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Abstract  

This paper aims to provide a deeper understanding of the different types of innovations in digital 

energy services business models in the UK, and examine how they create and capture social and 

economic values, to users and the energy system. Business model innovations are represented in an 

Innovation Ladder to aid understanding of what social and environmental values they create and 

capture. Using a co-evolutionary framework, the paper unpacks the way technology, users, 

institutions, business strategies and ecosystems underpin the characteristics of business models at 

each level of the Innovation Ladder and examines the role of collective action and institutional 

density in negotiating the values created and captured for users and the energy system.  

The paper uncovers two important value gaps, which question the ability of digital energy service 

business models to deliver more social and environmental value. The higher up business models are 

in the Innovation Ladder, the more value they create for the energy system but fewer benefits for 

users. The higher up business models are in the Innovation Ladder, the more abstract and limited 

the articulation of social and environmental values, exposing a weak link between digital innovations 

and the social and environmental values created and captured. Addressing these value gaps could 

contribute to achieving a successful transition to a net zero carbon energy system. 

 

Keywords: business models, innovation, social value, environmental value, digital energy services, 

Innovation Ladder 
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1. Introduction to digital energy services 

There is currently much interest in the relations between three high-level trends affecting the future 

development of energy systems: decarbonization, digitalization and decentralization (Di Silverstre et 

al., 2018). Decarbonization is driven by the need to rapidly expand renewable energy provision and 

energy efficiency improvements to meet carbon reduction targets, digitalization1 is driven by the 

opportunities enabled by digital technologies for new business models for meeting service demands, 

such as peer-to-peer trading, and decentralization is driven by the interaction of new energy and 

digital technologies to deliver energy services closer to the user and the need and potential for 

greater user involvement in energy provision. This raises questions about how these trends will 

interact and who will benefit. In particular, this paper will examine recent and ongoing co-

evolutionary developments in digital energy services2 (DES) provision, focussing on how these relate 

to the incorporation of social and environmental values alongside economic values, and how these 

values are distributed to users and to the energy system. We categorise current developments in 

innovative business models in relation to their level of system integration and argue that these 

developments are giving rise to two value gaps. The paper then identifies areas for regulatory and 

management adjustment and oversight at the interface of decarbonisation, digitalization and 

decentralisation (3Ds) of energy systems.  

Powerful political agendas, such as the Industrial Strategy for the UK, discuss innovative business 

models as key mechanisms for industrial changes and value creation for the energy system. Although 

the business model has been often perceived as architecture for converting innovation to economic 

value for the business, there is increasing demand for business models to create a broader set of 

values and more complex values for energy users and the energy system (Foxon et al., 2015; Hall and 

Roelich, 2016). For example, the Energy Systems Catapult in the UK argued that “Meeting the UK’s 

Net Zero target will require unprecedented innovation across the economy. Innovation not just in 

new technologies, but in new ways of deploying existing technologies, new business models, new 

consumer offerings, and, crucially, new policy, regulation and market design” (Energy Systems 

Catapult, 2020, p.4). The CCC (2019) report highlights the role of innovation in business models at 

the nexus of energy services and digital technologies for the decarbonisation of the UK by 2050, and 

the need for households (i.e. domestic users) and industry to embrace decarbonisation through 

innovative business models and system-level innovation. Mass diffusion of business models which 

support decarbonisation of the energy system and domestic life imply the delivery and capture of 

greater social and environmental value. Digital energy services business models have the potential 

to deliver value to both users (e.g. affordability, greater control) and the energy system (e.g. 

flexibility, decarbonisation of energy), and play a key role in driving change towards Net Zero (Energy 

Systems Catapult, 2020).    

This paper analyses business model innovations in digital energy services using a co-evolutionary 

framework to show how these innovations depend on the interactions between technologies, 

institutions, users, business strategies and ecosystems (Foxon, 2011). It also builds on Hall and 

Roelich’s (2016) concept of complex values produced through business models and the process of 

negotiation between user and system values. Here, the term ‘user’ refers to users of the energy 

services provided through an innovative business model, including final users (such as domestic 

customers), business users and customers in the context of business models (people who pay for or 

capture benefits from the said service through the business model). In this context, people can be 

                                                             
1
 Digitalisation is the process of moving towards a system which utilises the collection and sharing of data 

between devices connected through digital communications (ESC, 2020, p.58). 
2 Digital energy services refer to energy services enabled by digital technologies.  
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both users and customers but not necessarily synonymous. This framing follows a service-dominant 

logic (Vargo and Lusch, 2004) that places the customer at the centre of value creation. 

The discussion pays particular attention to the role of two closely interlinked institutional concepts: 

collective action and institutional density, developed in the context of political institutional theory 

(Pierson, 2000). We argue that, in this process of negotiation, the application of these concepts 

helps to determine the ability of different types of business model innovations to create and capture 

different types of values to users and the energy system.  

The paper aims to answer three questions:   

 To what extent do innovations in digital energy services business model create value 1) for 

the energy system; and 2) for users? 

 To what extent do different types of innovations in digital energy services business model 

create social and environmental values?  

 How can we conceptualise the co-evolution of values and innovation in digital energy 

services? 

This paper introduces the concept of Innovation Ladder, in which more complex business model 

innovations build on lower rung innovations, which are easier to do. The main argument of the 

paper is that complex innovations of energy services (at the higher rungs of the ladder) do not 

necessarily lead to better or more social and environmental values. Using the innovation ladder, the 

paper highlights two important value gaps, which we argue raise important questions about the role 

innovations in digital energy services business models can realistically play in achieving a Net Zero 

carbon transition. The first one refers to the lack of value created for users in the higher rungs of the 

Innovation Ladder, whilst value for the energy system is more readily created and clearly articulated, 

leading to a gap between these two areas of value creation. The second, equally important gap 

refers to the difficulty in creating and capturing social and environmental values at the higher rungs 

of the Innovation Ladder in comparison with economic value. We argue that these value gaps are 

important because the lack of creation and capture of social and environmental values, and value for 

users, at higher rungs of the innovation ladder could mean that more integrated energy system 

business models are currently failing to deliver both user acceptance and their full potential 

contribution to a low carbon transition. 

Section 2 of the paper provides a review of relevant literatures on business models and innovation; a 

co-evolutionary approach to socio-technical transitions; and articulation of social and environmental 

values. Section 3 describes the methodology for the paper. Section 4 summarises the key 

characteristics of innovation for digital energy services in the UK. Section 5 introduces the Ladder of 

Innovation and the co-evolutionary approach to understanding business models innovation for 

digital services. Section 6 discusses the value gaps which have been identified in the Innovation 

Ladder. Section 7 discusses the implications for regulation.  

 

2. Co-evolutionary thinking, business models, innovation and value 

2.1 Business models and innovation in business models  

2.1.1 Business models  

There are multiple definitions of business models, emerging from and applied in different bodies of 

literature and emphasizing specific aspects and understanding of business models. Firstly, our 

approach to business models is conceptual (rather than financial) following Teece (2010, p.173), and 
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articulating the logic of how a business creates and delivers value to customers. Rather than focusing 

on customers only, here we examine what values are created and captured for users and the energy 

system. We do not imply that the processes of value creation and capture are underpinned by 

efficient utilisation of resources, which is sometimes assumed in literature on service-based business 

models, such as car-sharing (Williams, 2007).  

Second, we use the concept of business models as a way to examine the production of a broader set 

of values, namely social and environmental values, rather than focusing on economic values alone. 

Hall and Roelich (2016) discuss complex value as a business model output, while (Wustenhagen and 

Boehnke, 2008; Bohnsack et al, 2014; Bocken et al., 2014; Lüdeke-Freund and Dembek, 2017) 

distinguish specific types of business models, such as sustainability business models. Here, instead of 

focusing on the traditional approach of value capture for shareholders, we discuss business models 

as a way to create value for a much wider group of stakeholders, including citizens and civil society. 

The 3Ds have introduced a more active role of individual (energy) users, forcing a more considerate 

discussion of value creation and capture for energy users, as part of business models for digital 

energy services. Overall, these areas of application of the concept of business models in discussion 

to energy system change contribute to a growing body of literature (see Mazur et. al, 2019; 

Wustenhagen and Boehnke, 2008; Vasileiadou et al., 2016; van Waes et al, 2018).  

Foxon et al., (2015) have attempted to address this expansion of business model thinking in the 

concept of extended business model canvas, inclusive of social and ecological value propositions, in 

both, value proposition and value capture elements of business models. Hall and Roelich (2016) 

helped develop an understanding of business models as a critical element of system innovation 

along with others (Zott et al., 2011; Chesbrough, 2010). There are several examples of discussion of 

the effect of supplier business models on whole energy systems, including Hannon et al., 2013; 

Richter, 2011, 2013; Sousa et al., 2013; Apajalahti et al., 2015; and Littlechild, 2005. These 

contributions expose the dissonance between traditional business model outputs and energy 

systems values, namely secure, low carbon, and affordable energy (Sousa et al., 2013; Hannon et al., 

2013). The business model perspective reveals a number of components that need to be actively 

managed in order to “create customer and social value by integrating social, environmental, and 

business activities” (Schaltegger et al, 2012). 

Of relevance here is also Zott and Amit’s (2010) conceptualisation of business models as activity 

systems – “a system of interdependent activities that transcends the focal firm and spans its 

boundaries”, spilling into “its multiple networks of suppliers, partners and customers”. This framing 

aids examination of the content, structure and governance of such activity systems and their 

interactions in the development/production of activities. Zott and Amit (2010) interpret content as 

how and what activities are selected to be performed, how the activities are linked together and in 

what sequence, is understood as structure, and who are the parties that perform these activities as 

governance. Thinking in terms of the content, structure and governance of business models means 

that innovation “can consist of adding new activities, linking activities in novel ways or changing 

which party performs an activity” (Amit and Zott, 2012: p. 41).  

Magretta (2002:436) emphasises that this bringing together of specific activities and partners cannot 

be skin deep and entails a shared understanding of different value propositions, which fit together. 

Gassmann et al., (2014, p.2) define value proposition as what is offered to the customer for them to 

want to purchase the services offered under this business model. Osterwalder and Pigneur (2010) 

define the 9 building blocks of a business model: key partners, key activities, key resources, 

customer value proposition, customer relationships, channels, customer segments, which highlights 
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the importance of multiple different elements beyond an individual company which builds up a 

business model.  

 

2.1.2. Innovation  

Rather than considering business models as relatively stable and established ways of value creation 
and capture, we treat them as constantly being remade and reproduced. The focus on innovation 
and the nature of business models in digital energy services in the UK, as emergent from 
experimentation and piloting, suggest that we should treat them as temporal socio-technical fixes, 
where different, often moving (i.e. changing) elements, are temporarily aligned and fixed to create, 
capture and monetise certain values. Rather than merely complex/sophisticated ‘nets’ which can 
capture available value (Mazur et al, 2019), business models are dynamic socio-technical 
configurations whose success in creating and capturing value for actors depends on a set of 
exogenous and endogenous elements, which can be in varying degrees of flux.  

Zott and Amit (2012) argue that business model innovation can occur by adding new activities, by 
linking activities in novel ways or by changing one or more parties that perform any of the activities. 
Amit and Zott (2001) identify novelty, lock-in complementarities and efficiency as key aspects of 
business model innovation. Chesbrough (2010) highlights the importance of innovation leadership in 
business models and its close linkages with the authority to act and to resolve emergent conflicts, 
for both of which collective action and institutional density play a decisive role. Prahalad and Bettis 
(1995) link innovation in business models to a ‘dominant logic’ of how the firm creates and captures 
value, which can aid the emergence of innovations. However, Chesbrough (2010) argues that if 
followed too closely it could lead firms to miss potentially valuable uses of their technology when 
they do not fit obviously with their current business model.  

Sarasvathy (2008) suggests that actors do not analyse their environment so much as take actions 
that create new information that reveals latent possibilities in that environment. Thus, innovation 
can emerge from enacting the market rather than studying it, because there may be insufficient data 
available to analyse potential new business models and such data could only be generated through 
taking experimental actions.  

 

2.2 A co-evolutionary understanding of business model innovations as socio-technical ‘fixes’  

This paper builds on Foxon’s (2011) co-evolutionary framework, which examines the causal 
interactions between 5 evolving heterogenous systems: technology, user practices, institutions, 
business strategies and ecosystems for a transition to a low carbon economy. These could arise 
through altering selection criteria (e.g. a new incentive in the institutional structures increases the 
likelihood of a particular technology being adopted); by changing the replicative capacity of 
individual entities (e.g. a firm adopts a new business strategy causing it to increase its investment in 
technological innovation relative to promotion of existing technologies); or by influencing the 
processes that introduce new variations into the population (Murmann, 2003; 2012; Kallis, 2007, 
Kallis and Norgaard, 2010). Each of these systems evolves under its own dynamics but in which this 
evolution both influences and is influenced by the dynamics in the other systems through causal 
interactions (Freeman and Louca, 2001). This approach has helped to provide insight into how 
technological, industrial and economic coevolution has been responsible for shaping wide-scale, 
long-term socio-technical system change in the past (van den Bergh et al., 2007; Foxon, 2017).  
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Hannon et al, (2013) highlight the role of mutually reinforcing, co-evolutionary processes that have 
helped to develop an enabling selection environment for business models in the context of changes 
in energy company business strategies and models, and how these have been causally influenced by 
relevant changes in the other 5 sub-systems, and have in turn exerted influence on the evolution of 
these other sub-systems. Adopting a co-evolutionary framework offers a broader (systemic) 
understanding of the processes of change, that go beyond the organisational level of firms, which is 
the focus of traditional business model literature. This is necessitated by the context of the 
innovations: business models for digital energy services are increasingly carried out by local 
municipal authorities and mission-oriented companies, who are driven by a different set of values; 
and the levels of systemic change in the energy sector in response to drivers of decarbonization, 
digitalization and decentralization. 

Rather than focusing on longer term processes of co-evolution, in this paper we examine how causal 
interactions between the 5 systems are shaping business model innovations in digital energy 
services, focusing on fixes as dynamic interactions between the 5 systems.  By fixes we understand 
the joint structures which emerge from the mutual co-evolution of these systems, such as socio-
technical regimes (Rip et al, 1998), techno-institutional complexes (Unruh, 2000) or social–ecological 
configurations. Although these may remain stable for shorter or longer periods, they are vulnerable 
to disruption arising from changes at other levels, as well as internal dynamics. This more ‘dynamic’ 
take on the co-evolutionary framework is necessary as both the digital and energy sectors are 
currently undergoing big changes, including a high number of pilots, experiments and trials, which 
are constant sources of change.  

Innovation dynamics can lead to location specific/strong path-dependencies for certain business 
models and technologies, based on the co-evolutionary dynamics between technology and 
institutions, whose increasing returns can be mutually reinforcing via co-evolutionary processes 
(Foxon, 2011). Equally, the co-evolution of systems can lead to the development of specifically local 
fixes and business model innovations. Of key importance here is also the ‘cumulative’ nature of 
innovation, with current innovations drawing upon some of the characteristics of those that 
preceded them (Nelson, 1994). In understanding the processes of co-evolution in innovation, we 
focus on the way joint-structures, complexes and configurations are evolving and being constantly 
reproduced. The emergence of new innovation can be understood as a co-construction or alignment 
process, “gradually linking heterogeneous elements together into a working configuration” (Geels, 
2005a, p.61).  

We pay special attention to two key evolutionary elements: collective action and density of 
institutions and the role they play in producing socio-technical fixes. Collective action is defined as 
action that has "very high jointness of supply” (Marwell and Oliver (1993, 42) in Pierson (2000)) and 
a heavy dependence of the effectiveness of one’s actions on the actions of others. Pierson (2000) 
highlights the role of adaptive expectations in producing positive feedback to reinforce such action, 
as well as high (material and cultural) start-up costs, which may act as barriers in areas where 
collective action is missing or limited, creating potential for lock-in of configurations that have 
socially undesirable qualities.  

Institutional density refers to the interconnectedness between institutions, and recognises that 
efforts to coordinate actors in the pursuit of public goods often require the construction of formal 
institutions (such as regulatory arrangements) in specific policy space (Pierson, 2000). In the context 
of business model innovations, we adopt a broader understanding of institutions which includes less 
formalised and voluntary arrangements, such as declaration of climate emergency and community 
and city based voluntary initiatives. Of key importance here is that institutional density enables 
building up the authority to establish, enforce, and change the rules governing social action in a 
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particular territory. Furthermore, sustainable transition literature discusses the role of less 
formalised institutions, including community organisations (Köhler et al, 2018) and pilots (Hoppe and 
Miedema, 2020). Both formal and informal institutions can be powerful and prominent actors of 
establishing and maintaining positive feedback, and means of coordinating and disciplining 
expectations about the behaviour of others.  

Pierson (2000) introduces collective action and density of institutions as determinants of the 
embeddedness of political institutions, focusing on how they maintain and reproduce certain ‘stable’ 
arrangements (fixes) between the 5 subsystems. Collective action and institutional density induce 
self-reinforcing processes. We argue that these processes are important for the introduction and 
take up of technologies, institutions, the development of business strategies, user practices and 
ecosystems, as well as understanding the changes (i.e. innovations) taking place within business 
models (i.e. activity systems), in terms of business models contents, structure and governance (Zott 
and Amit, 2010).  

 

2.3 Social, environmental and complex values 

Although value creation and capture and value propositions play a key role in business models, often 
literature treats value as an umbrella term, almost always implicitly referring to economic value. In 
simple terms ‘value’ means the benefit, impact or worth that an action creates (Social Change UK, 
2019). Unsurprisingly, economic value is traditionally clearly articulated and positioned within 
business models. The focus on how economic value is created, captured and monetised is central to 
understanding of business models as a unit of analysis focusing on the performance of individual 
firms. However, business models are increasingly used to analyse the value dynamics of a broader 
range of actors, including NGOs and public-private partnerships/arrangements; and discussed in the 
context of enabling systemic change towards sustainability and low-carbon living (Bolton and 
Hannon, 2016; Wustenhagen and Boehnke, 2008; Mazur et al., 2019; van Waes et al, 2018). These 
recent extensions of business models thinking have brought to light a broader set of values which 
could and should be created, captured and (potentially) monetised through business models. Of 
particular interest here are social and environmental values, as two key areas of interest to energy 
users and the energy system (Nosratabadi et al, 2019; Tolkamp et al, 2018; Hall and Roelich, 2016). 

Here by environmental values, we understand the quantification of the relative importance that 
people place on the changes or impacts from an activity on the wider environment (at local, national 
and international levels), inclusive of the built or natural environments, or ecosystems (Social 
Change UK, 2019). These could involve a broad set of options, from climate change mitigation, 
energy and resource conservation, carbon emissions reduction, to clean air. 

Social value can be defined as the quantification of the relative importance that people place on the 
changes they experience in their lives, encompassing any change that affects a person’s quality of 
life, such as health, well-being, or sense of community (Social Change UK, 2019). Austin et al., (2006, 
p. 2) emphasise that social value creation is not confined within the boundaries of an enterprise, but 
rather takes place within or across the non-profit, business, or government sectors. The literature 
suggests that although companies can have transformative social impact, social value creation as a 
primary mission is more commonly found in social enterprises rather than in commercial ones 
(Austin et al., 2006), suggesting a degree of conflict between market growth, profitability and social 
value creation (McDonald, 2007).  
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Social values include (but are not limited to) empowerment, capacity building to act, wellbeing, 
improvements to health; educational attainment; access to transport or public services; safety; or 
reduced crime (HM Treasury, 2014). As seen from these lists, social values include benefits to a wide 
group of people, which may be only partially or completely non-recoverable in economic terms (i.e. 
have the characteristics of a public good). In business models a lot of the social value claimed is 
‘assumed’ though certain activities.  

The importance of social value as an outcome of business models is being embedded in business 
models through several institutional provisions, such as the Public Services (Social Value) Act 2012, 
which requires the inclusion of social value when considering public service contracts. Local 
authorities now need to consider how they can improve the social impact of their public service 
contracts before procurement. Many Local Authorities articulate social values linked to the 
performance of their statutory duties, including employability, wellbeing and thriving communities. 
Often social value is quantified as social return on investment, guidance on which has been 
published by the Cabinet Office (Nicholls et al., 2012).  

Business model thinking focuses on the importance of developing suitable business models in order 
to capture value from innovative digital and low carbon technologies for both users and the energy 
system. How social and environmental values can be embedded in business models has been the 
subject of much discussion recently (see Hiteva and Sovacool, 2017; Hall and Roelich, 2016). Bocken 
et al. (2013) argue that innovating towards more sustainable business models requires developing 
new business models which go beyond an economic focus to one which generates and integrates 
economic, environmental and social value through an organization's actions. Savitz (2012) advocates 
a triple bottom line (TBL) perspective, which considers and formally accounts for their economic, 
environmental, and social impacts. However, as Joyce and Paquin (2016) argue, in practice 
environmental and social value is implicitly de-emphasized within traditional business model 
literature (Osterwalder and Pigneur, 2010; Chesbrough, 2010; Teece, 2010). Joyce and Paquin (2016) 
discuss some of the difficulties in integrating environmental and social value through a standard 
understanding of a business model canvas, and attempt to address them through the development 
of a triple layered business model canvas. 

Hall and Roelich (2016) evoke the concept of complex value to distinguish between the different 
challenges of value creation associated with core (e.g. economic) and what they call new value 
propositions (e.g. social and environmental). They argue that new value propositions are ‘complex’ 
because “they produce financial, developmental, social and environmental benefits which accrue to 
different parties, across multiple spaces and times, and through several systems.” They propose that 
business model archetypes are constructed of mixes of primary and secondary incentives, that 
correspond to different types of values. Value capture then emerges from a process of negotiation 
or adjustment between new prospective values and the energy system.  

By adopting a co-evolutionary approach, this paper builds on Hall and Roelich’ s (2016) work and 
examines the different elements involved in the process of negotiation of values in business model 
innovations. This frames the development of complex values as a process of adjustment between 
the system and other heterogenous elements. They identify a process of complex value 
identification, which involves analysing the specific value opportunities in the system, the latent 
business models able to exploit them, and make space for business model innovation in the 
electricity supply market. They argue that attention to complex value business models and their 
barriers to adoption has the potential to fundamentally re-configure energy systems and contribute 
substantively to sustainable energy futures. 
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3. Methodology  

Data in this paper was collected through several distinct activities between September 2018 and 
October 2019, starting with a desk-based mapping of existing projects, innovations, actors, 
technologies and digital energy services in the UK. This informed the selection of actors in digital 
energy services in the UK to carry out 22 semi-structured interviews. More details about the 
interviewees can be found in Table 2 in the Appendix. Initial summary of findings was then shared at 
an innovation forum on digital energy services with 32 national and local stakeholders which took 
place on 4th October 2019 in Brighton. The innovation forum involved further data collection 
through carrying out interactive activities with participants in identifying barriers and enablers of 
business models innovation. Complementary data was collected through participatory observation 
of the Greater Brighton Energy Plan Working group between June 2018 and November 2019.  

All collected data through the interviews, the innovation forum and observations were anonymised 
to preserve the confidentiality of the projects and the interviewees/participants. Many of the 
interviewees spoke about more than one project and/or business model. Project and pilot managers 
were approached for the interviews, seeking a practical experience with the specifics of a business 
model, rather than practitioners with an overview perspective. To develop understanding of a 
business model usually involved speaking to 2 different stakeholders (from different organisations), 
desk-based review, observations and/or data from the innovation forum. All business models 
discussed through the interviews, observations and the innovation forum were public and did not 
involve any confidential knowledge. The primary focus of the interviews was on understanding the 
nature of the business model innovation and the way the 5 co-evolutionary systems have shaped it.  

Overall 51 business models of energy service innovations from the whole of the UK were used for 
the analysis. The key criteria for identifying the business model cases were ability to locate sufficient 
information, which could be cross-referenced through different resources; to be innovative (i.e. to 
include a new way of organising the business model; to create or capture new type of value; to 
deliver a new product or service; to include new partner(s) in the delivery of the business model; or 
represent a  new business model). All business model innovations were through the application of 
digital technology in the delivery of energy services. The initial mapping and interviews carried out 
for the project covered the whole of the UK and form the ‘backbone’ of the collected data. The 
innovation forum and observation of the energy plan working group in Sussex were used mainly to 
cross-reference collected data and to zoom in on specific elements of the business model 
innovations. We believe that the desk-based literature review and mapping of innovative business 
models, and the collected interviews capture a representative picture of the such innovations in the 
UK. This is confirmed through innovation-focused events such as the Innovate UK’s Prospering from 
the energy revolution showcase webinar in 2020.  

The collected data was coded and analysed using a combination of inductive and deductive coding. 
Firstly, codes were developed from the key concepts from the main literatures on business models 
and co-evolutionary framework. The text was then coded again using open coding (Blair, 2015), to 
help identify an additional set of codes. The data was once again coded using an integrated list of 
codes.  

Making a judgement on the extent to which environmental and social values were iterated and 
produced through a business model was done on a case-by-case basis, taking into account how 
social values were defined; how many social values were iterated and at which point of the business 
model development; if social and environmental values were direct or indirect; if social and 
environmental values were identified as core deliverables of the business model or an add-on; and if 
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there was any supporting evidence for social and environmental value created and captured (for 
example, through evaluation of actual CO2 saving). 

Although the mapping and interview data collected through the project were extensive, it does not 
capture all business models and innovations for digital energy services in the UK. The open coding 
strongly indicated that often business model innovations were not entirely developed and driven by 
a specific value proposition or offering but were seen as gateways, or stepping stones to prospective 
more complex business models in the future.  

We captured the grouping of similar types of business models based on the common characteristics 
that they share (although they might involve different technologies and/or energy vectors); and the 
hierarchical relationship between business models in the concept of Ladder of Innovation.  The 
Ladder of Innovation is a tool for grouping similar types of business models and illustrating how 
higher rung business models are dependent on and build on lower rung business models. We argue 
that speaking of business model innovations in terms of distinct rungs of a ladder helps emphasise 
the way in which they often build on existing value propositions, technologies, partnerships and 
structures through a co-evolutionary process, rather than being created out of entirely new set of 
heterogenous elements.  

 

4. Digital energy services business models in the UK 

This section outlines the main co-evolutionary drivers of change for digital energy services (DES) 

business models in the UK and their core characteristics.  

The introduction of decarbonisation targets to conserve natural ecosystems, via institutional change 
including national Carbon Budgets and more recently the Net Zero goal by 2050, has been a key 
driver for change and innovation in the energy sector. Specifically, innovative business models have 
emerged around aiding and enabling increase in distributed generation, electricity storage, plug-in 
EVs and charging points, and electric heat, including replacing gas boilers in new homes from 2025. 
These business models have been enabled by new technologies such as smart meters, micro grids, 
blockchain, peer-to-peer trading, electric vehicles and smart appliances, and new practices, including 
expanding and redefining roles for community energy, aggregators, local authorities and distribution 
network operators (DNOs) which operate regional distribution grids.  

Many of these decarbonisation trends and technologies are also enablers of decentralisation - 
drawing power from multiple, localised energy networks, through the deployment of low carbon 
technologies such as local solar plants, small wind farms, battery storage, mini-grids and combined 
heat-and-power plants; and increasing the number and type of energy providers (such as domestic 
and business prosumers). This technical process of decentralisation is strengthened through the 
significant drop of the cost of decentralised renewable technology such as solar PV, and through 
political decentralisation including devolution deals for city regions like Greater Manchester, West 
Midlands and Cornwall, as well as the introduction of regional-based Local Enterprise Partnerships 
(LEPs) and regional low carbon hubs, and the new local energy policy launched by BEIS in 2017. This 
has encouraged new and incumbent actors to get involved in innovative business models for digital 
energy services.  

Digitalisation in energy sector has been enabled by creation and use of computerised information 
and processing of the vast amounts of data generated at all stages of the energy supply chain and at 
all scales. This aims to deliver energy system improvements by improving efficiency, through for 
example, better network and congestion management, better integration of intermittent renewable 
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generation, more effective network monitoring and more efficient network operation. It also 
provides digital platforms for demand response and carbon credit trading. A key driver of 
digitalisation is the increasingly distributed nature of electricity production, which gives rise to new 
business opportunities (Küfeoğlu et al, 2019). For example, blockchain can aid decentralisation of 
energy (Allen, 2017) by removing the dependence on intermediaries through direct end-to-end 
energy trading and packaging a number of energy services (e.g., billing, supplier switching) as an 
integrated solution at a generally lower price; providing a platform to allow energy initiatives such as 
an integrated system to consolidate a household’s daily energy consumption, which might include 
washing and vehicle battery charging (Dena, 2019), and match supply and demand. Although 
digitalisation has created opportunities for the introduction of many new business models in the UK 
energy market, some innovative business models and companies that have introduced them (Ovo 
and Octopus being notable examples) have been more successful than others, with mixed results in 
terms of value capture from innovations. 

Decarbonisation, digitalisation and decentralisation are interconnected processes and can 
significantly enhance the diffusion of low-carbon technologies and ability of certain actors (such as 
Local Authorities) to participate and develop innovative business models, at multiple scales (from 
household to system levels). For example, the distributed energy resources (DER) market has seen a 
significant increase over the past decade, with increasing focus on integrating DER by both 
connecting and utilising their flexibility, which has been made possible through the increasing levels 
of digitalisation of the energy system.  

The decentralisation, digitalisation and decarbonisation of energy services in the UK has led to the 
several sub-trends including opening up the electricity grid, expanding of (the type of) energy 
services; and role changes involving redefining the role of consumers and the introduction of new 
roles (such as aggregators and prosumers).  The opening up of the electricity grid takes many forms, 
from opening up the low voltage (LV) part of the grid to local community energy groups, to DNOs 
providing forecasts of their flexibility needs in different areas 5 to 8 years ahead.  

Küfeoğlu et al, (2019) find that the highest number of innovative business models can be found 
around platforms, Peer-to-Peer (P2P) energy trading, flexibility, storage; EVs and grid services, EV 
sharing, fleet management, smart charging and parking; with less around energy efficiency, energy 
savings, domestic applications; and least number of business model innovations around data and 
carbon management. Innovative digital energy services business models have been said to deliver 
(greater) environmental and social benefits, and create value for users and the energy system. 
However, most literature treats these objectives as entirely complementary, with limited critical 
analysis and discussion of the way in which creating values for users and energy system could be at 
odds (European Union, 2019; Malmgren, 2016; Parag and Ainspan, 2019; IRENA, 2019). The focus of 
the discussion is on the what is technically possible, and there is a widespread recognition that 
innovative business models need to create value for users to be widely diffused. In practice, what 
creates value for the energy system might not deliver any or only limited benefits to users. 

The majority of innovations in digital energy services business models in the UK are pilots and trials. 
Far from being established and stable business models, these are in a process of constant flux, being 
reframed, tinkered with and changed. In many cases, certain interactions with customer and energy 
system segments are being modelled rather than trialled. In other cases, rather than trying to set an 
entirely new supply chain and value propositions, business models are growing by building on 
existing, tried and tested business models, via adding new technologies and/or finding ways to link 
previously independent business models into a network, platform or service. Thus, digital energy 
services business models can be thought of temporary socio-technical and spatial fixes, which co-
evolve with external and internal elements. Some of these trials are enabled by the UK energy 
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regulator Ofgem’s Regulatory Sandbox, which allows energy actors to test new business models by 
temporary lifting of restrictive regulations, in order to understand how the future of energy might 
change. 

 

5. The co-evolving Ladder of Innovation of digital energy business models in the UK 

Drawing on our analysis of ongoing trials and experiments with DES business models in the UK, we 
argue that these can be organised in a hierarchical Ladder of Innovation, and are the product of co-
evolutionary interactions between the 5 mutually reinforcing key systems: ecosystems, technologies, 
institutions, business strategies and user practices. As outlined in section 2.2 the 5 systems are 
particularly suited for examining interactions between socio-technical elements that shape change 
and how systems change over time, while collective action and institutional density are key aspects 
of inducing self-reinforcing processes, fitting the stage of introducing innovative business models. 
The ordering of digital energy services business model innovations in a Ladder of Innovation3 
illustrates the fact that each layer (rung) of the ladder builds upon those below. The ladder also 
represents increasing levels of system integration with the bottom rung capturing technology-based 
business models; the middle rung dedicated to Local smart system integration business models; and 
Fully Integrated Local Energy Systems at the top rung of the ladder, as shown in Figure 1. This 
hierarchy which symbolises the development of key elements of business model innovation 
(partnerships, infrastructures, critical mass of local users etc) necessary for stepping up or climbing 
to higher rungs, has been captured by the notion of a ‘ladder’ referenced here. Specific attention is 
paid to the role of collective action and institutional thickness in the production of business model 
innovations at each rung as cross-cutting elements, maintaining and reproducing ‘stable’ 
arrangements (fixes) between the 5 systems.   

Out of 51 business model cases used for the analysis, 32 were technology based, 13 were in the 
second tier, and 6 were found to be in the third tier. We believe that this breakdown is 
representative of the existing innovative business models for energy services in the UK at the time of 
writing. 

                                                             
3
 The Ladder of Innovation discussed here is to be distinguished from the ladder of innovation investment 

(Babcock-Lumish, 2004) and Middleton’s (1999) Ladder of Innovation, which captures a model for effective 
technological Innovation in the classroom; or Eich’s (2011) visual infographic to start innovation.   
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Figure 1. Digital business models innovation ladder 

The square, rectangular, house and plant-shaped icons represented the different types of energy 

actors (users, aggregators etc) in the energy services business models. The rectangular icons 

represent business users (such as large business and shopping centres). The square shapes which 

only appear in the top rung of the ladder represents large aggregators of energy, which are, at 

present, fundamental to the development of local energy markets. The house icon represents 

household users and the plant-shaped icon represents industrial users, such as manufacturing plants 

and factories. 

 

5.1. Technology-based business models  

Technology-based business models are the most widely spread business models for DES in the UK. 
They can embody different levels of complexity but usually involve the deployment of technologies 
such as solar PV and (small scale) battery storage alongside a digital element, to provide a service 
such as smart vehicle charging, local microgrid or peer-to-peer trading. A key distinctive feature of 
technology-based business models is that they create minimal new interaction and interfaces with 
the grid. In some cases, such as in the case of micro grids, interactions with the grid are limited to 
drawing power from the grid in cases of peak use. These business models often involve the use of 
established interfaces and work with incumbent actors (i.e. the interface of the micro-grid remains 
the existing energy supplier). In some instances these business models can exist entirely separately 
from the energy system and cover a diverse set of activities, such as energy generation and its onsite 
use by individual households. Business models at this level are usually built on the use of a specific 
technology and are focused on the delivery of benefits to users and generators. These business 
models are often tried and tested elsewhere and tend to be innovative for a specific group of actors, 
such as local authorities and domestic users. They involve a high number of local energy groups, 
local authorities  (LAs) and businesses, and can be developed for single public and private building 
(e.g. social housing and schools).  
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Business model innovations in the first rung of the ladder usually involve  individual households, 
small energy communities, LAs and businesses and are used to diffuse technologies with specific and 
usually well-defined social and environmental values. Technologies are closely matched to user 
preferences and user preferences guide and inform business strategies.  Often such business models 
are put in place to deliver specific social values such as alleviating fuel poverty and providing better 
energy comfort. For example, a microgrid local supply business model involved social housing owned 
and operated by a LA, providing a certain amount of free solar power to vulnerable residents. The 
business model was designed primarily to deliver CO2 reductions through deep retrofit, solar power, 
smart meters and ground source heat pump (environmental value); and a 10%-16% reduction in the 
levels of fuel poverty and vulnerability of local residents (social value), based on self-assessment and 
usage monitoring.  

Value propositions in technology-based business models are well-defined and easy to monitor. 
Technologies are selected on the basis of their opportunity for desirable value creation and capture. 
Rather than the complex values envisioned by Hall and Roelich (2016) these business models focus 
value capture on narrowly defined groups of users rather than the energy systems, without the 
process of negotiation between user and systems values.  

Innovative business models at this level are usually implemented by a small number of actors who 
have a strong authority to act (i.e. can be thought of as established institutions), due to ownership or 
based on well-established relations (for example, LAs as landlords of social housing or a community 
group of homeowners). Collective action is driven by close alignment between, primarily local goals, 
and shared vision. However, the technologies diffused through these business models are necessary 
building blocks for business model innovations which involve a more extensive interface and 
negotiation between the energy system and users. Regulation is not thought to be a big barrier to 
the development of business model innovations at the first rung of the Ladder.  

5.2. Local smart system integration (LSSI) business models  

These business models bring together more actors and depend on establishing partnerships, and 
take place at the interface between the system and users. Thus, they involve less institutional fixity. 
Locally integrated DES business models are often build around specifically designed local tariffs and 
platforms. LSSI business models deliver complex values to users and the system through the 
diffusion of new multi-vector technologies and their integration through the use of digital platforms 
in specific localities, often referred to as Smart City Platforms. LSSI business models bring together 
multi-vector domestic and business users with generators and aggregator and flexibility providers.  

LSSI business models rely on and involve the development of virtual platforms and networks and a 
supplier-consumer interface; aggregation (bringing together smaller outputs of  energy and data); 
and integration of energy resources and systems, where the output of one technology can depend 
on input from another, and/or be the input for another technology. Integration is a process which 
resembles a ladder, with more complex forms of integration possible through the greater exchange 
of information and energy across multiple vectors. It involves the physical exchange of energy and 
data, technologies (such as platforms), development of the consumer base, and is often build on 
development of local smart tariffs.  

5.2.1. Local smart tariffs 

Local smart tariffs can take multiple forms and are used to link local energy demand and generation 
within an overall energy platform. For example, many innovative business models at this rung of the 
ladder enable local consumers to trade their demand flexibility to provide energy system services to 
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the local energy network. A key distinctive feature of the LSSI business models is that they interact 
directly with the energy system in new ways (for example, through the provision of flexibility 
services to the local supply and distribution grids, involving local actors (such as local energy 
community groups). They have potential to provide benefits to the energy system by reducing 
energy system costs and providing network services at both a local and national level, especially if 
scaled up.  

Most of the innovative business models for digital energy services at this level involve public-private 
partnerships inclusive of LAs, local energy companies and cooperatives, and businesses; and 
companies providing integration, aggregation and platform services and utility providers (including 
transport, energy, water and waste management). DNOs do play their usual role of connecting new 
capacities and flexibility to the grid. In some cases (or places within their licence area) they are also 
engaging with local stakeholders and innovative business models to increase the transparency and 
visibility of data, and facilitate data exchange with local stakeholders. These aim to prepare DNOs’ 
role as DSOs and aid future business model innovations more responsive to the needs of local 
distributed energy resources.  

The digital innovations in business models at this level are focused on the provision and collection of 
energy use/demand data (e.g. through half-hourly (HH) data); and the balancing of local demand 
and use and managing peaks across multiple vectors. Often such business models are built around 
bringing together of technologies and projects which will otherwise be disparate; unlocking value 
from the reuse of resources and technologies; co-location of technologies and supply and demand, 
and investing ahead of need.  

Local generation tariffs (LGTs) are a building block of local smart integrated energy systems and 
more complex tariffs (such as mobility or lifestyle as a service). Many innovative business models at 
this rung of the Ladder are built around LGTs. LGTs are usually flat rate tariffs with a discount or 
‘rebate’ on the portion of demand that is virtually matched to local renewable generation available 
to local consumers. LGTs aid digital integration as they collect and make use of household data 
which can in turn be a building block of Smart City Platforms. The geographical area covered needs 
to be big enough to enable mass switching, and can involve support from community energy groups 
and the development of an App to communicate to customers when local generation is high to 
encourage time shifting. At the time of writing there are no regulatory barriers to using local tariffs 
and these are relatively easy to adopt.  

As with many other business models for energy, for the majority of domestic and business 
customers, the ‘local’ offering (i.e. value proposition) is only attractive if it is competitive. Although 
LAs and community energy groups (both usually driven to address fuel poverty and vulnerability 
through local energy projects) are involved in the development of local smart tariffs, they are also 
struggling to develop sustainable business models which create benefits to vulnerable customers 
and those in fuel poverty. System value is created through developing opportunities to shift demand 
locally. Environmental and local values created by local generation tariffs can be traced to the 
development of power purchase agreements (PPAs), which could in turn increase the deployment of 
renewable generation locally. Value to energy system actors (DNOs, National Grid and supply 
companies) is also created through reduced energy costs by timeshift consumption to a lower off-
peak wholesale electricity price. 

LGTs currently create limited benefits to consumers unless they have a strong preference for local 
generation. The virtual link between generation and demand enables some matching, which could 
have value implications on network charges and supply imbalance costs, which could then be passed 
on to consumers. However, it is difficult to find enough value in the current system to lower the 
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tariff to make it attractive on a mass scale. There is potential for customers to timeshift demand to 
match local generation and unlock more value, but this is limited by the amount consumers are able 
to timeshift.  

Building and integrating local smart energy systems with ‘Smart City Platform’ and energy flexibility 
platform is a process which takes place over time and involves the evolution of actors, the 
introduction of new actors (aggregators, flexibility providers), developing partnerships, technological 
innovation and new interfaces. For example, an important partnership that needs to be developed is 
between the system integrator and the platform provider. LSSI business models also need 
framework agreements including technology and installation specifications and arrangements for 
funding. 

5.2.2 Platforms 

Platform examples include platforms that grow local installation of renewables and flexibility 
services, involving security, financing and data managements. Platforms create new interfaces 
between different parts of the energy system (the grid) and users at the local scale. An important 
aspect of the development of LSSI business models is the opening up of the grid, for example the 
Low Voltage (LV) grid to community groups and households. In one prominent example, this involves 
the development of an innovative open LV software platform by the distribution network operator 
(DNO), installed at LV substations. An interface between users, local businesses and the DNOs is 
provided through digital applications (Apps), tailored to suit individual user’s needs, and a platform 
open to users and businesses. 

Community energy groups and local businesses are provided access to local LV data and have the 
opportunity to develop Apps that can run on the platform. For example, this could involve 
developing a more granular picture of demand in a locality to enable local balancing and creating 
business services around meeting this demand. The LV platform increases the capacity of the LV 
network and enables network control via a highly decentralised architecture. The value created and 
captured is for the energy grid and the DNO as it ultimately helps to avoid or defer costly and 
disruptive network reinforcement costs, which could in turn be passed on to consumers.  

This innovative platform offers a new interface with the energy network and opens up the LV 
network to communities, by helping them better understand their electricity use (and generation), 
nudging them to take action (e.g. to reduce their energy use and energy costs) and make use of 
services tailored to their needs (e.g. communal battery storage). These in turn create and capture 
value for household users. One interviewee explains “In some rural areas like ours, local people are 
looking for more affordable and resilient energy options…….. heating is a big one, battery storage is 
another solution that works well and will expand soon to EV charging…. Reducing power cuts is 
something we all want” (Community energy group representative 4 interview, 2019). This innovation 
is thought to have significant potential to minimise the impacts of low carbon heating and transport 
on the LV network, to deliver environmental benefits and cost savings to future and existing 
customers by negating and/or deferring the need to reinforce the LV network. However, identifying 
value propositions which can create and capture value for both users and the energy network (the 
DNO) are so far elusive. In this example, social benefits are partially indirect (for example, assumed 
through deferring network reinforcement, which in turn depends on passing the cost savings to 
consumers) and limited to self-selecting groups of participants who owned solar installations or EVs 
(and are unlikely to be fuel poor or vulnerable). Furthermore, social benefits in terms of cost savings 
from using power at off-peak times depends on residents’ behaviour change, and would vary 
depending on the season and changes in personal circumstances. Environmental benefits are 
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defined broadly and focus on the diffusion of low carbon technologies (localised renewable 
generation, EVs, storage) and have not be quantified.    

Such business models build on existing collective action and established institutions at local level 
around specific social and environmental values, such as alleviating fuel poverty and reducing carbon 
emissions. Often, the (pre) existence of other value creation, capture and monetisation mechanisms, 
such as local tariffs, provides a better basis for utilising such opportunities. The development of local 
tariffs also plays a big role in building LSSIs by providing opportunities for value capture and creation 
for the energy systems and users. As such, local tariffs can be thought as an interface between the 
energy system and users. However, all tariffs are not the same (they also have different levels of 
complexity and some tariffs build on others).  

The value propositions of these business models to the energy system is reducing peak demand; 
providing aggregation and control of distributed resources; and matching of local generation with 
local demand. They usually involve public-private investment and seek to develop replicable local 
solutions, using digital technology.  Social and environmental issues are considered, but are on the 
periphery of the business model or limited to specific segments of the integrated whole. Providing 
evidence of the benefits to environmental values at this level of innovation becomes difficult. 

Business model innovations in the second rung of the Ladder of Innovation are defined by the co-
evolutionary dynamics mainly between the systems of business strategies, technology and 
institutions. The discussion of local tariffs offers an insight into how innovative business strategies 
emerge, with platforms as technological innovations and institutional innovation being represented 
by the changes in terms of collective action and institutional density. The development of innovative 
business models at this rung of the Ladder depends on technological innovation, (e.g. the 
development of an open data platform to access Local Authority Warehouse with data across 
multiple vectors - EV charging points, traffic, weather data etc); business strategy innovation (e.g. 
opening up local tailored services at the LV level); and institutional change (e.g. collective action for 
the collection of smart city analytics and city demand management). 

Thinking in co-evolutionary terms, the local tariffs discussed illustrate some of the innovative 
business strategies being developed at the second rung of the Ladder, while platforms represent 
some of the technological innovations involved. Collective action and/or institutional density can 
explain some of the key institutional innovations taking place.  

5.2.3. Collective action, institutional density and values 

Business models innovations at the second rung of the ladder require collective action across several 
different actors, with a diverse set of interests. Here, the high start-up costs of collective action are 
visible and involve the development of common methodologies, new procurement rules, specialised 
finance mechanisms such as local PPAs. The most common type of business model innovations in 
this rung of the Ladder of Innovation are built around new tariffs, as they offer a way of building up 
institutional density around common local goals such as more local renewable energy sources (RES) 
and the construction of formal partnerships and institutions, such as Local Energy Strategy Working 
Groups, Zero Carbon Zones and local energy companies. These formal partnerships and institutions 
are often driven by city-specific plans and strategies, such as Net Zero Manchester and Carbon 
Neutral Bristol and involve the development of public-private partnerships to support these. They in 
turn enable building up the authority to establish, enforce, and change the rules governing social 
action within the city’s territory. They are key actors in developing and negotiation the value 
propositions of business model innovations for users and for the energy system.  
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Local authorities have considerable authority to act in this rung of the Ladder and play a key role in 
the articulation and creation of social and environmental values at this level, making links between 
different policy agenda. As one LA energy company representative 1 (interview 2019) put it “we 
need to act because the climate emergency is a health emergency”. While another explains that  
“we set up an energy company with the vision to revolutionise the local energy market and be the 
supplier of trust…..and respond to the poor local air quality affecting public health……We developed 
a customer-focused business model based on long-term affordability” (LA energy company 
representative 2, interview 2019). Not only do “LAs have the power to convene” (LA energy 
company representative 3, interview 2019) but they also see business model innovations in energy 
as a vehicle for the delivery of social and environmental values. “We knew that we need to align 
economic growth with environmental cost and protection and bring in social outcomes to the 
business model because that’s what brings people together” (LA energy company representative 1, 
interview 2019). However, at this rung of the Ladder this works better with innovative proposition 
around local tariffs rather than the development of integration through digital platforms, where LAs 
are less involved or have authority to act.  

Difficulties of building collective action and institutional density around the development and 
operation of integration platforms means that the focus of such business model innovations is on 
the development of competitive market offerings, as this is key for the establishment of authority to 
integrate systems at the local level. The balancing between the creation and capture of value for 
users and the system is difficult at this rung of the ladder, as system value creation and capture 
builds on input from customers (such as household data input and response), while common goals 
and values of a diverse set of business and domestic customers in a particular territory are hard to 
articulate, and will likely develop over time. In other words, business models at this rung of the 
ladder are involved in the creation of complex values. Articulating value for users in newly opened 
up parts of the energy system (grid) is difficult as it involves technical forms of intermediation, such 
as commercial Apps and aggregation. Although social and environmental values are a key selling 
point for such business model innovations, these are harder to create and capture evenly (between 
users and the system) at this point, because of the high start-up costs of collective action.  

 

5.3. Fully integrated local energy system (FILES) business models 

5.3.1 Developing local energy markets  

Business model innovations in the third rung of the Innovation Ladder that aim at a higher level of 
integration are comparatively rare, and are usually led by large energy supply companies, DNOs and 
aggregators. They aim to create direct opportunities for integrating multiple energy vectors in one 
area into the grid in real time and involve more extensive use of technologies such as internet of 
things (IoT), blockchain and Peer-To-Peer (P2P) energy trading. These business models aim to 
develop a local energy market which brings together a diverse set of users, generators and energy 
service providers (e.g. aggregators, flexibility providers). As business model innovations in the top 
rung of the ladder build on existing business models and socio-technical elements such as 
partnerships, FILES business models incorporate a lot of the elements that distinguish the second 
rung of the ladder from the first one. Unsurprisingly, many of the business models that operate 
within the top rung of the Ladder of Innovation have strong ‘local’ framing. While business models in 
the first rungs are developed around technologies and tailored around consumer needs; and second 
rung business models are built around balancing local supply and demand through platforms and 
local tariffs. In contrast, business models in the third rung are built around the extension of 
aggregation capabilities as a way of balancing between local demand and supply, and the needs of 
the energy grid (system) in real time; and involve designing and implementing new technology (e.g. 



 
 

20 

platforms for direct exchanges between the platform and the generator, the aggregator/supplier 
and customers) and market infrastructure (e.g. standards and a commercial framework for a local 
energy market) to support a local energy market.  

The development and co-creation of new interface platforms between different segments of the 
electricity systems is a key part of expanding the types of energy services being offered. Aggregation 
and trading platforms aid the process of finding suitable points of connection (for multiple 
technologies such as solar panels and battery storage) to the grid. Developing a local energy market 
includes the development of standards (such as USEF); user device interfaces (UDIs) and a 
commercial framework, which involves the development of market structures; algorithms; 
methodologies and safeguards specific to the UK market and regulatory framework. These business 
model innovations are geared towards greater energy system efficiency in real time, e.g. through the 
provision of network flexibility and real time balancing across multiple vectors (for example, 
provision of the gas network to alleviate the peaks in demand caused by the electrification of heat 
and transport).  

These business model innovations also open up opportunities for more consumers at the lower 
voltage levels to realise greater value from small scale renewable energy, storage and demand 
response technologies, increasing the pool of low carbon energy resources and the efficiency of their 
use. They also have the potential to create and capture energy system value from avoiding 
traditional reinforcement to the grid, introducing a more robust and efficient energy management 
system in the area, leveraging low carbon power generation and energy storage systems.  

DNOs are leading on such business model innovations to coordinate greater participation and 
coordination of the many external stakeholders associated with the electricity network to provide 
flexibility services.  In addition, such business models inform learning about DNOs could move to the 
more active Distribution System Operator (DSO) model and innovative approaches to manage 
network constraints in a cost-effective manner. 

Business model innovations in this rung of the Innovation Ladder involve the most advanced forms 
of digital-energy innovations, creating new interfaces, platforms and roles in managing the energy 
system. They are led by system energy actors, including traditional actors such as DNOs and large 
energy supply companies; as well as innovative newcomers who specialise in the development of 
digital integration platforms. As such, business model innovations create, capture and monetise 
value for the energy system, such as flexibility and aggregation services, with innovations focusing 
on integration across different system services; redefining the role of system actors/operators; and 
responding to the needs of the energy grid in real time. Although all of these business models aim to 
develop fully integrated local energy systems, their focus is on technical solutions and the 
development of business strategies, with minimum input for and from users.  

5.3.2 Collective action, institutional density and values  

Although these business models promise to deliver significant local benefits such as increased 
generation and use of RES, and decarbonisation, the social and environmental values created and 
captured through them are limited. For example, in one of the cases, environmental values were 
calculated as an overall improvement of the system efficiency, without a locally allocated value of 
CO2 emissions saved.  As FILES business model innovations are mostly driven by incumbent actors, 
they are thus more likely to create and capture value for the energy system (and its embedded 
actors). For example, social value in the case of a local energy market business model is created 
indirectly through the removal of constraints from the distribution network (through flexibility 
services and aggregation) and cost reductions which then need to be passed on to consumers. There 
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is also direct social value through flexibility payments. These innovations are also linked to the 
creation of environmental value through the diffusion of more low carbon technologies and DERs. 
Local CO2 emission savings are linked to retrofitting and RES installations in the local area to 
increase the overall flexibility of the local network, in a way which resembles technology-based 
business models in the first rung of the Innovation Ladder. “Environmental values are very clear cut, 
lower carbon emissions, better energy efficiency and savings from an extensive program of local 
installation of RES, building retrofits, boiler changes and heat pumps….we don’t count environmental 
benefits at aggregation level. There are many because the system is very efficient but we focus on 
the decarbonisation efforts in the local community, as we are proud of what has been achieved” 
(Senior Energy Project Manager 2, interview 2019).   

This creates two, almost parallel, business models, one at a household and business level, and one at 
a higher system level, where digital platforms aggregate multiple vectors and services at a large scale 
interacting with the grid in real time. The real (also digital) innovations of these business models lay 
with the latter, leaving the two connected in a rather superficial way. Unsurprisingly, rather than 
nurturing collective action (in the way done by LA through local tariffs for example at the second 
rung of the Innovation Ladder) and building institutional density (which ultimately helps the 
negotiation between users and system values), these two are brought together through technical 
and market means – aggregation and market trading. For example, innovations include exploring the 
role of energy aggregators in managing the energy consumption of specific groups of users; creating 
a system focused on local energy and economic needs, and investing in the built environment to 
create local value through retrofits or solar PV. Thus, the creation and capture of social and 
environmental values, especially for users, through the digital innovations is limited.  

Formal rules (i.e. regulation) at this rung of the ladder are negotiated to identify innovative ways of 
creating and capturing benefits to users; help scale up value propositions to a wider group of users; 
and to develop new roles in business models for actors. These regulatory innovations are illustrative 
of the processes of adjustment in the coevolution of the 5 systems, and the characteristics of 
business models at this rung of the ladder – attempting to develop better linkages between the 
technology-based, users layer and the interfaces with the energy system.  

Fully integrated local energy system business models involve the most extensive forms of innovation 
in terms of the 9 building blocks of a business model including new key partners, key activities, key 
resources, customer value proposition, customer relationships, channels and customer segments. Or 
if adopting Zott and Amit’s (2010) conceptualisation of business models, fully integrated local energy 
system business models involve innovative content, structure and governance “of interdependent 
activities”, involving new activities, performed in innovative ways; linked together in new and 
innovative ways, and performed by new actors and partnerships.  

Rather than being built around a tightly defined group of customers or technologies, with minimum 
interaction with the energy grid as is the case at the bottom rung of the innovation ladder; or 
involving opening up of new interfaces with particular elements of the electricity system through 
local partnerships, as in the case of the middle rung of the ladder; the top rung of the Innovation 
Ladder seeks to combine a broad group of energy customers with local demand and supply, and the 
energy system as a whole in real time. This involves combinations of the technologies, digital 
platforms and tariffs involved in the bottom and medium level rungs as well as physical and market 
connections with the energy system through aggregation and market mechanisms such as flexibility 
auctions. Such business models involve horizontal and vertical integration across local energy 
systems and the national grid.  
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This level of interactions across user groups, stakeholders, technologies, platforms, infrastructure 
services/vectors, local energy needs and the energy system (i.e. grid) in real time means that the 
business models in this top rung of the ladder depend on innovations successfully introduced and 
diffused at the lower levels of the innovation ladder and that they are primary candidates for the 
development of complex new value propositions, producing “financial, developmental, social and 
environmental benefits which accrue to different parties, across multiple spaces and times, and 
through several systems” (Hall and Roelich 2016). On paper, these types of business models hold the 
greatest promise for meeting the Net Zero targets by 2050, but we argue that there are currently 
gaps in the realisation of these values. 

The key business model archetypes according to the three rungs of the Innovation Ladder are 

summarised in Table 1. 

Table 1. Key characteristics of business model archetypes at three rungs of the innovation ladder 

rungs.  

*Actors in bold are leading the business models 

Business model 
characteristics  

Technology-based 
business models 

Local smart system 
integration business 
models 

Fully integrated local 
energy system 
business models 

 
 

 
Key partners 

Local energy 
(community) 
companies; LAs; 
households; local 
renewable generators; 
developers 

Platform operators; 
local energy 
companies; local 
energy (community) 
companies; DNOs; 
households and 
business consumers; 
energy suppliers; 
flexibility service 
providers; aggregators 

Aggregators; DNOs; 
Large energy 
companies; RES 
generators; large 
businesses; local 
energy (community) 
companies; flexible 
demand customers;  
flexibility companies 

    
 

 
 
 

 
 

Key technologies 

Combined digital and 
low carbon 
technologies (solar PV 
and battery storage); 
local microgrid; peer-
to-peer trading 

Smart gas and 
electricity meters at 
domestic, industrial 
and low voltage level 
(HH settlement); 
flexibility trading 
platforms; P2P energy 
trading; micro-grids; 
low carbon 
technologies: RES, 
demand side 
response, EVs, 
communal/ 
standalone batteries, 
with remote 
dis/charging); 
Balancing of local 
generation, demand 
and use 

Virtual power plants; 
aggregation and 
flexibility trading 
platforms; new 
interface platforms 
between different 
segments of the 
electricity systems; 
multi-vector low 
carbon technologies 
(i.e. local RES 
generation 
technology); smart 
meters and apps; 
blockchain; IoT; user 
device interface (UDI) 
technologies;  

 
 

Limited new interaction 
and interfaces with the 

Bring together multi-
vector domestic and 

Balancing local supply 
and demand and 
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Key distinctive 

feature 

grid; Business models 
built on use of a specific 
technology and focused 
on the delivery of 
benefits to the users; 
Technologies are 
closely matched to user 
preferences  

business users with 
generators and 
flexibility providers, 
through digital 
platforms, local smart 
tariffs; supplier-
consumer interface, 
timeshifting and 
aggregation. Build on 
existing collective 
action and established 
institutions at local 
level around specific 
social and 
environmental values 

responding to the 
needs of the grid in 
real time; Customers-
based data 
visualisation and 
analytics for direct 
trading/transactions; 
Local commercial 
framework and 
marketplace 

 
 
 
 
 
 
 
 

Value creation and 
capture 

Well-defined social and 
environmental values, 
and easy to monitor; 
users at the centre of 
the business model 

Deliver complex 
values to users and 
the system; 
Asymmetry between 
creation and capture 
of value for users and 
the system; Social and 
environmental values 
key selling points but 
harder to capture, 
evidence and 
negotiate due to high 
start-up costs of 
collective action and 
lack of local energy 
market frameworks 

Disconnection 
between 
environmental and 
social value for users 
at a household/  
commercial level, and 
at a higher system 
level (where 
innovative interfaces, 
technologies and 
services are 
introduced). 
Environmental and 
social values clearly 
defined at the 
household/commercial 
level, but poorly 
connected to the 
market and system 
level of the business 
model 

 

 

6. Identifying value gaps  

From this analysis of business model innovations at each of the three distinctive rungs of the Ladder 
of Innovation, it becomes clear that the business models in each rung are developed around specific 
individual or co-evolutionary sets of elements, and that these have a direct impact on what kinds of 
values are being created and captured, and for whom. Big differences between user and system 
values exist. Values for users are harder to create and capture the higher we go up in the Innovation 
Ladder. While social and environmental values are harder to articulate as a core part of business 
models at the second and third rung of the ladder, they are at the heart of technology-based 
business models. These two value gaps: between social and environmental values and more 
integrated digital energy service business models (i.e. the higher we go up the ladder the more 
limited the expression of these values becomes), and between values to users and values to the 
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energy system, can be explained by the interactions between the 5 co-evolutionary systems and the 
role of collective action and institutional density in negotiating value creation and capture for users 
and the energy system.   

Technology-based business models have tightly defined value propositions and these business 
models have well-defined social and environmental values. Quite often technology-based business 
models are specifically developed to produce a set of social and environmental values, such as 
greater thermal comfort and fuel poverty mitigation, while the technologies and digital elements are 
specifically selected to enable these values to be created and captured. The selection of technologies 
and the business strategies for their diffusion are guided by user preferences. Social (e.g. better 
access to energy and affordability) and environmental (e.g. cleaner air, carbon emissions reduction) 
values are a driving force and are well embedded in technology-based business models. The nature 
of drivers of technology-based business model innovation is aptly descried by the following quite: 
“Investors are driven by climate change, an interest to invest in local benefits, in collective action and 
not driven by money” (Sustainable energy and regional development charity representative, 
interview 2019). So far, digital energy services have not managed to scale-up the social and 
environmental benefits gained at the lowest rung of the ladder to more complex business 
innovations.  

However, the nature of business model innovations at the second rung of the Ladder of Innovation 
involves broader sets of actors working together, often in newly formed partnerships. Thus, 
developing successful value proposition for users is difficult as there are multiple and sometimes 
conflicting end user values, system needs and supplier/financier needs. Because these business 
model innovations create new interfaces between users and the grid, they also open up 
opportunities for creating new sources of value, such as reducing pressure on the electricity 
networks, price arbitrage, timeshifting consumption etc., but these can be often small or intangible. 
There are often trade-offs between the sources of value and how that value is shared. For example, 
local balancing has the potential to reduce supplier imbalance costs and network charges, but may 
not provide sufficient value to significantly reduce the customers’ bill, provide an uplift to the 
generator and increase the supplier margin. The key challenges of developing successful business 
model propositions are balancing innovation, attractiveness, risk, adhering to regulations and 
meeting decarbonisation goals. Many of these business models rely on growing local demand for 
RES, flexibility and storage services and see the development of value propositions as a step process, 
first focusing on value propositions which would appeal to a greater group of users, to then develop 
more innovative services that could be delivered at a later date. Unsurprisingly, many of the trials 
accepted in the Ofgem Regulatory Sandbox are at this level and challenge rules around the role of 
licensed suppliers (i.e. supply exemption and communication with customers) 

Business model innovations at the third rung of the Ladder of Innovation are almost entirely driven 
by system-focused innovations (e.g, aggregation and market exchanges through virtual power plants 
and grid secure transactions). Social values are articulated in a limited way in some business models, 
as “more secure, faster and efficient transactions” (Senior energy project manager 1, interview 
2019), or “as having more choice for what to do with the electricity they generate” (Business 
manager, interview 2019), focusing more on prosumers rather than a broader set of consumers. In 
other business models, social and environmental values are reduced to providing access to the 
energy market and investment in the built environment, articulated, created and captured in a way 
similar to that of technology-based business models, rather than at the level at which innovations in 
the business model take place (i.e. aggregation and grid secure transactions). This suggests that 
social and environmental values through third rung business models are articulated, created and 
captured separately from the digital innovations, which explains why the social and environmental 
gap at the top rung of the ladder is the widest. Rather than collective action across multiple 
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stakeholders, coordination at this level takes place through market and technical protocols through 
aggregation and virtual transactions, adjusting digital platforms to system needs rather than 
engaging in the process of negotiation between user and systems values. 

The key argument is that there is a value gap between value created for users and for the system, 

which manifests differently at the three rungs of the Ladder of Innovation. The value gap is narrower 

at the lowest, technology-based rung because of co-evolutionary dynamics, mainly strong alignment 

between the 5 systems, localised collective action and strong authority to act. The value gap is 

substantial at the middle rung of the Ladder of Innovation because of stronger alignment between 

some of the 5 systems of co-evolution (mainly technological innovations and business strategies), 

while alignment with user preferences and interests is weaker due to the nascent nature of 

collective action and a newly introduced/established institutions. Stronger alignment between the 5 

systems is necessary to negotiate some of the current key trade-offs between the sources of value 

and how that value is shared. Regulatory change can play a role in negotiating some of these trade-

offs to create more equal distribution of values for the system and users. The power of certain 

institutions, such as Local Authorities to convene and coordinate action in these spaces should be 

acknowledged. The value gap at the top rung of the Ladder of Innovation is also rather large because 

of the siloed way in which technological innovation and business strategies come together in the 

development of local energy markets, through technological integration, aggregation and market-

based coordination, almost in parallel with user preferences and with limited collective and 

institutional action.   

The recent report by the Energy System Catapult (2020) on Net Zero highlights the importance of 

innovation across the whole system, in both technology and behaviour, bringing to the fore the 

importance of value creation and capture for users and the energy system, and at all levels of the 

ladder in delivering a low carbon transition. The Energy System Catapult (2020) highlights that 

innovation in business models to deliver low carbon (heating) solutions that consumers desire is as 

important as technological innovation, however as we can see from the discussion above, the ability 

of innovative business models to do that is not the same at all levels of the Innovation Ladder. This is 

why developing a co-evolutionary understanding of how values are developing through DES business 

model innovations, and who is creating and capturing these values, is key at this point in the 

transition towards Net Zero.  

 

7. Conclusions and implications for regulation 

This paper has illustrated the differences between business model innovations at the three rungs of 

the Innovation Ladder and the way their distinctive characteristics emerge from the coevolution of 5 

systems, creating two important value gaps in the context of the UK. We argue that this analysis 

serves as a warning to be aware of the gaps in value creation and capture through innovative 

business models for digital energy services: 1) for users (in comparison to value created and 

captured for the energy system);  and 2) for social and environmental value (in comparison with 

economic value), if these business models are to both gain wider acceptance and to contribute to 

achieving a low carbon transition. This suggests that innovations within more highly integrated 

business models tend to be more focused on the delivery of value to the energy system, rather than 

users, and towards the delivery of primarily economic value rather than social and environmental 

value. We contend that the review and categorisation of digital energy services business model 

innovations in the UK is a useful tool for regulators, policy-makers and companies involved in such 

business models, as it highlights not only gaps in value creation and capture, but also opportunities 
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action (policy, incentives etc). Another key contribution of the paper is the identified three 

archetypes of business model innovations for digital energy services, organised in relation to the 

level of system integration represented in the Ladder of Innovation.  

The Innovation Ladder aids several important findings for regulation, especially in the context of the 

transition to Net Zero in the UK and Ofgem’s mandate for decarbonisation. Just as user preferences 

and behaviour does not play an equally important role in shaping business model innovations at all 

rungs of the ladder, regulation is not a key enabler or barrier to the creation and capture of more 

social and environmental values at the first rung of the Innovation Ladder. Regulation is seen as a 

minimal barrier to innovations in business models at this first rung, as these are usually well tried 

and tested business models. Innovation initiatives such as Ofgem’s Regulatory Sandbox allow energy 

actors to test new business models in order to understand how the future of energy might change. 

However, this is only accessible to some actors and viable for certain technologies, with high 

transaction costs for others. At this rung of the ladder, the costs of engaging with Ofgem’ Regulatory 

Sandbox (in terms of the required time, effort and expertise) are too high for some business model 

innovators to merit engagement. However, business models at this rung of the Innovation Ladder 

create and capture the most social and environmental value. The Regulatory Sandbox should explore 

ways for better engagement with stakeholders and business models at this rung and use their 

experience to close the value gaps at the higher rungs of the ladder.  

Most of the trials in Ofgem’s Regulatory Sandbox belong to the second rung of the Innovation 

Ladder. The biggest gap in regulatory response is focusing on regulatory changes which are needed 

to realise local user values at the second and third rung of the ladder. Changes to regulatory 

frameworks are currently focussed on market competition and the role of suppliers, metering and 

billing. More complex local tariffs business models, such as Power and Storage, would benefit from 

allowing meter splitting. This could enable multiple suppliers and therefore allow tenants to switch 

between suppliers for their residual supply, aiding the development of more competitive and 

innovative propositions. Suppliers would like to be able to use remote control of flexible assets in 

their customers properties to access lower use of system charges and/or flexibility market 

payments.  

Another key area for regulatory change is around aggregation. Enabling ‘shared access’ through the 

charging review could open up this proposition to clusters of individual properties. For example, 

heat-as-a-service business models would benefit from regulatory change which would introduce 

incentives to aggregators of all scales. Rather than there being strict regulatory barriers, regulatory 

changes have an impact on the commercial model and could be finessed to aid take up. None of the 

Regulatory Sandbox exemptions aim to facilitate the delivery of social and environmental values, but 

focus on economic value creation and capture. The regulatory changes needed to articulate values 

for the systems are more developed as trials are led by (incumbent) energy system actors. 

Regulation can and should play a strong role in embedding social and environmental values in more 

complex types of digital services business models at the middle and top of the innovation ladder. 

The regulator and business model stakeholders need to monitor the value gaps at the higher rungs 

of the Innovation Ladder and develop a set of regulatory and market incentives which aim to close 

the value gaps. The regulatory framework needs to be more flexible and responsive in developing 

social and environmental values as part of business model innovations. A more responsive 

regulatory framework will recognise the different levels of complexity between innovative business 

models and the different needs that these business models have at each rung of the ladder in order 

to scale up and ensure a more equal distribution of values. For example, the government and 

regulator need to find a way of rewarding local balancing to support local tariffs and enable greater 
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creation and capture of environmental and social values. Business models at the second and third 

rung of the Innovation Ladder need more opportunities for and better ways of negotiation between 

user and system values, which could generate creative incentives around collective action and 

building institutional density for innovative business models and the types of values which could be 

generated. This emphasises the importance of shared understanding, learning and values rather 

than competition, which is the focus of Ofgem’s work, even in the context of the Innovation Link.  

Furthermore, regulation barriers are not limited to energy and other regulatory limitations are 

equally important in developing business model innovations. These include barriers around 

procurement, planning and taxation, where collective action and growing institutional density could 

play a key role in negotiating the trade-offs between creating social and environmental values on a 

par with economic values, for both users and the system. 
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Appendix I 

Table 2. Interviews details 

Interviewee expertise  Month, year Interview mode 

Business manager July 2019 telephone interview 

Community energy group representative 4 June 2019 telephone interview 

Local authority (LA) energy company representative 2 April 2019 telephone interview 

LA energy company representative 3 June 2019 telephone interview 

Local Authority energy company representative 1 June 2019 In person interview 

Senior energy project manager 2 Sept 2019 telephone interview 

Senior energy project manager 1 May 2019 telephone interview 

Energy Catapult expert  Sept 2019 telephone interview 

Community energy representative 1 (microgrids) March 2019 telephone interview 

Local Authority energy company representative 3 March 2019 telephone interview 

DNO project manager 1 (flexibility) February 2019 telephone interview 

Local energy company representative 1 February 2019 telephone interview 

P2P project manager energy company April 2019 telephone interview 

Community energy representative 2 (solar) April 2019 In person interview  

Aggregator 1 May 2019 telephone interview 
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