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ABSTRACT 

The future of the electricity networks in the UK is changing 
as a result of the shift towards a smart, flexible energy 
system. Part of this shift includes redesigning the 
distribution networks to become more active system 
operators; the DSO transition. This paper will 
demonstrate how the future DSO can be modelled, explore 
the possible options, understand how to analyse them and 
describe next steps for accelerating the transition. 

INTRODUCTION 

In the energy system, there is currently a fundamental shift 
underway towards decarbonisation, decentralisation and 
digitalisation, which is being driven by the need to 
transition to a low carbon energy future while maintaining 
energy security and ensuring affordability for all. 
Generation is becoming distributed and more variable, 
consumers are monitoring and managing their energy use, 
and new technologies and business models are emerging.  
 
The UK’s Electricity Networks are at the centre of this 
transition through the Energy Networks Association 
(ENA) Open Networks Project (ON Project), which is a 
major energy industry initiative that will enable the UK’s 
local Distribution Network Operators (DNOs) to evolve 
from their traditional ‘static’ role of delivering electricity, 
to one where they actively operate their network, enable 
the smart grid and act as a platform for the adoption of new 
energy technologies; this transformation is known as the 
Distribution System Operator (DSO) transition. The DSO 
will require new sources of flexibility both on the supply 
and demand side, to help respond to the rapid uptake in 
Distributed Energy Resources (DER) and Low Carbon 
Technologies. 
 
There is a lot of uncertainty, complexity and unanswered 
questions ahead: 
 How do we decarbonise gas and heat? 
 How do we pay for the transition? 
 What will the future network businesses look like? 
 What are the roles and responsibilities in the future? 

 
To begin to answer these questions, one needs to 
understand what exact the future DSO looks like. 

 
Table 1: A Note on Flexibility 

The GB Energy Regulator, Ofgem, has defined 
flexibility[1] as “modifying generation and/or 
consumption patterns in reaction to an external signal 
(such as a change in price) to provide a service within 
the energy system”. Flexibility has been a key feature 
of energy markets and is used by market participants 
across the energy industry to manage operations 
efficiently. DER can provide new forms of flexibility 
and can be broadly categorised into flexible demand, 
distributed generation and energy storage. UK 
Government and Ofgem have considered two broad 
types of flexibility: 
 Price flexibility: this occurs when any party 

varies their demand or generation in response to 
the price of energy and/or network use at a 
particular time and/or location. 

 Contracted flexibility: this is where parties trade 
and directly contract with one another to procure 
flexibility, and for which an agreed payment is 
made. Parties buying this currently include the 
TSO, DNOs and suppliers.  

MODELLING THE DSO 

When describing a future entity, the question naturally 
arises; what does it look like? There are various ways to 
describe or display future entities or business models, but 
one thing is clear – the future DSO will likely be a complex 
entity. DSOs will comprise a wide set of functions and 
activities, ranging from Investment Planning and System 
Co-ordination with Transmission System Operators 
(TSOs) and other DSOs, to Connections, System Defence 
and Market Facilitation. In fact 8 key DSO functions and 
various related activities were defined by the Open 
Networks Project in 2017[2]. It has been frequently 
shown[3] that humans can understand complex issues far 
easier when using visual tools and diagrams as opposed to 
plain text, and as a result of the complexity of the DSO, it 
was agreed that a visual representation of the DSO would 
be better for communicating with stakeholders, including  
Ofgem, Government, Policy Makers and industry. 
 
After a global review of tools and techniques to visualise 
smart grids and complex business models, the Smart Grid 
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Architecture Model (SGAM) framework[4] was selected 
as the most suitable for the stakeholders involved. The 
highly visual SGAM framework was introduced at a 
European level as a standard way to holistically visualise 
current and future smart grid systems, from their 
functional specification right through to their architectural 
design.  

  
SGAM is represented by a three-dimensional framework 
that is structured into five ‘interoperability layers’. Each 
layer is represented by the ‘smart grid plane’ that is 
composed of ‘domains’ and ‘zones’ based on the National 
Institute of Standards and Technology (NIST) Conceptual 
Model and Automation Pyramid[5]. The five layers 
represent business objectives and processes, functions, 
information exchange, communication protocols and 
components. The ‘domains’ reflect the electrical energy 
conversion chain (physical connections). The ‘zones’ 
characterise the hierarchy of power system management. 
Thus, the SGAM framework allows the representation of 
smart grid systems and their relationships. The structure 
and composition of this three-dimensional framework is 
illustrated in Figure 1. 
 

THE FUTURE WORLDS 

When analysing the functions and activities for the future 
DSO, it became clear that there are a variety of options for 
how the DSO operates. The end consumer, DSOs and DER 
will no longer be passive entities, as they can be active 
participants in providing increasing levels of flexibility to 
the GB electricity system. In particular, DSOs and 
National Grid, in its role as the GB TSO, require additional 
sources of flexibility from non-traditional sources. The 
traditional structure of the electricity system and the way 
that TSOs procure balancing services (in simple terms 
managing supply and demand to maintain a set frequency) 

and ancillary services (typically used for congestion 
management and other issues such as voltage and reactive 
power) from market participants is no longer fit for 
purpose. Thus the main options for the future DSO relate 
to differences in how end consumers and DER can provide 
balancing and flexibility services to the Electricity 
Networks and 3rd parties. The options vary greatly from 
today’s landscape, and hence have been aptly described by 
the project as ‘Future Worlds.’ 

Commercial Principles  
To understand the options, the ON Project produced a 
paper[6] and publically consulted on a range of options 
associated with broadening the participation of DER in the 
provision of flexibility services to TSOs, DSOs, Suppliers, 
Aggregators and others. This ‘Commercial Principles 
Paper’ sought ‘to provide a comprehensive picture of the 
issues which need to be tackled to ensure DER can provide 
flexibility services to multiple entities, in a way that 
enhances coordination of the whole system and brings 
down system costs.’ 
 
The consultation proposed six different ‘market’ options 
that could enable DER to provide flexibility services to 
multiple parties, and presented initial views on how they 
compared against a range of assessment criteria. 30 
responses to the consultation were received, which 
provided valuable insight to broader industry views on the 
characteristics of the models and associated issues. These 
were also used to help shortlist the 5 Future Worlds. 
 

The 5 Worlds 
Following the consultation, a wide-ranging review of other 
potential market models for ways in which DER and third 
parties could provide flexibility services to Electricity 
Networks was undertaken. This included models from 
Ofgem, industry, academia and other countries, for 
example those presented in the European SmartNet 
project[7]. This review, along with the Commercial 
Principles Paper, was used to short-list a wide range of 5 
potential market model options. These options also support 
the required DSO functions and activities, while delivering 
one of the key principles of neutral market facilitation. 
 
The 5 ‘Future Worlds’ are presented below, which 
represent different market, organisational and operational 
structures to access and utilise flexible DER. They are also  
characterised by different TSO/DSO coordination 
schemes. After a brief description of each World, an 
example of an ‘actor relationship diagram’  for World A 
‘DSO Co-ordinates’ is shown (Figure 2), which highlights 
the main commercial interactions between actors, and can 
be thought of as the ‘Business Layer’ of the SGAM. Note 
that the full SGAMs included 23 actors for each World, 
but a simplified diagram is shown here for brevity. 
 
 

Figure 1: SGAM Framework  
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World A: DSO Coordinates – a World where the DSO 
procures and activates DER flexibility resources for 
distribution network constraint management and 
transmission system management based on a pre-defined 
power exchange schedule agreed with the TSO. The DSO 
and the TSO actively exchange information to maximise 
synergies between T & D network requirements and to 
minimise potential conflicts associated with the delivery of 
concurrent services. 
 
World B: Coordinated DSO-TSO procurement and 
dispatch – a World where the TSO directly procures 
flexibility resources connected to the distribution network 
for electricity transmission system balancing purposes in 
active collaboration and coordination with the DSO. The 
DSO procures flexibility resources connected to the 
distribution network for distribution networks constraint 
management in active collaboration and coordination with 
the TSO. The DSO and TSO cooperate to perform 
coordinated dispatch of distributed flexibility resources, 
procured by the DSO and ESO during their respective 
procurement activities, ensuring that concurrent T & D 
network service requirements are met. 
 
World C: Price-Driven Flexibility – Worlds A, B, D and 
E focus on Contracted Flexibility whereas World C 
focusses on Price Flexibility (see Table 1). One component 
of this is ensuring that network tariffs, or charges, 
appropriately signal costs or benefits of using the network 
at different times and locations. Providing more granular 
price signals could offer the opportunity to allow the 
market to respond more dynamically to changing system 
needs, thereby reducing the need for system operators to 
actively procure flexibility to manage the system[8].  

World D: TSO Coordinates – a World where the TSO 
procures and activates flexibility resources connected to 
the distribution network for transmission and distribution 
networks management and energy balancing. The DSO 
indirectly procures distribution connected flexibility 
resources for constraint management of the distribution 
network via the TSO.  
 
World E: Flexibility Coordinator(s) – a World where a 
new entity or entities, ‘Flexibility Coordinator(s)’ organise 
and operate the flexibility market for distributed flexibility 
resources in a neutral, independent and transparent way. 
They procure and dispatch distributed flexibility resources 
for distribution network constraint management and 
electricity transmission system balancing purposes. The 
TSO and the DSO indirectly procure and activate 
distributed flexibility resources for transmission  
management and balancing and for distribution constraint 
management, respectively, via Flexibility Coordinator(s). 

Future Worlds Consultation 
The ON Project undertook a major industry consultation to 
understand stakeholder views on the Worlds. It was critical 
to understand stakeholder feedback to help inform the next 
steps of the project, including the Impact Assessment. 
Recognising the varied nature of stakeholders, a layered 
approach to the consultation was undertaken: 
 A high level consultation document summarising 

the Future Worlds and presenting key impacts 
through the lens of different stakeholder groups[9] 

 A detailed modelling report[10] providing further 
context on the methodology and results obtained 

 HTML links to the actual SGAMs for each of the 5 
Future Worlds developed 

Figure 2: World A – ‘DSO Coordinates’ Actor-Relationship Diagram 
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47 responses were received across a wide range of 
stakeholders. Full responses can be found online[11], 
however it was clear that no one World was recommended 
over another. As such there was wide support for the 
Impact Assessment approach and also proposals to 
consider hybrid options and/or transition phases for each 
World. There was also strong support for implementing 
the short-term priorities (see below). 

LEAST REGRETS ANALYSIS 

Using a systematic modelling tool like SGAM allowed the 
like-for-like comparison of the Future Worlds. The 
information flows and data objects across the various 
SGAM layers were compared, allowing identification of 
comment elements across the Worlds. The common 
elements can be thought of as ‘least regrets’ actions; they 
represent functions, activities and data flows that need to 
occur regardless of the World, and hence present 
opportunities to implement aspects of smart grid now.  
 
It was identified that approximately 31% of the 
information flows are common across the 5 Worlds. As 
can be seen in Figure 3, the proportion of commonality 
varies across the 8 DSO functions identified.  

 
The results are somewhat intuitive as some of these 
functions, for example System Defence & Restoration (eg: 
black start) or long term whole system Investment 
Planning, are not dependent on how DER is procured by 
System Operators, and hence large aspects of these 
functions will be similar across Worlds. Operation of the 
local networks, and in particular allocation of services, 
varies more widely across the different Worlds, reflecting 
the main differences between the options.  Thus in general 
terms, areas of least regret tend to be aligned to longer-
terms actions in planning and regulatory timescales, as 
opposed to operational timescales. 
 
It should be noted that the least regrets analysis presented 
here is across all 5 Worlds. If a particular subset of Worlds 
is considered, more least regrets are identified. Hence 
narrowing the set of options provides a further opportunity 
to implement future networks solutions now. For least 
regrets that are identified across the 5 Worlds, GB 

Electricity Networks have agreed to implement these 
either directly or via collaboration under the ENA, 
including via the next phase of the Open Networks Project. 

IMPACT ASSESSMENT 

Approach 
The consultants, Baringa, were contracted to undertake an 
independent Impact Assessment (IA) of the 5 Future 
Worlds. The IA was designed to understand the relative 
strengths, weaknesses and sequential interdependencies of 
the Worlds, and subsequent impacts on network operators 
and users.  The IA also considered the optionality that 
various transitions through the Worlds would offer.  The 
IA was based on HM Treasury’s Green Book[12]. A range 
of quantitative and qualitative assessment criteria were 
identified by ENA and stakeholders, and arranged under 
the 5 Green Book Case Models. The criteria were assessed 
against the two National Grid Future Energy 
Scenarios[13], which meet UK Carbon Targets, namely 
‘Community Renewables’ and ‘Two Degrees’. Note that 
due to the deliberately broad range of conceptual Worlds 
chosen, the focus of the IA was on the relative assessment 
of the Worlds, and not the absolute costs and benefits. 
Absolute values will require a more detailed view of the 
agreed model(s) going forward, and detailed modelling of 
the Networks to understand their current situation.   

Outcomes 
At the time of writing, the full results of the Impact 
Assessment have not been made available to the public, 
but a number of key insights have been determined. 
 
The qualitative aspect of the IA compared the Worlds 
against 30+ different criteria, including: customer benefits, 
increased decarbonisation, energy efficiency, regulatory 
impact, complexity, security (inc. cyber security), etc. The 
key conclusion was that there is no World which excels 
across all of the qualitative criteria, but there are different 
relative strengths and weaknesses of each.  Hence there 
will be trade-offs between Worlds. Note that the criteria 
were purposefully not weighted, as different stakeholders 
will perceive the importance of the criteria differently. 
 
Quantitative costs and benefits of the different Worlds, 
including how they can avoid network investment, reduce 
the cost of Balancing Services, or avoid the need to build 
new generation plant, were also considered. To do this a 
number of assumptions were made around the speed of 
uptake of each World. This led to two stages being defined 
for each World. Stage 1 is an initial stage of development 
where full functionality of each World is not yet 
implemented. Stage 2 is the full implementation of each 
World. It was assumed that the full benefits of optimising 
the use of flexible resources can be achieved in Stage 2 for 
each World except World C. Thus from a quantitative 
perspective, the differentiation between Worlds then 
became the costs of implementing them, as well as the 

Figure 3: Least Regrets across 5 Worlds by Function 
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speed with which they reached Stage 2. The IA showed 
that World C can never achieve the full set of benefits 
possible. This indicates that networks charges alone will 
not be sufficient to fully optimise the use of flexible 
resources. Ofgem itself notes[8] that these alternative 
means of providing signals are unlikely to be able to 
provide all of the flexibility that the system operators need, 
and therefore it is likely that there will always be some 
need for System Operators to procure flexibility. 
 
The IA indicated that, under the right circumstances, 
depending on DER uptake and importance given to the 
qualitative and quantitative criteria, all of the Future 
Worlds are viable, with the exception of World C by itself. 
This leads to a number of potential transition paths all with 
differing risk profiles and optionality value 

CONCLUSIONS & NEXT STEPS 

Currently the GB Electricity Networks are operating in a 
manner closest to World B. Further development of new 
markets and platforms is required to facilitate coordinated 
procurement of flexibility services. Depending on the 
priority assigned to criteria in the IA and DER uptake 
levels (particularly at LV), a transition towards other 
Worlds (or at least aspects of them) may be required. 
 
Ofgem have indicated that reformed charging 
arrangements will be in place for the next regulatory 
period, RIIO2, which starts in 2021 for transmission and 
2023 for distribution. Thus aspects of World C will be 
implemented, but as discussed that will not achieve the full 
benefits, and hence a combination with aspects of other 
Worlds to fully achieve the potential benefits is required. 
Given the range of pros and cons for each World, it’s likely 
that the actual shape of the future Electricity Network will 
be a ‘hybrid’ of the models presented in this paper.  
 
The Worlds present potential conflicts of interest for 
various actors. These will be identified and mitigation 
strategies proposed that should be developed and tested 
with stakeholders prior to implementation.  
 
The ON Project is putting in steps to start implementing 
the least-regrets aspects of the models now, while also 
undertaking deeper population of the SGAMs to further 
understand the potential costs and benefits. Further 
consideration will need to be given to pathways and 
potential hybrid options – the sooner these can be 
identified, the more efficient the transition will be.     
 
The work undertaken as a part of this modelling will also 
be underpinned by real-world innovation trials. A ‘learn-
by-doing’ approach is the only way to truly understand 
what will work, especially as many of interactions between 
networks and DER will be via new and currently 
unengaged customers. A range of innovation trials[14] are 
already planned or underway in this space.  
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