector to identify and develop 
innovative solutions through organized meetings and workshops (Anon n.d.). The organization 
is responsible for the entire process from research and innovation to internationalization and 
harmonizing with the government's objectives of achieving the national environmental and 
climate goals.  
 
One ambition of the study was to expand and generalize literature by shedding light on business 
model concepts (analytic generalizations) (Creswell 2009; Yin 2014). The intention was to 
cover multiple interviews and draw a single set of cross conclusions. A further reason for 
conducting semi-structured interviews was motivated by the real-world context where market 
actors operate and interact within the electricity sector. Researchers suggest that semi-
structured interviews are frequently used within social science to develop theories and handle 
complex phenomenon (Creswell 2009; Blomkvist & Hallin 2015). 
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4.1.2 The selection of interviews 

The selection of informants was based on a workshop where representatives from the electricity 
sector were invited by the commissioner organization. The purpose with the workshop was to 
discuss and share ideas about how smart grid technologies based on distributed energy 
resources could become an integral part of the electricity sector.  
 
The workshop was performed in the beginning of the study and provided a better understanding 
on the nature of the investigated problem. The workshop enabled the formation of a preliminary 
problem definition and had an impact on the entire trajectory of the research, as it allowed the 
formation of criteria (see table 10). This workshop also provided the opportunity to get to know 
informants that were willing to give relevant information. 
 
Table 10. The informants had to fulfill three criteria to be participate in the interview study. 

Criteria 1 The informants were involved in the Swedish electricity market and had 
knowledge of current market regulations from their professions. 

Criteria 2 The informants had knowledge of smart grid technologies from their professional 
backgrounds in the field. 

Criteria 3 The informants were actively developing value propositions from distributed 
energy resources, or had close contact through their professions with actors that 
were developing value propositions from distributed energy resources. 

4.2 Data collection 
An inductive approach was used. The analysis of data was performed in parallel with refinement 
of literature review, as well as collection of other empirical data such as reports. 

4.2.1 Literature review 

A literature review was conducted in order to acquire initial knowledge about the topic from 
various perspectives. Researchers suggest that empirical research begins with reading up on 
existing theory and relevant topics related to the study, in order to identify a research gap, and 
then propose research questions that addresses this gap (Creswell 2009; Yin 2014). In this 
manner, the objectives were to narrow down the scope to a researchable phenomenon and build 
a theoretical foundation to the literature chapter of this study. While at the same time align the 
interest of both sides, academia and the commissioner organization. The literature chapter was 
therefore added to and revised as the problem formulation and research questions developed 
and changed. 
 
Documents collected from the commissioner organization outlined the objective of achieving a 
electricity sector with a bundle of products and services from technologies such as solar 
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photovoltaic systems, micro wind turbines, energy storage and smart meters for demand side 
management (Forum för smarta elnät 2017) and roles and responsibilities in regards to the 
provision of these products and services (Sahlén et al. 2018).  
 
As the collection and analysis of data was of a inductive and iterative process, researchers 
suggest that relevant literature is gathered during all phases of the study (Blomkvist & Hallin 
2015). Accordingly, the literature review was conducted throughout this study in parallel with 
the semi-structured interviews. This helped in the later stages to construct questionnaires to the 
informants, and to further support the overall reliability and validity of the analysis and results. 
 
Literature from the commissioner organization was reviewed in parallel with published material 
from books and peer-reviewed journal articles from Google Scholar, KTHB Primo and Web of 
Science. Keywords used separately or in combination, were business models; business model 
innovation; electricity market; energy efficiency; innovation diffusion; renewable energy; smart 
grids; solar; value creation; wind.  
 
Relevant articles were identified by examining the titles and abstracts. The full text of selected 
articles was analyzed in detail as well as reference lists of relevant articles were examined to 
find more relevant articles within the topic. 

4.2.2 Semi-structured interviews 

The data were collected from 7 semi-structured interviews with participants from the 
commissioner organization, business departments within the selected companies and from the 
academia. The aim was to encourage informants from the selected companies to talk openly 
about current business models and challenges related to them. While the questionnaire to the 
commissioner organization and academia were related to the problem formulation and general 
advice about the electricity market, regulations and business challenges. A summary of the 
conducted interviews is found in table 11. 
 
The interview questions were sent out to the informants in advance, with a brief introduction 
and an explanation of this study as part of the informed consent process (Creswell 2009; Yin 
2014). Not all questions were asked, instead questions were modified with short follow-up 
questions, depending on whether enough information had been collected. The questions were 
centered around the business model components in relation to how the informants perceived 
the conditions for business model development and market participation. 
 
The semi-structured interviews lasted for 30-90 minutes and were held face to face in meeting 
rooms or similar rooms free from disturbance. All interviews with the selected companies were 
recorded and later transcribed. The reliability of the data may increase by asking the same 
questions to several informants. This approach resulted in a vast amount of data, researchers 
suggest this approach can be very time consuming (Creswell 2009; Yin 2014). The conducted 
data from the commissioner organization and academia was therefore not recorded, instead 
notes were taken with the ambition to gain an understand of the topic, and narrow the scope 
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down to more specific research questions, and thereby focus exclusively on the given topic 
during the data collection phase with the selected companies. 
 
Action has been taken to triangulate the collected data (Creswell 2009; Yin 2014) by examining 
evidence from two or more informants together with literature to ensure consistency and 
complementarity. 
 
Table 11. Summary of interviewed informants. 

Informants Organization 
type 

Field of expertise Role Date Time 

I1 Organization A Demand side management Executive 
Director 

2019-01-17 60 
min 

I2 Organization B Demand side management Project 
leader 

2019-01-17 60 
min 

I3 Company A Energy storage and 
demand side management 

CEO 2019-03-18 90 
min 

I4 Company B Photovoltaic systems, 
micro-wind, energy 
storage 

Research 
engineer 

2019-03-19 45 
min 

I5 Company C Demand side 
management, Software 
and other IT components 

Project 
manager 

2019-03-22 60 
min 

I6 Company D Energy storage and 
demand side management 

Sales and 
Marketing 

2019-03-26 60 
min 

I7 University A Electric Power Systems Professor 2019-03-27 30 
min 

4.3 Research process 

A consequence of the semi-structured interviews was the large amounts of data collected from 
each informant. Researchers suggest that one strategy to analyze the data is to organize and 
display the data through thematic charts to ensure a systematic research process  (Ritchie et al. 
2013; Gale et al. 2013). 
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Table 12. The data were divided into groups according to key themes. 
Initial 
themes 

Initial categories Refined 
categories 

Key themes 

Channels ● There is a limited access to channels for selling surplus of electricity. 
● The main difficulty on the day-ahead and intraday markets is that actors compete 

with much larger generation volumes. 
● Ancillary services offered to the balancing market are the first example of a 

service, which is anticipated to be profitable. 
● Opportunities could arise from development of bilateral agreements. 
● A market at local level of the distribution network would reduce the complexity 

for actors with ancillary services to participate. 

 
 
 
 
 
 
 
 
 
 
 
 
Value 
creation 
and 
delivery 

 
 
 
 
 
 
Unbundle 
electricity 
companies 
and vested 
interests 
 
 
 
 
 
 
 
 
Local 
distribution 
market 
 
 
 
 
 
 
 
 
Markets 
and 
revenues 
 
 
 
 
 
 
 
 
Partnership 
and 
Competitive 
dynamics 

Key 
partnerships 

● An important prerequisite is the high level of trust between market actors. 
● Actors operate in silos, focusing exclusively on their area of responsibility in the 

value chain. 
● DSOs could be reluctant to partner with aggregators as their offering could reduce 

revenue streams from fixed fees related to fuse sizes. 
● For a DSO it is profitable to optimize costs by keeping the capacity down from 

the overhead regional distribution network. 
● Limited room to maneuver and choose alternative solutions from distributed 

energy resources. 
● Market design and regulations related to balance responsibility have to be 

clarified. 

Key 
activities 

● Monitoring of network connection and optimizing the capacity utilization (input 
and output) through energy storage. 

● Development of the cloud-based software for the unique needs of the property. 
● To make accurate forecasts of prices in the balancing market. 
● Frequent participation in the balancing market. 
● Modularity and scalability of the product/service offering. 
● Circularity of technologies. 

Key 
resources 

● Distributed energy resources are located behind the electricity meter. 
● Cloud-based software. 
● Sharing of costs and increased resource utilization of a limited number of 

photovoltaics and energy storage. 
● A sufficient enough base of installed capacity. 

Cost 
structure 

● Revenue from the balancing market needs to be shared with property owners. 
● The deployment of hardware products at end user level. 

 
 
 
 
Value 
capture 

Revenue 
streams 

● A monthly fee could be collected through a leasing agreement to optimize the end 
customer's property. 

● Revenue can be generated directly through product sales to end customers. 
● DSOs pay a fixed fee per year, that includes services to manage demand during 

periods of congestion and peak hours, and overall optimization of electricity 
usage at the distribution grid level. 

● The balancing market is recognized as an additional secondary source of revenue. 

Customer 
segments 

● Municipalities with environmental profiles or customers in need of a backup 
system. 

● Heat producers, electricity suppliers, balance responsible parties, distribution 
system operators (DSOs) and transmission system operators (TSOs). 

 
 
 
 
Value 
proposition Customer 

relationship 
● Dependent or involved in the day-ahead, intraday and balancing markets. 
● Primarily buy products, not services. 
● Combination of cloud-based software with energy storage and photovoltaic. 

Product / 
service 
offering 

● Optimize electricity usage and costs. 
● End users reduce the subscription tariff. 
● Better utilization of the distribution network during peak hours. 
● An end user sell surplus and receive a relatively good price. 

 

 
The data were categorized in accordance with the analytical framework in table 1: (1) Key 
partnership; (2) Key activities; (3) Key resources; (4) Cost structure; (5) Revenue streams; (6) 
Product / service offering; (7) Customer relationship; (8) Channels;  (9) Customer segments. 
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The categorized data (see table 12) were expressed in terms close to the language used in the 
semi-structured interviews. 
 
The components were further worked through systematically again to ensure that all the content 
had been considered. When reviewing the empirical findings, the following key themes were 
identified: (1) Unbundle electricity companies and vested interests, (2) Local distribution 
market, (3) Markets and revenues, and (4) Partnership and Competitive dynamics.  
 
The first key theme relates to the structure of the value chain, as well as key partnerships. The 
second theme of analysis that was identified is local distribution market. This key theme relates 
to the challenges faced by market actors and gives insight into how the electricity markets could 
be adapted to the introduction of these business models. This third key theme relates to the 
existing sales channels, and the number of possible revenue streams under current market 
conditions. The fourth and final key theme relates to dynamics and challenges of mobilizing 
key activities and resources. 
 
The identified themes were compared to past literature and analyzed using the Business Model 
Canvas. The results were then used to address the research questions. 

4.4 Research quality 

Researchers suggest that it is essential that a qualitative research study is objective (Creswell 
2009; Yin 2014). This means that the researcher has to establish measures to ensure that bias is 
avoided. Reliability, construct validity and external validity are three relevant aspects to 
consider in this study to evaluate the research quality. 
 
Reliability refers to the stability or consistency of the results over time (Creswell 2009; Yin 
2014). In other words, the same results would be given if the research was repeated by other 
researchers. However, this does not mean that the results measure the content that they were 
intended to measure. In order to achieve this, researchers suggest that construct validity is 
another important aspect to consider. Construct validity is assessed by examining to which 
extent the result is in line with the purpose of the research study (Creswell 2009; Yin 2014). 
This also means that the choice of method has to reflect the purpose, for example, the choice of 
inductive or deductive approach, or how well the choice of informants in this interview study 
relates to the purpose. 
 
While the third aspect is the external validity, which sometimes referred to as generalizability. 
Researchers suggest that this aspect involves the evaluation of how likely the empirical findings 
can be transferred to other contexts (Mills et al. 2010). This could for example be to evaluate 
how well the semi-structured interviews in this study can be generalized to other settings or 
past situations. Researcher therefore suggest that it is important to define the domain to which 
a study’s empirical findings can be generalized (Yin 2014). 
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Researchers further suggest that one validity strategy is to use two or more sources of evidence 
that converging on the same empirical findings (Yin 2014; Creswell 2009), where similar 
convergence pattern can be noticed between different sets of data throughout the research 
process. To evaluate the research quality of this study, these all aspects have been considered. 
 
The definitions of smart grid technologies and distributed energy resources may have different 
interpretations and perceptions. Since the field is not well-established, it can affect the 
comparability between how consulting reports, energy agency reports and research journals are 
defining same, or similar, concepts. Smart grid technologies and distributed energy resources 
include a range of technologies, such as solar photovoltaic systems, micro wind turbines, and 
micro-combined heat. It could be argued that the range of technologies included in the study 
can have affected its overall validity and reliability of this study (Creswell 2009; Yin 2014).  
 
Still, some level of saturation (Ritchie et al. 2013) could be observed between different sources 
of data, and a number of themes were distinguished. However, it should be noted that 
discrepancies also were observed between informants, contrary to the themes. Especially how 
the informants regarded the possibility of revenue streams and partnerships; some informants 
were more optimistic about the future of these technologies, whereas others were not. 
 
The clearest distinction could be noted between those who had most of their activities and 
resources based on centralized production, and the ones that exclusively focused on developing 
new value propositions at the local level of the electricity system, while the informants that 
developed new value propositions for both the heating and the electricity sector where 
somewhere in between these two contrary perspectives. These discrepancies can be observed 
in the empirical findings (chapter 5). 
 
It is worth noting that no refined material was brought back to informants to confirm the 
accuracy of the interpretations, which is another validity strategy that Creswell (2009) 
recommend to increase the quality of the analysis and results. A factor that could have affected 
the overall validity and reliability of this study.  
 
Furthermore, it can be difficult to completely avoid bias, for example, this study was performed 
by one person, and every person has their background and experience, thus, the study could 
have benefit from multiple perspectives in the interpretation of the empirical findings. 
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5 Empirical findings - The perception of market actors 
This chapter presents the interview study by focusing on the components of the Business Model 
Canvas. The aspects that the informants emphasize are presented and sorted in a sequence 
where the interviews reinforce and overlap each other. A summary of the main findings from 
chapter 5.1-5.3 are presented in tables 13-15. 

5.1 Value proposition 

The value proposition in the Business Model Canvas (see table 7) solves a customer problem 
or satisfies a customer need. Some authors refer to the value proposition as the benefit/value a 
customer segment receives through the business model. 
 
The informants claimed that the value proposition is usually offered to municipalities with 
environmental profiles or customers in need of a backup system (I6). In addition, the customer 
segments are heat producers, electricity suppliers, balance responsible parties, distribution 
system operators (DSOs) and transmission system operators (TSOs) (I5). Most of the customer 
segments are dependent or involved in the day-ahead, intraday and balancing markets (I3), 
which can be seen in figure 2 with various time scales for allocation of electricity. As stated by 
an informant: 
 

“The customer segments are very divided and multifaceted, which demonstrates the 
complexity (I4).” 

 
The informants claimed that the customer segment of end customers primarily buy products, 
not services. Property owners buy these products, since they allow them to optimize their own 
electricity usage and costs. This can be done by combining cloud-based software with energy 
storage and photovoltaic to store electricity during periods of relatively high production and 
low demand (I4, I5, I6). End customers with high consumption rates have a subscription, which 
means that they pay for the load they are adding on the distribution network (I4, I6). If they are 
able to reduce capacity, their tariff subscription can be reduced as well. This creates room for 
better utilization of the distribution network during peak hours (I4). Due to local network 
constraints within certain geographical locations, it is difficult to obtain permission to build 
server halls or to set up parking lots with recharging infrastructure. As stated by an informant:  
 

“The reinforcement of infrastructure capacity takes time and several construction projects 
remain waiting in line until capacity is in place, which may inhibit economic growth (I4).” 

 
An informant further suggested that the value for end customers is generated from energy 
efficiency or lower costs for comfort, while other end customers have an environmental profile. 
Industries usually make a more calculated decision of what they earn from these capital 
investments (I4). The value a customer receives is individual and calculated based on the degree 
of capacity output. As expressed by an informant: 
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“The primary benefit for residential and commercial properties with energy storage is to 
reduce capacity related costs by lowering the main fuse (I6).” 

 
Changing from a 125-amp fuse to a 16-amp fuse for resident result in a reduced fee by 4000 
SEK (I6). Residents with production in the middle of the day use energy from photovoltaic and 
recharge the energy storage from the distribution network during the night (I6). End customers 
with photovoltaic are in a privileged position to sell surplus and receive a relatively good price. 
Capital investments in energy storage are not as relevant if end customers can sell surplus back 
to an electricity supplier (I4). Another informant claimed that it has been shown to be profitable 
for property owners to invest in energy storage, which is controlled with a cloud-based service. 
The greatest benefit for a property owner comes from combining energy storage with 
photovoltaic (I5). Moreover, a design engineer traditionally dimensions a number of parking 
lots with recharging infrastructure for everyone to use simultaneously. Instead of oversizing the 
capacity of the parking lots, the cost can be reduced or completely avoided by using distributed 
energy resources for flexible transmission and system operations (I6). 
 
Furthermore, the economic incentives are designed to support capital investments in 
photovoltaic alone or to combine photovoltaic with energy storage. There are no economic 
incentives to invest only in energy storage. The economic incentives are misleading since they 
associate photovoltaic and energy storage as a coherent element. The economic incentives 
should be linked to where the benefits are (I4). Energy storage would help the local distribution 
networks in several city regions in Sweden to reduce peak load (I4, I6). The economic 
incentives have to emphasize the benefits of managing capacity, and not just the benefits of 
transferring energy as in the case of photovoltaic (I6). In table 13, the main empirical findings 
with respect to value propositions for aggregation of distributed energy resources are 
summarized. 
 
Table 13. Summary of the main findings with respect to value propositions. 

Customer 
segments 

The most important customer segments are:  
- Municipalities with environmental profiles or customers in need of a 

backup system. 
- Heat producers, electricity suppliers, balance responsible parties, 

distribution system operators (DSOs) and transmission system 
operators (TSOs). 

Customer 
relationships 
 

In developing customer relationships, aggregators should consider the 
following customer characteristics: 

- Dependent or involved in the day-ahead, intraday and balancing 
markets. 

- Primarily buy products, not services. 
- Combination of cloud-based software with energy storage and 

photovoltaic. 
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Product / 
service 
offering 

Aggregators can offer the following products/services to create value for 
customers: 

- Optimize electricity usage and costs. 
- End users reduce the subscription tariff. 
- Better utilization of the distribution network during peak hours. 
- An end user sell surplus and receive a relatively good price. 

5.2 Value creation and delivery 
Value creation and delivery are presented through four of the components in the Business 
Model Canvas, namely sales channels, key partnerships, key activities and key resources (see 
table 1).  

5.2.1 Sales channels 
Products and services are distributed and sold through sales channels that enable customers to 
evaluate a value proposition, and companies to raise awareness among customers about a value 
proposition. 
 
Informants claimed that there is a limited access to channels for selling surplus of electricity 
from distributed energy resources (I4, I6). There are no opportunities for distributed energy 
resources when it comes to participating in the day-ahead and intraday markets (I3, I4). As 
stated by an informant: 
 

“On the day-ahead and intraday markets, actors compete with much larger generation 
volumes and price volatility is reduced, which makes it difficult to earn revenue on these 

markets (I5).” 
 
An informant further suggested that end customers with photovoltaic installations have the 
opportunity to reach an agreement with an electricity supplier to sell surplus production. An 
individual residential customer with distributed energy resources does not qualify to participate 
in the existing markets for the sale of electricity. However, a third party that aggregates capacity 
and has control or ownership over a large number of distributed energy resources can participate 
in existing markets on the behalf of individual customers (I4). 
 
The informant further argued that the sales of ancillary services to the balancing market is not 
possible and too expensive, unless you find a way to reach a sufficient generation volume at 
consumption level without it being too expensive (I4). On the other hand, another informant 
suggested that the balancing market is a better option than the day-ahead and intraday markets 
due to the higher price volatility (I5). The informant further expressed that: 
 
“Ancillary services offered to the balancing market are the first example of a service, which is 

anticipated to be profitable (I5).” 
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The informants further claimed that the transmission system operator (TSO) will provisionally 
open the balancing market (FCR-N and FCR-D) during the second quarter of 2019 for services 
from distributed energy resources (I5, I6). Services from distributed energy resources will be 
synchronized as one unit to provide frequency control. The interconnected residential properties 
have reached a capacity that is high enough to be pre-qualified and exceed the minimum bid 
size of 0.1 MW (I5). 
 
Moreover, informants claimed that there are few opportunities to choose services from 
distributed energy resources as an alternative for transmission and system operations. Under 
current market regulation, it is better for a DSO to invest in conventional reinforcement of 
infrastructure capacity (I4, I6). As expressed by an informant: 
 

“The services sold to DSOs are governed by bilateral agreements. It is a problem that the 
provision of services from distributed energy resources is not a part of the existing markets 

(I3).” 
 
The informant further argued that the bilateral agreements concluded between actors and DSOs 
could lead to increased costs for those responsible for imbalances, in particular when they 
cannot predict consumption patterns of end customers (I3). 
 
Thus, there is no explicit market for services from distributed energy resources to handle 
congestion problems at local level of the distribution network. The only way to do this is 
through bilateral agreements with DSOs, which require administrative effort and are difficult 
to scale up. As phrased by an informant: 
 
“A market at local level of the distribution network where services are sold as a complement 

to existing markets could be a solution (I5).” 
 
The informants further suggested that it would directly address local network constraints, which 
would reduce the complexity for actors with ancillary services to participate, in comparison to 
the existing balancing market (I6). It would make it easier for actors to reach a larger group of 
customers and partners (I5). As stated by an informant:  
 
“A market at local level of the distribution network for allocation of electricity is one option 
to deal with the congestion constraints, which currently exist in certain city regions (I3).” 

 
The informant further claimed that the prices in a local distribution market would be set 
according to available capacity, which would change the level of supply and demand in existing 
markets (I3). A local distribution market would make a positive contribution to motivate DSOs 
to take advantage of the benefits with services from distributed energy resources. (I5). There is 
a shortage of supply in certain city regions with high capacity output within the local 
distribution network. The lack of supply is a result of over-stressed distribution networks. The 
entire electric power system is built to be delivered from top-down, and not from the bottom-
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up. It takes time to reinforce the infrastructure capacity, a local distribution market could be a 
way to manage capacity constraints (I4). 

5.2.2 Key partnerships 
Key partnerships in the Business Model Canvas (table 2) are organized to acquire resources 
and reduce the risks through a network of suppliers and alliances. 
 
An informant expressed that the trust between market actors is important to take into account 
when designing incentives for distributed energy resources. Market actors have always taken 
responsibility, and together helped each other to maintain a well-functioning electric power 
system (I3). 
 
Furthermore, an informant argued that DSOs have noticed a change in electricity consumption 
patterns due to the increased number of electric cars. DSOs in several city regions are in need 
of replacing transformers and reinforcing the capacity of the distribution network to meet the 
increased consumption patterns (I3). The informant further argued that despite the fact that 
DSOs get the most out of distributed energy resources, many of them focus exclusively on their 
area of responsibility in the value chain (I3). As stated by another informant: 
 

“DSOs and the actors with distributed energy resources operate in silos, rather than jointly 
developing and finding solutions based on smart grid technologies, which would create value 

for all parties involved (I6).” 
 
An informant further suggested that DSOs reduce operational costs by using services from 
distributed energy resources, in comparison to conventional reinforcement of infrastructure 
capacity. As a result, the DSOs could reduce fees to the end customer (I5). On the other hand, 
lowering the fuse size in residential, commercial and industrial properties through smart grid 
technologies, leads to reduced revenue for DSOs. As phrased by an informant: 
 
“The deployment of distributed energy resources has to be synchronized with DSOs reduced 

revenue streams from fixed fees related to fuse sizes (I6).” 
 
The informants further claimed that DSOs in certain geographical areas are penalized 
financially by the overhead regional distribution network, if they cross the subscribed capacity 
over short time intervals (I6). Energy storage in residential and commercial properties with the 
purpose to optimize electricity usage during peak hours minimizes the risks for penalty fees, 
which is valuable for DSOs (I6). For example, DSOs with 150,000 end customers remunerates 
the overhead regional distribution network 180 SEK / kW and year (I3). This means that the 
DSOs reduce operational costs and have the possibility to charge a lower fee to their end 
customers. Contrary to the previous citation, an informant expressed that: 
 

“Actors with distributed energy resources indirectly help DSOs to get more satisfied end 
customers (I5).”  
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An informant further suggested that for a DSO it is profitable to optimize costs by keeping the 
capacity down, especially if the DSO is increasing the number of end customers each year and 
still manages to keep capacity down from the overhead regional distribution network (I3). On 
the other hand, informants agreed that capital investments in conventional reinforcement of 
infrastructure capacity guarantee return on investment (I4, I5). DSOs have permission to 
recover capital investments by imposing fees on end customers. This has resulted in limited 
room to maneuver and choose alternative solutions from distributed energy resources, because 
these products and services belong to another cost category. DSOs therefore prefer to make 
investments in conventional reinforcement of infrastructure capacity (I4, I5). 
 
The regulations are designed for capital investments in conventional reinforcement of 
infrastructure. DSOs have the right to impose these investments via added fees on end 
customers. As phrased by an informant: 
 

“It would be better if DSOs were required to evaluate alternative products and services to 
solve network problems at the local level of the distribution network, before making a 

decision to strengthen the capacity through conventional reinforcement of infrastructure 
capacity (I3)” 

 
An informant argued that there are geographical locations where it is suitable to invest in 
conventional reinforcement of infrastructure capacity. However, every geographical location 
with network constraints has their unique settings, and no one really knows how many end 
customers are available and willing to adjust production and consumption in a reliable way 
during peak hours. It must be tested and evaluated, since this will be needed in the future (I4). 
Smart grid technologies based on distributed energy resources are regarded as a more cost-
effective alternative compared to conventional reinforcement of infrastructure capacity. An 
assessment of the particular distribution network's needs and context should form the basis for 
the choice of capacity reinforcement (I3, I6). Peak hours usually occur a few times a year during 
certain given hours. Distributed energy resources are recognized as a better alternative than 
capacity reinforcements in some situations. The procurement of products and services from 
distributed energy resources should be included as an alternative to compete on the same terms 
as conventional reinforcement of infrastructure capacity (I5). 
 
The informant further suggested that there should also be freedom of choice, to either choose 
to upgrade the substation through a conventional capital investment, or cooperate with actors 
to support local system operations through distributed energy resources. Energy storage placed 
at property owners is a way to ensure that the distribution network is not near the capacity limit 
during peak hours. A smaller proportion of investments in smart grid technologies based on 
distributed energy resources can be covered by the regulated procurement practices (I5). As 
expressed by an informant: 
 

“It is more profitable for DSOs to invest in conventional reinforcement of capacity 
infrastructure (I5)” 
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One informant claimed that there are DSOs who have actively decided not to raise the end 
customer fees. Instead, they have chosen to invest in smart grid technologies based on 
distributed energy resources, an investment DSOs cannot charge on end customers (I3). 
 
Furthermore, an informant suggested that the market design and regulations related to balance 
responsibility have to be clarified. Balance responsible parties (BRPs) forecast the balance 
between production and consumption. Electricity balancing guidelines (EBGL) are perceived 
as diffuse. The role as a BRP is considered to require control over all stages of the electricity 
distribution, otherwise a balance service provider (BSP) may change the outcome of the 
forecast, which a BRP is financially responsible for, but has no control over (I4).  
 
The informants further claimed that district heating producers are seen as key partners. During 
the coldest days of the year, interconnected properties are pre and post heated by a cloud-based 
software (I5, I6). The companies who develop smart solutions based on distributed energy 
resources usually provide services to both the electricity sector and the industry for thermal heat 
flow. Through cooperation between partners from both industries, a property can be controlled 
to provide energy efficiency, which utilize the thermal inertia of the property, together with 
smart grid technologies. The combination creates what is referred to as a smart property (I3, 
I6). 

5.2.3 Key activities 
The key activities in the Business Model Canvas are the actions required to reach the target 
value proposition as effectively as possible by making skillful use of e.g. distribution channels, 
customer relationships and revenue streams. 
 
The informants claimed that the monitoring of network connection and optimizing the capacity 
utilization (input and output) through energy storage is one of the key activities (I3, I6). A 
cloud-based service controls the energy storage based on several functions. The first function 
is to store excess production from photovoltaic. Thus, the end customer does not have to buy 
electricity from a supplier. The next function is to reduce the property's load peaks, which 
lowers the cost of the distribution network fee. The third function is to act as a capacity reserve 
to offer energy services to the balancing market (I5). Another informant further claimed that it 
is predictable when peak hours occur. Through the combination of smart grid technologies and 
thermal heat flow during pre- and post-peak hours, an actor can reach a high volume of energy, 
in order to compensate for peak load during the given hours. The peak load can be reduced even 
more if the capacity output in parking lots with recharging infrastructure is controlled. High 
flexibility of electricity usage is created through the combination of several resources (I6).  
 
Another informant suggested the cloud-based service to be adapted to the unique needs of the 
property. The service is primarily optimized for internal control of units such as photovoltaics, 
heat pump and ventilation system. This system can ensure that the peak load is under control 
and reduced. Properties are linked to a common point to constitute a larger unit for demand side 
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management at the local level of the distribution system. The pre-qualification test (bid size, 
response time) is not a problem, because there are already enough interconnected properties to 
reach the capacity to participate in the balancing market. The pre-qualification tests have 
already been conducted and tested for the installed and aggregated units (I5). 
 
The informant further claimed that another part of the business model is to make accurate 
forecasts of prices in the balancing market. This is necessary in order to predict future price 
levels and to submit bids in accordance with these projections (I5). As expressed by the 
informant: 
 
“A key activity is to develop and improve the tools for having capacity available and ready, to 

either increase or decrease consumption at a given time (I5).” 
 
The informant further claimed that the goal is to frequently participate in the balancing market 
and increase the total volume offered. The profit margin can be expected to significantly vary 
between time periods (I5).  
 
Moreover, an informant suggested that a modular and scalable platform is useful in order to 
customize the solution to the specific size of the property. End customers can choose whether 
they want both photovoltaic and energy storage. The scalability makes it possible to customize 
products and services to the size of the property. The amount of photovoltaic and energy storage 
varies between properties within the portfolio. The properties form a system and energy is 
transferred between them. The combination of modularity and scalability creates the conditions 
for controlling, measuring and responding to needs in the local distribution network (I6). As 
stated by an informant: 
 
“The customized solution can be upgraded as new technologies emerge. The end customer is 

not locked to current technology (I6).” 
 
The informant further claimed that business models centered around software development are 
more exposed to competition. The software can be applied to any system, and if the actor only 
provides frequency control as a software service, the company becomes exposed to 
competition. Scalable and modular hardware platforms are less vulnerable if sufficient number 
of units are installed at end customer level. Actors strive to increase the amount of installed 
capacity among end users. A hardware platform is installed as a stand-alone system in case the 
solar or wind production is missing, or as an integrated system for solar and wind production. 
Over time new energy storage can be integrated into the existing platform. There is no need for 
two systems to synchronize the number of power units. The power units are operated on the 
same DC network, to take advantage of distributed energy resources in the system (I6). 
 
Furthermore, the technical specification of an electric car battery is predefined. When the 
technical specification is not fulfilled anymore, it is still an excellent resource for local 
distribution networks or properties. As expressed by an informant: 
 



 
 

 40 

“A key activity is to provide sustainable solutions to match long term changes in production 
and consumption patterns (I6).” 

 
The informant further suggested that the challenge of developing business models based on 
smart grid technologies is to see what the needs are in the future. Photovoltaic has by definition 
a long durability, and the calculation of the estimated value of the procurement is based on the 
economic incentives that exists today (I6). 
 
The informants further claimed that the economic incentives will expire within a few years, or 
as soon as they are no longer needed. Entrepreneurs have to look beyond established business 
models, regulations and market design and focus on understanding the needs of the electric 
power system in the future. Nuclear power plants are replaced by intermittent energy. The 
electric power system is stressed by the changing consumption patterns. A server hall is built 
in a logistics center in a couple of years and consume 10% of all the capacity available in the 
distribution network (I3, I6). 

5.2.4 Key resources 
Key resources in the Business Model Canvas represent the physical, financial, intellectual, or 
human resources, which are required to make a business model work. 
 
An informant claimed that energy storage is placed in the properties, which means they are 
placed after the electricity meter. This leads to that DSOs experience an increase or decrease in 
consumption, which is controlled by a cloud-based software service (I5). As expressed by an 
informant: 
 

“It is an advantage when the distributed energy resources are located behind the electricity 
meter. The boundaries of what is possible behind the electricity meter are less restricted, 

while DSOs are in a more restricted position (I5).“ 
 
Another informant claimed that when it comes to electrical installations between residential 
properties, the aggregation of capacity is strictly regulated, which makes it difficult to share 
common resources. The legislative process is often slow. In addition, there is a limited profit 
margin per aggregated customer (I4). The informant further claimed that a large number of 
products need to be installed at end customers to aggregate sufficient capacity. The initial 
product and installation costs are too high to be refunded through sales of ancillary services to 
the balancing market. The deployment of products at the end customer level must be driven by 
completely different incentives. To make distributed energy resources financially profitable, 
the incentives need to be driven by public investment, together with the increased number of 
electric cars being used for energy storage (I4). 
 
Another informant noted that there is a good chance that the legislation for electrical 
installations between residential properties that allow to share solar and wind production will 
be implemented. It has previously only been the case for schools, institutions and industrial 
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properties. The new legislation will make it easier to increase the capacity of distributed energy 
resources, since a large part of public housing could be used for flexible transmission and 
system operations, through efficient sharing of distributed energy resources between 
neighboring properties (I6). As expressed by the informant: 
 

“A property at the wrong angle of sunlight at certain times, is reached with electricity from 
photovoltaics from another property. Each property does not have to bear its own costs. 

Several properties would share costs and increase resource utilization of a limited number of 
photovoltaics and energy storage (I6).” 

 
Another informant further argued that there is a need to clarify roles when aggregating 
distributed energy resources at local level of distribution. As stated by the informant: 
 

“The clarification of roles is a 'trial-and-error' process where our objective is to reach 
critical mass by developing a business model which supports the deployment of distributed 

energy resources (I5).” 
 
Both informants pointed out that by obtaining a greater amount of end customers with installed 
capacity, they could convince other market actors that distributed energy resources are 
beneficial for the entire system (I5, I6). The informants further expressed that they experience 
an uncertainty about the future market design and legislation. In fact, one of then stated: 
 

“It is difficult to make projection of return on capital investment for distributed energy 
resources. Actors have therefore chosen to refrain from investments (I3).” 

 
The provision of ancillary services at local level of the distribution network require long-term 
financial security (I3). However, some of those actors who have reached a solid base of capacity 
are now extending existing business models to offer ancillary services to the balancing market 
(I6). In table 14, the main empirical findings with respect to value creation and delivery for 
aggregation of distributed energy resources are summarized. 
 
Table 14. Summary of the main findings with respect to value creation and delivery. 

Sales 
channels 

There are both challenges and opportunities related to current and future 
sales channels: 

- There is a limited access to channels for selling surplus of electricity. 
- The main difficulty on the day-ahead and intraday markets is that 

actors compete with much larger generation volumes. 
- Ancillary services offered to the balancing market are the first 

example of a service, which is anticipated to be profitable. 
- Opportunities could arise from development of bilateral agreements. 
- A market at local level of the distribution network would reduce the 

complexity for actors with ancillary services to participate. 



 
 

 42 

Key 
partnerships 

There are prerequisites for the development of key partnerships, but also 
some conflicting interests that need to be solved: 

- An important prerequisite is the high level of trust between market 
actors. 

- Actors operate in silos, focusing exclusively on their area of 
responsibility in the value chain. 

- DSOs could be reluctant to partner with aggregators as their offering 
could reduce revenue streams from fixed fees related to fuse sizes. 

- For a DSO it is profitable to optimize costs by keeping the capacity 
down from the overhead regional distribution network. 

- Limited room to maneuver and choose alternative solutions from 
distributed energy resources. 

- Market design and regulations related to balance responsibility have 
to be clarified. 

Key 
activities 

There are a number of key activities that aggregators should focus on in 
business development:  

- Monitoring of network connection and optimizing the capacity 
utilization (input and output) through energy storage. 

- Development of the cloud-based software for the unique needs of the 
property. 

- To make accurate forecasts of prices in the balancing market. 
- Frequent participation in the balancing market. 
- Modularity and scalability of the product/service offering. 
- Circularity of technologies. 

Key 
resources 

From an aggregator point of view, the following resources are identified as 
key in business model development: 

- Distributed energy resources are located behind the electricity 
meter. 

- Cloud-based software. 
- Sharing of costs and increased resource utilization of a limited 

number of photovoltaics and energy storage. 
- A sufficient enough base of installed capacity. 
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5.3 Value capture 
Value capture is closely linked to the components of cost structure and revenue streams in the 
Business Model Canvas. It is about identifying costs related to key resources and activities, as 
well as customers' willingness to pay for the offered products and services. It is also important 
to identify how much each revenue stream contributes to the overall revenues. 
 
One informant claimed that there are no long-term incentives to stimulate smart grid 
technologies based on distributed energy resources. Risk capital and innovative business 
models are needed to increase sales of services from distributed energy resources (I4). 
Currently, most of the sales are products, and the products are customized for residential, 
commercial or industrial properties own needs (I4, I6). As expressed by an informant: 
 

“Services account for a smaller proportion of sales (I4).” 
 
An informant further claimed that conventional electricity companies buy products and services 
from specialized actors. They further offer a complete solution to the end customers, where 
they act as a system integrator and have ownership of all the equipment such as photovoltaics, 
energy storage, hardware and software (I6). The informant stated that: 
 
“The conventional electricity companies primary revenue comes from a monthly fee through 

a leasing agreement to optimize the customer's property (I6).” 
 
The informants claimed that the end customers buy a holistic concept through a long-term lease 
agreement, where photovoltaics, energy storage, backup systems and parking lots with 
recharging infrastructure are included to provide a cohesive, integrated system. The strategy is 
to generate revenue directly through product sales or leasing of products to the end customer 
(I4). The customers to whom the products are offered are often residential properties and co-
operative apartments. 
 
The informants claimed that the focus is on developing and optimizing a software to manage 
both the customers' heat consumption in a cost-effective manner, and additionally offer it as a 
service to the local distribution network (I3, I6). As expressed by an informant: 
 

“DSOs pay a fixed fee per year for this, that includes services to manage demand during 
periods of congestion and peak hours, and overall optimization of electricity usage at the 

distribution grid level (I3).” 
 
The informants claimed a third option is to broaden the range of income sources by offering 
services from distributed energy resources to the balancing market (I6). The balancing market 
(FCR-N and FCR-D) is recognized as an additional secondary source of revenue (I5). As stated 
by the informant: 
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“A part of the revenue from the balancing market is shared with property owners, to 
maximize end customers return on investment in distributed energy resources (I5).” 

 
In table 15, the main empirical findings with respect to value capture for aggregators of 
distributed energy resources are summarized.  
 
Table 15. Summary of the main findings with respect to value capture. 

Revenue 
streams 

There are several potential revenue streams for aggregators of distributed 
energy resources: 

- A monthly fee could be collected through a leasing agreement to 
optimize the end customer's property. 

- Revenue can be generated directly through product sales to end 
customers. 

- DSOs pay a fixed fee per year, that includes services to manage demand 
during periods of congestion and peak hours, and overall optimization of 
electricity usage at the distribution grid level. 

- The balancing market is recognized as an additional secondary source of 
revenue. 

Cost 
structure 

Two important cost components are pointed out: 
- Revenue from the balancing market needs to be shared with property 

owners. 
- The deployment of hardware products at end user level. 
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6 The challenges and market dynamics in business 
model development 
This chapter analyzes the empirical findings in relation to previous research on business models 
in the context of distributed energy resources. Four themes were identified that are of relevance 
for understanding the challenges of business model development as well as market dynamics 
related to market entry of actors with distributed energy resources. 

6.1 Unbundled electricity companies and vested interests 
Vested interests mean that the parties have reasons for acting in a particular way, for example 
to protect resources, power or reputation. This theme relates to the structure of the value chain, 
key activities and resources, as well as key partnerships. 
 
The literature review shows that key activities are the most important actions a company must 
take to fulfill its business purpose (see table 3) (Osterwalder & Pigneur 2010). A series of 
studies has indicated that these actions relying on internal and external capabilities related to 
creating, delivering and capturing value. For example, competencies and positional advantages 
that enables companies to reach markets or maintain customers. 
 
Previous studies have emphasized that the particular key activities and key resources of a 
business model incur various types of costs (see table 5) (Osterwalder & Pigneur 2010).  The 
provision of distributed energy resources to solve local network constraints in certain city 
regions are regarded by many informants as a time and cost effective alternative, compared to 
conventional infrastructure investments to reinforce capacity (Ch. 5.2.2). 
 
For electricity companies with the core activities in distribution system operations, Strbac 
(2008) claims that the cost structure would mainly consist of smart meters, communication 
facilities, controllers, software and other IT components (Strbac 2008). The informants suggest 
that products and services related to distributed energy resources would keep the peak load 
down and create room for better utilization of the local distribution network (Ch. 5.1). However, 
some authors also suggest that it would add to the operational complexity of the distribution 
network, when key activities and resources are reorganized to be delivered from the bottom-up, 
and not just not just from top-down (Poplavskaya & de Vries 2019).  
 
Prior research suggests that the exchange of resources between partners in cooperation may be 
motivated by the need to extend own capabilities or reduce costs, and often involve outsourcing 
or sharing of infrastructure (Zott et al. 2011). The findings indicate vested interest between 
parties in the value chain. 
 
Informants argue that distributed energy resources would prevent DSOs to charge end 
customers the same amount of capacity related fees as they previously have done. The 
electricity companies in Sweden are unbundled, which means that no single actor has control 
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over the whole value chain. To maintain good relations, informants claim that the reduced 
capacity usage must be synchronized with DSOs revenue losses, while other informants 
perceive it as an opportunity for DSOs to ensure customer satisfaction (Ch. 5.2.2).  
 
The informants claim that it is important to maintain well-functioning relations between the 
parties, where value is created for all parties involved. The informants suggest that the parties 
must re-evaluate their position in a new environment of decentralized production and start 
working together to find solutions which increase the usage of smart grid technologies at 
consumption level (Ch. 5.2.2). 
 
Strbac (2008) suggests that the absence of vertically integrated electricity companies makes it 
important to have an appropriate regulatory framework in place, to optimize the benefits of 
distributed energy resources within a deregulated environment. 
 
Prior research shows that vertically integrated electricity companies would in particular benefit 
from smart grid technologies, especially those with key activities and resources in transmission 
and/or distribution network. These actors could improve the value delivery to end customers 
through network optimization and enhanced reliability of electricity supply (Strbac 2008).  
 
A number of authors have recognized that key resources are both material and immaterial (see 
table 4) (Teece 2010), they can be owned or leased by the company or acquired from key 
partnerships (Osterwalder & Pigneur 2010). The informants claim that even though smart grid 
technologies have reduced capacity related fees, it would primarily benefit DSOs during peak 
hours to minimize operational costs, and avoid being financially penalized by the overhead 
regional distribution network (Ch. 5.2.2).  
 
Shomali and Pinkse (2016) find that vertically integrated market actors would be more 
concerned about maintaining quality of electricity supply, and it would be less relevant for 
unbundled electricity companies.  
 
The informants also claim that the conventional reinforcement of infrastructure capacity is the 
first choice, before DSOs can consider flexible distribution and system operations from smart 
grid technologies as an alternative (Ch. 5.2.2).  
 
The reason is that it guarantees return on investment via added fees on end customers. A smaller 
proportion of products and services from distributed energy resources are covered by these 
regulated procurement practices (Ch. 5.2.2). Pöyry (2017) suggests that conventional 
infrastructure investments to reinforce capacity of the distribution network could be reduced or 
completely avoided. In the short term, this would likely benefit specialized electricity 
companies, as they are not burdened by the loss of value from an existing key activities and 
resources (Shomali & Pinkse 2016).  
 
The findings suggest that DSOs with limited resources bases have chosen a different direction 
compared to conventional DSOs with larger resource bases by not increasing end customer 
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fees. Instead, they have chosen to cooperate with actors with smart grid technologies based on 
distributed energy resources (Ch. 5.2.2). 
 
Informants do agree that there are geographical locations where it is suitable to invest in 
conventional reinforcement of infrastructure capacity. Still, they claim that an assessment of 
the particular distribution network's needs and context should form the basis for the choice of 
capacity reinforcement (Ch. 5.2.2). 

6.2 Local distribution market 
The second theme of analysis that was identified is local distribution market. This theme relates 
to the challenges faced by market actors and gives insight into how the electricity markets could 
be adapted to the introduction of these business models. 
 
A series of studies has indicated that an organization must continuously develop and improve 
its internal and external capabilities as a consequence of new technologies, customer 
perceptions or regulatory requirements (Markides 2006). Informants claim that it is difficult to 
estimate return on investment of distributed energy resources (Ch. 5.2.4), and they suggest that 
entrepreneurs need to look beyond established business models, regulations and market design, 
and focus on understanding the needs of the electric power system of the future (Ch. 5.2.3).  
 
Informants claim that there are no clear conditions under which to effectively manage 
distributed energy resources at local level, so it is important that the roles and responsibilities 
are clarified (Ch. 5.2.2). A particular point of EBGL is to clarify the roles and responsibilities 
between BRP and the new role of BSP (Energinet et al. 2016). The two separated roles ensure 
a fair and transparent integration of actors with distributed energy resources, including vRES, 
demand side, storage and any kind of aggregated facilities ((European Commission 2017) Arts. 
3.1, 5 & 18.4).  
 
Informants argue that the clarification of roles and responsibilities is a 'trial-and-error' process. 
Business models have to evolve along the way, together with the assessment of roles and 
responsibilities (Ch. 5.2.4).  
 
Furthermore, it was reported in literature that the channels for communication, distribution and 
sales are known as the mediums through which a company reaches its customer segments. This 
can be done through direct or indirect channels, or through a combination of both (Osterwalder 
& Pigneur 2010). The literature review shows that direct channels are used when companies 
decide to sell directly to customers. The implications of this are that the company have fewer 
partnerships to depend on, while on the other hand, the company does not have to share profits 
with others. Accordingly, prior studies suggest that higher investments are required to create 
the necessary internal capabilities. The company could instead decide to use indirect channels. 
This could for example be a mediator, an external partner that organize the channels for 
communication, distribution and sales. This decision could make it easier and quicker to market 
the value proposition. 
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Currently, the interview study shows that the provision of energy services is governed by 
bilateral agreements (direct channels) to handle congestion problems at the local level of the 
distribution network, which require administrative effort and are difficult to scale up (Ch. 5.2.1). 
The bilateral agreements between parties could lead to increased costs for those who are 
responsible for imbalances, in particular when they cannot predict consumption patterns of end 
customers (Ch. 5.2.1).  
 
Previous research suggests that an option could be to introduce a specific market for crucial 
ancillary services built on long-term agreements. To achieve a reliable and robust electric power 
system based on intermittent energy, the new market would ensure long-term revenue for actors 
with useful ancillary services (Klevnäs et al. 2016). The informants claim that a local 
distribution market (indirect channel) is an alternative to deal with the congestion constraints, 
which currently exist in certain city regions (Ch. 5.2.1). 
 
The informants say that it takes time to reinforce the infrastructure capacity through 
conventional methods, which is why a local distribution market for managing capacity 
constraints would be useful (Ch. 5.2.1).  
 
Prior research suggests that the new market would operate beside day-ahead, intraday and 
balancing market. The purpose would be to provide services to solve network problems and 
supply constraints at the local level of the distribution system (Eid et al. 2015). On this basis, 
the informants claim that the prices in a local distribution market would be set according to 
available capacity, which would change the level of supply and demand in the existing markets 
for the sale of electricity (Ch. 5.2.1). 
 
This would directly address local network constraints and make it less complicated for 
providers of ancillary services to participate in the market (Ch. 5.2.1). 

6.3 Markets and revenues 
This third theme relates to the existing sales channels, value proposition and the number of 
possible revenue streams under current market conditions. 
 
Several studies suggest that the value proposition should be expressed in terms other than purely 
financial ones (Demil & Lecocq 2010), it is highly associated with customer relationships. A 
central aspect is to consider the value proposition in the context of competition. 
 
The sales of electricity through the day-ahead and intraday markets (Ulbig & Andersson 2015) 
compete with much larger capacity volumes, and there are small differences in price volatility, 
which makes it difficult for distributed energy resources to earn revenue in these markets (Ch. 
5.2.1). The primary source of revenue is generated directly through product sales or leasing of 
products to the end customers (Ch. 5.3).  
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Scholars suggest that some value propositions represent a new or disruptive offer, while other 
value propositions are similar but with added features and attributes (see table 7) (Osterwalder 
& Pigneur 2010). The primary value proposition consists of optimization of energy 
consumption at end user level (Ch. 5.1), as well as through bilateral contracts where the installed 
capacity is offered as a service to DSOs (Ch. 5.2.1). 
 
The literature review shows that revenue streams result from several types of customer 
payments, which might derive from one-time payments or continuous payments (see table 6) 
(Osterwalder & Pigneur 2010). The findings suggest that revenue consists of annual fixed fees 
to manage flexible system operations from providing services to solve network problems and 
supply constraint (Ch. 5.3), which further reduces the need for network reinforcement (Strbac 
2008). 
 
Moreover, previous literature showed that the balancing market is expected to increase in 
significance with the expansion of intermittent energy generation (Nicolosi & Fürsch 2009). 
Currently, informants regard the balancing market as an additional revenue source (Ch. 5.3). 
The participants in the balancing market experience greater price volatility and higher price 
caps (Fingrid 2016). The sales of ancillary services to stabilize constant frequency (FCR) 
(Pöyry 2017) are in an early stage in the commercialization process, informants claim that the 
current objective is to reach critical mass of distributed energy resources (Ch. 5.2.4).  
 
Thus, the companies of distributed energy resources have broaden the number of value 
propositions, which is in line with the literature, where one value proposition from smart grid 
technologies should not be independently positioned as a key income, rather revenue is derived 
from a properly designed bundle of services (Gordijn & Akkermans 2007). The pre-
qualification (bid size, response time) to participate in the balancing market (Fingrid 2016) is 
not regarded as an issue by the informants (Ch. 5.2.3). However, the balancing market is 
regarded as an alternative market. Planned to be used as an additional source of revenue, 
primarily to support property owners to get returns on their investment by sharing a portion of 
the revenue (Ch. 5.3). 

6.4 Partnerships and competitive dynamics 
This fourth and final theme relates to dynamics and challenges of mobilizing key activities and 
resources. 
 
Studies suggest that key partnerships are organized to acquire resources and reduce the risks 
through a network of suppliers and alliances (Osterwalder & Pigneur 2010). The findings 
suggest that some of the companies are specialized in product development, while others are 
specialized in software development of smart grid technologies (Ch. 5.2.3). As previously 
mentioned, the cost structure would mainly consist of smart meters, communication facilities, 
controllers, software and other IT components (Strbac 2008), which would in the short term be 
likely to benefit specialized companies as they are not burdened by the loss of value from an 
existing resource base (Shomali & Pinkse 2016). 
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As previously stated, some authors have suggested that the different types of partnerships that 
companies create have implications on the entire architecture of the business model (Morris et 
al. 2005). For example, how key resources are managed, and how internal competencies are 
created and maintained. Accordingly, the choice of partnership must align with the company's 
objectives, such as time, scope and size ambitions. 
 
The findings suggest that conventional electricity companies have taken on the role of a system 
integrator, where they cooperate with specialized companies to offer a complete solution 
consisting of e.g. photovoltaic, energy storage, hardware and software to end customers (Ch. 
5.3). Some authors have also suggested that companies specialized in ICT would be key 
complementary partners to conventional electricity companies, however, the specialized 
companies would also gain market share and create new competitive dynamics within the 
electricity sector (Shomali & Pinkse 2016).  
 
As has been previously reported in the literature, the required skills are currently not among 
electricity companies core capabilities, and specialized companies seem better equipped to 
make use of smart grid technologies (Shomali & Pinkse 2016), such as data analysis of usage 
patterns, marketing and real time information to gain accurate knowledge of customers' needs 
and preferences (Valocchi et al. 2014).  
 
A number of authors have recognized that the unique partnerships with key stakeholders are 
what make a business model difficult to replicate by competitors. However, there could be many 
reasons behind the challenge of emulating a business model. The literature review shows that 
such attempts may disturb relationships with existing customers, suppliers, or important 
alliance partners (Teece 2010). An informant pointed out that business models based on 
software development are exposed to competition. The software can be applied to any system, 
and if the actor only provides frequency control as a software service, the company becomes 
exposed to competition (Ch. 5.2.3). The deployment of hardware products at end user level is 
regarded as important to create long-term relations with end customers (Ch. 5.2.3).  
 
Furthermore, studies suggest that actors with smart grid technologies based on distributed 
energy resources, who are developing a business model and accounting for multiple types of 
value propositions, are more likely to achieve environmental and social goals and open doors 
for new actors (Foxon et al. 2015). 
 
The findings suggest that the specialized companies have had multiple types of value 
propositions, while conventional electricity companies have confined themselves to a limited 
numbers of value propositions (Ch. 5.3). 
 
It was reported in literature that the value proposition should be tailored to the context of the 
entire market structure (Wirtz et al. 2016), thus, it should be evaluated in a broader context than 
just the own organization to find its place in the market. Previous research showed that 
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companies must balance the value proposition in regard to economic, social and ecological 
values (Boons et al. 2013).  
 
The literature review shows that the value proposition is associated with customer relationships, 
which describes an organization's ongoing interactions or transactions with current and 
potential new customers, where the primarily focus lies on customer retention, and on driving 
sales growth (Osterwalder & Pigneur 2010). It is worth noting that the choice of customer 
relationship may have a profound influence on the overall customer experience. 
 
An informant claimed that the offered smart grid solutions are built on modularity and 
scalability which can be upgraded as new technologies emerge, thus end customers are never 
locked into any one solution. In addition, the circularity of technologies is taken into account 
to make the most of resources. The technical specification of an electric car battery is 
predefined, and when the technical specification is not fulfilled anymore, it is still an excellent 
resource for smart grids (Ch. 5.2.3). Together, the present findings confirm that the company 
has consider the value proposition in a broader context, where factors to minimize impacts on 
the environment and achieve sustainable growth are taken into account. 
 
Prior studies suggest that is difficult to fulfill all kinds of requirements and customer 
expectations (Neilson et al. 2008). Differences in prices, products, services, features, or brand 
identities are examples of characteristics that distinguish one customer segment from another. 
This suggests that a company must decide which segments to focus on, and which ones to 
neglect. Previous studies have shown that this decision has a great impact on the entire business 
model (Osterwalder & Pigneur 2010). 
 
The literature review shows that electricity companies' tendency to innovate business models 
based on smart grid technologies will most likely depend on the degree of customer 
engagement. Electricity companies have to overcome the barriers of customer engagement in 
order to reach sufficient capacity at the end user level (Shomali & Pinkse 2016; SEDC 2016). 
As previously mentioned, the findings suggest that the deployment of hardware products at end 
user level are perceived as an important factor to stay competitive (Ch. 5.2.4). 
 
The informants seek solutions to increase the amount of installed capacity at consumption level 
(Ch. 5.2.3), where they claim that customer engagement has to be driven by public incentives 
which emphasize the management of capacity, as in the case of energy storage, and not just the 
transfer of energy as in the case of photovoltaic (Ch. 5.1).  
 
Previous studies showed that other strategies to deploy hardware products at consumption level 
could be to offer packages of equipment, installation and maintenance services with competitive 
prices, or even for free to gain information about end customers electricity usage such as 
heating, cooling or lighting (Shomali & Pinkse 2016). In return, electricity companies would 
create new revenue streams from managing home systems and engaging customer in the value 
creation (Shomali & Pinkse 2016).  
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Prior research suggests that it is advisable to adopt a customer-centric perspective when 
analyzing and discussing revenue streams. Thus, customer relationships, channels and customer 
segments are critical components that should be evaluated when assessing what each customer 
segment truly are willing to pay for (Osterwalder & Pigneur 2010). 
 
Some authors have also suggested that these partnerships could be unique for the particular 
company, and even include end customers (Shafer et al. 2005). The informants suggest that one 
strategy is to share the cost and resource utilization of a limited number of photovoltaics and 
energy storage between several properties, so that each property does not have to bear its own 
costs (Ch. 5.2.4), while another strategy is to support end customers return on investment, by 
sharing a portion of the revenue from ancillary services offered to the balancing market (Ch. 
5.3). 
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7 Discussion and conclusions 

This chapter concludes the main findings in relation to the research questions. This is followed 
by a discussion about the implications of these conclusions. The chapter further continues with 
a discussion on sustainability and ethical principles, as well as suggestions on further research 
and the limitations of this study. As previously mentioned, the purpose has been to increase the 
understanding of the challenges faced by market actors as they develop business models 
centered around the mobilization and market integration of distributed energy resource, as well 
as the market's adaptability to these business models. 

7.1 Answers to research questions 
The unit of analysis is primarily the industrial or meso level of the system perspective, as well 
as the interaction between companies and markets. The components of a business model are 
seen from the perspective of actors are mere businesses, not technology developers, hence they 
either own, control or are in progress of developing new smart grid technologies based on 
distributed energy resources. Here the research questions are answered: 
 

RQ1: How do actors seek to overcome the challenges of integrating their product and 
service offering into the electricity markets? 

This analysis found evidence for that the focus lies on meeting the future needs of the electricity 
sector by building long-term relations with end customers. The electricity companies strive to 
increase the amount of aggregated capacity at the local distribution grid level by offering 
affordable prices and engaging customers in the benefits of smart grid solutions. From these 
results it is clear that the actors of distributed energy resource seek to explore various types of 
value propositions, and sources of income, which to some extent are centered around the sharing 
of costs and resources with end customers. On this basis, the study conclude that actors of 
distributed energy resources strive to achieve these objectives by: 
  

- The offered smart grid solutions are built on modularity and scalability. This means that 
end customers are never locked into any one solution. The modularity and scalability 
solution further provide an opportunity for circularity of technologies. It is notable that 
the actors have positioning the value proposition in a broader context, where factors to 
minimize impacts on the environment and achieve sustainable growth are taken into 
account. 
 

- From this standpoint, customer engagement can be considered as an important factor to 
encourage property owners to invest in distributed energy resources. The customers are 
offered to share costs and resources of a limited number of distributed energy resources 
with other properties. This was previously the case only for school buildings, healthcare 
facilities and industrial properties, now also public housing is planned to be targeted 
with similar offerings.  
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- The results show that the balancing market is planned to become a source of income the 
second quarter of 2019, a market that previously has only been served by centralized 
production. The actors' goal is to frequently participate in the balancing market by 
developing and improving the tools for having capacity available and ready for use at a 
given time. The revenue from the balancing market is planned to be shared with end 
customers. To encourage end customers to invest in distributed energy resources. 

 

RQ2:  How are market conditions adapted to the entry of business models centered around 
mobilization of distributed energy resources? 

The main conclusion that can be drawn is that the business models are currently undergoing 
stages of 'trial-and-error' to accommodate the specific needs of the electricity sector. Actors are 
trying to prove to the electricity sector that distributed energy resources have a purpose to serve 
in the electric power system. They argue that the roles and responsibilities have to emerge 
through this type of 'trial-and-error' process, where business models are evolving along the way, 
supported by and adapted to regulatory changes.  
 
There are two dimensions to business models in particular that are impacted by the market 
conditions: 
 

- The organizational structures and resources that are needed for the operations to work 
effectively, which is covered by the components of key partnerships, key activities and 
key resources 

 
- As well as the overall interaction with customers, which consists of the customer 

relationships, the sales channels and the customer segments. 
 
The present findings confirm that engagement and cooperation between market actors is 
regarded as important key factors to increase the investments and demands for solutions from 
distributed energy resources. Currently, most of the partnerships are carried out between actors 
at the local distribution grid level of the value chain, between electricity companies that are 
specialized in technologies for distributed energy resources. While electricity companies with 
a larger resource base in centralized production and DSOs have taken a more ‘wait and see’ 
approach.  
 
Although important to note, there are differences between actors, some have taken a more active 
role to exploit the benefits of distributed energy resources. Where some DSOs have had a 
greater tendency to engage and cooperate to find solutions based on distributed energy 
resources. The tendency to exploit solutions from distributed energy resources have been 
motivated by the decision to not raise the end customer fees. Instead, some DSOs have chosen 
to invest in flexible distribution and system operations, an investment they cannot charge on 
end customers by raising the subscription fees. 
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It appears to be the case that conventional reinforcement of infrastructure capacity is the first 
choice, before DSOs consider flexible distribution and system operations from smart grid 
technologies as an alternative. This study speculate that this might be due to a smaller 
proportion of investments in distributed energy resources are covered by the regulated 
procurement practices. 
 
This choice is also logical in the sense that the electricity sector is vertically unbundled, 
meaning that generation, transmission, distribution and retailing are separate functions, where 
the first choice is to focus on their own side of the value chain through conventional 
reinforcement of infrastructure capacity, instead of moving investments closer to the 
consumption level of the value chain. In line with previous studies, the complexity of operations 
has been stated as a barrier for the spread of distributed energy resources, when key activities 
and resources are reorganized to be delivered from the bottom-up, and not just not just from 
top-down. 
 
Furthermore, in line with the ideas of that distributed energy resources have the opportunity to 
extract and create value through the day-ahead and intraday markets, it can be concluded that 
these markets compete with much larger capacity volumes, and there are small differences in 
price volatility, which makes it difficult for distributed energy resources to earn revenue in these 
markets. Currently, the provision of energy services is governed by bilateral agreements at local 
level of the distribution network, which require administrative effort and are difficult to scale 
up. The bilateral agreements are not a part of the existing markets, which leads to increased 
costs for those who are responsible for imbalances, when user patterns cannot be predicted by 
the parties that are responsible for imbalances, because they do not have the same insight into 
the consumption behavior as they would have with a market. 

7.2 Implications to the commissioner organization 
As has been previously reported, policymaker’s objective is to create conditions for entry of 
new actors and intensified competition, an electricity sector with a bundle of product and 
service offerings in the field of energy efficiency and sustainable energy usage. 
 
On this basis, this study conclude that future efforts need to be directed towards encouraging 
the parties to support their roles and area of responsibility through alternative solutions, 
addressing congestion constraints that several city regions of Sweden experience today at the 
local level of the distribution network. 
 
The paper concludes by arguing for that DSOs play a key role in partnership that are aimed at 
making distributed energy resources an integral part of the electricity sector. The absence of 
vertically integrated electricity companies makes it important to have an appropriate regulatory 
framework to optimize the benefits of smart grid technologies. The advantages of distributed 
energy resources are to a large degree site-specific for the particular distribution network. This 
requires that the regulatory framework for procurement of capacity reinforcement also include 
distributed energy resources as an alternative. 
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As this study has argued elsewhere, distributed energy resources create room for better 
utilization of the distribution network during peak hours. The reduced need for network capacity 
could have implications for the balance of influence and power between parties in the electricity 
sector. The analysis leads to the conclusion that it is important to maintain well-functioning 
relations between the parties, where value is created for all parties involved. This aspect has to 
be taken into account and evaluated to encourage cooperation between the parties. Broadly 
translated, the findings indicate that it would be desirable to align the incentives with the 
particular distribution network's needs and context to form the basis for the choice of capacity 
reinforcement. 
 
The data suggest that we still have a long way to go, but a local distribution market could offer 
an opportunity to explore new value propositions and sources of income, as well as an 
environment for assessing the EU commission's guidelines for electricity balancing (EBGL). 
The intention would be to reduce barriers to entry for new actors and encourage the frequent 
exchange of services from distributed energy resources. It would be a niche market operated 
alongside with the day-ahead, intraday and balancing markets, where the roles and 
responsibilities of the financial and physical dispatch of electricity would be evaluated and 
addressed through appropriate policies and procedures. 
 
The implications of these conclusions should be considered as indications of where 
predominant challenges in current market structures exist, that may prevent the development of 
business models centered around the mobilization and market integration of distributed energy 
resources. 

7.3 Implications to academia 
Limited attention has been given to understanding the challenges of individual companies as 
they strive to integrate their service offering to the electricity markets. This study provides a 
holistic, critically assessment through the business model framework by studying the specific 
perspectives of actors in the Swedish electricity sector. The analytical contribution, in terms of 
interpreting the empirical evidence, demonstrate how actors in the electricity sector striving to 
find their place in a market that is undergoing change. 
 
This study further points out factors that might enabling or constraining electricity company's 
ability to commercialize distributed energy resources, and how this has implications on the 
entire architecture of the business model design. Many insights can be drawn which add to the 
field of knowledge that already exists on this topic. In addition, the analyses that have been 
made, and the key themes that have been created from empirical evidence could also be 
applicable to other highly regulated sectors beyond the specific context of this study. 
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7.4 Discussion on sustainability and ethical principles 
Distributed energy resources are recognized as a sufficient alternative or complement in many 
cases to handle intermittent renewable energy. This would mean less need for reserve plants, 
which might lead to reduced environmental impact in the sense that power generation in reserve 
plants often involves using fossil fuels. 
 
The lack of profitability has been argued as a reason for the absence of distributed energy 
resources. The questionnaires did not include the sustainability aspect per se but was a topic 
that naturally came up in discussion with the informants, as a result of that the value proposition 
is often tailored to the context of economic, social and ecological values. 
 
The results demonstrated that the value proposition is positioned in the realm where social and 
ecological impacts are minimized, and sustainable growth is taken into account to reach 
economic viability. From this standpoint, each element of sustainability should be considered 
as a complement to one another. 
 
This seem to have implications on the whole architecture of the business model design. The 
actors of distributed energy resources had added attributes and features related to circularity of 
obsolete technology and sharing of costs and resources utilization. The present findings show 
that this especially have impact on the customer relationships, intellectual property, and the 
broader business environment. 
 
Furthermore, ethical dilemmas can arise when deciding how to protect confidentiality. Enabling 
technologies such as solar photovoltaic systems, micro wind turbines, and micro-combined 
heat, along with the increased penetration of information and communication technology (ICT) 
make it possible to gain access of usage patterns and real time information about the customers. 
This seems to be a common problem, when ICT enables companies to access more and more 
information about customers. Home equipment, such as systems for heat pumps and appliances, 
which are used to control user patterns (demand side management). One may ask, what kind of 
information is sufficient to collect from customers to provide these services, and how willing 
are customers to change their consumption behavior when it is really needed. Companies with 
that information does not necessarily have to keep it to themselves. The information could 
become a valuable commodity that is sold to a third party. 
 
Moreover, the fact that production takes place close to the point of consumption, where locally 
based companies are involved, could possibly reduce activities that affect the carbon footprint, 
such as less transportation related to installation, operation and maintenance of production 
units. This could contribute to social and economic growth in the surrounding region. 
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7.5 Limitations and future research 
There are limitations associated with this study. The theoretical framework of business model 
canvas has been criticized for being vague and lacking consensus on the components that make 
up the framework. Furthermore, the framework does not give the strategic and operational 
insight on how to implement the intended business actions.  
 
Future research should consider the potential effects of facilitators and barriers more carefully, 
for example the organizational structures and resources that are needed for the operations to 
work effectively, especially the dynamics between actors in such a regulated sector, as well as 
the overall interaction with customers. These factors are very much the key component in future 
attempts to overcome challenges of business model development as well as market dynamics 
related to market entry of actors with distributed energy resources. 
 
Future research could further develop and confirm these initial findings by including a broader 
range of informants from the electricity sector, especially actors that are involved in distribution 
and system operations, as they became a topic often raised during the interview study. 
 
In addition, a local distribution market, which would address network problems and supply 
constraints at the local level might prove an important area for future work. 
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