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ABSTRACT 

SP Energy Networks (SPEN), part of the Iberdrola 

Group, is a distribution network operator (DNO), 

responsible for 132kV-230V distribution network assets 

in Great Britain (GB). This paper sets out the system 

operation challenges that GB DNOs face as GB 

transitions to a low carbon future, and our vision of the 

key ways in which DNOs will need to evolve into DSOs in 

order to meet these challenges. 

INTRODUCTION 

Ambitious carbon reduction targets and increasing 

consumer environmental awareness are changing the way 

electricity is generated and used. 

 

These changes, such as increasing renewable energy 

generation and the electrification of transport and 

domestic heating, largely take place on the distribution 

network rather than the transmission network. This will 

result in power flows significantly in excess of what the 

distribution network has been designed for, especially 

across lower voltage levels. Therefore, in order to 

maintain an economical, efficient and safe distribution 

network and meet the future needs of customers, DNOs 

need to transition to Distribution System Operators 

(DSOs) and evolve the way they design, build and 

operate networks and move towards smarter more 

flexible networks.    

 

As part of this transition, this paper focusses on how the 

operational activities of the DNO need to change, 

particularly around the use of services from distributed 

energy resources (DER
1
) and operational coordination 

with the GB Electricity System Operator (ESO). 

NETWORK OPERATION TO-DATE 

Current operational responsibilities of the ESO and 

DNOs are as follows: 

                                                           

1 Assets connected to the distribution network that can 

alter their output (MW or MVAr), in a controlled manner, 

to offer services. 

The ESO 

The ESO core operational responsibilities include
2
: 

1. Keeping GB system frequency within statutory limits 

(50Hz ±1%). 

2. Keeping GB transmission network power flows 

(normal and fault current) within network ratings and 

transmission voltages within statutory limits. 

 

The ESO does not own any network or generation assets. 

Therefore to fulfil its responsibilities it has to contract 

services from third party assets connected to the network. 

Nearly all services that the ESO traditionally used came 

from transmission connected assets (e.g. coal, gas and 

hydro generators), not distribution connected assets. 

Contractual arrangements to use services are agreed in 

advance, and then instructed by the ESO in real-time 

when needed. Using third party services is how the ESO 

keeps network power flows and system frequency within 

limits. 

DNOs 

DNOs own and maintain the distribution network. DNOs 

do not own any demand or generation assets
3
. The DNO 

has one core operational responsibility which is to keep 

its distribution network power flows (normal current and 

fault current) within network ratings and its network 

voltages within statutory limits. 

 

Where power flows might exceed network ratings, the 

DNO has historically reinforced the network to increase 

network capacity, rather than using third party services to 

manage the power flows within existing network limits. 

There were two reasons for this approach: 

1. The regulatory framework in operation from 1990-

2015, incentivised DNOs to reinforce the network 

rather than use DER services.
4
 

2. Historically there have been limited DER assets on 

                                                           

2 It has a third responsibility to coordinate the recovery 

of the GB electricity network after a nationwide blackout; 

this process is called Blackstart. This is not covered 

further in this paper as it is an exceptional event. 

3. Apart from mobile generators used to maintain supply 

to small groups of customers during system faults. 

4. DNOs earned different returns depending on whether 

expenditure was classified as CAPEX or OPEX [1][3].  
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the distribution network that had the technical ability 

or financial incentive to sell services. 

 

More recently, DNOs have started to offer flexible 

connection arrangements. This can offer a quicker and 

lower cost connection. To manage a network constraint, 

DNOs may offer to put in place an automatic constraint 

management scheme. Active Network Management 

(ANM) schemes are an example of this. This differs to 

the ESO method of utilising services as flexible 

connection schemes are automated (there is no real-time 

decision making by the DNO) and they only target 

specific generators as an alternative connection 

arrangement. 

 

In addition, DNOs are starting to explore markets for 

flexibility with new and existing customers who are able 

and willing to control how much they generate or can 

reduce their demand. 

 

In summary, DNOs and the ESO have historically had 

different approaches to fulfil their operational 

responsibilities. DNOs have reinforced their network in 

advance of real-time so that it is robust enough to cope 

with a range of scenarios (and now also use automatic 

flexible connection arrangements), whereas the ESO has 

had to rely on contracting services from third party assets 

and initiating their usage via real-time instructions. 

CHANGING NETWORK OPERATION  

The electricity system is changing in a myriad of ways. 

Increasing use of DER services by both the ESO and 

DNOs will alter the way that DNOs operate their 

networks and require wider consideration as to how they 

coordinate their operational activities.  

 

Increasing use of DER by the DNO 

The drivers 

Two factors have changed which mean that DNOs will 

likely increased the use of services from DER assets to 

manage network power flows and avoid constraints. 

 

Firstly, network power flows are projected to 

significantly increase beyond what the distribution 

network is designed for. This projected increase primarily 

results from decarbonisation: increasing renewable 

energy generation [1] and increasing demand [2] due to 

the electrification of transport and domestic heating. The 

scale of this challenge is significant. As a responsible 

operator, we aim to operate our network in an efficient 

economic manner and meet the needs of our customers. 

SPEN considers that this cannot be achieved simply by 

relying on past methods. The scale of the challenge, and 

increases in DER volume and service capability, mean 

there is an opportunity and necessity to drive forward 

smarter and lower cost solutions; the use of services from 

DER assets is one such solution. 

 

Secondly, the regulatory framework that incentivised 

DNOs to build network reinforcement rather than use 

third party services ended in 2015. Under the new RIIO
5
 

framework, DNOs are now more incentivised to use the 

overall least cost solution
6
. This has allowed SPEN to 

investigate using DER to reduce peak demand network 

constraints, and so avoid the network constraint in the 

first place, rather than to reinforce the network. DER 

services can not only provide a lower cost solution for 

our customers, but avoiding reinforcement means that 

solution can be delivered more quickly and without 

environmental issues, wayleaves, etc. 

 

In summary, the scale of the challenge presented by 

decarbonisation and a regulatory framework that 

incentivises DNOs to use the least cost solution means 

that DNOs will likely increasingly look to use DER 

services where this is the least cost solution. 

 

This view is supported by recent events. In 2015 no 

DNOs were actively tendering to use services. Now all 

GB DNOs are progressing the tendering for DER services 

to solve network constraints [4]. 

 

The impact on DNOs 

Contracting to use DER services is a new activity for 

DNOs. DNOs will therefore need to gain the capability to 

contract services and dispatch them in real-time. 

Increasing use of DER by ESO 

The drivers 

The ESO uses services to fulfil its two responsibilities of 

maintaining system frequency and keeping transmission 

network power flows within limits. Historically these 

have been from transmission connected synchronous 

generators rather than DER. The weighting of the GB 

generation mix is changing from transmission connected 

synchronous generators to distribution connected 

nonsynchronous intermittent generators. This change has 

two effects: 

1. Traditional transmission connected synchronous 

generators are reducing in number. A clear example 

is the reduction in GB’s coal generation fleet [5].  

2. The change from synchronous generation to 

nonsynchronous intermittent generation means that 

the ESO needs increasing volumes and new types of 

services. 

 

In summary, as the ESO depends on services to fulfil its 

function and the number of transmission service 

providers is reducing, the ESO has no choice but to 

                                                           

5 Revenues = Incentives + Innovation + Outputs 

6 The ratio of expenditure classed as ‘slow’ or ‘fast’ is 

fixed. These equate to DPCR CAPEX and OPEX [3]. 
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increasingly look to DER to provide the services it needs. 

This was well demonstrated by the ESO’s procurement of 

201MW of a new frequency response service in 2016. Of 

this, 179MW was procured from DER [6]. 

 

The impact on DNOs/DSOs 

The increasing use of DER services by the ESO, 

especially at the time that the DNO will also start using 

DER services, creates a new operational challenge: how 

to coordinate ESO and DNO operational activities. 

 

Historically there has been little operational interaction 

between DNOs and the ESO – there didn’t need to be as 

real-time operation of the transmission and distribution 

networks rarely overlapped, even with the increased 

connection of renewable generation to the distribution 

network from the early-2000s. 

 

This lack of overlap is changing. The changing 

generation mix means that the ESO is increasingly reliant 

on services from DER. The use of these will clearly 

affect power flows on the distribution network. At the 

same time, DNOs will be increasingly looking to manage 

the output of these same DER assets, either to use DER 

services or if they’re connected under flexible connection 

arrangements. This will impact the ESO’s ability to use 

them.  

 

This new interactivity drives the need to significantly 

increase coordination between transmission and 

distribution network companies. Without this, inefficient 

system operation, poor use of consumer money and 

conflict over use of DER services will likely occur. 

 

As a result of these changes, a new electricity system 

operating model is required. Open Networks, a pan-

industry project is investigating this future electricity 

system operation, part of which is considering future 

DSO models. It recently consulted on five potential 

models [7] and will propose a preferred solution to 

Ofgem (the GB market regulator) and BEIS (the UK 

government department responsible for energy policy) in 

March 2019. 

FUTURE DSO MODEL 

SPEN was the first DNO in the UK to publish a DSO 

Vision:  

 

“An effective DSO model will optimise customer 

engagement, minimise costs, improve customer service, 

manage losses and optimise investment at a local level”.  
 

There are three key requirements of any future DSO 

model: 

1. It must permit the DSO and ESO to meet their 

operational responsibilities. 

2. It must allow for much more extensive real-time 

operation of the distribution network by the DSO. 

3. No DSO model should prevent assets from selling 

services or network parties form accessing these 

services (with specific exceptions where a service 

will adversely impact on another party). 

 

In addition to this, as both ESO and DNO/DSO costs are 

ultimately recovered from consumers, any DSO model 

must allow the use of services which results in the least 

overall cost to consumers. 

 

Based on these requirements, and because the ESO has 

no responsibility to manage distribution power flows, 

SPEN’s proposed future DSO model is one where: 

1. The DSO and ESO both set their service needs in 

advance of real-time. In order to do this the 

availability and pricing of DER services will need to 

be visible to both parties. 

2. Services from individual DER assets are then 

allocated to either the DSO or ESO, depending on 

pricing, need, suitability and overall benefit. 

3. The DSO is then free to choose how to operate its 

network to ensure these services are delivered to the 

ESO and to keep its own distribution network within 

limits. 

 

The key change from the current system is that the ESO 

would no longer bilaterally contract services from DER 

without the DSO having any visibility of this. Instead, the 

service needs of the ESO and DSO would be considered 

together and, where appropriate, the DSO would dispatch 

DER services to meet ESO requirements. 

  

This model involves the DNOs extending their role to 

manage all DER resources below the Transmission/ 

Distribution boundary. The DSO would then respond to 

instructions by the ESO and manage the DERs to best 

meet these instructions. This would also require the DSO 

to facilitate an ancillary services market for DERs. 

 

The benefits of this model are: 

 Both the DSO and ESO can fulfil their 

responsibilities by making use of services from DER 

assets. 

 It reflects the realities of how the network is likely to 

change over the coming years – increased activity on 

the distribution network, requiring more active 

distribution network operation by the DSO to avoid 

distribution network constraints. 

 Value to consumers by a coordinated approach that 

reduces the risk of inefficient system operation and 

unnecessary costs to consumers; it enables the DNO 

to actively manage their network where this is better 

value than reinforcement; and it enables the ESO to 

access the services it needs. 

 It is simpler from a legislative point of view – there 

is no requirement to change UK primary legislation, 
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and network parties’ overarching licence 

responsibilities stay the same. 

 It keeps the options open as to the best way to 

establish the method for service providers to 

advertise their services, and the method to establish 

the allocation of services. This optionality is 

important whilst the Open Networks project 

investigates these. 

 

DNOs are best placed to fulfil the DSO role as: 

 They have a deep working knowledge of local and 

regional distribution networks and the customers 

and governments they serve. 

 They already have the communications 

infrastructure in place to operate these networks 

 The regulatory model encourages competition 

between DNOs through benchmarking, driving costs 

down for customers. 

  

GAP ANALYSIS – NEW REQUIREMENTS 

To achieve this future DSO model and to evolve into 

DSOs, DNOs are going to have to develop a number of 

key capabilities. These include: 

1. A platform for DER to advertise their service 

availability and pricing to DSOs and the ESO. 

2. A low latency, robust and secure distribution 

communications system, both for network 

monitoring and for communication with DER assets. 

3. Widespread real-time distribution network 

monitoring. 

4. Greater flexibility to alter the configuration of the 

distribution network (e.g. soft open points, on load 

tap changers). 

5. Accurate modelling of expected future power flows, 

so the DSO know their service needs. 

6. Personnel training – using services in real-time to 

manage network constraints is a new activity for 

DSOs. 

 

SPEN are progressing a number of initiatives that will 

assist the transition to a DSO and provide valuable 

learning.  These include: 

FUSION: Structured flexibility market 

A 5-year project funded by Ofgem’s Network Innovation 

Competition (NIC) to demonstrate the commoditisation 

of local demand-side flexibility through a structured and 

competitive market-based framework to address local and 

national electrical network congestion.  FUSION will 

trial the application of the Universal Smart Energy 

Framework (USEF) and will inform wider policy 

development around flexibility markets and transition to 

DSOs through development of standardised industry 

specifications, processes and requirements. 

Flexibility Tenders 

SPEN recognise that resources connected to our networks 

could provide services to assist in key areas that have 

specific challenges during periods of network constraint. 

To reduce the need for reinforcement flexibility tenders 

are being explored.  SPEN is part of a trial, utilising 

PICLO [4], an online marketplace for local electricity 

flexibility trading to help DNOs play an active role in 

managing local smart grids. 

ANM Schemes  

Dumfries and Galloway ANM is the first integrated 

network management scheme of its kind in the UK and 

will span 11 grid supply points and interface with the 

ESO. The project will help manage transmission network 

constraints by using an ANM system to monitor and 

manage exports from distributed generation on SPEN’s 

network. It will also enable the connection of new DER 

and support the move to a smarter flexible network.  

CONCLUSION 

The electricity system is changing. Most of this change 

will occur on the distribution network. In order to 

maintain an economical, efficient and safe distribution 

network and meet the future needs of customers, DNOs 

need to evolve the way we design, build and operate our 

networks. This transition towards becoming a full DSO 

will facilitate an open and inclusive balancing services 

market at the Transmission/Distribution interface. 

 

There are two outcomes from this: 

1. DNOs will undertake more real-time operation of 

flexible DER assets, where this is lower cost than 

traditional network reinforcements. This requires 

DNOs to transition to real-time system operators (i.e. 

DSOs). 

2. As the ESO is increasingly reliant on these same 

DER assets to fulfil its own operational 

responsibilities, there is a risk of conflict if DSO and 

ESO use of DER assets isn’t coordinated. This 

requires a new electricity system operating model. 

 

The key change of SPEN’s proposed future DSO model 

is that the ESO would no longer bilaterally contract 

services from DER without the DNO having any 

visibility. Instead the service needs of the ESO and DSO 

would be considered together and, where appropriate, 

direct dispatch of DER by ESO would end. 
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