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1.1 Introduction 

UKPN has led the way to develop flexible connections in order to provide excellent service for new 
distributed generation customers connecting to our network. Flexible connections were first trialled 
through our Flexible Plug and Play project, which paved the way for 120MW of distributed 
generation (DG) to connect more quickly and cheaply than would have been possible using 
traditional techniques. Flexible DG connections have, to date, saved customers over £75m. Overall, 
UKPN and other DNOs are increasingly connecting DG through flexible connections.   

However, Flexible Distributed Generation (FDG) connections have some limitations. In order to 
improve our service to DG customers, we have started the project ‘Energy Exchange: Market-Based 
Curtailment Management’. It will develop and test market based approaches for managing 
curtailment of generators connected to the network, and help us understand where and when 
network reinforcement is the best value solution for customers. The project will also consider how 
Market-based Curtailment Management can provide to FDG customers the ability to participate in 
national flexibility markets.  

The key output of this project to is to understand how we can offer a better service to our customers. 
This will facilitate and incentivise additional DG through reducing curtailment levels and create new 
revenue opportunities for existing customers through curtailment trading. 

This document sets out the findings from the initial market design phase of the Energy Exchange 
project.  This initial design phase considered a long list of possible options for market based 
curtailment management, described below.  This report also includes a summary of customer 
engagement and recommendations on which option to take forward into a more detailed design 
phase. 

 

1.2 Context for this project 

In recent years, there has been a significant rise in distributed generation (DG) in Great Britain. Our 
forecasts show that this trend will continue1, with the amount of DG on the network increasing 72% 
by 2028 in the ‘medium’ scenario of our forecasts.  As a result of the activity to date, the prevalence 
of export constraints on the distribution network has increased. This means that in some cases DG 
and storage seeking an export connection to the network cannot be connected without first 
reinforcing the distribution network.  The reinforcement may only be required to cover periods of 
high generation and low demand that could only occur for a few hours each year.  The delay and cost 
associated with these reinforcement works can in some cases be prohibitive for new DER, and has 
been a barrier to deployment of more renewables and flexible storage. 

As mentioned, UKPN developed Flexible Connections as an alternative to reinforcing the network to 
accommodate these infrequent constraints.  Under Flexible Connections, exporting DER can avoid 
some reinforcement costs that would be required for a firm, i.e. unconstrained, connection, whilst 
accepting a degree of curtailment during periods in which the network is constrained.  There is 
inherent uncertainty as to the timing and frequency of such events and therefore the lost revenues 
from reduced generation.  The subsequent connection of additional exporting DER will typically 
increase the likelihood and magnitude of export constraints, whereas a demand increase will tend to 
alleviate such constraints. 

                                                            
1 https://innovation.ukpowernetworks.co.uk/2020/02/06/distribution-future-energy-scenarios/ 

https://innovation.ukpowernetworks.co.uk/projects/flexible-plug-and-play/
https://innovation.ukpowernetworks.co.uk/2020/02/06/distribution-future-energy-scenarios/
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When a constraint occurs, the rules by which curtailment is applied has a significant impact on the 
curtailment risk that each CDER faces.  To date, these rules, or ‘principles of access’ have tended to 
take one of two forms: 

 Last In First Off (LIFO): during periods of network constraint, curtailment is applied in reverse 
order of connection, thereby minimising the risk for those developers connecting early. 

 Pro-rata: curtailment is shared by all those participating within the scheme, with new 
connections therefore increasing the expected level of curtailment for all parties, usually 
with a cap imposed on the total volume of flexible connections allowed in a particular 
actively managed zone in order to limit the risk for existing generators 

Such schemes, as they have been enacted to date, tend to have three key limitations: 

1. Inefficient curtailment: Curtailing in reverse order of connection or by sharing curtailment 
evenly across parties, does not take the cost of curtailment into consideration. Hence, they 
don’t deliver the least-cost approach (for the system as a whole) to managing a given 
constraint.  On meshed networks, for example, some units are better placed to alleviate a 
constraint than others, for example if they are ‘closer’ to the constraint.   

2. Failure to accommodate alternatives to curtailment: The existing system that manages 
flexible connections does not facilitate the participation of other network users to resolve 
constraints. For example, it may be cheaper to manage an export constraint by increasing 
demand rather than reducing generation. Demand Side Response (DSR) and storage can both 
increase local demand in this way.   

3. Limited signalling to trigger and fund future reinforcement: If a network continues to 
receive requests for new connections, or if the curtailment faced by existing CDER escalates 
for whatever reason, it may be economically efficient eventually to trigger reinforcement.   

Our key consideration behind this project is that the development of appropriate market-based 
solutions will address these limitations. In principle, participants who place a high value on access, or 
make a small contribution to the constraint, would be willing to pay another participant to take their 
curtailment obligation. In theory, there should be a system wide benefit of more efficiently allocating 
curtailment between participants. Hence, the market based curtailment approach will generate 
benefits in the following three areas: 

a. Cost effective curtailment: Curtailment will be based on the cost of generation of the 
respective FDG. 

b. Helping establish new solutions to curtailment: The market-based curtailment will facilitate 
other parties, such as DSR and storage operators/developers, to alleviate the constraints. 
This will help these parties earn revenues, reduce the cost of curtailment and reduce losses, 
as energy will be consumed close to the point of generation. 

c. Establishment of price signals: The trading of curtailment will help the discovery of prices 
regarding the scarcity of capacity in the constrained areas. For example, consistent and 
repeated high constraint prices will indicate where future reinforcement should be triggered 
to manage constraints efficiently. 

In parallel to the above, UKPN is developing in parallel a curtailment index, which will provide a 
holistic package for CDER. This serves to inform the CDER of the potential future level of curtailment. 
UK Power Networks has published its initial approach for a curtailment index in December 20192. 

 

                                                            
2 https://innovation.ukpowernetworks.co.uk/wp-content/uploads/2019/12/Curtailment-Index-Report-V-
0.6.pdf 

https://innovation.ukpowernetworks.co.uk/wp-content/uploads/2019/12/Curtailment-Index-Report-V-0.6.pdf
https://innovation.ukpowernetworks.co.uk/wp-content/uploads/2019/12/Curtailment-Index-Report-V-0.6.pdf
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1.3 Project delivery  

Project scope & structure 

The project is structured in the following stages: 

1. Initial Market Design and Stakeholder Engagement 
2. Data Analysis from existing curtailment data 
3. Detailed Market Design and Stakeholder Engagement  

a. Modelling market design(s) 
b. Sensitivity testing 
c. Engagement and trial design 

4. Market Simulation  
5. Live Trial  

Whilst we aim to undertake a Live Trial, we will assess the outcome of stages 1 to 4 and reach a 
“go”/”no go” decision to conduct the live trial. 

This report summarises the work completed in Stage 1. Currently, we are progressing through Stage 
2 and we are about to begin Stage 3. We aim to move on to market simulation later in Q3 2020, with 
a go/no go decision communicated by the end of 2020.  

Project resources 

UKPN is currently deploying resources from the Smart Grid Development and Innovation teams to 
deliver the project.  

The project in the UK & International context 

There are numerous ongoing projects in the UK, which are complementary to Energy Exchange. We 
are interested in learning from and sharing knowledge with these projects, including LEO, Transition, 
EFFS, FUSION, FleX. These projects are looking at market rules, demand-side flexibility, bilateral 
trading and neutral market facilitation. We are also aware of a number of completed and 
international projects, which we will seek to engage with throughout the project. Our project is 
focussing predominantly on developing a market design that can manage and resolve curtailment 
in generation constrained areas. Hence, it will establish how system operators and market 
participants interact, irrespective of specific roles and technology adoption. 

1.4 Market designs considered 

There are a number of ways in which a market-based solution could determine efficient curtailment 
management.  These vary across dimensions such as the commodity which is traded, who the 
counterparties are, the timeframes under which they operate, how the schemes are funded and the 
impacts they have on wider market participants.  

The market designs to consider were developed by the Energy Exchange project team, learnings from 
other DNO projects and broader stakeholder feedback. The project team is made up of four distinct 
organisations, each with unique vantage point from which to shape a market-based curtailment 
management solution. The project team contains representatives from UK Power Networks, Smarter 
Grid Solutions, University of Cambridge (Judge Business School), and Baringa Partners. The market 
designs were then tested robustly with stakeholders, to ensure that they aligned with market needs. 

https://gtr.ukri.org/projects?ref=104781
https://ssen-transition.com/
https://www.westernpower.co.uk/projects/effs
https://www.spenergynetworks.co.uk/pages/fusion.aspx
https://www.gov.uk/government/publications/flexibility-exchange-demonstration-competition-flex-winning-projects
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In October 2019, we published our high-level view of these mechanisms3. Below we summarise the 
key design options we have considered. 

 

Option 1: DSO curtailment mechanism - This option focuses on a model where the DSO is the central 
market participant with which each DER transacts.  DER submit their offers to be curtailed in £/MWh 
of curtailment, and the DSO curtails in price order and the DER are settled based on their offer price 
and the outturn curtailment they experience. 

 

Table 1 - Summary of features of Option 1 

Commodity4 Curtailed energy 

Delivery window5 

Offers can be activated by system operator in real time 

Under this design we expect that only offers would be posted by 
participants 

Frequency of trades6 Continuous 

Settlement basis7 
Ex-post - Prices submitted ahead of time but actions settled based on 
out-turn curtailed energy 

The graph below illustrates how the system operator would settle the offers for curtailment. 

 

 

 

 

 

 

 

 

 

 
Figure 1 - Illustration of market clearing for Option 1 

  

                                                            
3 https://innovation.ukpowernetworks.co.uk/wp-content/uploads/2019/10/Energy-Exchange-Intro-for-
customers.pdf 
4 By commodity we mean the product that is being traded 
5 By delivery window we mean the time frame during which the transaction/trading takes place 
6 By frequency of trades we mean the rate at which trades take place. 
7 By settlement basis we mean reference that is used to clear the transaction. 

https://innovation.ukpowernetworks.co.uk/wp-content/uploads/2019/10/Energy-Exchange-Intro-for-customers.pdf
https://innovation.ukpowernetworks.co.uk/wp-content/uploads/2019/10/Energy-Exchange-Intro-for-customers.pdf
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Option 2: Curtailment trading - This option focuses on a model where the DSO is a facilitator of 
trades, but DER trade bilaterally with each other.  DER submit both bids (to reduce curtailment) and 
offers (to increase curtailment) in £/MWh of curtailment, and where trades occur under constrained 
network conditions, curtailment is re-allocated accordingly. 

 

Table 2 - Summary of features of Option 2 

Commodity Curtailed energy 

Delivery window Real time bids and offers can be placed by DER 

Frequency of trades Continuous 

Settlement basis 
Ex-post - Prices submitted ahead of time but actions settled based on 
out-turn curtailed energy 

 

The graph below illustrates how parties would place bids and offers for curtailment and the system 
operator’s overall settlement. 

 

 

 

 

 

 

 

 

 
Figure 2 - Illustration of market clearing for Option 2 
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Option 3: Traded access rights - This option focuses on a model where the DSO first allocates access 
rights to participants, either through existing first come first served based approaches or through 
auctions.  Once these rights are allocated, participants are allowed to trade with each other and 
reallocate access rights.  The DSO manages any potential network constraints by limiting export 
according to each DER’s access rights. 

 

Table 3 - Summary of features of Option 3 

Commodity Capacity in a geographically defined area with clear definition of 
access rights 

Delivery window Suggest perpetual access rights for the auction as this reveals 
willingness to pay for reinforcement.8 

For secondary trading, we expect this would be agreed bilaterally with 
minimum granularity of settlement period.  

Frequency of trades Auction for allocation informed by connection queue and available 
capacity.  Auction to run sufficiently ahead of time to allow certainty 
for developers. 

Secondary trading as required by market participants.  

Settlement basis Ex-ante 

The graph below illustrates all parties, demand and generation, existing and new, in a specific 
geographical area participating in trading capacity rights. In this example, the domination of 
generation capacity leads to clearing the auction with a payment from generators to demand 
customers. 

 

 

 

 

 

 

 

 

 

Figure 3 - Illustration of market clearing for Option 3 

 
  

                                                            
8 Alternatively, could be for fixed terms in auction, although this could make reinforcement signal less clear. 
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Option 4: Nodal electricity market - This option focuses on a model where electricity prices can vary 
on a locational basis, according to a representation of the network and maximum flows between 
nodes.  The local balance of supply and demand in a particular region sets the local electricity price 
and determines how generation (and demand and storage) should be dispatched. 

 

Table 4 - Summary of features of Option 4 

Commodity Delivered energy 

Delivery window Settlement period  

Frequency of trades Near real time for upcoming delivery window 

Settlement basis Ex-ante 

 

The graph below illustrates the interaction of the national wholesale market and the local 
distribution energy market. Effectively, this requires close co-operation between distribution and 
transmission system operators. The two parties would work to clear bids and offers whilst taking in 
to consideration the network constraints at specific nodes at both national and local level. 

 

 

 

 

 

 

 

Figure 4 - Illustration of market clearing for Option 4 
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Option 5: LIFO position trading - This option focuses on a model where the DSO signals to the 
market which existing LIFO stack participants would be eligible to swap positions with each other.  
These participants then negotiate bilaterally and agree to switch if beneficial for both parties.  Any 
switches are then notified to the DSO who changes the curtailment stack ordering in its control 
systems. 

 

Table 5 - Summary of options of Option 5 

Commodity LIFO position 

Delivery window Defined bilaterally 

Frequency of trades Ad-hoc based on bilateral agreements 

Settlement basis Ex-ante 

 

The graph below illustrates two DER swapping their position in the LIFO stack. 

 

 

 

 

 

 

 

 

Figure 5 - Illustration of market clearing for Option 5 
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1.5 Summary of customer engagement 

1.5.1 Approach 
During the course of the project, we engaged with a range of stakeholders that would potentially 
interact with the MBCM solution in the future through various engagements. In total, we reached 
120 individual stakeholders across the following events:  
 
Table 6 – Customer engagement steps 
 

Event Date 

Connections Forum 26 September 2019 

Owner/Operator Forum 3 October 2019 

Winter Flexibility Forum 12 November 2019 

Owner/Operator Forum 13 February 2020 

Deep dive 1:1s January-February 2020 

Across January and February 2020, we met with a range of customer types in order to get a diverse 
set of viewpoints and to gain insight to inform the way in which we design a market solution 
including:  

 Developers and owner/operators of distributed renewable generation 

 Developers and owner/operators of energy storage 

 Aggregators  

In total, we held 16 focused workshops. The objective of these sessions was to test the concept of a 
market-based curtailment solution that could enable more economically favourable outcomes for 
market participants.  During these sessions we: 

a. Set the scene by articulating the current connection products available to customers and the 
associated strengths and challenges of these; 

b. Described the solutions that we are looking to design and test; 
c. Had open discussions around some of the key variants that differ across the options we are 

considering.  

In running these sessions, we were able to draw themes in customer preference that we will take 
into consideration in these designs.  
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1.5.2 Key themes of feedback 

The key messages from these discussions that helped us decide on the market design are 
summarised below:  

 Preferences for increased connection product choice and transparency – Most customers 
we engaged with gave a preference for increased choice in access products.  In cases where 
customers had some previous experience with FDG connections they also requested 
increased data transparency regarding curtailment forecasts to enable investment decision 
making. 

 Interest in curtailment risk sharing – Some participants had experience in capital raising and 
confirmed our expectation that securing project finance would be easier if there was a risk 
sharing mechanism with the DNO associated to lost revenue from curtailment. 

 Value of opportunity – A number of customers asked us about potential value of 
participating in this market and suggested that it would be a key driver in their decision to 
get involved. We are progressing this area through this project. 

 Simplicity and consistency across DNOs – Many of the stakeholders we spoke to would 
pursue this as an opportunity across many DNO licence areas, and as such asked for 
consistency in the way in which they would engage across DNOs. Complexity and duplication 
are barriers to entry for many of these players.  

 Interacting with the market – There is a range of timelines and processes that stakeholders 
follow when making commercial decisions. For example, some of them will have in-house 
teams with a focus on markets and revenue optimisation who make commercial decisions on 
a regular basis. Others have much less day-to-day market interaction, taking commercial 
decision on a much less frequent basis.  Generally, these expressed an interest to be involved 
but would tend to outsource real-time commercial optimisation to a third party (e.g. an 
aggregator). 

 Complexity of the product – In some cases the customers were aware of the concept of 
flexible connections however this was not always the case.  As it stands flexible connections 
are a new product for many participants and they expressed views that an MBCM variant 
could quickly become complex.  We note that in order to encourage significant take-up of 
the product it would need to be designed to avoid undue complexity where possible and 
ensure that the solution enables participants to engage in the market on a more or less 
active basis, depending on their particular circumstances. 

 Third party facilitation of market – Generally there was a preference for transactions to be 
directly with a central party, possibly the DNO, as this would reduce the complexity of 
transactions and limit credit risk with third parties.  There is a preference for any central 
market facilitation to be as transparent as possible if the DSO were to take this role.  

Overall, stakeholders endorsed this type of approach and requested continued engagement as we 
proceed into detailed design. We will consider these factors as we proceed into detailed design and 
evaluation.   

On the basis of these observations there are two key learnings which will be included in the 
detailed design of this project: 

1. Stakeholders would prefer contracting directly with the DSO or a central party rather than 
bilateral trades between DER. Participants expressed preference to trial Option 1 over the 
other options.  Alternatively, if trialling one of the other options we should design it in such a 
way as to enable central contracting for curtailment trades. 

2. Stakeholders highlighted to us that this is a complicated concept.  We should aim to produce 
a design that is as straightforward for participants to understand as possible, minimising 
barriers to entry, and balancing this with flexibility for participants to interact in a way that 
suits their operations. 



13 

 

1.6 Evaluation of the design options 

In order to assess the relative benefits of the five options, we developed a framework to compare 
the options according to a wide range of criteria and from the perspectives of key stakeholders. 

The six groupings we considered were general principles based criteria, customer perspective, DSO 
perspective, regulatory compatibility, compatibility with ESO markets, and trial specific 
considerations. 

According to this evaluation, we found that both Options 4 and 5 appear to perform significantly less 
well than Options 1-3.  More specifically, in the case of Option 4 the main weaknesses relate to high 
levels of complexity in the design and a significant divergence from the current wholesale market 
design.  Combined these two factors make this design very challenging to trial and implement.  There 
are also challenges in developing a version of this market in which existing customers can opt-out, 
therefore we may find that some customers would be worse off.  For these reasons, we do not 
believe Option 4 should be progressed to detailed design or trial at this stage. 

In addition, Option 5 has a different set of challenges.  In general, it is much simpler to implement for 
a range of stakeholders, however it is expected to fail to maximise economic benefits amongst DER 
and would not provide a transparent reinforcement price signal.  Since it is also likely to have a lower 
involvement from the DSO and is not expected to be on a ‘real-time’ basis, then it does not provide 
the same depth of insight and learning as other options in relation to the DSO transition.  For these 
reasons, we do not feel that Option 5 should progress to the detailed design phase. 

Regarding the three remaining options, we note that there are subtler differences between them and 
highlight the instance in which that particular option has a pro or con relative to the other options.  
These are summarised below as: 

Option 1 
 Most directly compatible with national Balancing Mechanism easing potential future 

integration  
 Doesn’t require definition of locational products and leaves open the option for co-

optimisation with other network services without needing to define new products  
 Potentially higher gaming risk from participants with significant market power 
 Possibly most complicated settlement option since it may require the establishment of a 

fund to compensate curtailment offers from local participants and an approach to baselining 

Option 2 
 Two sided marketplace should encourage competitive pricing  
 Some natural mitigation of abuse of market power 
 Bilateral flexibility trading understood to be trialled elsewhere 
 Precise geographic definition of traded product required 
 Baselining required for settlement between parties 

Option 3 
 No requirement to settle on the basis of a potentially complicated baselining method 
 Significant changes to the connection process and access rights will create a lot of change for 

customers and DNOs. 
 Not possible to directly implement in existing regulatory framework as is dependent on 

wider regulatory reforms (access rights definition) 
 Requirement to develop a ‘network map’ which forms the basis of geographic definition of 

products 
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Based on the comparison above we note that the challenges associated with Option 3 are most 
difficult to manage through the duration of the trial and into business as usual, since they rely on 
wider changes to regulations beyond the direct control of UKPN.  On this basis, we suggest not 
progressing Option 3.   

The challenges identified with Option 1 seem to be the most straightforward to resolve through 
careful detailed design and are within the control of UKPN and the trial team, whereas this is not 
always the case with challenges of the other designs.  Furthermore, it should be possible to 
incorporate some of the desirable features from the other designs into this option. Finally, our 
review of other similar initiatives suggested that this is a novel design, and therefore a trial of this 
design would add significantly to the knowledge base. 

1.7 Next steps 

Following this initial market design phase of the project, we will be developing the selected option in 
further detail and subsequently modelling the impact of this type of approach against historic 
curtailment data.  

Following these detailed design and simulation stages, we will review the outcomes of this feasibility 
project in order to determine whether to explore this further through a live trial. Additionally, we will 
keep engaging with stakeholders in order to understand their views. As part of the next steps, we will 
re-engage with stakeholders where necessary. Additionally, we will engage with the ESO to 
understand their views on how the detailed market design can be integrated with the Ancillary 
Services market and the Balancing Mechanism. For more information on project progress, indicative 
dates are in Section 1.3.  

We welcome any feedback on the options considered and our assessment. Please contact 
innovation@ukpowernetworks.co.uk with any comments or questions.  

mailto:innovation@ukpowernetworks.co.uk

