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Executive Summary
This report presents new thinking on how Distributed Generation (DG) and Active Network Management 
(ANM) could enhance security of supply on the distribution network, as required by Engineering 
Recommendation P2/6. The Low Carbon London (LCL) project has provided new sources of data to 
support analysis of case studies in a dense urban network.

Growth in DG has been rapid and is 
expected to continue. The diversity of 
DG has also changed

In recent years, there has been a steep increase in the number and capacity of 
DG connected to distribution networks in the UK, including in the London Power 
Networks (LPN) licence area. As shown in Figure 1, the capacity now installed in 
LPN is around 1,250 MW, with a large proportion being diesel and Combined Heat 
and Power (CHP) plants. This represents slightly more than one fifth of the maximum 
demand. A combination of factors, including targets for 25% of energy in London to 
come from decentralised sources by 2025, means further growth in DG is expected.
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Figure 1: DG capacity by year and type
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DNOs must track existing and future DG on the network to understand its impact 
and prepare for emerging opportunities in network management.

LCL trials provide valuable empirical 
data to inform new industry 
guidelines

As part of the LCL monitoring trial, the project has installed monitoring 
instrumentation on 15 sites, covering both CHP and Photovolatic (PV) generators, 
and has derived behaviour profiles using these sources enhanced by other data 
sets. It is notable that recent growth in CHP generation has been in office buildings 
and other new in-building applications, meaning usage patterns are different to 
those represented in ETR 130, which was published in 2004.

CHP plants are heat-led and typically sized to run at 80-90% of capacity. This 
means flexibility in electricity production is normally limited to 10-20% of rating, 
unless effective means of managing heat is available. Figure 2 provides an updated 
summer profile for a typical cyclic CHP that can inform industry guidelines and is an 
example of how Distribution Network Operators (DNOs) can better understand the 
behaviour of the generation connected to their networks.

Figure 2: Summer average power output and availability profiles for cyclic CHP
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The industry should review ETR 130/131 guidelines along with the ongoing review 
of P2/6 to make fullest use of the contribution of DG to security of supply based on 
current and expected DG penetration and modern utilisation profiles.

The demand profile of a substation 
can help DNOs determine if DG should 
be treated from a passive or active 
management perspective

Passive management of DG is based on monitoring only to gain improved visibility and 
understanding of DG behaviour and thereby better inform network planning decisions.

Active management of DG is based on monitoring and controlling generators to 
enhance the expected availability of DG and thereby recognise higher contribution 
factors when assessing security of supply. The aim is to match DG operation 
with times of peak demand and thereby support the network during planned or 
unplanned outages.

The shape of the substation’s demand profile can be important in determining 
which approach is suitable. An “n” shape load is typical of central London 
areas (e.g. commercial offices) with an afternoon peak, while the “m” shape is 
characteristic of residential areas with morning and evening peaks. If there is high 
confidence that DG will operate through the day and help meet an “n” shape peak, 
then passive management may be sufficient. Alternatively, with an “m” shape 
profile, active management may better provide the necessary certainty that DG 
turns on early enough and stays on late enough to satisfy both peaks.

Figure 3: Average network load curve at Duke 
Street primary substation

Figure 4: Average network load curve at King 
Henry’s Walk primary substation
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Installing full-scale monitoring or active control in all substations is not required 
and would eventually present diminishing returns for a DNO. Additionally, it will 
be much easier for network operators to request these types of installations in 
new connections rather than looking at existing customers. Therefore, a strategic 
approach is needed for DNOs to consider the best options for having visibility and 
control of the generation based on available data.

As DG penetration increases, its 
contribution to security of supply can 
become significant

An increasing level of DG distorts conventional measurement of demand, masking 
the true underlying demand. Growth in DG also provides new opportunities for 
enhancing security of supply. The analysis presented in this report uses the ETR 
130/131 approach to demonstrate, in three London Power Networks (LPN) case 
studies, how DG can contribute to security of supply.

The analysis also suggests that the circumstances where the contribution to 
security of supply is material is substation specific. For example, the assessments 
for one substation explored how different capacities of Long Term Parallel (LTP) DG 
could be connected using different approaches, and how this resulted in different 
levels of contribution to security of supply.
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Table 1: Summary ETR 130 results for Duke Street

Passive scenario 
(maximum DG)

Existing network 
under active 
management

Active dispatch 
scenario 

(facilitating 
maximum DG)

LTP capacity (MW) 20.43 13.92 31.68

Contribution to 
Security of  
Supply (MW)

7.27 10.45 24.19

As DG capacity increases, installing additional monitoring will enable DNOs to 
identify the true underlying demand and provide the data required to justify 
recognising a contribution to security of supply from DG and plan the network 
accordingly.

Using ANM to improve the security 
contribution made by DG may be of 
value to DNOs

The contribution that DG can make to security of supply may be greatly enhanced 
by using Active Network Management (ANM) to control the dispatch of that 
capacity, essentially using the DG as a form of Demand Side Response (DSR). This 
additional contribution to security of supply can lead to deferral of reinforcement 
spend, providing more value to the DNO and its customers. In some of the case 
studies presented in this report, that value can be significant (e.g. up to £441k 
at Duke Street). However, the benefit available will vary greatly according to the 
specific substation, and will depend on factors such as the number of generators 
that require ANM equipment to be fitted and the types and configurations of the 
monitoring equipment required.

Given the difficulty (demonstrated through the LCL trials) of installing ANM 
technologies on existing generation sites, a pro-active approach needs to be taken 
by DNOs when new DG installations are connected to the network.

Connection agreements should 
change to recognise DG support

DNOs must revise commercial arrangements for DG to account for the monitoring 
requirements of passive management and the control infrastructure required for 
active management. It may be useful to explore if these requirements could be 
part of a revised connection offer for new DG, where value is recognised from DG 
customers that can provide tangible support to the network.

Overall Conclusion
The report demonstrates that while existing levels of DG may be too low in 
many network areas to provide a robust contribution to security of supply, 
future DG growth will create notable opportunities for cost savings in network 
development. Industry standards must be revised to accommodate new 
evidence and the new types of DG connecting to the network. Both internal and 
external stakeholder engagement are critical for DNOs to benefit fully from the 
potential DG contribution to enhanced network performance.
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1.1. Background
Ofgem introduced in 2010 a Low Carbon Network Fund (LCNF) so that different Distribution Network Operators (DNOs) can 
research the impact of Low Carbon Technologies (LCTs) on the distribution network. UK Power Networks committed to deliver 
a £28.3 million project funded by the LNCF with the objective of investigating through a series of trials the impact of a wide 
range of low carbon and Active Network Management (ANM) technologies on London’s electricity distribution network. The 
Low Carbon London (LCL) project commenced in January 2011 and will be completed in 2014.

The learning, insights and data from the LCL trials were collated and analysed to understand how the outcomes could be 
replicated to other large cities in the UK. These learnings are captured in an integrated set of learning reports from UK Power 
Networks and other reports from Imperial College London (ICL).

This library of reports collectively present a comprehensive analysis offering a practical guide for DNOs on smart grids and the 
electricity distribution network, complemented by academically rigorous findings from ICL.

1.2. Report objectives and structure
This report presents the learning gathered in the LCL project on how Distributed Generation (DG) and Active Network 
Management (ANM) could enhance security of supply on the distribution network, as required by Engineering 
Recommendation P2/6.

The report describes the context in terms of the existing regulation for assessing the contribution of DG to security of supply 
(chapter 2). Then, the LCL strategy on how to enhance that contribution of DG is presented, together with the corresponding LCL 
trials that were carried out (chapter 3).

In chapter 4, the DG connected to the London Power Networks (LPN) distribution network is characterised (both G59 and G83) 
and typical profiles are derived for the most common types of DG. These profiles and associated information on DG availability 
provide a new reference point for ongoing discussion within the industry on DG and security of supply.

Introduction

  |  5Introduction



chapters 5 and 6 explain the methodology used in analysing the contribution of DG to security of supply for three case studies. 
The methodology is based on the Engineering Technical Recommendations 130 and 131 (ETRs 130/131) that complement ER 
P2/6. One objective of the analysis is to compare results under alternative philosophies of passive and active management of 
DG, as trialled in LCL.

In recent years, significant progress has been made across the industry with “constrain-off” (or curtailment) signals to provide 
access for additional DG to the distribution network more cost-effectively. This report examines the feasibility of using 
“constrain-on” signals with DG situated on urban networks to enhance their contribution to security of supply.

Chapter 7 presents the results and discussion of the analysis, including a cost-benefit analysis. Finally, chapter 8 closes the 
report with recommendations based on the learning from LCL.

6  |  6  | Introduction



2

The first section of this chapter provides an overview of the regulatory framework for assessing and defining contribution of DG 
to security of supply. The documents and processes mentioned in this chapter are further described in chapters 5 and 8.

The second section presents a high-level summary of the existing methodology used by UK Power Networks to assess the 
contribution of DG to security of supply. [Ref. 1]

2.1. Existing regulation in the UK on the contribution of distributed generation to security 
of supply

2.1.1. Engineering Recommendations G83/2 and G59/2
Engineering Recommendations (ERs) are documents that set out standards and guidance on technical requirements. ER G83/2 
presents recommendations for the connection of small-scale generators (up to 16 A per phase) in parallel with low voltage 
distribution systems. This corresponds to 3.68 kW on a single-phase supply and 11.04 kW on a three-phase supply. Similarly, 
ER G59/2 applies to generators with capacity greater than the ER G83/2 limit. These recommendations set out the requirements 
DG developers, owners and operators must meet before their generating unit can be connected to the network and then 
adhere to in operation. See references [Ref. 2], [Ref. 3] and [Ref. 4] for more information.

Existing regulation
for assessing the contribution of distributed 
generation to security of supply

  |  7Existing regulation 



2.1.2. Engineering Recommendation P2/6
Engineering Recommendation P2/6 (ER P2/6) is the current planning standard for distribution networks in Great Britain [Ref. 
5]. The Distribution Network Operators (DNOs) have a licence obligation to plan and develop their systems in accordance with 
ER P2/6, as set out in the DNO Standard Licence Conditions [Ref. 6]. ER P2/6 defines the required levels of security of supply 
in terms of the time to restore supplies to customers affected by a circuit failure. Security is assessed in terms of classes of 
demand group, defined by the maximum demand in the group, with higher levels of security required for larger groups. For 
example, a class C group with maximum demand between 12 and 60 MW must have two thirds of group demand (or group 
demand minus 12 MW, if smaller) satisfied within 15 minutes and all of group demand satisfied within 3 hours. A class D group 
with maximum demand between 60 and 300 MW must have group demand less 20 MW satisfied immediately before having 
all of group demand satisfied within 3 hours.

Satisfying the requirements of ER P2/6 is judged by comparing the group demand to the capability of the network. Group 
demand is defined as the sum of the measured and latent demands, where latent demand (also called masked load) is the 
increase in demand that would be observed if no DG in the group was producing any output [Ref. 7]. The capability of the 
network is calculated as the sum of the capability of the network equipment following an outage of the most critical circuit, 
including allowances for the transfer capacity to adjacent circuits and for available DG. This is illustrated in a simplified form in 
Figure 5. For larger group demands, the capacity of the network after a second circuit outage is also described by P2/6.

Figure 5 : Simplified representation of security assessment
MW
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Other LCNF projects have also looked into how to use innovative approaches to increase security of supply. For example, 
Electricity North West’s Capacity to Customers (C2C) project has proposed a revision of ER P2/6 so that it addresses the use 
of bilateral agreements for large consumers that accept staying disconnected for longer after an outage. In this project, it 
was possible to connect demand beyond the recommended limits in ER P2/6 under the condition that demand would reduce 
during fault or outage conditions. ER P2/6 does not specifically allow or prohibit responsive demand to be excluded from the 
measured or group demand, and so a recommendation was made to modify ER P2/6. Northern Powergrid’s Customer Led 
Network Revolution (CLNR) project is also currently reviewing ER P2/6 in order to make a recommendation on changes that 
would allow for the security contribution from responsive demand to be considered. Similarly, the learnings drawn from the 
LCL trials will be a valuable input to future reviews of the regulation.

2.1.3. Engineering Technical Reports 130/131
Engineering Technical Reports 130 and 131 (ETRs 130/131) support ER P2/6 by providing guidance on how to assess the contribution 
of DG to security of supply [Ref. 7]. ETR 131 complements ETR 130 [Ref. 8] by expanding on the most complex approach (i.e. 
Approach 3) as described below.

The purpose of ETR 130 is to provide the additional information required to meet the recommendations in ER P2/6, ensuring 
that planners that are assessing the contribution of DG are planning the network with a consistent approach. It recognises the 
possibility of relying on the contribution of DG to support the compliance with ER P2/6. ETR 131 provides an analysis tool for 
supporting the necessary analysis.

8  |  8  | Existing regulation 



The ETRs 130/131 methodologies and their application in the LCL project are further explained in chapter 5. chapters 6 and 7 
assess the contribution of DG for some selected case studies based on the methodology presented in ETRs 130/131.

2.2. Existing UK Power Networks approach
ER P2/6 defines the minimum requirements for security in network planning. Apart from satisfying P2/6, DNOs are incentivised 
to maintain security to minimise Customer Interruptions (CI) and Customer Minutes Lost (CML). Networks are therefore 
designed to meet or exceed the P2/6 requirements and, in network operation, steps are taken to maintain security in whatever 
circumstances arise. Therefore, there are two perspectives on security of supply:

 � System design. The planning of networks is based on compliance with ER P2/6 requirements, and based on appropriate 
cyclic ratings.1 Substation firm capacity2 is calculated for normal running arrangements and is based on the available capacity 
after one outage (the N-1 condition), including load transfer schemes. As required by ER P2/6, system planning does not 
attempt to cater for all N-2 conditions. The emphasis in this report is on this view of security of supply.

 � Operational management. The Control Room (including outage and emergency planning staff) understand security of supply 
as minimising CML and CI, not just satisfying the ER P2/6 requirements. For any network configuration, risks are minimised 
by thinking ahead to the set of next possible outages that could put supply at risk, even if it is beyond compliance with ER 
P2/6. For example, under an N-1 condition, the network will be reconfigured to minimise the impact on the customers of an 
N-2 situation. Outage planning is done from three days ahead to up to a year ahead, or more for large projects. In operational 
timescales, the control engineers take actions as appropriate to respond to conditions and try to maintain “firm” supplies.

Figure 6: Schematic view of UK Power Networks’ network forecasting methodology
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1 The cyclic rating is the load an asset can hold for continuous 24 hour periods based on a specific daily load duration curve and assuming design ambient temperatures.
2 A substation’s firm capacity is a limit on the maximum demand that can be connected to that substation ensuring it complies with the security of supply 

standards. ER P2/6 stipulates the minimum demand that must be met immediately, or within a prescribed timescale, after first and second circuit outages.  
The firm capacity is typically slightly higher than the N-1 thermal capacity of the substation during normal network operation, taking account of short-term 
thermal capacity, seasonality and the cyclic nature of substation loading.
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The assessment of the contribution of DG to security of 
supply is part of the network forecasting and investment 
planning methodology, where the objective is to provide the 
analysis to support decision-making on future investments 
by the DNO. Ultimately, the effectiveness of this decision-
making will affect the DNO’s ability to meet customer 
requirements and the outputs committed to through price 
controls. The methodology is deployed both in preparing 
business plan submissions, and within a settlement period 
in adapting investment plans in response to changing load 
forecasts and network requirements.

The standards presented in Section 2.2 define the 
boundaries for the methodology that ensure that the 
network can be run efficiently whilst maintaining a broadly 
constant level of risk. Figure 6 provides a schematic view  
of UK Power Networks’ standard methodology [Ref. 1].  
The methodology can be divided into two key steps:

 � Load growth forecasting, which uses a model developed 
by Element Energy; and

 � Network investment planning, where the three modelling 
techniques used are Planning Load Estimates (PLE), Load 
Related Expenditure (LRE) model and the Transform model.

The PLE approach makes use of load growth forecasts and 
provides the estimated peak demand for the following 11 
years at both primary substation level and at Grid Supply 
Points (GSPs) and the firm capacity available at each 
substation. The LRE model determines estimates for the 
load related expenditure for a range of scenarios up until 
2050. The number, frequency and scale of interventions are 
identified through application of this model and an estimate 
of the load related expenditure is provided. The Transform 
model complements the PLE and LRE models and uses a 
simplified network model to provide an indication of load 
related expenditure.

UK Power Networks maintains compliance with ER P2/6 
by considering the contribution of DG in the two following 
ways.

 � The contribution of new DG connecting to the network 
(i.e. no historical data is available) is disregarded (i.e. 
considered to be zero); and

 � The contribution of existing DG is considered through 
the measured net flows in the network. The DG output 
is embedded in the historical peak demand for the 
previous year, which is an input to the PLE. DG output has 
the effect of masking some of the actual demand from 
the measured net flows, i.e. the latent demand. This is 
illustrated in Figure 5 and in Figure 7 where the DG output 
results in a substation power flow at a certain level, but 
with a potentially higher substation power flow if the 
same demand conditions arise with DG not producing the 
same output.

The existing approaches are appropriate when there are 
relatively small volumes of DG and where there is little 
information captured about the actual operation of DG. 
However, the use of net power flow measurements risks 
over-estimating the true contribution to security from 
existing generators and it is clear that the contribution 
of DG, both existing and future, can be more usefully 
considered where more information is captured and used. 
As the uptake of DG increases, and particularly as urban 
areas such as London set out on ambitious targets for 
co-generation of heat and electricity, new approaches 
are required to manage risks and make fullest use of the 
potential contribution to security from new generators 
seeking to join the network. 

The objective is to provide the 
analysis to support decision-
making on future investments 
by the DNO.
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Figure 7: Illustration of substation power flows with and without DG output
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At the start of the LCL project in 2011, UK Power Networks 
was anticipating a number of primary and secondary 
substations in the LCL trial area would require reinforcement 
by 2020 to ensure continued compliance with ER P2/6 and 
other network planning criteria, as reflected in the Planning 
Load Estimate (PLE), see Section 2.2. At the same time, there 
was also an expected increase in DG, driven by a range of 
factors including the Feed-In-Tariff (FIT) and the government’s 
decarbonisation objectives. LCL planned to explore how to 
offset the rising demand with DG contributing power when 
required (i.e. at times of peak demand).

Firstly, visibility of the existing DG and their generation 
patterns was gained via the monitoring trials. Secondly, 
feasible means to monitor and control the DG were explored 
through the demand side response (DSR) trials. In addition 

to that, LCL explored how to facilitate the connection of 
new DG to the London electricity network, which could in 
turn contribute to the network performance. Ultimately, the 
objective is that this leads to a deferment of infrastructure 
upgrades.

This chapter explains how the LCL project trials supported the 
investigation of new approaches that could give UK Power 
Networks the confidence to account for a greater contribution 
from DG towards security of supply. 

Low Carbon London’s
strategy for the contribution of distributed 
generation to security of supply

3
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3.1. Low Carbon London approach
LCL based its approach to security of supply on the premise 
that network planners and control room operators do not 
have the confidence required to rely on a contribution from 
a power source they can neither see nor control, with the 
associated risk of it not operating when required. However, 
control room operators contact individual DG owners to 
request co-operation when network security is at risk. This 
DSR service is supported by the creation of ad-hoc contracts 
and agreements between UK Power Networks and the DG 
owner to solve a particular issue. Through these agreements, 
generators can be asked to produce power or cease power 
production depending on the nature of the problem. Similarly, 
loads can also be used to provide DSR, reducing the power 
flow import through a constrained location when the load is 
requested to switch off.

The opportunities for controlling load, and particularly DG, are 
subject to site-specific operational constraints. DG contains a 
variety of technologies and operating regimes with different 
operational constraints, including:

 � Generators running continuously with a primary purpose 
of generating heat; 

 � Generators running cyclically to meet daily heat demand;

 � Standby generators used only in event of a loss of supply 
to the building; and 

 � Renewable generators.

LCL aimed to provide both visibility and varying levels of 
control over DG so that it could be considered a reliable 
source contributing to security of supply. LCL investigated 
two ways in which DG can contribute to securing electricity 
supply: DSR as an operational tool and DG management as a 
planning tool.

DSR is typically a tool based on “temporary” agreements 
for planned outages or for temporarily deferring specific 
network reinforcement. As an operational tool, it issues 
requests for a step change in demand to contracted 
response providers, which must occur within a matter of 
minutes or at a previously agreed time. These requests 
are instigated by UK Power Networks manually within the 
Control Room or autonomously by an ANM system. The 
interface with the demand response provider can be either 
direct or through commercial demand response aggregators. 
The objective is to keep the network within safe operating 
limits, which can be achieved by decreasing electricity 
consumption, shutting off power to non-essential loads or 
by increasing power production from DG.

Diverse portfolios of load reduction and DG ensure 
compliance with the commercial agreements signed 
with each participating customer, which is normally an 
industrial and commercial (I&C) customer. These commercial 
agreements set out the terms of the service that customers 
are committing to with the DNO, either through an 
aggregator or directly. The commercial agreements define 
the terms and time windows for the service, i.e. how 
much DSR should be available at certain times of the day. 
Typically, the resources used for this service are loads 
that could be switched off and controllable DG that would 
normally be turned off (such as stand-by generators). This is 
discussed more fully in Report A4 [Ref. 9].

This report focuses on DG management as an option 
for incorporating distributed generation more fully into 
planning estimates. As described in Section 2.1, ETRs 130/131 
provide guidance on the level of contribution to security 
of supply that different types of DG can provide. However, 
the contribution of new DG to security of supply is often 
neglected due to lack of visibility and data. This use of DG 
management to contribute to security of supply is based on 
providing the appropriate level of monitoring and control that 
would increase confidence when applying these guidelines. 
The following sections expand and explore the technical 
requirements and methodologies needed for leveraging the 
contribution of DG to security of supply.

Low Carbon London explored two approaches for 
incorporating distributed generation more fully into planning 
estimates: passive management and active management.

 � Passive management 
The DNO could pursue a passive approach to DG 
management, where it has no control over DG operation. 
This would mean consistently updating the portfolio of 
existing DG connected. In addition to that, DG behaviour 
and utilisation would be regularly reviewed to gain a better 
understanding of its patterns of operation. With enhanced 
information, the contribution of DG to security, as described 
in ETRs 130/131, can be recognised more fully in the PLE. 
Improved information also helps to reveal how much latent 
load is being masked by DG, which may not operate after a 
fault. Extending this passive management approach, based 
on the findings from LCL, offers potentially significant gains 
in terms of investment deferral; and

 � Active management 
An alternative approach to DG management is an active 
approach, supplementing real-time monitoring with 
control to influence DG operation when required. The aim 
is to match DG operation with times of peak demand 
and to support the network during planned or unplanned 
outages. Typically, the resources for this service are DG 
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that would normally be generating, as opposed to DG 
that would normally be off and available to switch on 
if required for DSR services (further explored in [Ref 9]). 
Autonomous control over DG is provided by set points issued 
by the ANM system based on defined rules, although ANM 
also allows for manual intervention if required.

These approaches to security of supply are closely linked to 
the facilitation of new DG connections explored in Report 
A9 [Ref. 10]. The details of these services are expected to 
be part of the permanent DG connection agreement, rather 
than a temporary commercial agreement. By ensuring the 
contribution to security of supply, DG provides additional 
value to the distribution network.

3.2. Low Carbon London trials
The design strategy for the ANM trials within the LCL 
project was to use this technology to monitor and control 
Distributed Energy Resources (DERs), including DG and load. 
This would provide insight to their behaviour and learning 
on how exerting control over them at critical times could 
increase the DNO’s capacity to utilise existing assets more 
fully, deferring network reinforcement. The scope was to 
use ANM technology to increase visibility of DG to verify 
existing assumptions and develop new guidance on how 
these devices can be expected to behave without external 
influence, as well as under the control of an ANM system. 
This would provide UK Power Networks’ planning teams 
with comprehensive data to inform decisions on asset 
replacement driven by capacity constraints. In addition to 
that, ANM would be a new tool that could be deployed to 
increase capacity when required.

In the original project design, ANM was expected to control 
DG directly as a way of both facilitating more connections 
and providing a DSR service by increasing the contribution 
of DG to security of supply. The DG would be controlled to 
alter the power export at times when a network parameter 
breached its design limits.

In practice, no opportunities were found either to offer a 
new flexible ANM-managed connection to the network or to 
directly manage and existing DG site to provide a DSR service.

Despite a good level of understanding of using DG to 
support the electricity network, a number of barriers to 
customer participation into the direct ANM DSR trials were 
also identified. Many potential participants were thwarted 
by technical reasons, such as the DG unit or associated heat 
storage facilities being sized, without spare tolerance, to 
meet the site requirements and hence unable to provide 
additional services or services outside of normal operation. 
For example, some potential customers such as a hospital 

or a CHP operating company were able to consume the heat 
produced all year long.

The lack of participants in the direct ANM DSR trials was 
overcome by implementing the active management of 
DG through an ANM interface with commercial aggregator 
systems, which provided indirect control over DG [Ref. 11]. By 
working with project partners already acting as commercial 
aggregators in DSR, UK Power Networks was able to 
benefit from their experience in customer engagement and 
dedicated sales teams. This resulted in successfully signing 
up DG to provide DSR. The ANM system monitored power 
flow through primary transformers at selected substations 
in real time. Thresholds were applied to the power flow, 
above which the ANM system autonomously issued 
instructions to DSR aggregators, which in turn requested 
distributed generators to increase their power output (rather 
than a direct signal from ANM to the distributed generator, 
as planned for the direct ANM DSR trials), decreasing the 
net power flow import to the local area. A similar system 
architecture was adopted for the regulation of electric 
vehicle charging trial via a charging network operator’s 
control system.

Diverging from the original design in this way resulted in 
additional learning, such as requirements to interface between 
ANM and third party software to implement the alternative 
solutions. In addition to the indirect ANM DSR trials, the ANM 
system was also utilised to provide real-time monitoring of  
15 DG sites. This provided new understanding and experience 
on how to engage with customers with existing and planned 
DG projects to allow real-time measurement data to be 
recorded from their premises, transmitted and centrally stored 
for further analysis. As explored further within this report, this 
data has been used to derive typical DG profiles and inform the 
calculations of the contribution of these generators to security 
of supply under a passive management scheme. The trials also 
provided learning on the infrastructure that would be required 
to exert direct control and its associated performance.

The LCL trials have been successful in gathering data and 
exhibiting the capability of ANM. The following chapters 
present fully the findings of these trials with respect to 
active and passive management of DG in contributing to 
security of supply.
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4

Characterisation of 
distributed generation 
in the London electricity network
This chapter captures the nature of the existing DG connected 
to the London electricity network. Sections 4.1 and 4.2 present 
the growth of G59 and G83 generators that has occurred over 
recent years. The G59 analysis shows the penetration and trends 
since 1990, whilst the G83 analysis shows this analysis from 
2005. The analysis focuses on determining the number and 
capacity of generators commissioned each year per type of DG, 
and the locations at which they were installed. The analysis is 
based on UK Power Networks’ G59 and G83 registers.

Section 4.3 develops representative profiles of G59 DG 
installed in London. This provides useful insight on the 
impact of DG on the distribution network and on how DG 
can support network performance.

There are three types of DG in terms of their connection to 
the network. DG with a firm connection3 to the distribution 
network are categorised as Long-Term Parallel (LTP) or Short-
Term Parallel (STP) connections and standby generation. 

 � LTP are expected to have a continuous connection to the 
network. Both CHP and PV generators typically have an 

LTP connection to the network and it is to those that the 
profiles obtained here apply; 

 � STP connections are primarily for generators that provide 
emergency supplies to critical loads. They start generating 
power for their critical loads after loss of mains supply, only 
synchronising to the public network just before switching 
off when mains power has been restored; and

 � The third type is standby generation, which does not have 
a parallel connection to the network at all. 

Diesel generators typically are either standby or STP 
connected. They are typically used during network outages or 
other exceptional circumstances and hence a normal annual 
profile cannot be characterised. While not recognised as 
contributing to security from a planning perspective, STP or 
standby generators may still be used in certain operational 
conditions as “temporary” capacity, either in parallel with the 
network or in supply demand in an off-grid “island” mode. 
Standby generation units have provided a valuable contribution 
to the Demand Side Response trials in LCL [Ref. 9].

3 DG with a firm connection typically has full access to the distribution network in intact or N-1 conditions. Alternatively, a non-firm or flexible connection means 
that the access to the electricity network is subject to specific conditions (e.g. intertrip schemes, where generators are disconnected under N-1 conditions; 
or curtailment of generation, where access is dependent on the level of demand and output from firm generators or other flexible generators with higher 
priority). All generators are subject to disconnection under abnormal network conditions if necessary.

  |  15  |  15Characterisation of distributed generation



For the purpose of grouping the different DG locations and 
understanding their behaviour, the utilisation of DG has been 
classified based on the type of site. Types of site considered 
are schools/universities, residential, pharmaceutical 
plants, leisure centres, industrial, hotels, hospital/NHS, 
supermarket, other leisure, other public service, and office. 
This segmentation is important as it provides a way of 
categorising the DG based on mode of operation. Grouping 
also helps to illustrate how the growth in CHP in recent 
years has been in office buildings and other new in-building 
applications, which is significantly different to the utilisation 
10 years ago when ETRs 130/131 was developed. 

4.1. G59 distributed generation in the 
London electricity network

The total installed G59 capacity in the London area is 
currently estimated at 1,250 MW, with a technology mix 
as shown in Figure 8. This includes standby generation 
that does not operate in parallel with the public electricity 
network. There are 810 generation sites, with the share of 
types by site shown in Figure 9.

The values are based on UK Power Networks’ internal G59 
register. However, since DG owners do not have to report 
decommissioning, it is likely that not all of those generators are 
in operation. In addition to that, generators smaller than 50 kW, 
once they have been granted a connection, do not necessarily 
confirm whether they have connected to the network.

Note: PV = Photovoltaic; UPS = Uninterruptible Power Supply.

Figure 8: G59 generation types as 
percentage of 1250 MW in total
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Figure 9: G59 generation types as 
percentage of 810 sites in total
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The data collated in this section illustrate the large 
increase in DG in recent years and the diversification 
of its utilisation, with office heating and residential 
properties, particularly social housing, featuring strongly. 
This highlights how DG types and levels have changed 
significantly since 2004 when ETRs 130/131 were 
developed, justifying the development and adoption of 
new approaches to DG and security of supply.

Figure 10 presents the capacity of DG per Grid Supply Point 
(GSP). City Road 132 kV and St John’s Wood 132 kV are the 
GSPs with the highest number of DG connected (i.e. 115 
and 116 generators respectively). Whilst Willesden Grid 132 
kV has a large connected DG capacity (i.e.180 MW), it only 
has 15 generators providing that capacity.

Figures 11 and 12 show the number of generators and 
their capacity, categorised by year of commissioning and 
technology. The figures shows that CHP and diesel are 
the most popular technologies in the LPN area, with CHP 
typically being quite small in size (average of 0.9 MW). The 
introduction of new gas fired generation in 2008 (129 MW) 
and the waste incinerator in 2011 (90 MW) provides the 
greatest installed capacity that is not diesel generation. 
The figures also highlight when data was compiled for 
ETR 130, emphasising that conditions have changed 
significantly in the last 10 years.

Figure 13 shows the number and capacity of generators 
installed for each type of site. It is clear that the variety 
of uses of CHP has greatly increased since ETR 130 was 
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Characterisation of distributed generation

written, particularly in office heating, social housing and other residential properties. Figure 14 shows DG in terms of its 
connection to the network as either LTP, STP or Standby Backup Generators (SBG). Figures 15 and 16 show a comparison 
between the load and generation at primary substations in the London area, providing an initial picture of how much load 
at each substation is potentially covered by local generation in London.

Figure 10: G59 penetration – DG capacity by GSP

Wimbledon Grid South 3/4
Wimbledon Grid C 33kV
Wimbledon grid 132kV

Willesden Grid 66kV
Willesden Grid 132kV

West Ham 132kV
Wandsworth Grid 66kV

St. Johns Wood 132kV
Shorts Gardens 22kV

Redbridge Supergrid 33kV
Perth Road B 33kV

New Cross to Wimbledon 1 and 2 132kV
New Cross 66kV

New Cross 132kV
Lodge Road 66kV
LittleBrook 132kV

Hackney Supergrid 66kV
Hackney 132kV

Finsbury Market C 33kV
Eltham Grid 132kV

Deptford west 22kV
City Road 132kV

Brunswick Wharf B 132kV
Bromley Grid 33kV

Brimsdown
Beddington 132kV Hurst 132kV

Barking West 33KV
Barking West 132kV

Barking C 132kV
Bankside F 132kV

Capacity of Installed Generation (MW)GSP

0 25 50 75 100 125 150 175 200

  |  17 |  17  |  17



Figure 11: G59 penetration – number of generators installed by year and type
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Figure 12: G59 penetration – installed capacity by year and type
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Figure 13: G59 penetration – DG installed per site type
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Figure 14: G59 penetration – generator connection type
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Figure 15: G59 penetration – generation and demand per primary substation (A-F)
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Figure 16: G59 penetration – generation and demand per primary substation (G-W)
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Figure 17 presents a map showing the installed capacity at primary substation locations in the LPN area. It illustrates that there 
is a good spread of generation across central and suburban London. However, the primary substations with larger capacities 
installed are more centrally located and those with less than 1 MW of DG are spread more widely.

Figure 17: G59 penetration – map of installed capacity per primary substation
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4.2. G83 distributed generation in the London electricity network
G83 generators are the smallest installations, producing less than 3.68 kW on a single phase. Based on available data, the LPN 
area has 2,771 G83 generators, with the trend showing an increase in connections. The total installed G83 capacity is currently 
around 8 MW in the London area as shown in Figure 18 with PV dominating the generation at 98.7%. The average capacity of a 
G83 generator in the London area is 2.9 kW, with the smallest having a capacity of 0.22 kW and the largest having a capacity of  
72 kW (this largest generator is understood to be an aggregate of several smaller units).

Figure 18 shows the G83 generation capacity installed, categorised by year of commissioning and technology. PV generation 
is the most popular type of generation with 2,743 installations. Micro CHP and micro wind only have 15 and 13 installations 
respectively. The largest capacity installed in a year was 2.1 MW in 2011, which involved 840 PV sites.

Figure 19 presents a map of the installed capacity in each postcode in London.

Figure 18: G83 penetration – capacity installed by year and type
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Figure 19: G83 penetration – map of installed capacity per postcode area
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Although individually very small, G83 generators are 
expected to have a significant impact on the network 
if installations continue at the pace observed in recent 
years. This impact includes an increase in masked load 
and possible power quality problems such as localised 
overvoltage. Given their expected volume and the 
regulations that apply to them, they are hard to monitor and 
their connection cannot be controlled. Network planning 
and operation must take account of this growth, recognising 
that G83 generators do not enhance security as defined by 
P2/6. This is especially true in London given the future DG 
targets for the area. UK Power Networks is forecasting an 
average of almost 45 MW of new PV will connect at low 
voltage every year during the ED1 period to 2023.

4.3. Distributed generation profile 
characterisation

Gaining visibility of the behaviour of existing DG gives 
a better understanding of its impact on the network, 
specifically relating to security of supply, and gives insight 
on the expected output of future DG. In this report, the 
output profiles form the basis of the input required for the 
ETRs 130/131 security of supply calculations, as explained in 
chapters 6 and 7.

The data for CHP generators was gathered from two 
different sources. The LCL project has collected data 
from 13 sites with installed CHP participating in the ANM 
monitoring trials. ANM was used to monitor the output of 
participating DG over a period between April 2013 and April 
2014. That data has been complemented with historical 
data from seven sites fitted with a standard half-hourly (HH) 
energy supply meters. However, it was found that the data 
provided by standard HH meters was often unreliable, as 
it is not clear what exactly was being monitored. Typically, 
HH meters provide a net aggregated reading of a group of 
load and generation, making it unfit for identifying the DG 
profiles or any masked load.

The data for PV generators was gathered in the LCL trials 
from nine different sites, with four of them being G83 
(i.e. below 3.68 kW) and five G59 (i.e. above 3.68 kW). PV 
profiles for the analysis have been obtained by averaging 
the PV profiles together. Two further sites forming part of 
the LCL ANM monitoring trials have been used to support 
the calculation of the normalised PV profile.

As detailed in Section 4.1, no significant amount of wind 
generation was identified in the LPN network, as expected 
for an urban network, and therefore there are no profiles 
available. The growth of wind generation and its impact on 
the LPN network is considered negligible compared to the 
other technologies.

For the purpose of grouping and understanding behaviour, 
DG has been classified based on the type of site. 
Types considered are schools/universities, residential, 
pharmaceutical plants, leisure centres, industrial, hotels, 
hospital/NHS, supermarket, other leisure, other public service, 
and office. This segmentation is important, since the growth 
in CHP in recent years has been in office buildings and other 
new in-building applications and not in the technologies 
prominent in ETR 130, such as waste incineration.

Across the different CHP types, there are two clear modes 
of operation: cyclic and continuous. Cyclically operated 
CHP units tend to be located within sites with a defined 
occupancy based on opening hours (e.g. leisure centres 
and offices). Continuously operated CHP units tend to be 
located on sites that are occupied 24 hours a day (e.g. large 
industrial sites or hospitals).

Average daily power output profiles have been obtained 
by aggregating the profiles for each season from individual 
sites of the same type. Generators that are off are not 
included in the calculation of the average, to avoid distorting 
the characterisation of behaviour. 

However, the variation in behaviour of similar types of DG 
(e.g. different daily start/end running times, some units out 
of service) means that a simple averaged power output 
is not necessarily a true reflection of a generalised power 
output of a generator. Hence, the aggregated portfolio of 
CHPs has been characterised in terms of their availability as 
a group as well as typical power output.

The availability of each type of DG is based on the 
percentage of units operating at each time step, thereby 
reflecting the variability in the daily start/end running times. 
There are four major factors causing a lack of availability: 
user utilisation (CHP is typically unavailable when heat is 
not required), fault/maintenance, problems with the DNO 
network, and failure of the monitoring communications. 
The data gathered through the LCL trials only permits the 
identification of communication problems and it provides no 
visibility to distinguish between the other factors.

For PV, the power output and availability are both directly 
dependent on the availability of the primary energy 
source (solar irradiation). The normalised power output is 
a reflection of the availability of the PV cells, and hence a 
separate variable for availability is not required.

Figures 20 to 28 show the normalised daily power output and 
the availability for each different type of DG (i.e. Cyclic CHP, 
Continuous CHP, PV), and season.4 The figures also present 
the variability in terms of the observed individual maximum 
and minimum values for power output. In summer, times 
shown are based on British Summer Time (BST).

4 Summer: June, July, Aug; Autumn: Sep, Oct, Nov; Winter: Dec, Jan, Feb; Spring: March, April, May.

Characterisation of distributed generation  |  25 |  25



 Figure 20: Summer average power output and availability profiles for cyclic CHP
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Figure 21: Winter average power output and availability profiles for cyclic CHP
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Figure 22: Spring/autumn average power output and availability profiles for cyclic CHP
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Figure 23: Summer average power output and availability profiles for continuous CHP
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Figure 24: Winter average power output and availability profiles for continuous CHP
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Figure 25: Spring/autumn average power output and availability profiles for continuous CHP
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Figure 26: Summer average power output 
profiles for PV
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Figure 27: Winter average power output 
profiles for PV
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Figure 28: Spring/autumn average power output profiles for PV
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Table 2 shows a summary of the parameters that characterise the output of each type of DG. All the values in the table are 
affected by the communications availability. The numbers show how CHP has a relatively high power output when running, but 
cyclic CHP is typically available only half the time and the availability of continuous CHP is very dependent on the season.

Table 2: Summary of DG profile characterisation

Parameter Season Cyclic CHP Continuous CHP PV

Average output (when running) Summer 82% 81% 18%

Winter 94% 93% 5%

Autumn/Spring 91% 90% 11%

Whole Year 90% 89% 11%

Availability Summer 49% 34% 18%

Winter 44% 82% 5%

Autumn/Spring 54% 66% 11%

Whole Year 50% 62% 11%

Communications availability

(LCL trial sites only) Whole Year 96% 71% 100%

 
A key finding from the project has been that CHP is nearly always heat-led. CHP units tend to be off, or operating at 80-90% of full 
rated output, since they are sized and operated to match local heat demand. This means that a typical CHP, when operating, might 
deliver additional power equivalent to 10-20% of rating but otherwise, manipulating the power output from CHP depends on having 
suitable heat storage or heat dissipation, and acceptable commercial arrangements around the treatment of heat energy.

Based on the analysis of power outputs and availability, probability distribution functions (or duration curves) were derived for the 
two types of DG able to contribute to security of supply. These values were used in the ETR 130 Approach 3 analysis described in 
chapters 6 and 7. The values used for cyclic CHP and continuous CHP are shown in Table 3 and Table 4 respectively. These values are 
graphed in Figure 29 and Figure 30.

30  |  30  | Characterisation of distributed generation



Table 3: Cyclic CHP duration curve

Output (per unit) Probability

1 0.0000

0.9 0.0048

0.8 0.0598

0.7 0.1329

0.6 0.1475

0.5 0.1487

0.4 0.1164

0.3 0.0589

0.2 0.0622

0.1 0.0438

0 0.2250

Table 4: Continuous CHP duration curve

Output (per unit) Probability

1 0.0807

0.9 0.1193

0.8 0.0475

0.7 0.0169

0.6 0.1922

0.5 0.1464

0.4 0.0280

0.3 0.2540

0.2 0.0334

0.1 0.0337

0 0.0478

When generating the average representative profiles for 
cyclic CHPs, the start/end times are critical for the network 
as typical morning and evening load peaks occur around 
those times. The impact of this can be seen in chapter 7. 
Since those start/end times are strongly dependent on 
the particular CHP (e.g. opening hours of the facility), the 
profiles presented here should be used with caution.

Figure 29: Cyclic CHP duration curve
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Figure 30: Continuous CHP duration curve
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5

Application of ER P2/6  
and ETRs 130/131  
for assessing the contribution of distributed 
generation to security of supply

This chapter presents the details of the methodology in the Engineering Technical Reports 130 and 131 (ETRs 130/131), as 
published by the Energy Networks Association (ENA), see [Ref.7] and [Ref.8]. The network planning requirements for security 
of supply are defined in ER P2/6 and ETRs 130/131 which describe the recommended approach for assessing the contribution 
of DG to security of supply. These reports therefore form the basis of the methodology followed in this report for specific case 
studies using LCL data, as presented in chapter 6.

The general process for assessing security of supply as defined in ETR 130 is illustrated in Figure 31. As per ER P2/6, the 
method applies to First Circuit Outage (FCO) and Second Circuit Outage (SCO) conditions. FCO corresponds to a fault or an 
arranged circuit outage. SCO signifies a fault following a FCO.

Application of ER P2/6 and ETRs 130/13132  |  



Figure 31: Methodology for assessing compliance with ER P2/6 as described in ETR 130 
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The group demand at a specific substation is the sum of the maximum measured demand and the latent demand, which is the 
demand masked by DG that would cause the value of measured demand to increase if the DG was not producing any output. 
ETR 130 recommends that it is often sufficiently accurate to estimate the latent demand by adding the export from the DG at 
the time of the maximum measured demand.

The class of supply, as defined by ER P2/6, is based on the size of the group demand, where a group is an area of network 
supplied by a specific set of circuits. For example, a primary substation may form a group supplied by two lines and two 
transformers. The class of supply determines the required level of security.

The capacity of the network assets is normally based on the cyclic rating of cables, lines and transformers. It also takes account 
of load transfer schemes, which redirect a percentage of the downstream demand so that it can be fed from an alternative 
source. They must be included in the assessment of the capacity of network assets. Once the capacity is defined under FCO 
and/or SCO, the flows before and after the outage are calculated. This calculation should consider whether DG connected 
downstream could support security of supply for the type of outage (i.e. switching, maintenance and long-term outages).

According to ETR 130, if the network capacity (including load transfer schemes or any contracted demand reduction) meets 
the requirements of ER P2/6, there is no need to consider the contribution of DG. If there is a shortfall in network capacity and 
the Declared Net Capacity (DNC) of DG is smaller than that shortfall, the DG contribution will be insufficient to make up the 
remaining shortfall so the network is not compliant with ER P2/6 and further action is required. However, in determining what 
further action is required the contribution from DG, however small, can be taken into account.

ETR 130 presents three approaches to assess the security contribution from DG. Each approach determines a “contribution 
factor” (also described as the “F-factor”) that is the ratio of security contribution to DG capacity. For example, with DG capacity 
of 5 MW and a contribution factor of 50% the contribution to security is taken to be 2.5 MW.

 � Approach 1 gives contribution factors based on simple look-up tables defined by technology type and number of units at 
each generator;

 � Approach 2 is intended for use with all DG types. It uses look-up tables and charts to derive contribution factors based on the 
availability of non-intermittent generation or the required persistence time for intermittent sources; and

 � Approach 3 is more comprehensive and flexible and is described more fully in ETR 131. A spreadsheet tool is provided for 
performing the calculations of contribution factor with specific data.

ETR 130 classifies generators in two categories.

 � Non-intermittent generation refers to those generators for which the primary energy source does not randomly vary with 
time. This category includes landfill gas, CHP, sewage treatment using a spark ignition engine, waste to energy, combined 
cycle gas turbine (CCGT) and CHP sewage treatment using a gas turbine. However, this misses many of the newer applications 
of CHP identified in chapter 4; and

 � Intermittent generation refers to those generators for which the primary energy source varies stochastically, such as wind, 
PV and small hydroelectric.

Table 5 shows the inputs and outputs for each approach. The analysis in this report is focused on the contribution of non-
intermittent generation, primarily CHP.
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Table 5: Inputs and outputs of ETRs 130/131 approaches

Inputs Outputs

Approach 1  � Type of DG

 � Number of DG units

 � Declared net capacity

 � Most critical FCO and SCO

 � Type of outage (i.e. switching outage, maintenance, other outage)

 � Group demand

 � Class of supply

 � Percentage of 
contribution of DG to 
security of supply

 � Maximum network 
capacity following FCO 
and SCO

Approach 2 Same as approach 1 + 

 � DG availability for non-intermittent

 � Persistence time for intermittent

Approach 3 Same as approach 1 + 

 � Duration curve for network load

 � Non-intermittent (i.e. controllable primary energy source, such as gas) 
DG output probabilities

 � Intermittent (i.e. uncontrollable primary energy source, such as wind) 
DG output example time series

In the ETR 130 approaches, only DG with a LTP connection 
can be considered for security of supply in the planning 
context. Standby and short-term parallel generators are 
not seen as contributing to security of supply from the 
planning perspective, where the focus is on satisfying 
the requirements of P2/6. The former does not have a 
connection to the distribution network and the latter is 
expected to parallel to the network for a very short period 
under particular circumstances.

However, the LCL trials of DSR have demonstrated that these 
types of generators can provide valuable support to the 
network in certain operational conditions. This may include 
using standby or STP generators to supply demand off-grid, 
thereby reducing demand on the network and enhancing 
security during particular outage conditions.

In order to quantify the availability of a generator to 
contribute to security of supply, the following three types of 
conditions are generally considered.

 � Energy availability: dependent on the availability of 
the primary energy source; this typically dominates 
intermittent generation;

 � Commercial availability: dependent on whether the 
owner of the plant considers it economically viable to 
offer the plant for service at any particular time; and

 � Technical availability: dependent on the failure rate of  
the units.

Furthermore, the following “de-minimis” conditions are 
recommended by ETRs 130/131.

 � The minimum capacity of a DG unit to be considered for 
security of supply is 100 kW;

 � The minimum capacity of a DG unit to be considered for 
security of supply must be above 5% of the group demand; 
and

 � If the aggregated DG capacity is below 5% of the 
measured demand, the latent demand is neglected 
(i.e. group demand is equal to the measured demand).

The 5% limits were considered a practical limit at the time, 
given the burden of analysis and the level of accuracy in 
demand measurements.
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5.1. ETR 130 Approach 1: Contribution from 
look-up tables by technology

ETR 130 Approach 1 is the simplest of the three approaches. 
When it was developed, there was little monitoring data 
available and only a limited number of DG technologies had 
connected in significant numbers. The look-up tables were 
based on the average availability data for those specific 
types of DG. This approach is only suitable for use if the 
type of DG being assessed appears in the look-up tables,  
for example:

 � Non-intermittent types listed are landfill gas, CHP sewage 
treatment using a spark ignition engine, waste to energy, 
CCGT, and CHP sewage treatment using a gas turbine; and

 � Intermittent types listed are wind and small hydro.

Furthermore, the approach is suitable only if the expected 
average availability of the generation under consideration 
is not significantly different from that listed in the look-up 
tables. A “first pass” assessment is required to determine if 
a particular DG plant is likely to have sufficient capacity to 
satisfy a particular requirement.

Approach 1 is aimed at assessing multiple, identical DG units 
at the same site. It can be extended to include different DG 
at different locations across the network.

5.2. ETR 130 Approach 2: Contribution from 
look-up tables by availability

Approach 2 is a more comprehensive approach where there 
is a better understanding of the DG behaviour. This approach 
is a more comprehensive approach where there is a better 
understanding of the DG behaviour based on a series of 
tables and charts with a greater range of generation and 
fuel types than Approach 1. This approach is suitable for 
situations including:

 � All types of DG included in Approach 1 look-up tables;

 � When there is data available from the DG (ideally half-
hourly data for 6 months to 1 year), which will be used 
to determine the percentage of availability for non-
intermittent and intermittent generators; and

 � When the average availability of the non-intermittent 
generation under consideration is significantly different to 
that in the look-up tables provided for Approach 1.

Using the percentage of availability, the DG contributions 
are determined from Table 3 and Figure 6.1 in ETR 130. This 
approach can be applied for assessment of non-identical DG 
at the same site and other DG units in the network. 

5.3. ETR 130 Approach 3: Detailed 
contribution calculation

Approach 3 is based on the direct application of the ETR 
131 algorithm to calculate the contribution of DG to security 
of supply in the specific case being assessed. It takes 
into account the inherent probabilistic nature of system 
security. This is ultimately the source of the look-up tables 
in Approaches 1 and 2, which have been calculated for 
some specific cases considered by the industry to be 
generic and representative.

The ETR 131 algorithm is implemented as a spreadsheet-
based tool in Microsoft Excel with Visual Basic. The input 
data takes different forms depending the focus of the 
analysis. Intermittent generation is represented by time 
series data that is tested against a required “support period” 
to assess its ability to deliver power when needed. Non-
intermittent generation, which is the focus of the studies 
described here, is represented by duration curves that 
describe levels of availability, or probabilities, of different 
power output. The results (e.g. contribution to security, 
expected energy not supplied) are calculated and displayed 
within the spreadsheet.

Approach 3 is the only one of the three options that 
accounts for the period of time for which contribution 
to security is required, whether that be for 30 minutes 
(switching time) or 6 months (replacement time). This 
approach is appropriate for more bespoke studies but relies 
upon the DNO obtaining the relevant data to describe the 
network load and DG output. 
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6

Modelling methodology  
for calculating the contribution of distributed 
generation to security of supply 

This chapter presents the details of the methodology used for assessing the contribution of DG to security of supply in the 
LPN area. Figure 32 shows an overview of the methodology, which is based on ETRs 130/131.

The three ETR 130 approaches are applied to the three case studies presented in chapter 7. Even though ETR 130 Approach 3 is 
ultimately the source for ETR 130 Approach 1 and 2, the scope is to assess if a simplified approach based on look-up tables can 
be appropriate. The contribution of DG to security of supply is assessed for the two DG management schemes envisaged by 
LCL: passive management of DG and active management of DG.

As explained in chapter 4, only DG with a long-term parallel connection is considered to contribute to security of supply. They 
are considered available immediately following an FCO or SCO.

Modelling has been used based on DIgSILENT to perform thermal, voltage and fault level analysis under FCO and SCO for 
each case study to ensure that there were no network constraint violations.

The embedded contribution in the net flow used for the Planning Load Estimates (PLE) (see Section 2.2) is compared to both 
the measured output of the DG at peak demand and the estimated output based on the DG profiles obtained in Section 4.3 for 
the corresponding type of DG and utilisation.
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Figure 32: Methodology applied for modelling the contribution of DG to security of supply

•  By increasing the penetration of DG, calculate the 
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•  Future constraint identified in ED1
•  Load transfer scheme
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6.1. Case studies
The case studies have been selected to meet the following criteria.

 � Network area with an existing constrained substation due to either fault level, thermal or voltage constraints, 
under intact or FCO/SCO scenarios;

 � Network area subject to future constraint due to load growth identified in the ED1 business plan as requiring 
network reinforcement;

 � Network area with a demand transfer scheme under FCO and/or SCO contributing to security of supply;

 � Network area with a representative average of DG connected. The average installed DG capacity per primary substation 
in LPN is 1.54 MW; and

 � Network area containing a site that participated in the LCL ANM monitoring trial.

The network areas chosen range from high to low penetration of DG and consist of different generation technologies. 
Table 6 shows the case studies that were selected and their characteristics.

Table 6: Case studies for assessing the contribution of DG to security of supply

King Henry’s Walk 
(KHW)

Duke Street 
(DUKE)

Whiston Road 
(WHSR)

Total Installed DG capacity 3.18 MW 25.17 MW 0.318 MW

Voltage level 11 kV 11 kV 11 kV

Main selection criteria

Existing constrained substation 

Fault level constraint

 

Fault level constraint

Future constraint identified in ED1   

Load transfer scheme 

12 MVA load transfer



5 MVA load transfer



7 MVA load transfer

Representative average of DG connected   

LCL monitored site   
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6.2. Adaptations of the ETRs 130/131 
methodology

Some of the recommendations in ETRs 130/131 have been 
adapted for the purpose of this report. The objective was to 
adapt the methodology to the characteristics of the London 
electricity network and DG customers as they are in 2014 
and are likely to develop in the coming years. The adaptions 
are around three subjects:

 � The conditions for including DG units in the calculation, 
namely de-minimis conditions;

 � How to model the correlation between load and DG; and

 � Estimating latent demand.

For this modelling, the de-minimis conditions from ETRs 
130/131 have been modified as follows:

 � The total downstream generation capacity from all DG 
(rather than the individual unit capacity as recommended 
by ETRs 130/131) must be greater than 5% of the group 
demand. The original restriction is not considered 
relevant for an urban network such as London, where, 
as presented in chapter 4, CHP units tend to be low 
capacity compared to the group demand. However, the 
aggregated threshold of 5% seems reasonable, given the 
uncertainties and errors in determining the measured 
demand;

 � The minimum capacity of a DG unit to be considered is 
maintained at 100 kW. This is consistent with the current 
threshold for mandatory half-hourly trading of export; and

 � The minimum aggregated DG capacity for considering 
latent demand (i.e. must be above 5% of the measured 
demand) is retained. However, if the contribution of DG is 
considered (i.e. the first two conditions above are met), 
the latent demand is also considered.

The analysis focuses on non-intermittent generation 
because this is the type most commonly seen in LPN. The 
ETRs 130/131 Approach 3 for non-intermittent generation 
is based on the input of duration curves for load and DG. 
This means that the time correlation between load and 
DG during peak periods is not considered. This standard 
approach is applied to the four scenarios to represent 
passive management of DG.

To assess the potential contribution to security with active 
management, and recognise the correlation between 
load and DG that can achieved through control of DG, the 
period studied in ETR 130 Approach 3 is focused on the 
evening peak period. Rather than using a daily duration 
curve based on the annual or seasonal values, duration 
curves were derived for the DG and load by gathering their 
values throughout the whole year for each half-hour within 
the peak period. The hours of which were determined 
separately for each case study.

ETR 130 recommends estimating latent demand as the actual 
export of power from DG at the instant of peak substation 
load. Since the actual power output for each connected DG 
was not known, the profiles derived in Section 4.3 were used 
to estimate the power output from the connected generators 
at the time of peak demand in each case study. This gives a 
high estimate of latent demand.

6.3. Passive and active management of 
distributed generation

The ETRs 130/131 methodology is applied to passive and 
active management of DG, as summarised in Table 7. Active 
management is representative of the ANM system used 
in the LCL trials [Ref. 2] and so is able to control the power 
output of DG.

All three ETR 130 approaches are applied to passive 
management of DG. Only ETR 130 Approaches 2 and 3 
are applied to active management of DG, since ETR 130 
Approach 1 does not allow the inputs required to reflect the 
impact of ANM.
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Table 7: Assumptions used in the modelling of ETRs 130/131 
 

Passive management Active management

Approach 1  � Existing CHPs in case studies are assumed 
to fall into the category “CHP sewage 
treatment using a Gas Turbine”.

N/A

Approach 2  � DG availabilities based on the analysis of 
DG profiles in Section 4.3.

 � DG availability for contribution to security of supply 
is 96%, which corresponds to an annual typical 
maintenance downtime of around 2 weeks.

 � There are no constraints in the use of the DG resources. 
They are always able to either run at full output or 
switch off

Approach 3  � DG availabilities based on the analysis of 
DG profiles in Section 4.3.

 � DG availability for contribution to security of supply 
is 96%, which corresponds to an annual typical 
maintenance downtime of around 2 weeks.

 � There are no constraints in the use of the DG resources. 
They are always able to either run at full output or 
switch off.

In applying Approach 1 to DG with passive management, 
it is assumed that all CHP units in the case studies can 
treated the same as the “CHP sewage treatment using 
a Gas Turbine” listed in ETR 130. The contribution factors 
are therefore 53% for single unit generators and 61% for 
generators with two units.

For passive management, the inputs to ETR 130 
Approaches 2 and 3 have been derived from the DG profile 
characterisation in section 4.3, where each type of DG is 
characterised by its power output and availability.

 � For Approach 2 the average availability for each type 
of DG derived in section 4.3 provided the reference 
availability for the lookup tables. Linear interpolation 
was used with the values in the ETR 130 lookup tables to 
calculate the contribution to security of supply; and

 � For Approach 3 the network load is defined by its 
normalised duration curve at the substation. DG output is 
represented by the duration curves derived from power 
output and availability profiles in section 4.3.

ANM can enhance security of supply by acting to “constrain 
on” DG as required to support the network. For the purposes 
of the analysis presented in this report, it is assumed that 
there are no technical or commercial constraints preventing 
DG from running when requested by ANM. This is based 
on the assumption that the contractual agreements are in 
place. ANM-controlled DG is therefore considered available 

to run at full capacity 96% of the time. This 96% availability 
corresponds to an annual typical maintenance downtime 
of around 2 weeks. This matches the best case observed in 
the LCL monitoring trials. It is considered that the contracts 
in place and the systems in use (e.g. communications 
availability) could guarantee such levels of availability under 
ANM control.

ANM will “constrain on” the individual DG when required 
by either starting a non-running generator or overriding the 
scheduled shutdown of a generator:

 � If required, ANM would start the generator before its 
typical start time to relieve a network constraint; and

 � If required, ANM would request the generator to keep 
running after the typical switch off time to relieve a 
network constraint.

Figure 33 illustrates the sequence of actions for an ANM 
DSR event where the DG switch-off time is overridden by 
ANM. The dashed lines for both the power flow through the 
substation and the DG output show the default operation 
without ANM intervention. The orange lines illustrate both 
the power flow through the substation and the DG output 
under ANM management. The ANM system monitors the 
power flow through a constrained substation in real time 
and estimates how the power flow at the substation would 
increase if the DG switched off (i.e. step increase in the 
dashed line). When ANM estimates that the trigger-start 
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threshold would be breached if the DG switched off, an 
ANM constrain-on event is triggered and ANM requests 
the corresponding DG to stay on. The DG then continues to 
supply some of the demand, decreasing the power import 
through the constrained location. When the power flow 
goes below the predefined trigger-end threshold, the event 
finishes and the DG goes back to its normal operation.

Figure 33: Sequence of actions for an ANM 
constrain-on event

ANM controlled DG operation Default DG operation

Trigger-start 
threshold

Constrain- on event

Power flow through 
constrained substation

ANM- controlled DG

Trigger-end 
threshold

on

off
DG switches on

ANM lets DG 
switch off

ANM keeps 
DG on

The effect that ANM has on the contribution of DG is 
assessed using ETR 130 Approach 2 and 3. For ETR 130 
Approach 2, ANM is applied by using the expected 
availability as an input to the look-up tables. For ETR 130 
Approach 3, as described above, the period studied is 
narrowed down to the peak period. A duration curve is 
obtained for the load by gathering the values throughout 
the whole year for each half-hour within the peak period 
(e.g. from 4 pm to 9 pm). See chapter 7 for the details of the 
peak demand period in each case study.

6.4. Cost-benefit analysis
Cost-Benefit Analysis (CBA) has been performed in the 
areas of the LCL project where there are clearly defined 
network interventions that a DNO might implement to yield 
benefits for consumers in future. The CBAs build on data 
collected during the LCL trials and use the data to inform 
the costs and benefits that might be incurred or realised 
through an intervention. The CBAs are intended to evaluate 
the quantum of the business case for implementing these 
interventions both in specific selected case study situations 
and on a wider basis across the network.

The approach taken to evaluate the net benefits from DG in 
each case study can be summarised as follows:

 � Complete ETRs 130/131 assessment of existing and 
potential new generators (as described above); 

 � Evaluate the extent to which the contribution made by DG 
could defer reinforcement spend. UK Power Networks has 
a set of Planning Load Estimates (PLEs), which are used by 
planners to compare projections for maximum demand to 
the firm capacity for each individual primary substation. 
The PLEs can be used as the starting point for analysis of 
the impact that DG could have in deferring reinforcement. 
A tool has been developed, which builds on the analysis 
in the PLEs, to analyse the timing at which the projected 
maximum demand exceeds substation firm capacity. The 
tool adjusts the firm capacity of the substation to take 
into account possible post-fault load transfers and, where 
relevant, the evaluated contribution to security of supply 
from DG; and

 � Calculate the net benefit resulting from this deferral of 
reinforcement spend. Ofgem’s CBA Net Present Value (NPV) 
tool has been adapted to evaluate the net benefit that 
can be realised as a result of reinforcement projects being 
deferred. The tool allows the total network benefit of the 
deferral to be calculated, in addition to the cash flow impact 
in each price control period.
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7

Results for the contribution 
of distributed generation 
to security of supply 
This chapter presents the results obtained from detailed 
analysis of the three case studies:

 � King Henry’s Walk (KHW);

 � Duke Street (DUKE); and

 � Whiston Road (WHSR)

In all cases, power flow analysis in DIgSILENT showed that 
there are no thermal or voltage problems arising from the 
connection of DG explored in the studies. As is typical of 
many urban networks, the binding constraint on new DG 
connections is fault level. The fault level contribution from 
the upstream network, dynamic load and DG connected 
to the selected primary substations were taken into 
consideration when assessing fault level headroom in 
DIgSILENT. The impact on upstream Grid Supply Points 
(GSPs) was assessed and concluded to be negligible.

In evaluating the case studies, the contribution to security of 
supply from DG was considered in three situations. Two of 
these account for the use of Active Network Management 
(ANM) technologies, i.e. the use of measurement and 
control technologies to maintain grid operations within 
operating limits and constraints:

 � Passive: The contribution from Long Term Parallel (LTP) 
generators under normal operations, without any direct 
control of those generators by the DNO. In our case 
study analysis, we consider the passive contribution of 
DG of existing generators, and also with the maximum 
amount of DG that can be connected without breaching 
fault limit constraints; 

 � Active dispatch: Using ANM to increase the contribution 
from these LTP generators by instructing them to switch 
on or increase their output at particular times; and
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 � Active dispatch and facilitation of maximum DG: Using 
ANM to increase the amount of DG that can connect to 
the system through the monitoring of Short Term Parallel 
(STP) generators, and the curtailment of the additional LTP 
generators when STP generation would otherwise lead to 
the breach of fault level constraints. This application of ANM 
could be helpful in an urban network context, where fault 
level constraints can often restrict the amount of DG capacity 
that can be connected, especially where much of the 
capacity contributing towards the fault level is STP capacity.

These three situations are illustrated in Figure 34. In all 
cases, it is assumed that DG contributing to security of 
supply will remain connected through any disturbance that 
results in an outage.

As explained in chapter 6, active management is 
considered to enhance the availability of DG and thereby 
improve its contribution to security of supply. It also 
facilitates the connection of more DG where fault level 
constraints impose a restriction on what can be connected 
with a passive approach.

The cost-benefit analysis is based on results derived using 
ETR 130 Approach 3, with assumptions as described in 
chapter 6. Where applicable, the contribution of DG to 
security of supply is also assessed using Approaches 1 and 
2. Approach 1 is only applicable with passive management. 
Approaches 2 and 3 are applied to both the passive and 
ANM situations.

 

Figure 34: Illustration of DG under passive and ANM arrangements

Case Diagram Description

Passive

C1

LTP1 STP

C2

LTP1 STP+ ANM
(dispatch)

+ ANM
(curtail)

+ ANM
(monitor)

C2

LTP1 STP
+ ANM

(dispatch)

C3

LTP2

 � LTP and STP DG units are connected 
to the network

 � Only LTP contributes to security  
of supply

 � C1 is the contribution allowed by ETR 
130, reflecting the security of supply 
contribution of  
the DG

 � May be possible to connect 
additional DGs within existing fault 
level constraints

Active dispatch 
(ANM )

C1

LTP1 STP

C2

LTP1 STP+ ANM
(dispatch)

+ ANM
(curtail)

+ ANM
(monitor)

C2

LTP1 STP
+ ANM

(dispatch)

C3

LTP2

 � No change to the amount of DG in 
this case, so fault level unaffected

 � Connected LTP can be dispatched by 
ANM when required by DNO

 � C2>C1 reflecting the higher 
contribution allowed by ETR 130

Active dispatch 
and facilitation 
of maximum 
DG (ANM) 

C1

LTP1 STP

C2

LTP1 STP+ ANM
(dispatch)

+ ANM
(curtail)

+ ANM
(monitor)

C2

LTP1 STP
+ ANM

(dispatch)

C3

LTP2

 � ANM used to determine when STP is 
offline (i.e. majority of the time)

 � LTP2 is connected non-firm

 � In the periods when STP is 
synchronised with the network, LTP2 
is curtailed by the DNO using ANM

 � Otherwise it runs normally, and can 
contribute C3 to security of supply

44  |  44  | Results for the contribution of distributed generation to security of supply



7.1. King Henry’s Walk
King Henry’s Walk is a substation in the LPN licence area 
that is to be upgraded to 132/11 kV in 2021/22, with a 
corresponding increase in its thermal capacity. The current 
summer firm capacity is 41.4 MW. It is proposed to replace 
and update the existing 4x15 MVA 66/11 kV (41.4 MW) 
transformers with 3x33.3 MVA 132/11 kV units. Without 
this reinforcement, the substation load would exceed firm 
capacity in summer 2021. Figure 35 show the evolution 
of the maximum summer demand compared to the 
firm capacity.

Figure 35: Planning Load Estimate for King 
Henry’s Walk 
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There are four existing generators connected at King Henry’s 
Walk, the characteristics of which are summarised in Table 8. 

Table 8: Overview of existing generators at King Henry’s Walk

Site type Type Capacity 
(MW)

Generator 
type

Comments

G1 Hospital LTP 1.75 CHP – 
Continuous

Inter-trip scheme, so cannot contribute to security of supply

G2 Residential LTP 0.23 CHP – Cyclic Can contribute to security of supply

G3 Other public 
sector

STP 0.60 Diesel STP generator so cannot contribute to security of supply

G4 Residential STP 0.60 Diesel STP generator so cannot contribute to security of supply

TOTAL 3.18
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It can be seen from the table that only one generator at King Henry’s Walk can be recognised as making a contribution to security 
of supply. Where a generator is subject to an inter-trip scheme, it may be worthwhile re-examining the purpose of the scheme to 
determine whether it is still necessary or whether it might be amended so that some contribution to security of supply could be 
recognised. In this analysis, however, it is assumed that an inter-trip scheme means the generator cannot contribute.

The Long Term Parallel (LTP) generators have a total capacity of 1.98 MW, which is below 5% of group demand (of c. 52 MW) 
at King Henry’s Walk. Below this threshold, ETR 130 states that latent demand should be neglected and that the security of 
supply contribution from LTP generators should not be assessed. Although the existing generators can therefore not currently 
be considered to contribute towards security of supply, the following scenario is considered under which the generators could 
contribute towards security of supply.

If the 1.20 MW of STP generation were to be monitored, then ANM could be installed to enable additional LTP generators, 
which could be connected on a non-firm basis. The additional 1.20 MW of LTP generation that could be connected, which could 
contribute towards security of supply, could then be controlled to avoid breaching fault level constraints. If such additional LTP 
generation were to be connected then the security of supply contribution of generation at the substation can be considered as 
summarised below and in Table 9:

 � ANM allows for an additional LTP generator (denoted HG1) with a capacity of 1.20 MW to be connected. Total LTP capacity of 
3.18 MW exceeds the 5% threshold set by ETR 130,5 and so both latent demand and the security of supply contribution of the 
LTP generators should be taken into account;

 � The latent demand (or masked load) attributable to G1 and G2 during peak demand has been derived from the LCL trial data 
to be 1.27 MW; and

 � It is still not possible to count any security of supply contribution from G1, because of the inter-trip scheme in place. The 
contribution from G2 is 0.16 MW, and if the same F-factor is assumed for the additional generator HG1, the total contribution 
from LTP generators is 0.99 MW.

Note that in practice, larger numbers of DG units could increase the F-factor that should be applied, taking into account the 
diversification across multiple DG profiles. Discounting this effect is conservative for assessing the contribution made by passive 
DG, but it potentially overstates the incremental benefit arising from the use of ANM.

For this case study, the estimated latent demand is greater than the contribution to security of supply made by the DG 
installed. While adding more generation to the substation will provide an additional source of supply, the application of the 
ETR 130 methodology means that there is no recognisable gain in security of supply. There is no benefit to be gained from 
reassessing the substation or the plans for its reinforcement. Therefore, no NPV analysis is presented for this case study, as 
there is no benefit to measure.

Table 9: ETR 130 Approach 3 assessment for King Henry’s Walk with ANM

LTP 
capacity 

(MW)

Latent 
demand 

(MW)

F-factor Contribution 
(MW)

G1 1.75 1.14 0.0% 0.00

G2 0.23 0.13 69.5% 0.16

HG1 1.20 N/A 69.5% 0.83

Total 3.18 1.27 0.99

5 Note that generator G1, which is part of an inter-trip scheme, cannot contribute towards security of supply but does contribute towards total LTP capacity when 
considering whether the 5% threshold set by ETR 130 has been met
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7.1.1. Comparison of ETR 130 Approaches
Applying the three Approaches in ETR 130, with assumptions as described in chapter 6, gives overall results for King Henry’s 
Walk as shown in Table 10.

Table 10: Comparison of ETR 130 Approaches for King Henry’s Walk

Case Contributing DG 
capacity (MW)

Contribution with 
Approach 1 (MW)

Contribution with 
Approach 2 (MW)

Contribution with 
Approach 3 (MW)

Passive (existing DG) 0.23 0 0 0

Active dispatch (existing DG) 0.23 - 0 0

Active dispatch and facilitation 
of maximum DG

1.43 - 1.01 0.99

None of the Approaches recognises any contribution when there is only 0.23 MW of DG able to contribute to security of supply. 
With ANM able to facilitate the connection of more DG and control it, a greater contribution can be recognised. Approaches 2 
and 3 give very similar results.

7.2. Duke Street
Duke Street is a 132/11 kV substation in the LPN licence area. A combination of organic growth and 2.4 MW of expected new 
connections mean that the substation would go out of firm in summer 2023, as can be seen in Figure 36. This constraint is 
being mitigated as part of a separate West End reinforcement scheme. For the purposes of this case study, however, it is 
assumed that Duke Street is reinforced as a stand-alone entity, using generic assumptions around the required reinforcement 
size and the cost per MVA of reinforcement (a cost of £241/kW is assumed, based upon analysis of the primary network 
reinforcements proposed in UK Power Networks’ ED1 business plan).

Figure 36: Planning Load Estimate for Duke Street
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At present, there are nine existing generators connected at Duke Street, the characteristics of which are summarised in Table 11.

Table 11: Overview of existing generators at Duke Street

Site type STP/LTP Capacity 
(MW)

Generator type Comments

G1 Hotel LTP 0.21 CHP – Cyclic

G2 Other public sector LTP 0.34 CHP – Cyclic

G3 Hotel LTP 0.60 CHP – Cyclic

LTP 0.60 CHP – Cyclic

G4 University LTP 4.75 CHP – Cyclic

LTP 4.75 CHP – Cyclic

G5 Hotel LTP 0.28 CHP – Cyclic

G6 Hotel LTP 0.80 CHP – Cyclic

G7 Leisure Centre LTP 0.09 CHP – Cyclic <100 kW, so cannot be considered under ETR 130

G8 Other public sector LTP 1.50 CHP – Continuous

G9 Other public sector STP 3.75 Diesel STP generator so cannot contribute to security of supply

STP 3.75 Diesel STP generator so cannot contribute to security of supply

STP 3.75 Diesel STP generator so cannot contribute to security of supply

TOTAL 25.17

In this case, the capacity of the LTP generators (13.92 MW) is well in excess of the 5% of group demand threshold set by ETR 
130 (maximum demand at Duke Street is c. 110 MW). This means that the security of supply contribution of existing generators 
can be taken into account at Duke Street even under current operating conditions (i.e. without ANM being installed). Key results 
from the assessment are presented in Table 12. Again, note that the F-factors used in this calculation consider each generator 
independently, which may be conservative, as it does not take into account any benefit of diversity across multiple generators. 
The results presented in the table show that latent demand across the LTP generators is evaluated as again being higher (8.26 
MW) than the contribution to security of supply that is calculated under ETR 130 (4.97 MW).
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Table 12: ETR 130 Approach 3 assessment for Duke Street with existing generation under 
passive management

LTP capacity (MW) Latent demand (MW) F-factor Contribution (MW)

G1 0.21 0.12 33.3% 0.07

G2 0.34 0.20 33.3% 0.11

G3 1.20 0.72 35.5% 0.43

G4 9.50 5.64 35.5% 3.37

G5 0.28 0.17 33.3% 0.09

G6 0.80 0.47 33.3% 0.27

G7 0.09 0.05 0.0% 0.0

G8 1.50 0.89 42.3% 0.63

Total 13.92 8.26 4.97

In this case, latent demand is currently higher than the contribution from the connected DG, meaning that applying ETR 
130 would not allow for any additional contribution to security of supply to be counted. In practice, this would not affect 
the reinforcement plan currently in place. However, a pure reappraisal of the Planning Load Estimates (PLE) based on this 
information would indicate that reinforcement at Duke Street is required by 2021, two years earlier than currently planned.

However, Duke Street still has some fault level headroom and so it is possible to consider scenarios in which additional 
generators are connected to the network and the contribution made by those generators also increases. The four scenarios 
considered are as follows:

 � Existing DG:

 — Active dispatch. With no additional generators, the F-factors of existing generators can be improved through using ANM 
to control the dispatch of those generators. 

 � Additional DG:

 — Passive. An additional 6.51 MW (i.e. a total of 20.43 MW) of DG capacity can be added to the network at Duke Street 
without fault level constraints being breached.

 — Active dispatch. Having added the additional generation allowed under the passive case, ANM can be used to control the 
dispatch these generators and increase the F-factors that can be assumed.

 � Maximum DG:

 — Active dispatch and facilitation of maximum DG. In addition to the 20.43 MW connected in the “passive” scenario, a 
further 11.25 MW of capacity could be added, bringing the total capacity to 31.68 MW, if ANM is used to monitor the STP 
generators and to curtail the added LTP capacity, which would release the fault level capacity associated with the STP units. 
As with the previous case, to maximise the security of supply contribution under this scenario it is also assumed the ANM 
is used on all of the LTP generators (including the added units) to improve the F-factor for these generators.

It is assumed that the properties of the additional generators added to the network in these scenarios are consistent with the 
properties of generators already connected at Duke Street, as previously presented in Table 11.
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Table 13: ETR 130 Approach 3 assessment for Duke Street 

Passive Active dispatch

LTP capacity 
(MW)

F-factor Contribution 
(MW)

F-factor Contribution 
(MW)

Existing generation

G1-8 13.92 35% 4.97 75% 10.45

Additional DG making use of existing fault level headroom

HG1 0.21 33% 0.07 71% 0.15

HG2 0.34 33% 0.11 71% 0.24

HG3 1.20 36% 0.43 77% 0.92

HG4 4.76 36% 1.69 77% 3.66

Sub-Total 20.43 7.27 15.42

Maximum DG available with release of additional fault level headroom using ANM

HG4 (additional capacity on 
releasing fault level headroom)

4.74 77% 3.64

HG5 0.28 71% 0.20

HG6 0.80 71% 0.57

HG7 1.50 71% 1.07

HG8 3.93 83.8% 3.29

Total 31.68 7.27 24.19

In the active dispatch scenario with existing DG, reinforcement can be deferred to Summer 2025 (i.e. a four-year deferral 
relative to the summer 2021 baseline that is established when applying ETR 130 to existing DG). ANM is required on all 7 sites 
that contribute towards security of supply, resulting in an NPV benefit of £441k. It should be noted however that these benefits 
rely on the owners of existing generators agreeing to relinquishing some control over their generation assets, and that no 
commercial arrangements to compensate for this have been included in the CBA.

In the two “additional DG” scenarios, where four hypothetical DGs are added, additional monitoring costs are incurred for 
each of these units. In the passive case, this allows for a one-year reinforcement deferral to summer 2022, with an NPV of 
£215k. In the active case, ANM is required for all 11 units contributing to security of supply. Reinforcement can be deferred to 
summer 2030, with an NPV of £785k. Again, this assumes that generators would sign up to such agreements, and ignores any 
compensation that might be paid.
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In the final case, ANM is used to alleviate to release additional fault level headroom so that the maximum DG possible is 
connected. In this case, reinforcement can be deferred to 2035, although there are also costs associated with installing ANM 
systems at all 15 LTP sites, and monitoring equipment at the STP generation sites. The NPV of this approach is £934k.

These results are presented in Table 14.

Table 14: Summary of NPV results for Duke Street

Existing DG Additional DG Maximum DG

Scenario Active dispatch 
(existing DG)

Passive (additional 
DG)

Active dispatch 
(additional DG)

Active dispatch 
and facilitation of 

maximum DG

Net benefit (£k real 2012/13)

Gross network benefit 896 237 1,849 2,495

DNO costs (455) (22) (1,064) (1,561)

Net network benefits 441 215 785 934

7.2.1. Comparison of ETR 130 Approaches
Applying the three Approaches in ETR 130, with assumptions as described in chapter 6, gives overall results for Duke Street as 
shown in Table 15.

Table 15: Comparison of ETR 130 Approaches for Duke Street

Case Contributing DG 
capacity (MW)

Contribution with 
Approach 1 (MW)

Contribution with 
Approach 2 (MW)

Contribution with 
Approach 3 (MW)

Passive (existing DG) 13.92 8.19 5.56 4.97

Active dispatch (existing DG) 13.92 - 10.33 10.45

Passive (additional DG) 20.43 12.11 8.19 7.27

Active dispatch and facilitation 
of maximum DG

31.68 - 23.77 24.19

Approach 1 produces higher values for the contribution. This is because it is assumed that the DG is equivalent to the “CHP 
sewage treatment using a Gas Turbine” type in ETR 130, which is estimated to have an availability of 80%. The monitoring data 
from the trials suggested a lower availability, as described in section 4.3, and this informed the assessments using Approaches 
2 and 3, which give very similar results whether for passive management or with ANM.
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7.3. Whiston Road
Whiston Road is a substation in the LPN licence area that will require reinforcement in the near future. Before post-fault transfer 
capacity is taken into account, the substation load exceeds firm capacity during 2014. However, available post-fault transfer 
capacity is projected to keep substation load within firm capacity through to the early 2020s. Table 16 and Figure 37 show the 
evolution of the maximum winter demand compared to the firm capacity without, and then with, post-fault transfers. Years 
when capacity is breached have been highlighted.

Figure 37: Planning Load Estimate for Whiston Road
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Table 16: Capacity at Whiston Road substations

MW Winter MD Winter firm 
capacity

Capacity incl. 
transfers

2013/14 47.3 46.1 55.3

2014/15 48.1 46.1 55.3

2015/16 48.9 46.1 55.3

2016/17 49.6 46.1 55.3

2017/18 50.4 46.1 55.3

2018/19 51.2 46.1 55.3

2019/20 52.1 46.1 55.3

2020/21 52.9 46.1 55.3

2021/22 53.9 46.1 55.3

MW Winter MD
Winter firm 

capacity
Capacity incl. 

transfers

2022/23 55 46.1 55.3

2023/24 56 46.1 55.3

2024/25 57.1 46.1 55.3

2025/26 58.1 46.1 55.1

2026/27 59.2 46.1 54.9

2027/28 60.2 46.1 54.8

2028/29 61.3 46.1 54.6

2029/30 62.3 46.1 54.4

There are three existing generators connected to the network at Whiston Road, the characteristics of which are summarised 
below in Table 17.

Table 17: Overview of existing generators at Whiston Road

Site type Capacity 
(MW)

Generator 
type Comments

G1 Residential 0.09 CHP – Cyclic <100 kW, so cannot be considered under ETR 130

G2 Residential 0.20 CHP – Cyclic

G3 Residential 0.015 CHP – Cyclic <100 kW, so cannot be considered under ETR 130

0.015 CHP – Cyclic <100 kW, so cannot be considered under ETR 130

TOTAL 0.32

The maximum demand at Whiston Road is currently just under 50 MW, so the DG capacity currently connected at Whiston Road 
is significantly short of the 5% of group demand threshold required to trigger evaluation of latent demand and DG contribution 
under ETR 130. However, given that fault level constraints are not currently binding at the substation, the following scenarios 
can be considered, where additional generators are added to the network:

 � Passive (maximum DG). An additional 9.60 MW of DG capacity could be connected at Whiston Road until fault level 
constraints are breached; and

 � Active dispatch (existing DG). With the same 9.92 MW of total DG capacity connected, ANM could be installed to control the 
dispatch of that generation (other than G1 and G3, which do not contribute to security of supply in any case), improving the 
contribution that it can make to security of supply. ANM used in this case study would increase the F-factor of the generators 
connected from c. 32% to c. 77%.

In both of these scenarios, it is assumed that the additional 9.6 MW of generation capacity is from 96 units of 100 kW, and 
the same F-factor is assumed as is calculated for the actual generator, G2. As discussed earlier, this may understate the 
increased F-factor that comes from a diversity of generators. The contribution to security of supply made by the generators is 
summarised in Table 18.
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Table 18: ETR 130 Approach 3 assessment for Whiston Road under passive management and 
with ANM

Passive Active dispatch

LTP capacity 
(MW)

Latent demand 
(MW)

F-factor Contribution 
(MW)

F-factor Contribution 
(MW)

Existing generation

G1 0.09 0.07 0.0% 0.0 0.0% 0.0

G2 0.20 0.15 32.3% 0.1 77.4% 0.2

G3 0.03 0.02 0.0% 0.0 0.0% 0.0

Additional DG making use of existing fault level headroom

HG1-96 9.60 - 32.3% 3.1 77.4% 9.6

Total 9.92 0.24 3.2 9.8

In both of these scenarios, DG can make a positive contribution to security of supply when additional generation is connected 
to the network, such that the reinforcement required at Whiston Road could be deferred. Under the passive and active dispatch 
scenarios, the need for reinforcement can be deferred from Winter 2023/24 to Winter 2025/26 and Winter 2031/32, respectively. 
Under the passive dispatch scenario, this deferral leads to a net benefit of £130k. The active dispatch scenario deferral results 
in a negative value of £6,225K. This is dependent on the owners of DG units relinquishing some control of their generators. 
The latter result in particular is heavily influenced by the number of additional generators and the cost assumptions for ANM. 
If the same capacity was added but from a smaller number of generators, or if some of the generators could be controlled in 
tandem, then the costs could be significantly lower, possibly resulting in a positive NPV. This result, along with the allocation of 
the benefit between the DNO and consumers, is presented in Table 19.

Table 19: Summary of NPV results for Whiston Road

Scenario Passive 
(maximum DG)

Active (dispatch of existing DG)

£k real 2012/13

Gross network benefit 655 2,358

DNO costs (525) (8,583)

Net network benefits 130 (6,225)
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7.3.1. Comparison of ETR 130 Approaches
Applying the three Approaches in ETR 130, with assumptions as described in chapter 6, gives overall results for Whiston Road 
as shown in Table 20.

Table 20: Comparison of ETR 130 Approaches for Whiston Road

Case Contributing DG 
capacity (MW)

Contribution with 
Approach 1 (MW)

Contribution with 
Approach 2 (MW)

Contribution with 
Approach 3 (MW)

Passive (existing DG) 0.32 0 0 0

Passive (maximum DG) 9.92 5.12 3.25 3.13

Active (dispatch of maximum DG) 9.92 - 6.96 7.55

For the Passive (maximum DG) case, ETR 130 Approach 1 produces a higher value of contribution for the same reasons of 
assumed versus measured availability as highlighted for Duke Street. Assuming more DG connects up to the limits of fault level 
headroom, ETR 130 Approaches 2 and 3 give very similar results whether for passive management or with ANM.

7.4. Discussion of results

Calculation of security of supply
The vast majority of DG connected to the London electricity network with a significant impact on security of supply is CHP and 
more specifically CHP with a cyclic mode of operation. PV systems tend to be too small (below 100 kW) to be considered for 
passive contribution to security of supply and they cannot be ”constrained on“ under an active management scheme. Diesel 
generators usually have an STP connection, so an upgrade to an LTP connection would be required before they can contribute 
to security of supply from the planning perspective considered here.

The analysis shows that the contribution of existing DG to security of supply is negligible in two out three case studies 
assessed. Only at Duke Street is there sufficient existing DG capacity to reach the 5% of group demand threshold for 
recognising contribution to security. In some cases, while there may be enough DG to recognise its contribution, that 
contribution is not enough to offset the latent demand that is also recognised. However, the analysis has shown how increases 
in DG capacity can mean a greater contribution to security, including possibly removing the need for load transfer schemes in 
some cases.

The results for the three case studies, based on the data available and assumptions made, demonstrate the enhancement 
in contribution made possible with active rather than passive management of DG. The ability to dispatch, or ”constrain on”, 
generation means that a much higher level of availability can be expected, with a corresponding increase in the contribution 
factor when assessing security of supply. Active Network Management (ANM) also facilitates the connection of more DG, 
which can then increase the overall contribution of DG to security.

The shape of the demand profile can be important. This can be characterised as an “n” shape, such as Duke Street’s in Figure 
38, or an “m” shape, such as King Henry’s Walk’s in Figure 39. The “n” shape is typical of Central London areas (e.g. offices) with 
the peak in the afternoon. The “m” shape is more typical of residential areas with peaks in the morning and evening. If there 
is high confidence that DG will operate through the day and help meet an “n” shape peak, then passive management may be 
sufficient. With an “m” shape profile, active management may be required to ensure DG turns on early enough and stays on 
late enough to satisfy the peak.
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Figure 38: Average network load curve at Duke Street primary substation
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Figure 39: Average network load curve at King Henry’s Walk primary substation
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ETR 130 Approaches
It is notable that the three ETR 130 approaches provide different results. In general, Approach 1 suggests higher contributions 
to security from DG. This is because the Approach 1 assessment performed here treats the DG in the case studies as being 
equivalent to the ”CHP sewage treatment using a Gas Turbine“ type in ETR 130, which is estimated to have an availability of 
80%. The availability values derived from the monitoring data in section 4.3, and used in the Approach 2 assessment, are 
lower than this. The lower availability observed in LCL is due partly to communications performance, but also because overall 
running times of CHP were lower than expected based on the normal daily start or end times. This reinforces the need to use 
data that is appropriate to the specific DG in question.

Approaches 2 and 3 give very similar results. Approach 2 requires specific data on the generation under consideration 
but nothing on demand. Approach 3 requires specific data on the demand and generation, but the dominant factor in 
determining contribution is the DG availability. The similarity of results suggests that an approach with look-up tables based 
on DG availability can be satisfactory. The validity of such results would be higher if look-up tables were customised for 
each substation or network area. Thus, rather than perform a full Approach 3 assessment for every DG that connects in an 
area, a customised look-up table for the area could be derived and used with each new DG. However, this must be done 
with care because presuming that all DG will operate a particular way may not always be appropriate.
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Cost-benefit analysis
The analysis has shown that in some cases DG can make a contribution to security of supply on the distribution network, 
deferring the need for reinforcement spend. However, the analysis also suggests that the circumstances where this 
contribution is material is substation specific. In many cases the contribution that DG could make to the network is limited by 
fault limit constraints. In other cases, full consideration of the security of supply contribution made by DG units is more that 
cancelled out by the latent demand that is currently not taken into account in network planning. If the contribution to security 
of supply is calculated under ETR 130, the latent demand should also be evaluated and taken into account. 

The trial findings documented and evaluated in this report have shown that improved monitoring of DG units can lead to one 
of two outcomes:

 � It can uncover a contribution made by DG assets, conferring a security benefit that can then be translated into cost savings; and

 � It can find that latent demand actually exceeds the contribution made by DG assets, meaning that reinforcement would then 
need to be brought forward to remain compliant with security standards. Whilst this results in additional cost, there is an uncosted 
benefit associated with keeping the network within its security limits.

Either way, as DG becomes increasingly material it is important that this role is more extensively monitored so that appropriate 
planning decisions are made with full knowledge of the impact of DG on the distribution network. 

There is also an opportunity to use ANM to improve the contribution made by DG, which could have value to the DNO, by using 
ANM to control the dispatch of that capacity, essentially using the DG as a form of Demand Side Response (DSR). In some of 
the case studies presented in this report, that value can be significant (e.g. up to £441k at Duke Street). However, the benefit 
available will vary greatly according to the specific situation at a substation, specifically the number of generators that require 
ANM equipment to be fitted, and the types and configurations of equipment required. This is illustrated by the significant loss 
when ANM is applied in our case study at Whiston Road. Gaining access to this benefit is dependent on installing ANM, which 
may be difficult for existing generators, who are unlikely to be willing to relinquish control of their capacity, without greater 
engagement and financial incentives.

Further value can be extracted when ANM is used to curtail STP generators, releasing the capacity that STP generators use 
against fault limit constraints (e.g. the net benefit available at Duke Street can be increased to £934k). In this case, ANM 
is fitted to new generation capacity that could not otherwise be connected at reasonable cost, and so it is likely to be less 
challenging to convince DG owners to consent to its use.
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8

Recommendations
This chapter presents recommendations on assessing the contribution of DG to security of supply based on the findings of the 
Low Carbon London (LCL) project. 

8.1. Passive management of DG
Passive management of DG is based on monitoring only to 
gain improved visibility and understanding of DG behaviour 
and thereby better inform network planning decisions.

 � Monitoring should be expanded, especially when new types 
of DG connect, with periodic review of behaviour where DG 
is critical to providing security. Increased network visibility, 
and specifically DG monitoring, is key to enhancing the 
contribution of DG to security of supply. Additional visibility 
helps unmask the latent demand being supplied by DG as 
well as providing insight into DG production profiles;

 � Enhance tracking of connected DG, including when DG is 
decommissioned or no longer operating as before. Up to 
date information is essential if DG is to be fully considered 
in assessing security of supply; and

 � Compiling an authoritative database with DG information, 
including typical availabilities and profiles, would provide 
the additional confidence and accuracy required to make 
the most of the contribution of DG to security of supply.

8.2. Active management of DG
Active management of DG is based on monitoring and 
control to enhance the expected availability of DG and 
thereby recognise higher contribution factors when 
assessing security of supply.

 � Collection of data should be extended to reviewing the 
behaviour of DG under active control so that further 
confidence can be gained in terms of characteristics, 
such as response time and reliability. Understanding DG 
behaviour under active management builds on increased 
monitoring, tracking and cataloguing of DG behaviour. 
This is important in deriving availability values or other 
information to use in assessing security of supply;

 � Active management of DG could be considered to 
enhance security of supply as detailed in Table 23;

 � As with all new forms of control, it is important to 
evaluate risks thoroughly and identify mitigation 
measures. Risks with ANM are primarily associated with 
component or communication failures. Mitigation to these 
risks is failsafe functionality that enforces predefined 
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behaviour to ensure safe operation and maintain network 
performance as far as possible;

 � Review the suitability of different network areas to help 
determine where active management of DG might be 
most applicable. The applicability of active management 
of DG depends on both the terms of DG itself and the 
area of network to which it is connecting (or already 
connected). There is no minimum size on suitable DG 
from a technical perspective although the commercial 
realities, including the cost of ANM infrastructure, means it 
will not always be a cost effective option;

 � Stakeholder engagement must continue to fully understand 
all business implications of DG active management. 
For example, planning engineers need to compile new 
types of information and perform new types of studies 
to fully understand the impact of actively managed DG. 
Control room engineers and others must be consulted 
to determine if there are operational reasons why active 
management is not suitable for a given location; and

 � Explore the opportunity to provide other services for the 
system operator such as voltage and frequency control 
where ANM is introduced.

8.3. Methodology and information flows
There are various implications for methodology and 
information flows including stakeholder engagement and 
commercial agreements.

Connection offers
 � Adapt connection processes to account for the possibility 

of active management, or any additional monitoring 
required with passive management, when a new DG 
applies for connection. In some cases, new processes 
could require engagement with existing DG due to their 
capacity and strategic location;

 � Understand and communicate the business case for 
participating in these new schemes to customers. 
Previous work shows that successfully engaging owners, 
developers, manufacturers and consultants is key for 
explaining the difference of a regular connection to an 
actively controlled DG connection [Ref. 11]; and

 � Future scenarios could consider how DG may be 
encouraged/incentivised to locate in a specific area where 
load is forecast to exceed firm capacity in the future. 

Commercial arrangements
 � Discuss decomissioning requirements such as notification 

unlocking network capacity, specifically for customers 
under passive or active management schemes. Currently, 
the initially contracted network capacity stays reserved 
and there is no way of releasing this capacity back to the 
network for other DG to use. Good communication and 
collaboration between the Connections, Planning, Control 
Room and Legal departments is required to have clear 
visibility of the most recent and active DG penetration 
capacity on the network; 

 � Consider revising commercial arrangements for passive 
management of DG to account for the monitoring 
requirements (e.g. provide output data periodically). 
The following topics should be considered: ease of 
installation of the monitoring equipment, access to the 
monitoring equipment, communications, maintenance, 
data exchange, data security, data privacy, incentives/
compensations to DG owner required, data storage and 
analysis processes so that the best use can be made. It 
may be useful to explore if these requirements could be 
applied to existing DG, as well as integrate them into a 
revised connection offer template for new DG; and

 � Active management of DG should be commercially 
attractive for the DG owner and provide a service that is 
useful to the network.

 — Consider commercial constraints on the service: 
Identify the number of events per day/week/season 
needed to meet the requirements of the particular 
network location, and diversify the customers to 
have connections that are commercially viable for the 
provider and that are within the reasonable cost for 
the DNO. Consider lifetime of assets in the network; 
there may be cases where an increased utilisation, and 
hence decrease of lifetime of assets, can be preferred 
to increased costs via demand response or DG services.

 — Consider exploring the relationship between DG 
getting access to the network and DG providing 
an enhanced contribution (i.e. via passive or active 
management schemes).
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Table 23: Use case recommendations

Use Case Description Recommendation / Implications

Advance DG 
operating 
schedule to 
offset demand

DG can be used in the management of planned 
outages to offset demand in an area where supply 
capacity will be restricted. This can be done by 
setting operating schedules in advance according 
to the timescales appropriate to each DG, e.g. 
minutes, hours or days ahead. 

It may be practical to schedule outages around the 
availability of DG to provide support. 

Consider the speed of response and the maximum event 
length, as well as other commercial constraints (e.g. 
number of events).

Real-time DG 
control to offset 
demand

This involves measuring power flow at a critical 
location and increasing DG output as demand 
rises, thereby maintaining the net power flow 
into a given area below certain limits.

Technical requirements include both ANM infrastructure 
and DG real-time control functionality. DG would be 
configured in this real-time control mode:

 � At all times as part of normal network management 
and thereby contribute to security from a planning 
perspective, or 

 � Only be set to real-time control mode during outages 
or other non-standard running arrangements to 
enhance security under those conditions.

Post fault DG 
dispatch by 
Control Room

Given whatever condition the network is in 
(normal, intact conditions or during an outage), 
the next possible loss of equipment is what must 
be guarded against. Control Engineers already call 
upon DG in certain circumstances by requesting 
that they operate or change their operating 
position following some disturbance.

ANM infrastructure provides the means by which 
Control Engineers can use DG resources more quickly 
and readily, automating or enhancing response in what 
currently requires person-to-person contact and human 
intervention on the DG side.

Post fault 
DG dispatch 
automatically

ANM control of DG could be pre-approved by the 
Control Room and Planning department. ANM 
schemes would be configured so that in the event 
of a given outage, DG is automatically brought 
online or has its power output ramped up to 
enhance security in a given area of network.

It is important to address concerns about ANM making 
counter-productive responses to outages, so design of 
such schemes would have to be done very carefully.

Automatic 
reconnection 
following 
disturbance

When an outage causes a power cut, even 
if it is only for a few seconds, connected DG 
will be disconnected by its protection. Short 
interruptions in supply (i.e. less than 10 minutes) 
are necessary to reconfigure and restore 
supplies.

DG can also be tripped by disturbances that 
do not result in loss of supply, e.g. voltage 
dips. Depending on the size of DG and the 
circumstances of their connection, tripped units 
may attempt to reconnect automatically after 
a delay or they may seek permission from the 
Control Room before reconnecting. 

ANM could facilitate certain DG units to reconnect as 
soon as supply is restored, ramp up their power output 
and thereby enhance the security of supply in the area 
of network affected by the outage. 

ANM would be configured to autonomously instruct (or 
permit) reconnection according to defined conditions. 
Reconnection could be achieved much more quickly 
than by Control Engineer intervention. Controlled DG 
would need to be able to provide response quickly and 
reliably. However, this approach must take account of 
STP generation, which will have started running during 
any power cut and will synchronise with the network 
when supply is restored. 

ANM could monitor the status of all generators in an 
area and help ensure fault levels are kept within limits.

 —
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Business requirement
There will be a requirement to revise the skills and tools 
used within the DNOs for implementation of these new 
schemes. This includes data storage, data analysis, training 
on ANM, marketing, client liaison, recruitment and ongoing 
financial settlement.

8.4. Assessing the contribution of DG to 
security of supply

ER P2/6 defines the requirements for security of supply that 
inform network planning. ETRs 130/131 provide guidelines 
on how the contribution of DG to security of supply can be 
accounted for.

A review of the ETRs 130/131 guidelines is recommended with 
a revised scope focused on maximising the use that DNOs 
could make of the contribution of DG to security of supply 
based on current DG penetration and utilisation profiles. 
Approaches 1 and 2 in ETR 130 are based on limited data 
collated in 2004 from DG technologies considered mature at 
the time, such as landfill gas and waste incinerators. 

The vast majority of DG connected to the London 
electricity network with a significant impact on security 
of supply is CHP.

De-minimis criteria
 � DNOs are recommended to re-interpret the de-minimis 

criteria in ETR 130 in the same way as done in this report. 
The purpose of the existing guidance was to simplify the 
assessments and avoid the inclusion of small amounts 
of DG that could be hidden in the noise of the network 
measurements. However, as the LCL data and modelling 
in this report shows, the increasing penetration of small 
DG can be important, especially in dense urban networks 
such as London. The minimum size of the generators to 
be considered for passive/active management should be 
assessed for specific cases. DNOs should continue to use 
their discretion in applying the de-minimis thresholds, 
recognising that connecting more DG cannot mean that 
a network area goes from being compliant with P2/6 to 
being non-compliant.

Calculation methodology
 � The contribution of DG could be considered higher for an 

increased number of units but not limited to a site, rather 
to the distribution network area being considered. The 
current methodology states that increased number of 

units in a site provide more contribution than those same 
units being installed in different independent sites. This 
is justified when comparing one large generator to two 
small ones in the same site. However, when comparing 
two small generators in the same site to those in different 
sites, it could be argued that the diversification of DG 
location can reduce risks of fault, potentially increasing the 
contribution to security of supply.

 � The revised recommendation should provide guidelines 
and examples when assessing DG contribution to 
security of supply with fault level/voltage as the binding 
constraints. ETRs 130/131 provides guidelines focused on 
assessing the DG contribution to security of supply within 
network thermal constraints.

 — The tables provided in ETR 130 Approach 1 should be 
updated considering the current technologies in use, 
the different modes of operation and seasonality. ETR 
130 Approach 1 is useful for a DNO to have the option 
to use look-up tables for cases where no information/
data from the DG is available. Some updated tables 
could be provided within a revised version of ETR 130, 
or each DNO could use a detailed approach (currently 
ETR 130 Approach 3) to produce simple look-up tables 
for its own use, fit for purpose based on the DG 
portfolio and network characteristics of the distribution 
network in question; and

 — A revised methodology (e.g. an updated spreadsheet-
based tool) would help recognise the contribution 
that DG makes to security of supply by considering 
the time correlation between load and DG output and 
recognising the higher confidence provided by the use 
of active management schemes.

Practical approach for DNOs
 � Review the typical DG profiles proposed in this report to 

improve their accuracy and use as a guideline to calculate 
updated look-up tables when no specific data is available;

 � Where possible, derive look-up tables that are 
representative of the distribution network area being 
assessed, which can then be easily applied; and

 � Regularly review, every 6 months or annually, the data 
and assumptions underpinning the contribution of DG to 
security of supply.
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8.5. Conclusions
The analysis and recommendations in this report 
complement the lessons learned from the ANM trials run 
within the LCL project.

The LCL trials have proved the technological feasibility of 
using ANM to manage DSR services. The ANM system has 
proved to be very flexible in its support for a varied range of 
interfaces with DG. Within LCL, the ANM system interfaced 
with a wide range of devices not previously used in systems 
of this type, such as commercial DSR aggregators, building 
management systems (BMS), and various CHP control 
systems, as well as EV charging network operators [Ref. 3]. 
The trials also implemented new types of ANM connections 
to measurement equipment and the DNO’s remote 
terminal units.

A number of technical areas for improvement were 
identified over the trials, particularly regarding the 
communications and interfaces. Despite ANM’s flexibility, 
the existing portfolio of DG includes older units with control 
systems that do not offer a usable or practical interface 
to external systems such as ANM. The communications 
between ANM and DG units over GPRS proved to be limited 
and difficult to implement, with extension and high-gain 
antennas required to overcome problems with signal 
strength in DG locations. Alternative communication systems 
must be considered for ensuring the required reliability for 
implementing ANM as a business as usual solution.

Although DG owners and other stakeholders generally 
understand the potential to use their sites for network 
support, both technical and financial barriers excluded them 
from the trials. In addition, there is a lack of understanding 
on how the technology is implemented and its financial 
implications. In some cases, the financial incentives offered 
did not match the customers’ expectations.

The recruitment process highlighted the need to 
ensure that all the required stakeholders were part of 
the discussions. For example, facilities managers and 
consultants are required to assess the technical feasibility, 
but higher management should also be involved to take 
the final decisions on participation. 

This report adds the pragmatic, strategic thinking on the 
future implementation of ANM-enabled DSR from a DNO 
perspective. Crucially, it explores the potential contribution 
of the growing volume of DG to security of supply and 
how ANM DSR solutions could be implemented to enhance 
that contribution.

As observed over the LCL trials, recruitment and commercial 
agreements between DNOs and customers are critical. 
DNOs require a service with a level of availability and 
predictability equivalent to network-side solutions, which 
may clash with the customers’ own requirements on their 
DG units and their ability to provide the service to the DNOs. 
Good communication between stakeholders is key so that it 
is attractive to all parties involved.
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Appendices 

Appendix A – Cost-Benefit Analysis Assumptions

Assumption 
heading

Assumption value How / where is assumption used in CBA analysis?

Reliability of DG installations

ETR 130 
contribution of DG 
installations

Approach 3, ETR 130 The Excel-based application described by ETR 130 and ETR 131 is used to 
evaluate the contribution to security of supply of DG installations that can be 
counted under P2/6.

Monitoring and control of DG

Monitoring 
equipment

£6,000/site This cost is a midpoint of the costs expected to be incurred in monitoring 
DG installations. This cost is incurred when monitoring generators so that 
appropriate profile data can be collected to calculate the ETR 130 contribution 
to security of supply. It is assumed that the monitoring equipment is put in 
place in the first year of ED1 (2015/16), or in the case of STP generators from 
the year when monitoring starts so that STP-related fault level capacity can 
be released. This is assumed to be incurred in addition to ANM costs where 
ANM costs are also incurred, although ANM costs are always incurred later, 
when a network constraint leads to a business case for installing ANM. The 
cost assumption is used as an input to the NPV analysis in evaluating the 
net benefit of the security of supply contribution made by DG installations. 
Associated opex is assumed to be negligible.

ANM central 
control equipment

£32,500 per site where 
DSR is controlled using 
ANM 

This is a cost assumption, based upon quotes for ANM solutions, that is used 
in the NPV analysis. The cost relates to the central ANM controller required 
to control LTP DG units (e.g. to dispatch generators or to curtail non-firm 
generators). This cost is expressed per contract/site as we understand that 
several schemes could be controlled by a single central control unit. It is 
assumed that there are 10 schemes per control site. However, we note that 
ANM solutions can in practice be heavily tailored and therefore costs can 
vary greatly.
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Assumption 
heading

Assumption value How / where is assumption used in CBA analysis?

ANM site control 
equipment

£17,500 /site An additional cost assumption, also derived from past quotes for ANM 
equipment, represents the cost of the ANM equipment at the site level 
required to fully control dispatch and/or curtailment of DG. This cost estimate 
can also vary greatly depending on the specific requirements.

Opex ratio on 
variable overhead 
costs

20 % Additional ongoing opex costs are incurred to maintain the ANM control 
equipment. Based upon information from quotes for ANM equipment, it is 
assumed that these costs are 20% of the original capex spend, per annum. 
Given that this is emerging / new deployment of technology, the assumption 
will be subject to change depending on site specific requirements.

Fixed overhead costs for enhanced security of supply contribution using DSR

Assumed number 
of schemes to 
recover overheads

75 substations across 
LPN, EPN, SPN

Through the CBAs presented in this document, we evaluated the security of 
supply contribution of DG installations at individual substations independently. 
In order to complete this analysis it is necessary to assume a number of 
substations over which overhead costs (for monitoring and controlling DG) 
should be spread. From the analysis presented in Learning Report 7 we 
assumed that there are c. 50 substations in LPN, and a similar number across 
SPN and EPN, where DG capacity is >5% of substation firm capacity and 
hence a contribution to security of supply could be assessed under ETR 130. 
Further, it is assumed that at c.50% of these substations a higher security of 
supply contribution can be achieved through using ANM.

System changes £ 150,000 UK Power Networks’s existing control room system allows for representation 
of and control of DG installations. This cost relates to the time required to 
set up new symbols and settings in that system. It is only incurred when 
updating control systems and processes so that ANM can be used. The cost 
is estimated based upon a similar system update exercise carried out by UK 
Power Networks previously. This cost, shared over the 75 schemes, is an input 
to our NPV analysis.

Process 
design and 
implementation

£ 150,000 A further overhead cost is assumed to be incurred, which relates to a review 
and re-design of control room processes, which would need to give control 
engineers clear guidance on when and how ANM should be used to curtail 
STP generators, and on how ANM should be used to control the dispatch of 
LTP generators. The cost is only used in scenarios where ANM is deployed. 
The cost is again shared over the assumed 75 schemes and used as an input 
to our NPV analysis.

Opex ratio on 
fixed overhead 
costs

0 % We assume that there are no ongoing opex costs associated with either of 
these overheads. Overall system opex costs are assumed to be unchanged by 
the upgrade required, and no ongoing cost is attributed to the process design 
costs, though this assumption will be reviewed following the completed 
policy and procedure design.

Economic parameters

Discount rate 3.5% ( <= 20years) 
3% ( > 20years)

Results presented in this report have been based on the discount rate adopted 
in UK Government and Ofgem CBAs. Note that the DNO will normally see a 
higher benefit because its cost of capital Will normally be higher than this rate

Asset life 
(reinforcements)

45 years It is assumed that reinforcement spend is financed over a 45 year period, in 
line with the economic life over which depreciation is charged under the RIIO 
price control 

Asset life (capex 
overheads)

15 years It is assumed that capex overheads, such as system upgrades and investment 
in new processes, are financed over a shorter period of 15 years
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8. Engineering Technical Recommendation 131, Analysis 
Package for Assessing Generation Security Capability – 
Users Guide, ENA 2006.

9. Low Carbon London – Report A4, Guide to Industrial 
& Commercial Demand Side Response for outage 
management and as an alternative to network 
reinforcement, September 2014, UK Power Networks

10. Low Carbon London – Report A9, Facilitating the 
connection of distributed generation, September 2014, 
UK Power Networks

11. Low Carbon London – Active network management 
research, April 2012, Accent

12. Low Carbon London – Active Network Management trial 
report, September 2014, UK Power Networks

13. Low Carbon London – Report B5, Opportunities for smart 
optimisation of new heat and transport loads, September 
2014, UK Power Networks
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Glossary

ANM Active Network Management GSP Grid supply point

BMS Building Management System HH Half-hourly

BST British Summertime I&C Industrial and commercial

C2C Capacity 2 Customers ICL Imperial College London

CBA Cost-benefit analysis KHW King Henry’s Walk primary substation

CCGT Combined cycle gas turbine KW Kilo-Watt

CHP Combined heat and power KwH Kilo-Watt-Hour

CI Customer interruptions LCL Low Carbon London

CLNR Customer Lead Network Revolution LCNF Low Carbon Network Fund

CML Customer minutes lost LCT Low Carbon Technologies

DER Distributed Energy Services LPN London Power Networks

DG Distributed generation LRE Load related expenditure

DNC Declared Net Capacity LTP Long-term parallel

DNO Distribution Network Operator MVA Mega-Volt Amps

DSO Distribution System Operator MW Mega-Watt

DSR Demand side response MwH Mega-Watt Hour

DUKE Duke Street primary substation NPV Net present value

ED1 / ED2 Electricity Distribution price control periods (2015-
23 and 2023-31)

PLE Planning load estimates

ENA Energy Networks Association PV Photovoltaic (Solar Panels)

ER Engineering Recommendation SBP Standby Backup Generators

ER P2/6 Engineering Recommendation P 2/6 (distribution 
licence condition)

SCO Second circuit outage

ETR Engineering Technical Report STP Short-term parallel

ETR 130 Engineering Technical Report 130 UPS Uninterruptible Power Supply

ETR 131 Engineering Technical Report 131 WHSR Whiston Road primary substation

FCO First circuit outage

F-factor Ratio of capability of DSR to rated capacity of DSR

FIT Feed-in-Tarriff

66  |  66  | Appendices



Instrumenting  
a Smart Grid Electrification of heat

ANM/network operation Electrification  
of transport

Dynamic Time  
of Use tariff Energy efficiency

Demand Side  
Response – demand

Demand Side  
Response – generation

Smart meter Network planning

Distributed Generation
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Project Overview
Low Carbon London, UK Power Networks’ pioneering learning programme funded by Ofgem’s Low Carbon Networks Fund, has 
used London as a test bed to develop a smarter electricity network that can manage the demands of a low carbon economy 
and deliver reliable, sustainable electricity to businesses, residents and communities. 

The trials undertaken as part of LCL comprise a set of separate but inter-related activities, approaches and experiments. They 
have explored how best to deliver and manage a sustainable, cost-effective electricity network as we move towards a low 
carbon future. The project established a learning laboratory, based at Imperial College London, to analyse the data from the 
trials which has informed a comprehensive portfolio of learning reports that integrate LCL’s findings. 

The structure of these learning reports is shown below:

A1 Residential Demand Side Response for outage management and as an alternative  
to network reinforcement  

A2 Residential consumer attitudes to time varying pricing
A3 Residential consumer responsiveness to time varying pricing
A4 Industrial and Commercial Demand Side Response for outage management  

and as an alternative to network reinforcement
A5 Conflicts and synergies of Demand Side Response
A6 Network impacts of supply-following Demand Side Response report
A7 Distributed Generation and Demand Side Response services for smart Distribution Networks
A8 Distributed Generation addressing security of supply and network reinforcement requirements
A9 Facilitating Distribution Generation connections
A10 Smart appliances for residential demand response

Distributed 
Generation and 

Demand Side 
Response

Network Planning  
and Operation

C1 Use of smart meter information for network planning and operation
C2 Impact of energy efficient appliances on network utilisation
C3 DNO Learning Report on Network impacts of energy efficiency at scale
C4 Network state estimation and optimal sensor placement
C5 Accessibility and validity of smart meter data

Electrification of  
Heat and Transport

B1 Impact and opportunities for wide-scale Electric Vehicle deployment
B2 Impact of Electric Vehicles and Heat Pump loads on network demand profiles
B3 Impact of Low Voltage - connected  low carbon technologies on Power Quality
B4 Impact of Low Voltage - connected  low carbon technologies on network utilisation
B5 Opportunities for smart optimisation of new heat and transport loads
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