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1. Background and report scope 
 
UKPN and other DNOs are increasingly connecting Distributed Generation through flexible 
connections. However, there are limitations with the existing Flexible Distributed Generation (FDG) 
connections as they limit the ability of Distributed Energy Resources (DER) to maximise income from 
their assets. In order to improve the service we provide to DER, we started a market-based 
curtailment Innovation Project1. The project aims to develop and test market based approaches for 
managing curtailment, and signal where network reinforcement is the best value solution. The project 
will also consider how Market-based Curtailment Management can provide to FDG customers the 
ability to participate in national flexibility markets. 
 
In order to provide better information to DER and facilitate the development and operation of a 
curtailment market, we need to explore the feasibility of introducing a curtailment index. Below we 
describe the process of a flexible connection, the use cases of curtailment index and how this project 
fits with other industry projects. 
 
On the distribution network, connecting customers are responsible for the impact their connection 
may have on the wider network.  The conventional approach to new connections on the distribution 
network begins with a customer requesting a connection at a particular point on the network for a 
given capacity.  The Distribution Network Operator (DNO) then determines the work required to 
accommodate that new capacity, and makes a connection offer on that basis.  If the connecting 
customer accepts that offer, the work will be carried out, and the customer will pay for a significant 
proportion of the costs incurred.  In turn, provided the network is operating normally, they will gain 
access to the network up to the agreed capacity at all times in the future. 
 
In recent years, there has been a significant rise in distributed generation (DG) in Great Britain.  As a 
result, the prevalence of export constraints on the distribution network has increased, meaning that 
additional DG and storage, collectively referred to as distributed energy resources (DER), requiring 
the option to export 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 an alternative to reinforcing the network to accommodate these infrequent constraints, the concept 
of Flexible Connections has been developed and implemented by a number of DNOs.  Under Flexible 
Connections, exporting DER can avoid some of the reinforcement costs that would be associated with 
an unconstrained connection, but instead have to accept a degree of curtailment during periods in 
which the network is constrained.  There is inherent uncertainty as to the timing and frequency of 
such curtailment events which can make it difficult for customers to understand these risks and 
develop projects.  This has led to interest in determining approaches to measuring and forecasting 
curtailment for an individual customer, sometimes referred to as a ‘curtailment index’. This has also 
been a good practice recommendation that came out of the Open Networks WS1 Product 7 work in 
20182. 
 
 
2. Use cases of a curtailment index 
 
There are a number of possible use cases for a curtailment index, which range from informative 
metrics through to contractual performance indicators.  Below we set out some examples of when and 
how a curtailment index might be used.  We note that this is just a selection of possible use cases and 
not exhaustive. 
                                                      
1 https://innovation.ukpowernetworks.co.uk/projects/energy-exchange/ 
2 http://www.energynetworks.org/assets/files/ON-WS1-P7%20Good%20Practice%20Guide%20v1.1%20republished.pdf  

https://innovation.ukpowernetworks.co.uk/projects/energy-exchange/
http://www.energynetworks.org/assets/files/ON-WS1-P7%20Good%20Practice%20Guide%20v1.1%20republished.pdf
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To inform a customer during the development stage of a project 
 
For customers considering a flexible connection offer, a key consideration in their decision will be the 
extent to which they expect they will be curtailed.  At this stage it is more difficult to give a firm 
estimate of future curtailment, however by leveraging existing operational data and planned network 
extensions and additions it may be possible to give a reasonable estimate to customers, enabling 
them to make an investment decision. In order for this to be useful to customers it would be important 
to define on what basis these estimates have been produced and the risks and variances which might 
reasonably be observed. As part of Open Networks WS1 Product 7 work in 2018, there has been a 
review of the current practices followed by DNOs. The ENA report provides some clear suggestions, 
including probabilistic analysis or using indicative days for curtailment assessments3. 
 
To inform a customer during the operational phase of a project 
 
Once a site has been operational for a period of time it may be useful for customers to understand 
how the real world level of curtailment they have experienced compared to the forecast they received 
during development.  This might be useful to help flag potential business case risks in the longer term 
and also to inform decisions to develop further sites under flexible connection arrangements. 
 
To inform a customer and the Distribution System Operator when reinforcement might be 
feasible 
 
Both customers and the Distribution System Operator (DSO) might benefit from a reliable ongoing 
measure of curtailment levels. Over the course of years, it may be useful information for the parties to 
discuss potential network reinforcement (or other solutions). For instance, if it is observed that 
curtailment is rising in an area, customers would have a clearer view of what additional revenue may 
be available if they were to invest in upgrading the network. 

 
To reduce revenue risk at the development phase 
 
Beyond purely providing information to customers and the DSO, a curtailment index could serve as 
the basis for a contractual risk sharing mechanism between the DSO and customer. 
 
Under current flexible connection arrangements, customers bear all curtailment risk.  This may lead to 
challenges securing finance from investors, as it could limit future revenue beyond the control of the 
asset operator.  By including a contractual cap on the amount of curtailment a generator could be 
exposed to, it may be possible to reduce the risk of lost revenue and enable developers to secure 
finance more easily.  A well-defined and robust measure of curtailment would be necessary in order to 
begin to structure these types of contractual arrangements.  A hypothetical example of how this could 
work is described below. 
 

1. During the connection offer process the DSO would determine a level of curtailment above 
which they were comfortable to compensate the generator for unavailability 

2. The customer would be offered a connection on the basis of a maximum level of curtailment 
(perhaps at a premium) 

3. During operation the site would be curtailed when required as per existing principles of 
access 

4. At pre-agreed intervals and according to the agreed methodology, the actual level of 
curtailment experienced would be calculated 

                                                      
3 http://www.energynetworks.org/assets/files/ON-WS1-P7%20Good%20Practice%20Guide%20v1.1%20republished.pdf 

http://www.energynetworks.org/assets/files/ON-WS1-P7%20Good%20Practice%20Guide%20v1.1%20republished.pdf
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5. If the actual level of curtailment breached the contractual maximum curtailment cap for a 
defined period, then the DSO would take the pre-agreed actions 

6. These actions could be for example: compensation for the excess curtailment, or perhaps 
triggering upgrade works to be paid for by the DSO 

 
There might be cases for which it might make sense for the DSO to offer this type of product, since it 
may be better placed to manage curtailment risk.  In part due to its understanding of the network, 
ability to control who is connecting and ability to procure flexibility services to mitigate curtailment risk. 
 
 
3. Approaches to Measuring Curtailment 
 
There are a number of different approaches that could be used to measure the ‘amount’ of curtailment 
a generator has experienced.  These have a range of different levels of complexity and accuracy. 
 
One of the more straightforward approaches would be to define the amount of curtailment as the 
proportion of time a generator’s export connection was at least partly reduced.  This would be 
achieved by gathering a site’s real-time export limit, as set by the active network management (ANM 
system, and tracking any time for which this was below its maximum.  This is shown in the worked 
example below, whereby the generator has a reduced set point for 2 out of 5 periods, i.e. 40% 
curtailment. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1 – Example of curtailment measured on time periods 
 
A slightly more sophisticated approach might be to calculate a weighted average capacity 
unavailability.  As shown in the worked example below, this would account for periods when the 
generator set-point was only partially reduced.  In this case the generator would have full capacity 
access for 3 of the periods, full unavailability in 1 period and half availability in another period, leading 
to a curtailment estimate of 30%. 
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Figure 2 – Example of curtailment measured on weighted average periods  

 
Finally, a more accurate but more challenging approach would be to calculate curtailment based on 
actual levels of energy not exported as a result of curtailment.  In the worked example below, this is 
represented by 2 out of 7 energy units not being exported due to a generator set point being reduced 
and a curtailment estimate of 28.5%.   
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3 – Example of curtailment measured on curtailed energy 

 
This approach requires setting out a robust baselining methodology from which to determine the 
actual levels of curtailment observed.  A number of options for baselining exist as set out in the table 
below.  
 

Baselining method Description 
Historic average Use the average demand/generation from recent 

history (e.g. prior similar days) 

Self-reported forecast Invite DERs to submit expected 
demand/generation for the next day 

Economically rational Infer demand/generation based on what is deemed 
to be economically efficient (e.g. reflecting 
wholesale price shape) 

Last Observation Carried Forward (LOCF) Use the demand/generation immediately prior to 
calling on LFM as the baseline for the duration of 
the action 

Event interpolation Use the actual measured outputs at the start and 
end of the event and interpolate between these to 
derive the baseline 

Enhanced LOCF As above, but use knowledge of the asset itself 
(e.g. battery load state), historic profiles, economic 
data or meteorological data to add shape 

 
Table 1 – Baselining methodologies 

 
Aside from the methodology for calculating the ‘amount’ of curtailment experienced, another important 
consideration is the timeframe over which the curtailment is reported, for example monthly, annual or 
multi-annual.  It is important to consider factors such as annual seasonality in generation profiles to 
determine an approach which is representative of longer run curtailment. Also, it is worth considering 
a multi-annual approach. The reason is that periods of extended outage might be infrequent events 
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only expected to happen a limited number of times over the course of a few years but may have a big 
impact on the level of curtailment in a particular year.  
 
 
4. Analysis and output of curtailment at UKPN 
 
In order to test the initial feasibility of providing a curtailment index, we undertook preliminary analysis 
using generation data from one of the existing flexible generation sites to evaluate the level of 
curtailment. This involved assessing granular generation data and applying an interpolation method to 
determine a curtailed energy metric. Below, we cover briefly the methodology we have applied and 
some observations of the analysis. 

Methodology 
 
The uncurtailed profiles of each FDG is created by taking the average power output from the previous 
minute immediately before a curtailment event and then the average power output from the minute 
immediately after the event and then interpolating between them. This ‘profile’ is then taken to be 
what the generator would have been outputting had it not been curtailed, hence the area between 
actual recorded output and this estimated profile will be the energy lost due to curtailment. Note that if 
the actual output exceed this uncurtailed profile at any point, the methodology does indeed take 
higher real output into account. 
 
Below is a worked example graph from a generation site to demonstrate this: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4 – Example of estimated curtailment 
 
Below is a graph to show this methodology applied to a ‘hypothetical’ curtailment event where in 
reality there was no curtailment event. This allows a comparison between what the un-curtailed profile 
is predicted to be compared to what actually happened during this time. This was created from actual 
historic generation data. 
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Figure 5 – Example of hypothetical curtailment 

 
Finally below, a number of hypothetical events have been used to try and give an indication of how 
accurately this method estimates curtailment. The % difference between the methods predictions and 
the real output for several of these hypothetical events that have been created. This shows varying 
degrees of accuracy. This is currently being looked at to validate how well this method works over 
many more hypothetical events to see what confidence level we can predict curtailment. 
 
 
 
 
 
 
 
 
 
 
 

Table 2 – Output of initial analysis 

Future Work 
 
Currently the methodology has been developed and tested on a sample of real data and for one ANM 
constraint zone. The aim going into 2020 is to scale this analysis up to all currently ANM connected 
FDG and include historical data from several years. In doing this we can create a large range of 
hypothetical events of varying durations that occur at various times of the day and year. These will 
help fully validate the approach we have initialised. This will allow the methodology to be stress 
tested. Additionally, it will offer insight into the level and range of accuracy we can forecast curtailment 
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across technology and event types. This assessment will allow us to fine-tune the method and 
indicate whether different methodologies could be used to evaluate and forecast curtailment indices. 
 
5. Conclusions 
 
Based on this initial phase of work, we have: 
 

• Identified and broadly categorised a number of use cases for a curtailment index; 
• Determined that there is a range of options to measuring curtailment. These options range 

from relatively simple time based calculations through to sophisticated curtailed energy 
estimation approaches; 

• Shown that baselined approaches are a way to calculate curtailment through worked 
examples. 

 
The above prove the feasibility of introducing a curtailment index. Hence, we will look to 
progress this work in 2020 by undertaking further analysis of flexible connections data. More 
specifically, we will: 
 

a. Within Q1 2020, verify the findings of our initial analysis across a wide range of generators 
and network areas; 

b. Within Q1 2020, explore the merits of using additional methodologies to estimate a 
curtailment index; and 

c. Within Q2 2020, explore how the curtailment index on specific areas can be integrated with 
the market design options we are considering for the purpose of the curtailment market 
project. 

 
The above will allow us to forecast with higher accuracy a curtailment index and use it across a wide 
range of applications. Ultimately, these will help us facilitate additional renewable generation, more 
efficient use of our network and allow generators to earn more revenues.  
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