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Executive Summary
This learning report outlines a robust deployment strategy for how Distribution Network Operators
(DNOs) can utilise Demand Side Response (DSR) services in order to defer capital expenditure or to
manage network constraints during construction and maintenance outages. This approach has been
validated through real-world experience within the Low Carbon London (LCL) project and includes
consideration of:
 The risk weighted contribution of DSR to network security;
 Compliance with the philosophy of the current network security standards (ER P2/6 and ETR130); and
 The DSR capabilities available from the Industrial & Commercial (I&C) customer market.
This report also demonstrates that the deployment of DSR has the potential to deliver financial benefits
to both customers and DNOs and to provide network planning and control engineers with a new option
to manage network constraints.
A new set of reliability factors
that can be used to assess the
contribution of DSR to security of
supply has been derived based on
real performance data

Security of Supply
Utilising the DSR event data from the LCL trials, this report presents a methodology
for assessing the contribution of DSR to security of supply. A new set of reliability
factors – or “F-factors” – have been derived using a similar approach to the Energy
Network Association’s technical report ETR130. These factors represent the ratio
of the capability of DSR to the rated capacity of DSR and will provide DNOs an
understanding of the amount of “over-procurement” likely to be required to ensure
the necessary response will be delivered.
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This DSR reliability analysis has resulted in F-factors as shown overleaf. For
example, a substation being supported by a typical portfolio of diesel generator
sites can claim 75% of their nameplate capacity to take into account late responses,
fluctuations in output and occasional plant failures. DNOs may also require DSR
portfolios to be sized to be able to deliver the required response even if the largest
single DSR provider does not respond to the event dispatch, for example, procuring
N+1 sites in the portfolio to mitigate for the most probable non-compliance scenario.
DSR Type

Number of DSR facilities
1

2

3

4

5

6

7

8

9

10

Diesel

70%

72%

75%

77%

78%

79%

79%

80%

80%

81%

CHP

69%

72%

74%

76%

77%

78%

78%

79%

79%

80%

Demand Reduction

54%

58%

61%

62%

62%

63%

63%

63%

63%

64%

DSR has the potential to deliver
financial benefits to both customers
and the DNO

Cost Benefit Analysis (CBA)
A detailed CBA for each type of DSR use case scenario is presented here showing
that DSR has the potential to deliver financial benefits to both the DNO and
customers. Savings are presented both in headline terms over the next regulatory
price control period, and also viewed on a strict Net Present Value basis for current
and future customers over the entire life of the network equipment.
In one of the specific case studies, savings of £12.2m in the ED1 period could be
achieved when implementing DSR to defer a planned reinforcement scheme. This
accounts for £928k of net benefits over the entire life assessment. The potential
benefits vary depending upon the existing substation load capacity/load profile
and the forecast demand growth. Extrapolative analysis has shown that the
net benefits from applying DSR to defer reinforcement are generally higher for
substations with a low load factor, specifically substations with less frequent and
shorter peaks.

Case Study/Benefit
Deferring Reinforcement
Mitigating capacity shortfalls ahead of
reinforcement
Network upgrade or reconfiguration works

NPV

DNO Benefit

Consumer
Benefit

Headline Saving

£928k

£601k

£369k

£12,246k

£8k

£5k

£3k

£11k

-£86k

-£48k

-£33k

-£94k
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DSR Strategy
Early market assessments and
customer engagement is required
to understand the ability and
willingness of potential DSR providers
to support specific network sites.

To maximise the potential DSR response, DNOs should seek to contract DSR
services from as many sources as possible. For example, both demand and
generation-led sources of DSR should be considered. Early customer engagement
is required for DNOs to make DSR deployment decisions. These decisions will
be based on the level and type of response that could potentially be contracted
at each substation. This is especially important because DSR providers must be
connected to the substation in question in order to provide capacity services.

Procurement of DSR services takes
a considerable amount of time and
resource

DSR service contracts should be available for single and multiple scheme DSR
providers and made either directly (DNO to provider) or via aggregators. LCL
experience in managing such contracts has led to the detailed recommendations
for DSR commercial structures and clauses that are presented in this report.
Procuring such DSR services takes a significant amount of resources and time and
must ensure that the technical requirements and compliance of the portfolio are
met at an efficient cost. This should be considered as part of setting the
market engagement strategy and resources should be allocated accordingly.

Post-fault dispatch of DSR delivers
greater financial benefits though prefault dispatch carries lower
technical risk

The CBA results show that a strategy of dispatching DSR events post-network fault
delivers greater financial benefits to both customer and the DNO than pre-fault
dispatch. Using a pre-fault dispatch strategy requires many more DSR events to
be initiated, in case a network fault occurs. Because post-fault dispatch is required
fewer times in a year, it is also more likely that the DNO will be able procure
the required amount of DSR, and in fact pre-fault DSR service volumes may not
be available from the market for all network sites. However, there are some
technical barriers to managing some sites with a post-fault dispatch strategy, such
as ensuring network assets can safely operate in outage conditions for the time
required to dispatch and activate DSR services. The Low Carbon London trials have
provided valuable confidence for such schemes by demonstrating high response
performance rates across all of the 37 trial sites, all responding within 30 minutes
and in some cases 3 minutes.

Overall Conclusion
Low Carbon London has demonstrated that DSR can be implemented to
successfully deliver financial benefits to both customers and the DNO. In addition,
DSR provides planners and control engineers with another option to mitigate
network constraints.
DSR has been shown to have significant potential for delivering financial benefits
when deferring planned reinforcements. In addition the use of DSR can benefit the
distribution network more widely when used to manage load growth uncertainty,
construction inter-dependencies, and other technical risks.
Finally, the potential benefits of DSR need to be assessed on a case by case basis
to ensure that they can be realised when implementing DSR as part of Business as
Usual (BaU).

deployment of DSR
has the potential to deliver
financial benefits to both
customer and DNOs
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1
Introduction
1.1 Purpose
This report provides the key learning points generated
from the Low Carbon London (LCL) project in relation to the
practical application of Demand Side Response (DSR) for
managing maintenance and construction outages and as an
alternative to network reinforcement. These learning points
specifically relate to Industrial and Commercial (I&C) DSR
providers in the London Power Network licence area.

1.2 Background
This document has been structured to share the learning
outcomes from the LCL project and outlines the steps
UK Power Network has taken to utilise the knowledge
generated from the trials in order to:
 Identify and assess potential DSR deployments;
 Quantify the financial benefits which demand response
with I&C customers can provide;
 Assess the scale of opportunity for DSR; and
 Develop its strategy for the deployment of DSR.

The information in this document has been presented in
order to develop an overall guide to the deployment of DSR
schemes and to enable other DNOs to utilise it within their
licence area. Therefore the focus for the content provided
is on informing associated business strategy for DSR, which
can be used by other DNOs, rather than information that is
specific to the LPN licence area.

1.3 Target Audience
The target audience for this report is other DNOs that are
seeking to implement DSR on their network(s) and also
aims to provide useful strategy information to other
external DSR stakeholders such as demand aggregators
and DSR providers.
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1.4 Report Structure
The structure of this document is as follows:
 Chapter 2: Demand Side Response – Provides an overview
of DSR services including: a definition of DSR, types of DSR,
DNO drivers to recruit DSR, technical design specifications
and DNO costs for introducing DSR.
 Chapter 3: Approach – Outlines the steps that were taken to
generate the learning points presented in this report.
 Chapter 4: LCL Trials – Provides an overview of the trials that
were completed and how the learning outcomes from these
trials was used within the approach.
 Chapter 5: Use Cases – Identifies the DSR use cases that
have been considered within this report.
 Chapter 6: Site Selection – Outlines a process for assessing
and selecting potential DSR sites and the associated data
requirements.

key learning points
generated from the Low Carbon
London (LCL) project in relation
to the practical application of
Demand Side Response (DSR)
for managing maintenance and
construction outages.

 Chapter 7: Use Case Assessment – Presents two worked
use case examples for the LPN license area and provides an
overview of the macro model tool that was developed by
the programme.
 Chapter 8: Security of Supply – Outlines the approach that
was taken to assess the security of supply for future
DSR schemes.
 Chapter 9: Cost Benefit Analysis (CBA) – Provides an
overview of the CBA tool and presents two worked examples
for the LPN licence area.
 Chapter 10: Scale of Opportunity – Outlines how the scale of
opportunity for DSR was determined for the LPN licence area.
 Chapter 11: DSR Strategy Development – Outlines a high
level DSR strategy based on the information presented in
this report.
 Chapter 12: Summary – Summarises the key conclusions,
recommendations and lessons learnt.
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2
Demand Side Response
2.1 DSR Background

2.1.3 Automated DSR

2.1.1 Definition

 Direct load control: Remotely controlled devices on plant
(e.g. Heating, Ventilation, Air Conditioning (HVAC) system)
that enable DNOs to directly control certain loads. This
provides the potential to switch loads off during peak
periods or increase demands at times of high supply.
Direct load control can help grid balancing and reduce
peaks and troughs in demand by controlling non-critical
loads for short periods without a noticeable loss of
service;

DSR relates to any programme that motivates customers to
alter their electricity consumption [Ref. 1 and 2]. Consumers
are rewarded either through direct payments received in
return for changing their energy consumption, or through
reduced energy bills. The participation of customers may
involve active behavioural change (i.e. they manually alter
their energy consumption in response to an instruction
from a third party) or passive responses (i.e. activated
automatically by on-site equipment in response to a signal
sent by a third party, or alternatively remotely controlled by
the third party).

2.1.2 Types of DSR
DSR can be realised through a number of specific methods
to best suit the interests of different stakeholders. Element
Energy has developed a classification of the presently
available frameworks for DSR which can be divided into
three main categories, each with different options: (i)
automated; (ii) contract; and (iii) tariffs [Ref. 3].

 Dynamic demand control: Devices that control any timeflexible electrical load (e.g. refrigeration). Such devices
have the ability to switch load on and off in response to
changes in the frequency of electricity supply. Dynamic
demand control can support the grid by regulating the
system frequency [Ref. 4]; and
 Building management systems: Control of specific
electrical loads and energy consuming equipment in a
building (e.g. lighting, acclimatisation).
It is also possible to automate DSR services for reserve
services (see definition).
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2.1.4 Contract based DSR
 Interruptible load contracts: Contracts to support system
reliability by enabling DNOs to interrupt supplies to certain
customers (e.g. during outage conditions of an asset).
These contracts tend to be more prevalent with Industrial
and Commercial (I&C) electricity customers;
 Reserve services: Contracts with National Grid for the
provision of ancillary services to balance supply and
demand in the GB electricity system. Demand and
response services include, for instance, fast reserve, Short
Term Operating Reserve (STOR), etc. [Ref. 5];
 Triad management: Triads are the three half hour
periods that coincide with the peak electricity demand
periods within the year. These hours are not known
in advance, but can be forecast as they typically occur
during late afternoon/early evening on cold winter week
days. DNOs pass Triad charges on to their customers for
using the network. Triad management involves reducing
consumption during expected peak periods in order to
minimise the charges; and
 Distribution use of system (DUoS) charge
management: DUoS charges are levied on consumers
to cover the cost of using the distribution network. DUoS
management encourages reducing localised peak demand
and/or reducing consumption during peak periods when
unit charges are higher. For example, it may be possible
to reduce HVAC loads, dim lights in certain sites, etc.

2.1.5 Tariff based DSR
 Time of use (ToU) tariffs: ToU tariffs involve varying
the price of electricity throughout the day to encourage
electricity consumers to shift their demands to off-peak
periods characterised by lower prices of electricity;
 Critical peak pricing: this is a form of ToU tariff in which
a pre-designated peak price is imposed for consumption
during periods specified by the DNOs as a critical peak; and
 Real-time or dynamic pricing: such contracts allow
electricity prices to be varied frequently (e.g. hourly)
generally reflecting wholesale electricity costs. Typically
price signals are provided to consumers in advance.

2.1.6 DNO Drivers for Introducing DSR
The key driver for introducing DSR programmes at the
electricity distribution level relates to the prospect of
increasing the efficiency of network investments through
optimising the use of the existing network infrastructure or
deferring or avoiding investment in new assets.
The situations where DSR can be deployed include:

 Facilitating outage management, where the network is
going through a period of known reduced capacity;
 Managing network constraints following a fault; and
 Relieving thermal constrained power transfer problems.
There are a number of specific drivers that accelerate the
deployment and application of DSR programmes such as
the challenges associated with the increasing demand for
electricity, in particular that associated with the uptake of
low and zero carbon technologies such as Electric Vehicles
(EVs), Heat Pumps (HPs), and distributed generation
resources such as Combined Heat and Power (CHP) and
Photovoltaics (PVs).
As identified in its RIIO-ED1 Business Plan [Ref. 6], UK Power
Network’s primary drivers for the implementation of DSR
over the period 2015 to 2023 are to defer reinforcement
costs, mitigate against shortfalls in network capacity ahead
of reinforcement, or to manage planned outages.
Inverter-connected battery storage can perform an
equivalent role to DSR, but across a wider range of
challenges including voltage control, power quality
and frequency regulation.

2.1.7 DNO Costs for Introducing DSR
A comprehensive overview of the costs associated with
DSR is presented by the United States Department of Energy
(DOE, 2006) [Ref. 2]. In this sense, the costs of introducing
DSR can be generally divided into two main groups: (i)
“participant” costs; and (ii) “system” costs. Thus, individual
customers that alter their electricity consumption patterns
in response to a signal incur participant costs, whilst DSR
programme administrators incur system costs develop,
operate and maintain the infrastructure required to realise
DSR. Note that third party aggregators are not separately
identified here but would in practice share both some of
the provider and administrator costs.
Based on the variety of costs presented by Department of
Energy (DOE) and considering the DNO viewpoint on the
use of DSR to avoid or defer network investment and for
outage management, the costs incurred by the DNO can
be distinguished as “setup”, “standing”, “availability” and
“utilisation” costs. These costs can be defined as follows:
 Setup costs: the costs of initial upfront expenses incurred
by the DNO relating to the development of infrastructures
required to deliver the DSR programme, such as the
development of Information and Communications
Technology (ICT) infrastructure and legal agreements;
 Standing costs: the costs of ongoing expenses incurred
by DNOs relating to the operation and maintenance of
infrastructures required to deliver the DSR programme;
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 Availability costs (£/MW/h): the costs paid to service
providers to make a certain level of demand (MW) at their
unit/site available for the DSR service for a certain number
of hours (h) defined as the availability time period; and
 Utilisation costs (£/MWh): the costs paid to service
providers for the energy delivered as instructed by the
DNO network. This can include the energy delivered in
ramping up to and down from the contracted MW level.
Costs are typically settled per MWh to reflect fluctuations
up and down in delivered demand.
The notation of £/MW/h is used to distinguish payment
by MW and by hour from payment by metered energy
delivered (MWh).

2.2 LCL DSR Context
The LCL trials contracted with both generation and demandled I&C customers for DSR services. Customers were
contacted directly and via automated systems to request a
DSR response within an agreed demand window. As part of
the trials no interruptions to customer supplies or alterations
to connection agreements were enacted. In order to procure
DSR services I&C customers entered into an ancillary services
agreement and were offered availability and utilisation
payments to take part in the trials. It is noted that there are
a number of ways in which DSR can be procured. There are
alternatives to the approach taken in the LCL trials. In the case
of trials for the Flexible Approaches for Low Carbon Optimised
Networks project Western Power Distribution (WPD)
incentives were based only on offering a utilisation payment
and for the Honeywell I&C Automated Demand Response
(ADR) project (Scottish and Southern Power Distribution) no
incentives were offered to trial participants.
Distribution network planning and design standards (e.g.
ER P2/6) [Ref. 7] consider conditions of peak demand to
evaluate the need for network capacity as these lead,
in many cases, to network stress periods. Hence, the
deployment of DSR, providing the possibility of reducing the
net demand on the substation during peak periods, could
be used as an alternative to reinforcing the network and
maintain compliance [Ref. 9]. The value of DSR therefore
results from the cost of alternative provision of network
assets, such as substations, transformers, feeders, etc.
Demand reduction or demand shifting can be achieved by
controlling non-critical loads for short periods of time without a
noticeable loss of service for I&C customers. Within this report
this will be termed as “demand-led DSR”. A concrete example
is turning down air conditioning in a building and then bringing
the building back to the desired temperature later.
Alternatively, demand reduction can be exercised through
the dispatch of distributed generation under the ownership

of I&C customers (e.g. standby backup generators). In this
instance, two distinct operational cases are distinguished
for the dispatch of the backup generators of I&C customers:
(i) backup generators to supply the local on-site electricity
demand of the I&C customer; and (ii) backup generators to
synchronise with the distribution network to supply network
electricity demand. Such services will be referred to within
this report as “generation-led DSR”.
If neither is specified, use of the term “DSR” will refer to
either or a combination of both types of DSR mechanism.
Typically, under normal operating conditions, i.e. when the
network is “intact”, the distribution network will be operating
well within its “intact” capacity design capabilities and be
at no risk of breaching security of supply. It is important to
note that maintaining security of supply compliance must
largely be ensured within capital expenditure planning
time-scales and thus DSR services similarly must be
procured prior to capacity shortfalls. Therefore actions taken
by a control engineer will not be the determining factor
in maintaining compliance with the security-of-supply
standard. However, following a fault situation, the control
engineer will assess the load on the affected substations,
and determine whether or not, the load exceeds the design
capacity. If this is the case, the traditional options available
to the control engineer are as follows:
 Transfer load in order to ensure assets operate within
their design limits;
 Connect temporary generation to the affected network;
 Exploit equipment emergency ratings; or
 Disconnect loads as a last resort.
The deployment of DSR introduces a new option to
the control engineer, whereby, DSR can be activated in
preference to temporary generation or disconnecting
customers. This specifically refers to the provision of
DSR services by I&C consumers where the substation is
operating above its firm capacity.
It is important to note that each Cost-Benefit Analysis
(CBA) and planning decision will need to consider detailed
information on the key assets, load profiles and topology
of the local distribution network to where the DSR facility is
deployed. This is because the benefits accrued by the
DNO from the use of DSR are significantly dependent on
the nature of the capacity constraint, for example:
 The specific constrained asset, i.e. transformer,
switchgear, or incoming feeders;
 The load growth on the site;
 The voltage level of the constraint;
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 The length of time that DSR would be forecast to be
an effective alternative to network assets;
 Topology of the network and presence of
interconnection; and
 The cost of the traditional solution.
It should be stressed that the technical design requirements
(e.g. magnitude, frequency, duration, flexibility, notice
period, etc.) of DSR are of important consideration in order
to attain compliance with the security of supply standard
P2/6 regarding the size of group demand and restoration
times for first and second circuit outages.

 Customers will most likely require a participation incentive
in the future for large scale ADR deployment. The level
of incentive required may depend on the level of savings
achieved due to a reduction in energy consumption;
 The time required for customer engagement, achieving
‘buy-in’ and sign-off of the required legal agreements
was significant and should not be underestimated when
carrying out similar activities; and

2.3 The DSR Market

 Customers were interested in how the level of load
reduction they were achieving compared to other
participants in the trial. This interest could be an
opportunity to achieve greater load reductions via the
sharing of best practice or a league table type approach
based on % load reduction achieved.

This section provides the key learning points from this
literature review. The key learning points presented for each
project are from two main sources:

2.3.2 Flexible Approaches for Low Carbon
Optimised Networks (FALCON)

 Low Carbon Network Fund (LCNF), DNO led projects,
which incorporate DSR deployment in innovative ways:
—— Honeywell I&C Automated Demand Response (ADR);
—— Flexible Approaches for Low Carbon Optimised
Networks (FALCON);
—— Customer Led Network Revolution Project; and
—— Capacity to Customers Project.
 On-going commercial services that deploy DSR services
as ‘business-as-usual’.
—— National Grid Short Term Operating Reserve (STOR);
—— Pennsylvania, New Jersey, Maryland (PJM) Emergency
Demand Response (Load Management) Program
(USA); and
—— New York Independent System Operator (NYISO)
Emergency Demand Response and Capacity
Resource (USA).

2.3.1 Honeywell I&C Automated Demand
Response (ADR)
 ADR is capable of providing a demand response from
commercial buildings. The level of demand response
available is dependent on various factors. This includes
the types of equipment installed within a given building,
weather conditions, building occupancy patterns and the
length of interruption. For most buildings, ADR will provide
the largest response during the summer period, and its
potential as an alternative to conventional reinforcement
is therefore greatest for summer peaking networks;

 The results of the trial indicated that DSR is likely to
provide a suitable solution to events defined by the
following characteristics: 1) Occasional or uncertain
constraint (<20 events per annum), 2) Short duration (<2
hours per event), 3) Marginal in relation to overall capacity
(i.e. relatively small response required) and 4) Feeding I&C
sites with sizeable loads and generation with flexibility; and
 There are significant barriers to the recruitment of load
reduction customers. This led to the planned winter
2013/14 load reduction trial being abandoned. This will
be re-visited in the second trial. Reasons behind these
difficulties include difficulties in identifying potential
participants and the availability of suitable flexible loads.

2.3.3 Customer Led Network Revolution Project
 The time required to finalise the legal framework for DSR
products was material, and the process can take up to
four months;
 The length of outage (per response, and number of
consecutive days a response is required for) will reduce
the number of customers that are able to participate in
DSR. One potential solution to this would be to have a
portfolio of customers to deliver the DNOs requirements
– however, the availability of a portfolio of suitable
locations, in the correct location may be limited;
 A considerable amount of upfront work was required to
locate and secure DSR participants and the method to
fund this type of work is not yet clear; and
 There will be a considerable resource commitment
involved in transferring the knowledge from the project
to operational teams.
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2.3.4 Capacity to Customers Project
 Contracts may need to be specifically tailored for different
market sectors;
 Although the size of the financial reward is important,
other contractual terms are often more critical in terms of
securing participation from consumers; and
 Modifications may be required to ER P2/6 and ETR 130 to
enable DNOs to explicitly include DSR in the assessment
of Group Demand to ensure compliance with their
distribution licence conditions.

2.3.5 National Grid Short Term Operating
Reserve (STOR)
 To maximise participation levels, the contractual
arrangements need to allow providers a degree of
flexibility over the service they can provide. This includes
flexibility over when and how often they can provide
service, whilst maximising the value of payments to
providers. This requirement has led to the evolution of
the STOR service into the current forms (Committed,
Flexible and Premium Flexible);
 Experience from the STOR service, indicates that Demand
Response availability will be less than the contracted
position. For STOR, the typical level of availability ranges
between 67% and 85%; and
 It is unlikely that customers already providing STOR
services to National Grid Electricity Transmission (NGET)
will also be able to provide services to UK DNOs.

2.3.6 PJM Emergency Demand Response
(Load Management) Program
 Experience from the PJM Emergency Demand Response
(Load Management) service indicates that DSR delivery
can be close to the contract position. This relates to
large volumes of demand response aggregated, and the
performance of individual customer sites may vary;
 The performance of providers during test events was
generally higher than during real events. The aggregated
response across all providers was typically 10% to 30%
Higher during test events compared to ‘real’ events; and
 DSR can be provided across a wide range of customers
and from a wide variety of end-use loads. Demand
reduction accounted for almost three-quarters of the
overall MW capability.

2.3.7 NYISO Emergency Demand Response and
Capacity Resource
 Experience from the NYISO’s Emergency Demand Response
(Load Management) service indicates that DSR delivery is in
the region of 60% to 70% of the contracted position;
 There is very little difference in the level of payment
expected by customers in the Installed Capacity/Special
Case Resources program, with the vast majority requiring
the maximum permissible level of payment of $500/
MWh (approx. £290/MWh); and
 The performance results suggest that providers are able
to deliver demand response on consecutive days, without
any noticeable degradation in performance.

2.3.8 Summary of Key Learning Points
This review of the major examples of DSR deployment
within GB and two examples from the US provides some
valuable insights for the development of DSR propositions
in a Business as Usual (BaU) scenario.
The key learning points are:
 I&C customers have a proven capability to deliver
demand response to help maintain the reliability of the
electricity network;
 The level of demand response delivered compared to the
contracted position can vary significantly. In some of the
examples considered here, the delivered response was
close to the contracted position, whilst in others it was
considerably lower (in the region of 60% to 70%);
 I&C customers are able to provide effective demand
response via demand reduction or distributed generation.
In some of the examples considered here, the provision
of response is dominated by sites with distributed
generation, whilst in others it is dominated by demand
reduction;
 The examples presented here demonstrate that
aggregators often play a pivotal role in recruiting
customers. Even so, the customer engagement process
can be lengthy and should not be underestimated;
 Contracts should be kept as simple as possible, and as
flexible as possible, to ensure the barriers to participation
by customers are minimised; and
 The longer the DSR event time, then the more difficult it
becomes for customers to participate. This is likely to be
particularly relevant to providing response via demand
reduction rather than those participating via
distributed generation.
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3
Approach
3.1 Background
The approach taken within this report was to utilise the trial data where possible to inform the strategy for the future
deployment of DSR from the perspective of a DNO. Figure 1 outlines the sequence of activities completed in developing the
content presented in this report.

Figure 1 – Report Delivery Approach
1-Use Case Assessment

4-Scale of Opportunity

Two real world DSR case studies identified
in the LPN licence area were assessed.

The scale of opportunity for DSR in the LPN
licence area was identified.

2-Security of Supply

5-Industry Learning

The trial data was utilised to calculate f-factors
for future DSR schemes in order to assess
security of supply.

A literature review of relevant
DSR projects was completed.

3-Cost Benefit Analysis

6-DSR Strategy Development

The CBA for DSR schemes in the
LPN license area was completed.

A high level DSR strategy was developed
which includes: CBA, commericals,
information systems, security of supply and
dispatch considerations.
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4
Low Carbon London Trials
4.1 Introduction
The DSR trials completed as part of the LCL project were
published in Report A7 delivered by Imperial College London
[Ref. 8]. The purpose of this section is to provide a high
level overview of the LCL DSR trials and outline how the
information gathered as part of the trials was used in this
work.
The key objectives of the trials were as follows:
 To assess the effectiveness and reliability of DSR across a
range of load reduction and generation-led providers;
 To make a qualitative analysis of the barriers to
participation in DSR programmes;
 To develop DSR service contracts fit for the purpose of
distribution network management, including incentive/
penalty mechanisms and base lining methodologies;
 To develop DSR operational procedures and monitoring
and dispatch systems fit for the purpose of distribution
network management; and;
 To gain real-world experience of procuring, operating,
and managing DSR portfolios through full-scale case
studies on constrained sites in the London
Power Network.

The trials included both generation-led and demand-led DSR
services to the DNO and were designed to relieve network
constraints when network load was at its peak. The DSR
trials were completed over a 3 month time period within
each season: summer 2013 (June to August) and winter
2013/2014 (December to February). In addition, small scale
testing of commercial and technical systems was completed
in winter 2012/2013.

4.2 DSR Trial Contracted Response
The DSR customers who took part in the trials were almost
exclusively contracted via third party demand aggregators
though examples of directly contracted DSR providers were
tested. The key statistics regarding the contracted response
were as follows:
 Contracts were signed with a total of 37 DSR facilities;
 A total of 21 (57%) of the facilities were demand-led
(water pumping stations and HVAC) providing a total of
4.2 MW of DSR capability (23%);
 A total of 16 (43%) of the facilities were generationled (CHP and diesel) providing a total of 14MW of DSR
capability (77%);
 A total of 26 and 19 facilities took part in the summer and
winter trials respectively;
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 A limit was applied on the number of times DSR could be
called which was as follows: once per day, three times
per week and ten times per trial period;
 The maximum DSR response time was typically 30
minutes from receipt of a dispatch request with the
exception of 2 facilities where a response time of less
than 3 minutes was tested;
 The demand window for all facilities included weekdays
only, excluding weekends and bank holidays
 The DSR event duration was fixed at 1 hour for 19 facilities
and allowed for 1-3 hours for 18 facilities;
 The demand windows for DSR facilities were primarily set
by the time of the associated network substation peak, with
a few exceptions motivated by provider capabilities. The
following demand windows were used: 1000-1600, 12001800, 0900-2100, 0700-1900, 0800-2000 and 1400-2000;
 The availability windows were either 6 or 12 hours for
the summer trial (14 and 12 facilities respectively for the
summer trials and 6 hours for all of the facilities for the
winter trials; and
 The utilisation payment was £200/MWh. The availability
payment was either: £50, £70 or £100/MWh which was
dependent upon the DSR mechanism used and whether
or not the provider served an existing network constraint.
For a number of diesel generation DSR facilities the
availability payment was reduced over time.

Figure 2: DSR Trial and Contracted Response
No. Sites

Demand
57%

MW
Demand
23%

Generation
43%

Generation
77%

37 sites total

18 MW in total
Response

2 sites - 3 min response
35 sites - 30 min response

4.3 DSR Trial Response
The Key statistics regarding the DSR trial response were
as follows:
 A 185 DSR events were called as part of the trials;
 The minimum DSR event duration was 30 minutes
providing a DSR response of 0.02 MWh;
 The maximum DSR event duration was 4 hours providing a
DSR response of 9 MWh;
 The average DSR event time was 1.26 hours providing an
average DSR response of 1.4 MWh; and
 The total DSR response provided by the trials was 254 MWh.

4.4 Key Learning Points
The key learning points from the trial analysis completed by
Low Carbon London Report A7 [Ref. 8] that are relevant for
this report are as follows:
 The majority of DSR events started on time or early
which provides confidence that DSR can be used to
manage network capacity;
 The qualitative analysis of barriers to participation in
DSR schemes showed that the most significant barriers
related to negative perceptions of potential risks to
comfort if building services are turned down, effects on
service levels to customers and building residents, costs,
time, equipment and other resources. These negative
perceptions were found to outweigh technical and
financial barriers to participation;
 The commercial arrangements used for the trials along
with the experience of executing the trials can be used
to draft commercial contracts that can be shared with
other DNOs (See Section 12);
 For DSR to support the distribution network it is essential
that contracted turn-down is adhered to throughout
the whole duration of the event. Therefore the level
of compliance should be considered as a factor in DSR
payment calculations [Ref. 8]; and
 To properly understand DSR events, minute-by-minute
data is essential. Payback peaks are often narrower
than 30 minutes, so this important aspect of DSR cannot
be detected without minute-by-minute data. Minuteby-minute data also makes it possible to find the true
start times of events and hence better understand
the reasons for low compliance. Payback is where the
energy consumption following a DSR event is higher
than the baseline. For example, a building that turns
down its air-conditioning equipment may need to ensure
comfort conditions are restored after the event therefore
consuming additional energy compared to the baseline if
the DSR event had not occurred.
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5
Use Cases
5.1 Overview
The current market deployment and use of DSR is, in the
majority of cases, associated with industry stakeholders
whose interests in DSR schemes may align or conflict with
distribution network management, depending on market
and on the network conditions. This work explores the
DNOs viewpoint on the use of DSR with the following
overarching objective: “To quantify and assess the technical
and commercial performance of different ‘use cases’ for DSR
associated with I&C electricity customers”.
DSR can be applied to a vast number of scenarios and for a
multitude of uses. Consequently, this work has categorised
these scenarios into a series of specific use cases (UC)
aimed at capturing the types of technical and commercial
benefits of DSR to the DNO. The “use cases” have been
established by concentrating on the DNOs’ network
operational practices, DSR technical design specifications
and DSR drivers, as previously presented.
The following use cases have been defined:
 UC1: Modify network demand in order to avoid/defer an
otherwise required distribution network investment;
 UC2a: Outage Management – Mitigate against capacity
shortfalls ahead of reinforcement; and
 UC2b: Outage Management – Management of
planned outages.

It is noted that for specific use cases, different sub-cases can
be defined to represent specific planning and/or operational
situations present in the distribution network.

5.1.1 Use Case 1: Avoid/Defer Network Investment
Use Case 1 considers the introduction of DSR programmes
to improve distribution network investment efficiency
through network reinforcement avoidance and/or deferral.
In particular, the use of DSR under Use Case 1 supports
the DNO resolving network thermal capacity constraints in
distribution substations and power transfer schemes that
would otherwise require new or upgraded network assets
to be installed to increase capacity.

5.1.2 Use Case 2a: Outage Management
– Mitigating Capacity Shortfalls Ahead of
Reinforcement
Use Case 2a considers mitigating capacity shortfalls ahead
of reinforcement. If load growth or new connections lead
to load at a given substation exceeding projected load, load
could breach firm capacity before it is possible to reinforce.
This could lead to a breach of security of supply regulations.
During these periods DSR could be used to maintain
compliance. DSR would be used in place of alternatives,
such as emergency standby diesel generation, temporary or
permanent conventional reinforcement or, in the worst case,
a derogation.
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5.1.3 Use Case 2b: Outage Management – Planned Outages
Use Case 2b considers managing planned outages. During a network upgrade or reconfiguration project it might be necessary
to reduce the existing capacity of the distribution network for some extended period of time when completing upgrade
works. During these periods the DNO will be required to take remedial action, which might again include temporary
standby generation, temporary or permanent conventional reinforcements, or reconfigurations to transfer load to alternative
substations. DSR can be applied either in place of a more expensive or impractical conventional outage management scheme,
or to avoid the need for a derogation.
At a high level, all three of these deployment scenarios will enable the DNO to increase overall cost efficiency through:
 Accessing the option value of investing in network assets only once the requirement has been confirmed; and
 Providing an alternative to challenging traditional reinforcement schemes with high unit costs.

5.2 Use Case Summary
Figure 3 provides a summary of the use cases

Figure 3: Use Case Summary
Use Cases
I&C Demand Side Response

Use Case 1:

Use Case 2a:

Use Case 2b:

Avoid/Defer Network
Investment

Mitigating Capacity
Shortfalls Ahead of
Reinforcement

Planned Outages

Rationale:

Rationale:

Rationale:

Deferring reinforcement
investment by reducing net
load beneath the affected
substation during peak
demand periods

Reduce network load to
maintain security of supply
during peak demand periods
to avoid peak substation load
from exceeding firm capacity
ahead of reinforcement

Reduce network load/increase
capacity during peak demand
periods to maintain security of
supply when capacity is lost
during long term upgrades or
reconfiguration projects

Benefits:

Benefits:

Benefits:

Decreased investment
costs (NPV) through
deferred investment

Savings compared to more
expensive conventional
outage management
scheme(s), and/or reduced
risk of unserved energy
for consumers

Savings compared to more
expensive conventional
outage management
scheme(s), and/or reduced
risk of unserved energy
for consumers
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6
Site Selection &
Data Requirements
6.1 Introduction
This section of the report outlines the data requirements
and uses that are required in order assess potential sites for
DSR deployment.

mitigation for a security of supply derogation, when no
other option was available. However, the following section
details the full set of data required to be considered by
planning engineers in order to assess potential DSR schemes
as part of BaU activities.

Before the site selection processes are outlined it is worth
noting that:
 The DSR sites selected for the LCL trials were chosen
through a manual selection process by UK Power Networks
planning engineers, based on their existing knowledge of
the network and current areas of concern regarding load
growth rates and/or complex interdependencies; and
 The methodology for selecting DSR sites for deployment
in RIIO-ED1 was similarly performed examining areas
with low quantity of load-at-risk and/or complex
interdependencies. This methodology is fully described in
UK Power Networks’ RIIO-ED1 Business Plan [Ref. 6].
Finally, this manual approach does have merit, and in fact
DSR contracts were procured at a targeted LPN site as part
of the LCL trials where those services were an essential

DSR contracts were procured
at a targeted LPN site as part of
the LCL trials where those services
were an essential mitigation for a
security of supply derogation
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6.2 Data Requirements
The following sub-sections of this report outline the data required to follow the site selection process. Table 1 provides an
overview of the data required.

Table 1: Site Selection – Data Requirements
Data Requirements

Data Source
Historic
Network
Demand
Data

Load Profiles

DNO Load
Forecasting
Model

Customer
Settlement
System

Standard
Running
Arrangements

Outage
Management

LV and MV
Planning
Department



Class of Supply



Customer Type
(including generation
data – G59)
Forecast Load Data

EHV
Network
Planning
Department




Firm Capacity



Reliability
Characteristics



Transfer Capacity



Active Connections



Operational
Knowledge of the
Network







6.2.1 Load Profiles
Load profile data is required that demonstrates the characteristics of substation load profiles for Summer and Winter (both
seasons need to be assessed due to variations in capacity between the two seasons). This data is typically available for all
primary substations on a half hourly basis and needed in order to assess the degree of energy at risk and the corresponding
quantity and availability windows required for a successful DSR programme.
The raw load profile data can be used to plot the profile for individual substations. An example load profile for a primary
substation on one day is shown in Figure 4.

Figure 4: Example Load Profile Chart
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40
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Time (24 hours)
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6.2.2 Class of Supply
The class of supply for each substation also need to be defined as this identifies the security of supply requirements for the
site in question and is important context for the operational requirements of a successful DSR programme. These are the
classifications defined in as shown in Table 2.

Table 2: Class of Supply
Supply
Group

Group Size

1st Circuit Outage

2nd Circuit Outage

A

<= 1MW

In repair time: Group Demand

Nil

B

> 1MW
<= 12MW

a) < 3 hours (all but 1 MW)
b) In repair time: Group Demand

Nil

C

> 12MW
<= 60MW

a) < 15 minutes: Group Demand –
12MW or 2/3 Group Demand

Nil

b) < 3 hours: Group Demand

D

> 60MW
<= 300MW

a) Immediately: Group Demand
minus up to 20MW
(automatically disconnected
b) < 3 hours: Group Demand

E

> 300MW
<= 1500MW

a) Immediately: Group Demand

c) < 3 hours; For Group Demands > 100MW: Group Demand
– 100MW or 1/3 Group Demand
d) Within time to restore arranged outage: Group Demand
b) Immediately: All consumers at 2/3 Group Demand
c) Within time to restore arranged outage: Group Demand

6.2.3 Customer Type
Customer type data is available through the industry’s existing customer data sets and DNO company records on G59
connected generators.
 Customer Type: Non-Domestic customers are categorised in profile classes: 0 and 3 to 8. The non-domestic customers in
profile class 0 are half hourly metered customers. We refer to all non-domestic customers as Industrial and Commercial (I&C)
customers below;
 Total Number of Customers: Provides the total number of customers for the substation site. The data also provides the total
number of domestic and non-domestic customers; and
 Connected, dispatchable generator units.
This can be used to derive the total load by customer type for each substation and is required in order to provide a high level
indication of the installed DSR capability of customers connected at each network site which could potentially be contracted for
network support. An example of such a data extract is outlined overleaf in Table 3.
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Table 3: Example Customer Data
PRIMARY

Customer Volumes by Profile Class
0

1

2

Customer Volumes by Sector

3

4

5

6

7

8

Load Composition

Total
Residential
I&C
% I&C % Residential
Customers Customers Customers

Site 1

56

22145 2177

1396

177

10

18

14

19

26012

24322

1690

6.5%

93.5%

Site 2

82

33461 1733

4527

299

32

26

21

59

40240

35194

5046

12.5%

87.5%

Site 3

85

30286 3532

3231

341

16

27

17

60

37595

33818

3777

10.0%

90.0%

6.2.4 Forecast Load Data
An example of the forecast load data for each substation is shown in Figure 5. The forecast load data can be used to model the
forecast load for future years. This enables the DSR requirement to be estimated for each year.

Figure 5: Example Forecast Load Data
Grid Supply Point

Name

Sub-station

Name

Secondary Voltage

11kV

Firm Capacity Winter
Winter MD (MW) Actual 2012/13
ACS Adjust 2012/13
Winter Date
Power Factor
Win 13/14 (MW)
Win 14/15 (MW)
Win 15/16 (MW)
Win 16/17 (MW)
Win 17/18 (MW)
Win 18/19 (MW)
Win 19/20 (MW)
Win 20/21 (MW)
Win 21/22 (MW)
Win 22/23 (MW)
Win 23/24 (MW)

46.10
56.50
53.58
16 Jan 13
0.96
53.84
54.31
54.84
55.29
29.09
29.61
30.13
30.67
31.43
32.21
32.98

Firm Capacity Summer
Summer MD Actual 2012 (MW)
AHS Adjust 2012
Summer Date
Power Factor Summer
Sum 2013 (MW)
Sum 2014 (MW)
Sum 2015 (MW)
Sum 2016 (MW)
Sum 2017 (MW)
Sum 2018 (MW)
Sum 2019 (MW)
Sum 2020 (MW)
Sum 2021 (MW)
Sum 2022 (MW)
Sum 2023 (MW)

42.7
33.42
33.42
16 July 2012
0.95
33.58
33.86
34.17
34.44
18.94
19.24
19.55
19.87
20.32
20.78
21.24

6.2.5 Firm Capacity
The firm capacity of a substation can be provided by network planners and is required to assess security of supply. Firm
capacity is defined as the maximum capacity available during an N-1 event. The firm capacity rating can be used as the
threshold value, that when exceeded, can be used to forecast the DSR requirement.

6.2.6 Reliability
The reliability characteristics of the substation and feeders under consideration are required. This includes: Failure rates (µ)
and the Mean Time To Repair (MTTR). This information is required to assess the likelihood of a fault occurring and how long it
will take to repair the fault. This information is required when assessing the DSR response that would be required during fault
conditions and informs dispatch forecasts for post-fault DSR programmes.
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6.2.7 Transfer Capacity
The transfer capacity of a substation site provides a figure for the amount of load that can be transferred during either an unplanned or planned outage. From a planning perspective the total transfer capacity that can be relied upon is a maximum of
20% of the firm capacity. For example, if the firm capacity of a substation site was 50MVA the total transfer capacity that could
be relied upon would be 10MVA. It is important to note that there are not always existing or new, commercially viable transfer
schemes at sites. Transfer capacity must be taken into account to ensure that the DSR requirement is forecasted effectively.

6.2.8 Active Connections
The number and level of active connections refers to new connection offers that have been made to customers and as such
represent capacity that has been committed and must be kept available from the network site in question. However, these are
offered, not accepted or commissioned connections and are only a snap shot in time of expected load to be realised at a site
over the coming year(s) and are recorded separately from generic economy-driven load growth. Therefore, active connection
capacities must be considered while understanding their uncertainty. DSR schemes, as with any investment decision must be
made within appropriate time scales to manage this uncertainty and to manage the timescales required to deliver traditional
reinforcement schemes. It is proposed that DSR will likely play a large role in allowing DNOs to access the option-value of
managing exactly this type of uncertainty. Active connections must be taken into account to ensure that the DSR requirement
is forecasted effectively.

6.2.9 Operational Knowledge
Finally operational knowledge of the how the network is interconnected is required. This operational knowledge of substation/
feeder characteristics and how the network is connected is vital in identifying network constraints and assessing the viable
options for alleviating the constraint(s) that have been identified. This operational knowledge also includes the abnormal running
arrangements and outage response strategies that could be put in place to manage constraints when the network is not ‘intact’.

6.3 Network planning review process
A typical process which a DNO might run as part of its regular Capital Expenditure planning cycle and regular review of network
loading is shown in Figure 6

Figure 6: Site Selection Process.
DSR Site Assessment

Utilise network/operational
knowledge to identify
network constraints at
specific substations
(for all use cases)

Obtain the required data

Does the site
exceed
firm capacity?

No

Do not
implement
DSR

Yes

Can the constraint(s)
be managed via
traditional means?

Yes

Assess all
potential
solutions and
select the
appropriate
response

Plot the load proﬁle for
each substation site
(single year)

Investment approval
process completed?

Assess the Load composition
for the substation

Do not
implement
DSR

No

Do not
implement
DSR

No

Do not
implement
DSR

Yes

Take transfer capacity and
active connections into
account and re-profile the
load forecasts accordingly

Initial customer
engagement confirms
DSR potential?

Yes

Identify the business drivers
for potential DSR
implementation (use case)

No

Yes

No

Filter the list of potential
substation sites

Is the CBA viable?

Apply the forecast increase
in load to the current
load profiles
(multiple years)

Identify DSR Characteristics
(level (MW), event duration
(minutes) and timescale
(months/years)

No

Do not
implement
DSR

Can DSR be procured?

Yes

Implement DSR
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7
Use Case Assessment
7.1 Introduction
To illustrate the impact which DSR can have, the data sets and high level assessment methodology describe in the first
sections of this report were then put into practice in order to assess the practical application of DSR for each of the identified
use cases across the LPN licence area.
As previously outlined the UK Power Network business plan [Ref. 6] identifies a total of 8 DSR schemes. Three of these eight
schemes will be presented here as ‘Use Case Examples’. The substation characteristics are shown in Table 4.

Table 4: Use Case Examples
Reason for ED1
Inclusion

Primary/
Secondary
Voltage

Total Number
of Customers

Transformers
On Site

Firm
Capacity

Class of
Supply

1

Avoid or defer
investment

33/11kV

26,632

4x15
(60 MVA)

46.1 MVA
(Winter, N-1)

C

2a

Mitigate against
capacity
shortfalls ahead
of reinforcement

66/11kV

14,647

4x15
(60 MVA)

43.7 MVA
(Summer, N-1)

C

2b

Management of
planned outages

20,794

4x15
(60 MVA)

33.2 MVA
(Winter, N-1) –
During outage
conditions

C

Use Case

66/11kV
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7.2 Use Case Example 1: Avoid or defer investment
This substation is forecast to reach its firm capacity in Winter 2014/2015. P2/6 compliance will be maintained by 11kV post-fault
transfers. However, from the mid-2020s the transfer capacity will be insufficient. A separate scheme covers the reinforcement
of the substation, which will consist of building a new 132/11kV substation with a higher firm capacity off line in the area. Once
the project is complete and the load transferred, the existing substation will be decommissioned. This scheme proposes to
have contracts in place for DSR at this substation which will be used to postpone reinforcement by 4 years while maintaining
P2/6 compliance at the site.
Figure 7 shows the load forecast for this substation along with the firm capacity. The data shown is for a single day (Winter
Maximum Demand Day).

Figure 7: Use Case Example 1: Load Forecast
55
Firm Capacity breached from Winter 2022/2023

Load (MVA)

45

Winter Firm Capacity (46.1 MVA)

35

Firm Capacity not breached between
Winter 2013/2014 and Winter 2021/2022
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Figure 7 shows that the firm capacity of the substation is breached in Winter 2023/2024. Across the 4 years where DSR is
required based on the Winter Maximum Demand Day the required DSR Response is as follows:
 The level of DSR response required ranges from 0.7 MW in year one to 3.9 MW in year four;
 The DSR event duration ranges from 2 Hours in year one to 10 Hours in year four; and
 The DSR response required ranges from 1.29 MWh in year one to 41.31 MWh in year four.

7.3 Use Case Example 2a: Mitigating Capacity Shortfalls Ahead of Reinforcement
Several substations supplying a particular geographic area are forecast to reach the limit of their firm capacity. Site
assessments have confirmed that due to space constraints, extension of the existing sites is not feasible. A reinforcement
project therefore proposes to establish a new 3 x 33.3MVA 66/11kV substation which will allow the load on these currently
heavily loaded substations to be reduced. This includes the substation outlined in this worked example. This scheme proposes
to have contracts in place for DSR at this substation which will be used to mitigate the risk due to load growth until the new
substation is built in 2020.
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Figure 8: Use Case Example 2a: Load Forecast
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Figure 8 shows that the firm capacity of the substation is breached in Summer 2018. Across the 2 years where DSR is required
based on the Summer Maximum Demand Day the DSR Response is as follows:
 The level of DSR response required ranges from 0.12 to 1.59 MW (average of 0.85 MW);
 The DSR event duration ranges from 0.5 to 5.0 Hours (average of 2.7 hours); and
 The DSR response required ranges from 0.06 to 4.27 MWh (average of 1.87 MWh).

7.4 Use Case Example 2b: Management of planned outages
The firm capacity of the use case example 2b substation is 49.9 MW in winter and 41.4 MW in Summer. During the upgrade
of this substation, which will ultimately lead to the commissioning a new substation in 2017, the effective firm capacity of the
substation will be reduced by a third as each transfer (15 MW nameplate rating) is removed and upgraded in turn. As this is a
summer constrained substation it is assumed that the outages to carry out this upgrade work are carried out during the winter.
Figure 9 illustrates the impact of the outage. Note that the effective winter firm capacity is calculated as 2/3 * 49.9 MW, and
6.6 MW of post-fault transfer capacity is then added to arrive at the value indicated in the figure. Data is not shown from 2017
due to the commissioning of the new substation.

Figure 9: Use Case Example 2b: Management of planned outages
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7.6 Key Learning Points
Figure 9 shows that the firm capacity of the substation is
breached in Winter 2014/2015. Across the 2 years where DSR
is required based on the Winter Maximum Demand Day the
DSR Response is as follows:
 The level of DSR response required is 1.65 MW in year one
and 3.03 MW in year two;
 The DSR event duration required is 8.5 Hours in year one
and 10.5 Hours in year two; and
 The DSR response required is 7.34 MWh in year one and
20.43 MWh in year two.

7.5 Load Forecast Macro Model Tool
A tool has been developed so that other DNOs can apply
the approach adopted in the cost-benefit analysis presented
in this learning report to potential opportunities for applying
DSR on their own network. The objective of the tool is to
allow DNOs to answer: “What is the value of using DSR at a
given substation to defer reinforcement?”
The tool allows DNOs to estimate the net benefit of a given
proposed DSR scheme, given the following inputs:
 A breakdown of the contracted quantities of DSR, and the
type of response contracted (e.g. diesel generation vs.
CHP vs. demand turn-down);
 Proposed dispatch rules such as limits on the number of
DSR events that can be called during the contract tenor, or
event lengths;
 Information on the substation at which DSR is being
applied, such as firm capacity and post-fault transfer
availability;
 The load profile for the substation, which will have an
impact on the effectiveness of a given quantity of DSR; and
 Details on reinforcement scheduled at the substation
where the DSR scheme has been proposed.
These inputs are first used to model the dispatch of a given
quantity of DSR, so that the effectiveness of that DSR in
reducing peak load can be evaluated, taking into account
the substation load profile and the proposed dispatch
rules. The tool uses this analysis to then infer the extent to
which DSR can defer reinforcement investment. An NPV net
benefit is calculated by the tool based on this deferral.

The key learning points following the assessment of the use
cases is as follows:
 The Figures in this section of the report show how the
historic demand data for the maximum demand day can
be utilised in conjunction with load forecasting data, in a
simplistic way, to present the projected DSR requirement.
This simplistic approach, using the historic maximum
demand day along with load forecast data, taking both
transfers and active connections into account could be
utilised to help visualise any potential DSR requirement; and
 A tool has been developed to enable other DNOs
to apply the approach adopted in the cost-benefit
analysis presented in this Learning Report to potential
opportunities for applying DSR on their own network
(see Section 9). This tool will enable DNOs to assess the
value of implementing DSR at a given substation to
defer reinforcement.

A tool has been developed
to enable other DNOs to apply
the approach adopted in the costbenefit analysis
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8
Security of Supply
8.1 Background
DNOs have an obligation to plan and develop their systems
in accordance with standards agreed as part of their licence
conditions, with Ofgem, the regulator for gas and electricity
markets in Great Britain. The security of supply standard that
covers the degree of resilience that distribution networks
must be planned and designed to and which is currently in
force is Engineering Recommendation (ER) P2/6 [Ref. 7].
ER P2/6 also specifies the network security contribution that
could be credited to different forms of Distribution Generation
connected within a group demand. Guidance on how to
assess the security contribution from DG has been captured in
the Engineering Technical Report (ETR) 130 [Ref. 10].
For the reasons described previously in this report, DSR
has been recognised generally across the industry as a
new, smart solution for more cost effectively meeting the
planning and development challenges posed by low carbon
networks of the future.
However, the deployment and application of DSR within a
DNOs licence area must be demonstrably compliant with
the security of supply standard ER P2/6. This section of the
report presents a framework to evaluate the contribution
of DSR to network security while maintaining the current
distribution network design philosophy and the requirement

to comply with the security of supply standard ER P2/6. This
framework uses the LCL trial data and uses it to quantify the
capacity requirements of DSR to meet security of supply.

8.2 Fundamental principles of ER P2/6
The distribution network security standard ER P2/6 consists
primarily of two tables and an approach to determine the
capability of a network to meet demand.
 Table 1 sets out the normal levels of security required
for distribution networks classified in ranges of Group
Demand. Namely, it specifies the maximum reconnection
times following pre-specified events leading to an
interruption. This time is dependent on the group demand
affected by the interruption, reducing as the group
demand increases.
 Table 2 sets out the contribution to system security
expected from DG connected within a demand group.
 The capability to meet a group demand after first and
second circuit outages should be assessed as:
—— The appropriate cyclic rating of the remaining
transmission or distribution circuits which normally
supply the group demand, following outage of the
most critical circuit (or circuits);
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—— Transfer capacity which can be made available from
alternative sources; plus
—— For demand groups containing DG, the contribution of
the DG to network capacity as specified in Table 2.

8.3 Update of ER P2/6 to include Demand
Side Response
Recent work undertaken by the Great Britain (GB)
Distribution Code Review Panel has resulted in a public
consultation on the amendment to ETR130 to account for the
contribution of DSR to network security [Ref. 11]. Broadly, the
amendment focusses on providing terms of reference and
guidance on the need for DSR and the security requirements
of ER P2/6, rather than detailing a framework to determine
the capacity value of DSR and consequently its contribution
to security of supply.
In this context, this work proposes a framework to
evaluate the contribution of DSR to network security while
maintaining the philosophy of the current distribution
network security standards ER P2/6 and ETR 130.
The approach detailed in ER P2/6 to determine the capability
of a network to meet demand is proposed to be extended
further to include: “…; plus: For demand groups containing
DSR, the contribution of the DSR to network capacity”.
The framework developed to quantify the contribution to
network security expected from DSR connected within a
group demand uses the same principles of ETR 130 to assess
the capacity contribution of DG. The proposed framework is
outlined in the following sub-sections of this report.

8.4 Contribution of Demand Side
Response to network security
The proposed framework to evaluate the contribution of DSR
to network security is underpinned by the same concepts
of the existing distribution network security of supply
standard. Following a network circuit outage, the standard
specifies the approach to assess the expected contribution
that the remaining network circuits and DG (as specified in
ETR 130) can make to security of supply. This work expands
the current approach to include the expected contribution
of DSR to security of supply within a group demand as
depicted in Figure 10.

Figure 10: Example of a distribution system
structure
Transformer or
line circuits

Fault

Distributed
Generation

Demand Side
Response

DG

DSR

Group Demand

Constraining the proposed framework to be consistent with
that used to assess the contribution of DG in the present
ETR 130, has restricted the methodology to comparing
DSR with the effective capacity of a perfect circuit and to
use Expected Energy Not Supplied (EENS) as the reliability
criterion. Figure 11 illustrates that the basic principle for
assessing the contribution of DSR to security of supply [Ref.
10 and 12] is to determine the capacity of a perfect circuit
that, when substituted by the DSR, gives the same level
of reliability.

The proposed framework to
evaluate the contribution of DSR to
network security is underpinned by
the same concepts of the existing
distribution network security of
supply standard
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Figure 11: Comparison of DSR with a circuit capacity
Perfect Circuit

DSR

Attain Same
Reliability Level
EENS

Group Demand

Group Demand

Thus, assuming the perfect circuit is fully reliable, the comparison between DSR and circuit capacity is performed by adjusting
the circuit capacity until the same level of EENS is attained. Under this condition, the perfect circuit capacity will be lower than
the peak demand. Figure 12 shows (under the load duration curve) the magnitude of perfect circuit capacity and therefore the
DSR capability that attains the same level of EENS for the period of analysis.

Figure 12: Evaluation of firm circuit capacity for a specific level of EENS
Load

Expected Energy Not Supplied (EENS)

Circuit Capacity

DSR Capability

Firm Circuit
Capacity

Duration
The capability of DSR (in kW) to meet demand is equivalent to the quantified firm circuit capacity and it can be translated into
an F-factor through the ratio between the capability of DSR, i.e. the nameplate rating of the generators which comprise it, and
the rated capacity of DSR. F-factors are therefore expressed in percentage terms.
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Figure 13 presents a schematic representation of the overall framework developed to assess the contribution of DSR to
distribution network security.

Figure 13: Overall framework schematic
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The framework proposes to use the data collected from the LCL DSR trials [Ref. 8] to characterise the operational behaviour of
DSR facilities. The performance of DSR is then statistically assessed through its probability distribution that is constructed from
the time series of the various DSR events observed in the LCL trials. Group demand is represented by the annual half-hour time
series of electricity demand of a particular primary substation and subsequently converted into Load Duration Curve (LDC). The
probability distribution of DSR performance and the LDC of the network load of a primary substation are then superimposed to
quantify the EENS and the capability of DSR to meet group that demand.
The following sub-sections of this report provide details on the processes described above and form the basis of the proposed
framework to assess the contribution of DSR to network security.

8.4.1 Profiling Demand Side Response
The LCL trials used in this work are associated with the deployment of DSR within I&C electricity customers. The DSR trials have
incentivised end-users to reduce their electricity demand on the distribution network through demand reduction programmes
or through the dispatch of distributed generation. Demand reduction has been achieved by end-users turning down one or
more high power devices such as HVAC systems. Distributed generation has been achieved by end-users dispatching selfgeneration to displace their site load such as the use of diesel back-up generators and CHP units.
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Based on the data collected from the trials, the time series of the various DSR events are used to create the probability
distribution of the operational behaviour of DSR for each site. Subsequently, these probability distributions are statistically
combined (i.e. through convolution1 ) to compute a single probability distribution for each technology type of DSR (i.e. demand
reduction, diesel and CHP).
Figure 14 uses the LCL trial data to illustrate the process followed to create the probability distribution that is representative of
the operational behaviour of demand reduction.
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Figure 14: Profiling process for demand reduction based DSR
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Figure 14 describes the convolution of the probability distributions representative of the operational performance of DSR for
each of the sites in the trials. In Figure 14, the independent variable represents the power reduction achieved by a DSR site and
it is expressed as a percentage of the magnitude of DSR contracted for that particular site. The dependant variable specifies the
probability of occurrence of a particular level of power reduction and it is expressed in percentage terms.
It can be seen that demand reduction based DSR present a dissimilar behaviour at different sites. For instance, site DR011
shows higher likelihood at low and high levels of demand reduction whilst DR068 displays a relatively even dispersion of the
magnitudes of the demand reduction attained. Thus, in creating the resultant probability distribution of demand reduction,
it has been assumed statistical independence across the demand reduction sites. This assumption means that there is no
correlation between the performances of DSR at different sites. In other words, the occurrence of one DSR event at a specific
site makes it neither more nor less probable that another DSR event at a different site will occur.
The probability distribution of demand reduction can be expressed in the form of a Capacity and Probability Table (CPT) that is
consistent with the Capacity Outage and Probability Table (COPT) used to characterise the magnitude and probability of outage
1

Convolution is the mathematical operation of obtaining the distribution of the sum of two independent random variables from their individual distributions
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states of distributed generators as in ETR 130. Table 5 details the CPT for the demand reduction based DSR. Note that the Low
Carbon London trials have provided a similar, if not greater, level of data around DSR as the level of data around landfill and
wind generation sites in the long-standing ETR130 report and its supporting analysis in [Ref 12].

Table 5: Capacity and probability table for demand reduction based DSR
PRIMARY

Customer Volumes by Profile Class
0

1

2

Customer Volumes by Sector

3

4

5

6

7

8

Load Composition

%
Total
Residential
I&C
% I&C
Residential
Customers Customers Customers

Site 1

56

22145 2177

1396

177

10

18

14

19

26012

24322

1690

6.5%

93.5%

Site 2

82

33461 1733

4527

299

32

26

21

59

40240

35194

5046

12.5%

87.5%

Site 3

85

30286 3532

3231

341

16

27

17

60

37595

33818

3777

10.0%

90.0%

In Table 5 the capacity (in kW) of a state represents the specific level of demand reduction observed from the trial data. Thus,
the CPT describes the magnitude and respective likelihood associated with a specific demand reduction state.
Given that the DSR capacity and probability table is now consistent with the approach proposed in ETR 130 to quantify the
contribution of DG to network security, then DSR can be treated mathematically in a similar fashion using the same concepts
and hence ensuring the philosophy of the present standards is maintained.
An identical process has been developed and applied to the other types of DSR. Consequently, Figure 15 introduces the
probability distributions representative of the performance of DSR for Diesel and CHP respectively.

Figure 15: Probability distributions of the operational performance of Diesel and Combined Heat
and Power based DSR
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Figure 15a shows the of non-diversity effect of the power output of diesel based DSR. This behaviour is driven by the relatively
high correlation of power output of diesel generators amongst different sites. It should also be noted that the compiled and
processed trial data contains a low number of diesel sites which may result in an operational performance representation of
low statistical significance. It is observed that the Diesel power outputs of 85% and 100% of the contracted capacity of DSR
have an 80% chance of occurrence. It can be seen in Figure 15b that CHP based DSR is characterised by lower correlation of the
power output of CHP generators compared to diesel and therefore less chance of extremely high outputs. CHP power outputs
greater than 50% of the contracted capacity of DSR and has a 99% chance of occurrence.
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It is noted that the overall availability of the three different types of DSR is implicitly considered in the time series of the
various DSR events observed in the trials. Broadly, the overall availability includes attributes related to: (i) technical availability
which reflects whether the facility is in a working state; (ii) energy availability which reflects whether energy or fuel is
available to drive the diesel and CHP units; and (iii) commercial availability which reflects whether the business can accept the
inconvenience of starting up the generator or turning down comfort cooling.

8.4.2 Load representation
Group demand is represented by the annual half-hour time series of electricity demand of a particular primary substation. The
load profile representative of the electricity demand of a particular primary substation corresponds to the average load profile
over a five years period (i.e. 2009 – 2013). The individual half-hour load points are arranged in descending order to form a
cumulative load duration curve. In order to preserve consistency with the studies performed to develop Table 2 of ETR 130, the
average LDC for the winter period is considered. To simplify the calculations, a piecewise linear approximation of the average
winter LDC is performed. Figure 16 illustrates the process adopted to represent the load of a primary substation.

Figure 16: Load representation
(a) Average load time series
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(b) Piecewise linear approximation of the winter LDC
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— Winter load duration curve — Piecewise Linear Approximation

The studies that form the basis of Table 2 from ETR 130 consider an approximation of winter LDC constituted of three linear
segments. In this sense, to maintain consistency between approaches, Figure 17 details the normalised winter LDCs for the
primary substations considered in the analysis based on three linear segments.
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Figure 17: Normalised winter load
duration curve

Table 6: Normalised winter load
duration curve
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It can be seen in Figure 17 that the shape of the normalised
winter LDCs in the LPN licence area can vary significantly
from site to site. For instance, for a duration greater than
10% of the total winter period, the magnitude of load in Site
8 is 30% higher than that of Site 1.
Table 6 introduces the data points considered to derive the
three linear segments that constitute the approximation of
the normalised winter LDCs as depicted in Figure 17.

The ability of DSR to support
group demand is expressed through
the F-factor that represents the
ratio of the capability of DSR to the
rated capacity of DSR

Peak demand Knee demand
Minimum
point
point
demand point
Time
Time
Time
Demand
Demand
Demand
point
point
point
(%)
(%)
(%)
(%)
(%)
(%)

Site 1
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0

65

13

45
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100

0
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100

0

94
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8.4.3 Capacity contribution of Demand
Side Response
To quantify the contribution of DSR to network security, the
capacity and probability of the operational performance of
DSR and the LDC at a primary substation are required. First,
the EENS is evaluated as follows:
 Create the CPT for DSR;
 Each state of the CPT is superimposed on the LDC
individually as shown for one state i in Figure 18;
 The energy not supplied Ei whilst in this capacity state
is determined as the area below the LDC and above the
capacity of the state under consideration;
 This value of energy is weighted by the probability of
being in this capacity state; and
 These weighted values of energy are summated over all
capacity states resulting into EENS.
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8.5 Security driven Demand Side
Response in London

Figure 18: Evaluation of EENS for DSR
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DSR rated capacity

This sub-section of the report quantifies and assesses
the contribution of DSR to network security for the eight
different sites of the LPN licence area considered in this
work. In particular, the analysis uses the LCL DSR trial data
to quantify the capacity of DSR that could be relied on to
support group demand. These figures may subsequently be
used as a proxy to identify the capacity requirements of DSR
under a security of supply perspective.
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Secondly, the capacity of the perfect circuit is calculated
assuming that this capacity is constant, exists continuously
and creates the same EENS when this capacity level
is imposed on the LDC. This capacity is defined as the
capability of DSR (in kW) to meet demand (Figure 12).
Finally, the F-factor is expressed as a ratio of capability of
DSR to rated capacity of DSR.

8.5.1 Contribution of Demand Side Response
The proposed framework is applied to the eight different
sites of the LPN licence area considered in this work to
evaluate the contribution of DSR to network security.
The ability of DSR to support group demand is expressed
through the F-factor that represents the ratio of the
capability of DSR to the rated capacity of DSR. This approach
is consistent with the present security of supply standards
ER P2/6 and ETR130. In this respect, Figure 19 details the
F-factors for the eight LPN sites under each technology type
of DSR considered in the LCL trials.

It should be noted that the methodology does not directly
evaluate the level of risk that would be experienced
by customers. Instead it establishes a proxy to this by
evaluating a capability level, which is perceived to be
sufficient to minimise the duration of interruptions if they
occur. Indeed this is the principle and philosophy of the
present version of ER P2/6.

Figure 19: F-factors for DSR in the LPN licence area
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It can be seen in Figure 19 that the capacity contribution
of DSR to system security varies from site to site for a
particular type of DSR. It is found that the widest range of
variation of F-factors occurs for the diesel based DSR. The
F-factor increases from 61% in Site 1 to 69% in Site 8.
In Figure 19, the variability observed in the capacity
contribution of DSR is solely driven by the different shapes
of the LDC of the primary substations under consideration.

Site
8

Demand Reduction

Specifically, the capacity contribution of DSR is driven by
the duration of the peak load period and the load level of
the knee point (see Table 6) of the winter LDC. It is noted
that there are other important drivers for the capacity
contribution of DSR such as the availability of the facility,
the operating regime, etc. Nonetheless, for the purposes
of Figure 19, these attributes are held constant within each
type of DSR.
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In accordance with the current version of ETR130, it can be
inferred that the effective DSR Capacity (in kW) is equal to
the F-factor times the Declared Net Capability (DNC) of the
DSR facility. Thus, based on Figure 19, a diesel based DSR
facility of 1kW rated capacity, located in Site 1, could usually
be expected to support a maximum demand of 0.61kW. This
approach may then be used as proxy to identify the capacity
requirements of DSR under a security of supply perspective.
Furthermore, Figure 19 indicates that the procurement of
DSR should be considered on a site by site basis as the
contribution of DSR to network security is variable.

8.5.3 Generalised Demand Side Response
contribution
The approach previously introduced to evaluate the
contribution of DSR to network security is now generalised
to provide a set of F-factors that are technology specific
and number of DSR facilities specific. The generic set of
contribution factors can be readily used by distribution
network planners.
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8.5.2 F-factors for Demand Side Response

Figure 20: F-factors for DSR
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The average LDC for the winter period corresponds to the
average load of the 8 sites considered in the analysis (Figure
17) and is displayed in Figure 21

Figure 21: Average winter load duration curve
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Based on the range of studies performed, the potential
contribution of DSR to network security can be evaluated
through the use of look up tables and or graphs that can
be readily used by distribution network planners. Figure
20 presents a look up table and graph containing the
F-factors for the specific types of DSR. Figure 20 considers
the availability and operation regime of the specific types
of DSR inherent to the LCL trial data. Of course these tables
should be allowed to evolve as more trial data from other
relevant studies becomes available.
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Figure 20 and Table 6 provide a simple framework for
network planners to estimate the contribution of DSR
to system security and consequently the capability of a
network to meet group demand. The approach adopted
Figure 20 is consistent to that of Table 2 of ETR130.

The contribution of DSR to network security is directly
related to the number of facilities present on a specific
site. Thus, an analysis has been performed to explore
this relationship. The analysis uses the LCL trial data to
characterise the average operational performance of a
single DSR facility and considers the average LDC for the
winter period (average load of the 8 sites considered in the
analysis).
The average operational performance of a single DSR
facility is presented in Figure 22 for the various types of DSR
used in the LCL trials. The independent variable represents
the power output or reduction (i.e. conditional to the DSR
technology type) achieved by a single DSR facility and it
is expressed as a percentage of the average magnitude of
DSR contracted across all the sites of a specific technology
type. The dependant variable specifies the probability of
occurrence of a particular level of power output or reduction
and it is expressed in percentage terms.

Figure 22: Average operational performance
of a single Demand Side Response facility
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It can be seen in Figure 22 that the operational performance
of a single DSR facility is characterised by a higher likelihood
of occurrence of extremely high and low power outputs
compared to any of the other levels of power output.
Diesel and CHP present a likelihood of being in service
at full output of approximately 85% and a likelihood of
being out of service (i.e. zero power output) of 15%. This
behaviour is consistent with the technical characteristics
of these types of distributed generators. The operational
performance presents a wider range of power output levels
away from the 0% and 100% power outputs. The increased
likelihood of occurrence of power outputs away from the
0% and 100% power outputs results in lower likelihood of
occurrence of the extremely high and low power outputs.
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Table 7 shows the relationship between the number of DSR
facilities and their respective contribution to network security.
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Table 7: F-factors for DSR facilities
DSR technology type

Number of DSR facilities
1

2

3

4

5

6

7

8

9

10

Diesel

70%

72%

75%

77%

78%

79%

79%

80%

80%

81%

Combined Heat and
Power

69%

72%

74%

76%

77%

78%

78%

79%

79%

80%

Demand Reduction

54%

58%

61%

62%

62%

63%

63%

63%

63%

64%

Table 7 shows that for a low number of facilities, the contribution of DSR to system security is already relatively significant. For
instance, one diesel based DSR facility is characterised by an F-factor of 70%. However, as the number of facilities increases,
the contribution of DSR to system security heads towards saturation as the marginal contribution declines. Ten diesel-based
DSR facilities lead to an F-factor of 81%. The outcomes presented in this table are consistent to those of Table 2-1A and 2-1B
of ETR130.
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Without losing generality, the relationship between the
number of DSR facilities and their respective contribution to
network security is explored in greater detail for diesel based
DSR facilities. Figure 23 provides details of the operational
performance of various diesel based DSR facilities.

It is seen in Figure 23a that diesel power outputs of 100%
of the contracted capacity of DSR have an 85% chance of
occurrence whilst 0% power outputs have 10% chance of
occurrence. The average availability of the single DSR facility
is estimated to be 86%.

Figure 23: Operational performance of Diesel
based DSR facilities

Figure 23b and Figure 23c indicates that increasing the
number of diesel based DSR facilities reduces the likelihood
of lower power outputs and simultaneously increases the
likelihood of higher power outputs.
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In this respect, the ability of diesel based DSR to secure
group demand improves as the chance of being in low
power output levels reduces significantly. For instance, it
is observed in Figure 23 that the likelihood of 0% power
output has decreased from 10% in a single facility of diesel
based DSR to 0% in five and/or ten facilities. In contrast,
power outputs ranging from 60% to 90% have increase
from practically 0% chance of occurrence in a single facility
of diesel based DSR to a maximum of 25% chance of
occurrence in five facilities and a maximum of 40% chance
of occurrence in ten facilities.
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8.6 Key Learning Points

(b) Five facilities
Probability of Occurence (%)
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The key learning points regarding security of supply are
as follows:
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 A framework has been developed and proposed to
evaluate the contribution of DSR to network security
while maintaining the philosophy of the current network
security standards (i.e. ER P2/6 and ETR130);
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 The quantitative analysis performed used the data
collected from the LCL DSR trials to characterise the
availability and operational regime DSR facilities;
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(c) Ten facilities
Probability of Occurence (%)
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 The framework can be applied to any DNO licence area as
a proxy to identify the capacity requirements of DSR under
a security of supply perspective;
 Look up tables and/or graphs have been developed to
provide a simple framework for network planners to
estimate the contribution of DSR to system security and
capability of a network to meet group demand; and
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 Indicative figures for F-factors have been derived
consistently with the philosophy of the present network
security standards.
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9
Cost Benefit Analysis
9.1 I&C Demand Side Response Cost
Benefit Analysis

 How much should the DNO be willing to pay for different
types of DSR product?

DSR from I&C customers has the potential to reduce costs
incurred by the DNO and to improve the service that the
DNO provides to its customers in future. Specifically, the
analysis presented in this section considers the benefit that
might be realised through the DNO applying I&C DSR.

 Are there any ‘rules of thumb’ that can be inferred from
the CBA that can be used by the DNO to identify situations
where DSR might be an appropriate smart intervention?

The CBA presented in this document aims to build on the
trial findings, to understand and quantify the benefits that
could be realised as a result of that contribution to security
of supply. This section of the learning report aims to address
the following questions:
 Is there a net benefit to electricity consumers and/or the
DNO through the focused application of DSR to specific
requirements on the distribution network? If so, can this
be quantified?
 What would the impact of different application
approaches be to the business case for applying DSR? For
example, what would the impact of the operational use of
DSR either pre-fault or post-fault be?
 Are there improvements that could be made to the
contracting terms used in the LCL trials that might improve
the business case for applying DSR?

DSR from I&C customers
has the potential to reduce costs
incurred by the DNO and to improve
the service that the DNO provides
to its customers in future
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The assumptions made as part of the CBA are
summarised below.

Assumption heading

Table 8: Overview of common assumptions

Opex ratio on variable overhead costs

Assumption heading

Assumption
value

DSR terms
Length of time that DSR can be called
for

2 hours

DSR availability fee

£30/MWh avail

DSR utilisation fee

£200/MWh

Probability of primary fault per annum

20%

Average substation fault time

48 h

Average customer interruption time

6h

Peak demand of average domestic
customer

1.5 kW

Discount rate

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

Asset life (reinforcements)

45 years

Asset life (capex overheads)

15 years

DSR performance and reliability
Notified availability

98%

Technical F-factors

See separate table

Average reliability of DSR

88%

F-factor using ANM to control DSR

100%

Variable overhead costs
Scheme monitoring telecoms
Telecoms
ANM central control equipment
ANM site control equipment
2

Baringa GB reference case 2014

Assumed projects to absorb overheads

£2,000/scheme
£4,500/site
£32,000 per site
where DSR is
controlled
using ANM
£17,500/site

20

System changes

£150,000

Process design and implementation

£150,000

Opex ratio on fixed overhead costs

0%

Distribution losses

GB peak demand, 2014

12.25 TWh
59 GW2

Replacement diesel engine
Diesel engine annual lease costs
Variable operating costs
Technical F-factor for diesel engine

Economic parameters

20 %

Fixed overhead costs

System-wide variable distribution
losses, 2014

CI and CML calculations

Assumption
value

£100/kW/annum
£150/MWh
80%

Throughout the CBA analysis presented, our findings are
presented in a common format, as presented in Table 9. The
CBA results table includes the following:
 Gross network benefit – this is the gross benefit,
expressed in present value terms, which can be
realised through implementing DSR. The majority of
the gross benefit will be either the benefit of deferring
reinforcement spend or the benefit or avoiding the costs
of temporary generators;
 DNO costs – these are the costs incurred by the DNO
in implementing to DSR to realise the identified gross
benefit, again expressed in present value terms. This
includes both the costs of servicing the DSR contract(s) put
in place and the overhead costs incurred to facilitate the
roll-out of DSR;
 Net network benefits – this is the aggregate of the
previous two lines, and presents the net present value of
the DSR scheme(s) under consideration;
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 Totex impact ED1 – this is the ED1 cash flow benefit
(or cash flow cost) of implementing the proposed DSR
scheme(s). For example, if reinforcement spend is deferred
from ED1 to ED2, this row would show an ED1 benefit. This
calculation takes into account the totex cash flow impact
both of the benefits realised through implementing DSR
and of the costs incurred by the DNO; and
 Totex impact ED2 – the principle for this row is the
same as above, but for ED2. In the example where
reinforcement is deferred from ED1 to ED2, this row would
show a cash flow cost for ED2.

Table 9: Example CBA results table
Scenario

Scenario A

Scenario B

Net benefit (£k real
2012/13)
Gross network benefit
DNO costs
Net network benefits
Totex cash flows (£k real
2012/13)
Totex impact ED1
Totex impact ED2

9.2 Use Cases for Demand Side Response
The first use case relates to the deferral of reinforcement
spend. The DNOs analysis of projected peak load on the
network may indicate the need for reinforcement, but
the utilisation of that reinforced network may initially be
very low. There might therefore be cases where it is more
economically efficient to contract with parties connected
to the affected network to reduce their net load during the
network peak hours, thus deferring the need to reinforce
the network in question.
The second use case refers to the mitigation of capacity
shortfalls ahead of or during work to reinforce the network.
This can be further split down into two applications:

 If higher than expected load growth or new connections
impact a given substation, exceeding projected load,
firm capacity might be breached before it is possible to
reinforce. This could lead to a breach of P2/6. During these
periods DSR could be used to maintain compliance. DSR
would be used in place of alternatives, such as temporary
standby diesel generation, temporary or permanent
conventional reinforcement or, in the worst case, a P2/6
derogation (and customers will experience a higher risk of
Unserved Energy); and
 During a network upgrade or reconfiguration project it
might be necessary to make certain distribution capacity
unavailable for some period of time. During these periods
the DNO will be required to take remedial action, which
might again include temporary standby generation,
temporary or permanent conventional reinforcements, or
reconfigurations to transfer load to alternative substations.
If the remedial actions available are insufficient then
customers will experience a higher risk of unserved energy,
and the DNO is required to apply for a P2/6 derogation.
In the analysis of this second use case the counterfactual
chosen when evaluating the net benefit of using
DSR is the use of temporary standby generation. It is
important to note that, in the case of network upgrade
or reconfiguration projects, if the counterfactual were
instead defined as an increased risk of CIs and CMLs (i.e.
a derogation from P2/6 being sought), the benefits of
the avoided CIs and CMLs are negligible, because of the
low probability of a fault coinciding with a period of high
demand. This suggests that, when Ofgem’s Value of Lost
Load (VoLL) is applied, non-compliance with P2/6 would
actually represent better value for money for consumers
than the DSR solution put forward here.
Note that our analysis considers the application of DSR
on both a pre-fault and post-fault basis. However, waiting
until an unplanned outage occurs to activate a DSR service
may not always be an option. This is because after a First
Circuit Outage (FCO) there is an increased risk of further
consequential failures. A complete understanding of
the cyclic ratings of the affected transformers would be
needed for any deployment scenario to confirm that a
post-fault dispatch strategy could be implemented without
further failures. Our analysis therefore considers pre-fault
application of DSR as the base case, but also considers the
additional benefits that could be realised in the event that
post-fault application can be delivered.
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9.3 Use Case 1: Deferred Reinforcement
This subsection presents the findings from the analysis of
the use case whereby DSR is used to defer reinforcement
spend that has not yet been committed. The benefits
to the DNO of using DSR schemes to defer conventional
reinforcement projects is investigated through a combination
of case study analysis and extrapolative analysis across the
network. The extrapolative analysis is presented in Section
10 of this report.

9.3.1 Use Case 1: Case Study Analysis
For each case study we evaluate the net benefit available
from deferring reinforcement at the case study substation
through using DSR contracts. This analysis involves the
following steps:
 Consideration of the technical reliability of DSR – The
technical contribution that DSR can make to security of
supply can be assessed using the same principles laid
out in ETR130. In short this analysis seeks to evaluate
the contribution that a DSR contract can make when
compared against a reinforcement with zero unserved
energy. The analysis takes into account:
—— Periods in which DSR was requested but failed to
deliver; and
—— Periods in which DSR delivery fell short of what
was requested.
	The results of this analysis, based on trial data, have
been used to calculate F-factors for DSR contracts.
F-factors have been calculated for each type of DSR
provider (e.g. CHP vs. diesel vs. turn-down) and for
different numbers of DSR contracts (e.g. the F-factor
would be lower for a single unit of DSR compared
to a portfolio of contracts where there are
diversification benefits).
 Derivation of the DSR that needs to be contracted to
achieve the required deferral – The DSR that can be
relied upon from a security of supply point of view can
then simply be calculated by multiplying the contracted
DSR by the notified availability (98%: reflects periods in
which UK Power Network was informed ahead of delivery
that DSR contracts would not be available) and the
relevant F-factor calculated as described in step 1.
 Consideration of the commercial terms required to
apply DSR pre-fault – A typical DSR contract, including
those used in the LCL trials, will contain a number of
commercial constraints that may impact upon the extent
to which the contract can be used to reduce peak load:

—— The DSR service might only be available during certain
months of the year and/or certain hours of the day; and
—— There could be limits on the number of times that the
DSR can be called upon during a day, week, or during
the contract tenor.
	The impact that DSR has on peak load at a given
substation might also be affected by the contract
parameters described above and by the procurement
strategy adopted. For example, procuring 10 * 1 MW
contracts might offer greater flexibility than procuring
1 * 10 MW contracts. We built a dispatch tool that (for
pre-fault applications of DSR) dispatches a defined DSR
instrument (for simplicity we have assume that DSR is
always procured in 1 MW blocks) against a specified
half-hourly annual substation load profile. A simplifying
assumption is made to subtract from the load profile
any load that is transferred from other substations.
For post-fault applications of DSR we can consider the
outputs from this tool in conjunction with an assumption
on network fault rates (see assumptions previously
presented in Table 8). Based on the above considerations,
application of DSR at some substations might require
different contract terms than those trialled on LCL to
ensure that all capacity shortfall events are covered.
 Evaluation of the impact that DSR has in terms
of deferring reinforcement – a tool was developed
based on the Planning Load Estimates (PLEs), which the
planners use to identify where reinforcement work is
required. The PLEs include an analysis of the winter and
summer firm capacities, and the projected winter and
summer maximum demand at each primary substation.
Adjustments are made to the firm capacity at each
substation to take into account the post fault transfer
capacity3 that is available at each substation, and the
expected erosion of that capacity over time as load
growth also takes place at the substation that load would
be transferred to. This tool is used to infer the deferral of
reinforcement spend: any DSR capacity that can be relied
upon is treated as an effective increase in firm capacity,
which defers the date at which maximum demand will
exceed that firm capacity.
 Calculation of the net benefit that results from that
deferral of reinforcement – We have also adapted
Ofgem’s CBA NPV tool to then evaluate the net benefit that
can be realised through deferral of a reinforcement project.
The tool allows users to evaluate the network benefit (i.e.
the deferred reinforcement benefit) of DSR intervention.
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Reinforcement required by
2024 as effective firm capacity
(after post-fault transfer) is
exceeded in that year)

MW
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years
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Table 10: Use Case Example 1 – Substation Capacity

Figure 24: Use Case Example 1 – Graphical
representation of Planning Load Estimates

2017/18

Use Case Example 1 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 10 shows the evolution of the maximum
winter demand compared to the firm capacity without
post-fault transfer, with post-fault transfer and the equivalent
capacity after 5 MW DSR intervention (this 5 MW refers to
the effective capacity of DSR contracted, rather than the
contracted capacity). Years when capacity is breached have
been highlighted. This shows that transfer capacity can defer
the reinforcement requirement at the substation by 10 years,
and DSR defers the reinforcement by a further 4 years.

Figure 24 summarises projected load at the substation.
The two solid lines show projected growth of maximum
load in the summer and winter, with firm capacity shown
by the dashed lines. Firm capacity increases in 2023/244
to accommodate projected load growth, with work on the
necessary network reinforcement works starting in 2018.
The dotted lines show the impact of increasing effective
firm capacity, for example through contracting DSR. If
effective firm capacity is progressively increased to 5 MW,
the planned reinforcement spend can be deferred by four
years until 2022, with capacity being released in 2028. Note
that the timings stated here are slightly different to those
mentioned in the UK Power Network business plan as the
latest planning load estimates (used here) differ slightly to
those used in preparing the ED1 business plan.

2015/16

9.3.2 Use Case 1: Modelled Scenarios

Regulatory years
— Forecast Load –
Winter

— Capacity with
reinforcement – Winter

— Post-intervention
capacity – Winter

Our initial analysis of applying DSR at this substation
considers the quantity of DSR required:
 If we assume that DSR is primarily provided by standby
diesel generation, then when the relevant F-factors
presented in Table 7 are selected the amount of DSR
capacity that needs to be procured to remain P2/6
compliant increases from 2 MW in 2024 to 6 MW in 20275.
We have assumed that DSR is procured in 1 MW blocks; and

3

Note that the contribution that post-fault transfer capacity can make to security of supply at a substation has been capped at 20% of the capacity of the
substation from which load is being exported

4

This refers to regulatory year covering summer 2023 and winter 2023/24

5

Note that this is contracted capacity, not the effective capacity, and takes into account the expected availability of DSR providers and the appropriate F-factor
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The energy at risk (load exceeding the substation firm
capacity) shown in Figure 25 and Figure 26 can only be
partly covered by DSR due to the restrictions on the number
of DSR events allowed under the contracts used during the
trial. Key contractual terms required for DSR to cover all of
the energy at risk at the substation are summarised in
Table 11.

Figure 25: Hourly energy at risk and
dispatched DSR in 2027 under the contractual
terms adopted during the LCL trials
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Note that 4.3 MW of effective capacity is required to defer
reinforcement by 4 years (see Table 11), but it is assumed
that 6 MW of DSR is procured, partly as a result of taking
the technical reliability of the DSR into account, and partly
because it is assumed that DSR is procured in 1 MW blocks.
Whether it is achievable to recruit enough I&C customers
to procure up to 6MW of DSR capacity would in practice
require further investigation. Key contractual terms required
to apply DSR at the Use Case Example 1 substation are
summarised in Table 12.

2024/
2025

2025/
2026

2026/
2027

Capacity out-of-firm [MW]

0.7
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3.0

4.3

Number of units required
(1 MW blocks)
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3

4

6

72%

75%
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2023/
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Hours of the day
Energy at risk pre DSR

Energy at risk post DSR

F – Factor6
Contracted DSR
capacity [MW]
Contract window (days
included)

01/12 – 31/03

Daily window (hours
included)

11am – 9pm

Pre-fault DSR dispatch
[MWh]
6

05

Table 11: Use Case Example 1 – Key parameters
for application of DSR

5
0

Figure 26: Monthly energy at risk and
dispatched DSR in 2027 under the contractual
terms adopted during the
LCL trials

MWh

 If monthly and daily availability windows are consistent
with the trial contractual terms (6 hours a day; 3 months
a year), part of the energy at risk falls outside the
availability window and cannot be covered by DSR. Our
analysis of the load profile suggests that DSR should be
contracted to be available from December to March (see
Figure 26), 5 days a week and for 11 hours per day (from
1100-2100h – see Figure 25). Under these contractual
terms, DSR availability costs are estimated, per annum, at
£25/kW of contracted capacity (which increases to £36/
kW of effective capacity i.e. after de-rating of capacity to
take into account its technical reliability).

14

Notified availability of 98% is applied in addition to the F-Factor when calculating the appropriate DSR capacity to contract

60

174

373
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Postfault

Low
availability
payments
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DSR
performance

Application
of DSR

Prefault

Postfault

Post-fault

Post-fault

Availability
payment
(£/MWh)

30

30

15
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Daily event
limit

3

1

1

1
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event limit

11

3

3

3

Seasonal
event limit

36

10

10

10

ANM
control?









For the pre-fault scenario we have also presented a graph
to illustrate how the key cash flows in the CBA evolve over
time in Figure 27. The graph shows how by far the largest
driver of the net benefit is the deferral of reinforcement
costs, followed by the payment of DSR availability and
utilisation fees, and overhead costs. The graph illustrates
this by showing the avoided reinforcement cash flows
from the counterfactual as a positive cash flow (note that
reinforcement costs are shown on a separate secondary
y-axis in this figure). The overall net benefit is then
calculated after application of the discount rate to these
cash flows.

Figure 27: Cash flows for pre-fault application
of DSR at Use Case Example 1
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2015/16

This scenario does show a positive net benefit, of £928k
compared to the earlier reinforcement that would be
required in the absence of DSR, with a totex cash flow
benefit of £12,246k in ED1, although these results are
caveated with the observation above that the commercial
terms modelled may not be achievable. Note that the ED1
totex saving is higher than that stated in the business plan
largely as a result of the timing differences noted previously.

Prefault

2014/15

Under the pre-fault scenario, DSR units are dispatched
at periods when load exceeds firm capacity, subject to
commercial constraints such as limits on the number of
events (daily, weekly and seasonal). As such it is necessary
to increase the number of events allowed for in a DSR
contract. Table 11 shows that in the pre-fault scenario for
Use Case Example 1 the contract needs to allow for up to 3
discrete events per day, 11 per month and up to 36 events
over the contracted season. In the CBA we have not taken
this increase in event numbers explicitly into account, other
than through the increased utilisation payments. Contracts
with this volume of dispatch events may be more difficult
to obtain than those trialled within LCL. Feedback from
the programme aggregators indicates that generation-led
DSR providers will generally regard these increased event
volumes as additional revenue while load reduction-led
DSR providers may see it as a barrier to participation due
to the impact on their own operations. It is then likely that
either (a) some counterparties will not be prepared to sign
contracts with such a large number of events and a larger
number of contracts is required; or (b) the availability fee
to attract willing counterparties would be higher than the
availability fee modelled here. The recruitment of DSR
providers under contracts that allow for a higher number of
events is likely to be more challenging than when using the
contracts in place for the trial.

Scenario

2013/14

The first scenario presented in the tables is a pre-fault
application of DSR. The reason for this starting point is that
the UK Power Network control engineers have highlighted
concerns over the application of DSR post-fault. Specifically,
the engineers are concerned that post-fault application with
30 minutes maximum response time may not respond in
time without a much better understanding of the cyclic
ratings of individual circuits. Without this understanding,
post-fault application might significantly increase the risk of
a further fault after a First Circuit Outage (FCO). At the very
least, these concerns would need to be addressed for postfault application to be an acceptable intervention.

Table 12: Use Case Example 1 – Key assumptions
used in evaluation of deploying DSR

DSR related costs(£m)

In evaluating the net benefit of deploying DSR at Use
Case Example 1, a range of different scenarios have been
modelled. The key assumptions adopted in these scenarios
are summarised in Table 8 and the headline results are
presented in Table 13.

44 | Cost Benefit Analysis

The post-fault scenario differs from the pre-fault scenario
mainly through lower dispatch requirements. In this scenario
the DSR is dispatched only after a FCO, which leads to the
much smaller (almost negligible) dispatch requirement. This
in turn means that the number of events that need to be
accommodated by the DSR contracts is much lower, and so
there is higher confidence in this scenario to assume that
pricing demonstrated in the LCL trials can be achieved in
practice, or even improved upon. The driver of the improved
net benefit under this scenario (to £1003k) is simply the
reduced utilisation payments under the DSR contracts.
We have also modelled two sensitivities to this
post-fault scenario:
 Low availability payments: given the negligible
utilisation expected under post-fault application, it is
possible that counterparties can be recruited with a lower
availability fee. Availability fees paid to generators under
National Grid’s STOR contracts can be < £10/MWh, but we
assume that a value of £15/MWh is the best that could
be achieved here, given the much reduced market size
when the DNO is limited to recruiting behind a specific
constrained substation. With this reduced availability
payment the net benefit of applying DSR can be improved
to £1,120k.
 Improved DSR performance: the core scenarios
modelled assume that the ANM solution deployed is in
line with that used during the LCL trials, based on the trial
data that we have available to support this CBA. This ANM
solution simply identified when DSR should be dispatched,
and allowed for a signal to be sent to the aggregator
to dispatch DSR. The aggregator still needed to pick up
a phone to request the DSR from a service provider.
However, we have modelled a scenario where a more
advanced (but more expensive) ANM solution is installed,
which allows for the DSR to be directly controlled. We
assume that this system, and an accompanying increase
in testing requirements improves the DSR F-factor to be
100%, which reduces the maximum DSR required by 1
MW every year. However, the analysis indicates that the
costs of the improved ANM solution outweigh the benefits
as the net benefit of the DSR scheme falls to £843k.

Results are summarised in Table 13 below.

Table 13: Results from deploying DSR for Use Case 1
Scenario

Postfault

Pre-fault

Postfault: Low
availability
payments

Postfault:
ANM
control

Net benefit (£k real 2012/13)
Gross
network
benefit

1,275

1,275

1,275

1,275

DNO costs

(347)

(272)

(156)

(433)

Net
network
benefits

928

1,003

1,120

843

Totex cash flows (£k real 2012/13)
Totex
impact ED1

12,246

12,246

12,246

12,246

Totex
impact ED2

(12,806)

(12,682)

(12,494)

(12,934)

9.4 Use Case 2: Planned Outage
Management
In this section we present analysis of the case studies
selected where it is proposed that DSR is used to mitigate
capacity shortfalls that would otherwise exist ahead of or
during scheduled maintenance outages. Two categories of
outage management case study have been identified:
 Mitigating capacity shortfalls ahead of reinforcement
Where a reinforcement is scheduled or taking place
but will not be ready prior to the load at a substation
exceeding its firm capacity. DSR could be used to keep
load within the firm capacity maintaining
P2/6 compliance.
 Unavailable capacity during specific time of the year
While the DNO is carrying out larger network upgrade
or reconfiguration works, some network capacity might
temporarily be unavailable. During these times DSR could
again be used to reduce net load, thus reducing the need
for more expensive conventional interim solutions (such
as an equivalent temporary reinforcement or a temporary
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2015/
2016

2016/
2017

2017/
2018

2018/
2019

Summer
MD

41.1

41.8

42.5

43.1

43.8

44.5

Summer
firm
capacity

43.7

43.7

43.7

43.7

43.7

43.7

The dashed lines in Figure 28 show the required
intervention (i.e. in 2017/18, two years ahead of the planned
reinforcement) and the dotted lines show the actual timing
of the reinforcement. The gap between the two lines
indicates the security of supply contribution required from
DSR to maintain compliance ahead of the new substation
being commissioned.

Figure 28: Use Case 2a – Graphical
representation of Planning Load Estimates
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2018/19

 Calculate the net benefit that results from using DSR
to avoid the need for a standby generator – The cost
of contracting the required DSR can then be set against
the remaining costs (e.g. of control systems and other
overheads) and the benefits of DSR to estimate the
net benefit of the scheme. Infrastructure planners at
UK Power Network have advised that the appropriate
counterfactual in this case would be to compare
DSR against the alternative of leasing standby diesel
generators. We note that in practice a derogation from
P2/6 compliance is sometimes sought.

2014/
2015

2019/20

 Derivation of the DSR that needs to be contracted
to mitigate the identified shortfall in capacity – The
security of supply contribution made by a given DSR
contract, or portfolio of contracts, can be determined
through consideration of the analysis of both commercial
and technical constraints, as described above. For a given
MW shortfall in firm capacity, the DSR capacity that
needs to be contracted to meet that shortfall can then
be calculated.

2013/
2014

MW

2017/18

 Consideration of the commercial terms required to
reduce peak load – The impact that DSR has on peak
load at a given substation is a function of the commercial
terms that apply to the DSR contracted. The approach
used here is identical to that described for Use Case 1.

Table 14: Capacity at the Use Case 2a
substation

2016/17

 Consideration of the technical reliability of DSR – The
amount of DSR that needs to be contracted is also a
function of its technical reliability, as described by the
F-factors presented in Section 8. The approach used is
again identical to that described for Use Case 1.

2014/15

In many ways the approach we use to analyse this use case
is very similar to the approach presented for Use Case 1 for
analysing the deferred reinforcement case studies. The key
steps involved in the analysis are summarised below:

2015/16

9.4.1 Use Case 2: Approach to cost-benefit analysis

Maximum demand (MD) at the Use Case 2a substation is
projected to exceed the firm capacity of that substation
from summer 2018, but a new substation that will release
capacity at the Use Case 2a substation is not expected to be
commissioned until 2020. This leads to a two year period in
which there is likely to be a shortfall in firm capacity: it is
proposed that DSR is used to remain P2/6 compliance during
2018 and 2019 (see Table 14). It is assumed that in the
absence of this DSR, emergency standby diesel generator
would instead have been leased by UK Power Network.

2013/14

Both categories are distinct by their drivers but are tackled
with a similar approach which is described in the
following subsection.

9.4.2 Use Case 2a: Mitigating capacity shortfalls
ahead of reinforcement

Demand/Capacity (MW)

diesel engine) or, worst case, avoiding the need for a
P2/6 derogation.

Regulatory years
— Forecast Load –
Summer

— Capacity with
— Post-intervention
reinforcement – Summer
capacity – Summer
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The analysis suggests that in order to achieve the required
security of supply contribution from DSR, the following
would be required:
 If we assume that the DSR is largely composed of onsite
generators and apply the appropriate F-factors from Table
7, then 1 MW of DSR is required in 2017/18 and 2 MW of
DSR is required in 2018/19. Note the same capacity of
temporary generation would be needed
in the counterfactual;
 Analysis of the historic load profile at the substation
suggests that the DNO would need to contract the DSR
from April to August, and from 0900-1700h. Under these
contractual terms, DSR availability costs are estimated at
£26/kW of contracted capacity (up to £37/kW of effective
capacity) compared to the cost of hiring diesel engines for
five months of £42/kW of contracted capacity (£52/kW of
de-rated capacity); and
 Note that in this case the capacity of the leased diesel
generator is the same as the required DSR capacity.
Contractual terms and main steps in the calculation of the
contracted DSR are summarised in Table 15.

Table 15: Use Case 2a – Key contractual
parameters for application of DSR
[MW]

2016/17

2017/18

planned reinforcement works, the pre-fault application of DSR
is more realistic than in many of the case studies presented.
In this case, the number of events required during a contract
season to apply DSR on a pre-fault basis is close to the
contractual terms in place for the LCL trials (11 events per
seasonal contract, 2 per day and 3 per week in the case
study, compared to 10, 1, and 3 events respectively in the
trial). The CBA indicates that the net benefit in NPV terms
of pre-fault application of DSR in use Case 2a is £8k, with
£11k of totex cash flow being avoided in ED1. Note that
these numbers are an improvement on those presented in
the LPN ED1 business plan, which does not take into account
the costs saved from the counterfactual (i.e. the
temporary generator).
The numbers presented in Table 16 indicate that the net
benefit is slightly improved to £13k if DSR is instead applied
on a post-fault basis, and this can be further improved to
£44k if the availability payments for DSR are reduced from
£30/MWh to £15/MWh. As per Use Case 1 the net benefit
of the scheme is worsened by the application of a more
sophisticated ANM solution. This is even more evident in
this case study where the upfront costs of DSR need to be
recovered over a shorter period of time.

Table 16: The key results from this
scenario analysis.

2018/19

Winter MD

38.8

42.3

43.7

Winter Firm
capacity

49.9

49.9

49.9

Winter Firm
capacity during
outages

33.2

33.2

33.2

Winter Firm
capacity during
outages with
post-fault
transfers

39.9

39.9

39.9

Scenario

Prefault

Postfault

Postfault: Low
availability
payments

Postfault:
ANM
control

Net benefit (£k real 2012/13)

As with Use Case 1 presented previously the application of
DSR has been modelled on both a pre-fault and on a postfault basis. We have also modelled a range of sensitivities to
explore the impact of lower availability payments, and the
impact of ANM to control DSR dispatch. The key results from
this scenario analysis are presented in Table 16.
As could be expected for this deployment scenario, where
load growth has exceeded forecasts prior to completion of

Gross
network
benefit

101

100

100

100

DNO costs

(93)

(87)

(56)

(120)

Net network
benefits

8

13

44

(20)

Totex cash flows (£k real 2012/13)

Totex impact
ED1

11

18

57

(20)

Totex impact
ED2

nil

nil

nil

nil
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9.4.3 Use Case 2b: Unavailable capacity during a
specific time of the year
The firm capacity of the current Use Case 2b substation
is 49.9 MW in winter and 41.4 MW in summer. During the
upgrade of this substation, which will ultimately lead to the
commissioning of a new substation in 2016/17, the effective
firm capacity of the substation will be reduced by a third
as each transfer (15 MW nameplate capacity) is removed
and upgraded in turn. As this is a summer constrained
substation it is assumed that the outages to carry out this
upgrade work are carried out during the winter (see Table 17).

Table 17: Use Case Example 2b-Substation Capacity

9.4.4 Representation of Planning Load Estimates
The analysis of Use Case 2b indicates that the amount of
DSR that would need to be procured to cover the capacity
shortfall during the winter outages is as follows:
 If the DSR is primarily provided by onsite y onsite diesel
generators use of the appropriate F-factors indicates a
need to contract 4 MW of DSR in 2014/15 and 5 MW in
2015/16. Note that, due to different F-factors used for DSR
and leased generators, this compares to a need for 3 MW
of generation capacity in 2014/15 and 5 MW in 2015/16,
where a diesel engine is leased directly by the DNO.

2016/17

2017/18

2018/19

Winter MD

38.8

42.3

43.7

Winter firm
capacity

49.9

49.9

49.9

 In order to be available to provide the required response,
the availability window for the contracted DSR needs to
cover the months December-March and the times 10002000h. Under these contractual terms, DSR availability
costs are estimated at £25/kW of contracted capacity
(up to £33/kW of effective capacity) compared to renting
diesel engines for a four month period at £33/kW of
contracted capacity (£42/kW of de-rated capacity).

33.2

Table 18: Use Case Example 2b – Key
parameters for application of DSR

Regulatory years (ending March)
MW

Winter firm
capacity during
outages

33.2

Winter firm
capacity during
outages with postfault transfers

33.2

39.9

39.9

39.9

Figure 29: Use Case Example 2b – Graphical 9.4.4

Demand/Capacity (MW)

60

Capacity shortfall during winter
outage in the event of a fault
in the absence of DSR

50
40

20

2015/16

2.4

3.8

4

5

78%

79%

Contracted DSR capacity [MW]

4

5

Contract window (days included)

01/12 – 31/03

Daily window (hours included)

10am – 8pm

Capacity out-of-firm [MW]
Number of unit required (1 MW
blocks)

Figure 29 illustrates the impact of the outage. Note that the
effective winter firm capacity is calculated as 2/3 * 49.9 MW,
and 6.6 MW of post-fault transfer capacity is then added to
arrive at the value indicated in the figure (see Table 18). The
capacity and load at the substation is shown as zero from
2016/17 as the new substation is commissioned.

30

2014/15

Load is transferred to
another substation

Winter capacity
before effect
of outage

10
0
2013/14 2014/15 2015/16 2016/17 2017/18 2018/19 2019/20
Regulatory years
— Forecast Load – Winter

— Post-intervention capacity – Winter

— Winter effective capacity

— Winter capacity without outages

F – Factor

Pre-fault DSR dispatch [MWh]

238

578

We have evaluated the net benefit for applying DSR at the
Use Case 2b substation using the same four scenarios that
were modelled for previous case studies. The results of this
analysis are summarised in Table 19.
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Table 19: Use Case Example 2b – Results from
analysis of deploying DSR
Scenario

Prefault

Postfault

Postfault: Low
availability
payments

Postfault:
ANM
control

Net benefit (£k real 2012/13)

Gross
network
benefit

303

234

234

234

DNO costs

(389)

(245)

(145)

(442)

Net network
benefits

(86)

(11)

89

(208)

Totex cash flows (£k real 2012/13)

Totex impact
ED1

(94)

(9)

104

(223)

Totex impact
ED2

nil

nil

nil

nil

To apply DSR at the Use Case 2b substation on a pre-fault
basis it is necessary to allow for a large number (4 per day,
16 per week and 67 per season) of events in DSR contracts
to achieve the required response, as was the case in Use
Case 1. The net benefit for this scenario is negative at £86k,
and it is unlikely that it would be commercially achievable to
recruit DSR counterparties to sign
such contracts.
The numbers presented in Table 19 indicate that the net
benefit of the scheme is improved (to £11k) if DSR is
instead applied on a post-fault basis, and this can be further
improved to a positive £89k if the availability payments
for DSR are reduced from £30/MWh to £15/MWh. The
availability payment for which the net benefits reach breakeven is £28/MWh. Finally, the net benefit of the scheme is
worsened again by the application of a more sophisticated
ANM solution.

9.5 Key Learning Points
The following learning points relate specifically to the
CBA work:
 Our case study analysis indicates that DSR can be used to
improve the economic efficiency with which P2/6 is met,
through deferring reinforcement.
Our case study analysis indicates a positive net benefit for
Use Case 1, where reinforcement spend is deferred by DSR.
This suggests that deferring reinforcement spend using DSR
can deliver value for consumers. However, a low positive
net benefit is evaluated for Use Case 2a and a negative net
benefit is evaluated for Use Case 2b, where DSR was being
used to mitigate a capacity shortfall either during an outage
or in advance of required reinforcement being complete.
This suggests that, unless DSR can be deployed with lower
overheads in future, that it is best suited to applications
where deferrals in reinforcement spend can be achieved.
The driver for net benefit being higher when deferring
reinforcement when compared against outage management
case studies is the difference in the counterfactual definition
between these use cases. In the former, DSR is being
used to defer a reinforcement project (an expensive capex
project), whereas in the outage management cases there
is no change to the capex programme; rather, the DSR is
being used in place of a temporary diesel generator. As
our analysis has shown the DSR is sometimes the cheaper
of the evaluated interventions, but the net benefit is more
marginal in this case.
 Pre-fault application of DSR may not be
commercially achievable.
The analysis presented in the previous sections evaluates
the benefit of DSR both when applied on a pre-fault and
on a post-fault basis. Our analysis shows that DSR applied
pre-fault can lead to net benefits where it can be used to
either defer reinforcement or to manage outages. However,
it is important to note that pre-fault application of DSR
may require DSR contracts that allow for significantly more
response events per season than the contracts used in the
LCL trials (e.g. see Table 12 for Use Case 1 and commentary
for Use Case 2b). In those cases it seems unlikely that it
would be possible to recruit sufficient numbers of DSR
providers to sign up to such terms, at least not without
some uplift in the availability fee paid to those providers.
One exception to this finding is more onsite standby diesel
generators. For substations where significant standby
diesel generation is available, which would otherwise be
running with very low utilisation rates, signing contracts
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with the relatively high rates of utilisation required for prefault application of DSR might be possible. However, the
opportunity for such applications is likely to be limited.
 Post-fault application of DSR will need to address concerns
raised by control engineers.
Post-fault application of DSR achieves improved net benefit
in the cases studies presented due to reduced utilisation
costs without requiring commercial terms that are unlikely
to be attractive to potential service providers.
However, we acknowledge concerns that have been raised
by control engineers over the application of DSR on a postfault basis, as discussed further below.
The following learning points relate to the business
and industry changes required to accommodate
recommendations:
 Control engineers have highlighted the need to better
understand cyclic ratings to implement DSR on a
post-fault basis.
As noted above, control engineers have concerns that DSR
may not provide a sufficiently rapid response for it to be
deployed safely on a post-fault basis. Specifically, they
are concerned that the cyclic ratings of some equipment
may mean that the risk of a second outage is materially
increased during the 30 minute response time usually
required by DSR providers. Failing to address this concern
will materially curtail the opportunities for DNO to apply DSR
in a way that is economically efficient.

It is recommended that studies take place to address these
concerns, so that the cyclic ratings of affected circuits are
more thoroughly analysed, so that the technical constraints
on post-fault DSR deployment can be better understood.
 Control systems and processes need to be updated to
incorporate the operational use of DSR.
For DSR to be embedded in Business as Usual (BaU) by the
control room, control room systems will need to be updated
so that opportunities to deploy DSR can be identified
in real time, and to allow control engineers to send out
instructions for the deployment of DSR to respond to real
time requirements.
Further, processes and protocols will need to be defined and
embedded in the organisation, to ensure that DSR is utilised
in a consistent manner that maintains system security in
line with P2/6 and delivers best value from the contracts
for consumers.

Our case study analysis
indicates a positive net benefit for
Use Case 1, where reinforcement
spend is deferred by DSR.
This suggests that deferring
reinforcement spend using DSR can
deliver value for consumers
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10
Scale of Opportunity
10.1 Introduction

10.2 Scale of Opportunity

In order to better understand the types of substation where
DSR might be most appropriate we have performed two
additional analyses:

10.2.1 Use Case 1: Extrapolative analysis to consider
the wider application of DSR to defer reinforcement

 Using our dispatch tool we assessed the impact of
different load shapes on the availability window that
should be applied to DSR contracts. We would expect
profiles with more persistent, or more repeated, peaks to
require a longer availability window than those profiles
with short and infrequent peaks; and
 We have also investigated the impact that load growth
has on the deferral of reinforcement that can be achieved
and hence the value that can be extracted from a
DSR scheme.
Building on this analysis we have identified substations
where DSR represents value for money in deferring
reinforcement and the net benefit available as a result
is estimated.

7

In addition to detailed modelling of specific case studies,
we have used the LCL trial data to perform some more
generalised analysis to understand the load properties that
might help to identify substations where DSR can be most
successfully applied. This analysis focusses on the following
key parameters:
 The size of benefits is a function both of the expected cost
of reinforcement and on how much reinforcement can be
deferred by. Both of these factors are functions of the
load growth at a substation; and
 The costs of applying DSR (again assuming that postfault application can be successful) are largely driven
by the availability window over which DSR needs to be
contracted. This, in turn, can be expressed as a function
of the load factor7 at a given substation. One might
expect that DSR at a substation with a high load factor
(and hence probably a flatter peak) to be more expensive
than DSR at a substation with a low load factor. Figure 30
shows two example load duration curves, with different
load factors, to illustrate the more “peaky” nature of a
lower load factor substation.

The load factor is defined as the average load over a year divided by the peak load.
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Figure 30: Load duration curve at 50% and 70%
load factor

1.0

To simplify this analysis and to make it more widely
applicable, we have made the following assumptions for
this extrapolative analysis:
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We have selected a list of primary substations in the LPN
licence area where the forecast substation load growth
suggests that reinforcement is likely to be required during
the period to 2030. For each of these substations we have
performed the following analysis:
 Calculated the load factor at the substation and analysed
how the availability window required for DSR increases as
the degree of capacity shortfall at the substation increases
from 0% of peak load to 5% of peak load. The choice of
the 5% is arbitrary, but it seems reasonable to assume
that once the capacity shortfall reaches 5% of peak load a
conventional reinforcement requirement will be deferred
no further. This analysis is used to plot how the availability
window required (expressed as a % of the year) varies by
load factor and firm capacity (Figure 32).

Figure 31: Load factor distribution across shortlisted substations in LPN
14

 We have assumed that when a reinforcement is required,
the investment is sized such that it meets reinforcement
requirements at the substation in question for 20 years;
and
 Figure 31 shows how the cost of DSR availability
payments tends to increase with substation load factor.
For each substation in our sample of 29 we have
calculated the availability window required to cover the
periods when the substation is likely to be out of firm
when the substation is 1%, 2%, and 5% out of firm. The
length of the availability window (shown on the y-axis
of the graph) is expressed as a % of the year (e.g. an
availability window that needs to cover 6 months of the
year for 12 hours a day would be shown as 25%).

Figure 32: Availability window required, as a
% of the year, varying by load factor and firm
capacity
25%
20%
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 We have used a generic cost assumption for load-related
reinforcement projects of £241k/MVA of reinforcement.
This number is consistent with our LPN business plan, but
clearly in reality £k/MVA costs can vary greatly between
reinforcement projects;

Required DSR availability
(% of the year)

Normalised peak load (MW)

1.2

 Using the lines of best fit derived through Step 1, we have
calculated the net benefit of deferring reinforcement for
a range of load growth and load factor scenarios. This
can be used to plot how the net benefit of deferred
reinforcement varies by substation load factor and load
growth (Figure 33).
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The line of best fit functions can then be used to estimate
the net benefit of using DSR to defer reinforcement for
different load factors. Figure 32 considers a range of
scenarios where DSR up to 5% of firm capacity is procured.
The availability in all years is assumed to be sufficient to
cover the requirements of the final year in which DSR is
contracted; the quantity of DSR procured is assumed to
increase linearly in each year. The calculation considers
only availability fee costs and does not take into account
utilisation fees (assumed to be negligible in a post-fault
application of DSR) or overheads. This net benefit therefore
gives an indication of the contribution that a DSR project
could make towards covering the overheads associated with
DSR, rather than the net value delivered.
As the load factor increases the cost of procuring sufficient
DSR increases, leading to a reduced net benefit. This
calculation is repeated for three different annual maximum
demand growth rates: 1%, 1.5%, and 2%. As the growth rate
increases, the net benefit increases. This can be explained
by a combination of factors:
 The increased growth rate does reduce the extent to
which reinforcement expenditure is deferred, reducing the
benefit of deferring the reinforcement;
 However, the higher growth rate also leads to that
reinforcement spend being increased to ensure that
it meets the requirements of the next 20 years. This
increases the benefit. However, the higher growth rate
still on balance leads to a modest decrease in the benefit
of deferring reinforcement; and
 The time over which DSR needs to be procured to achieve
a similar gross benefit is reduced (as a result of the
reduced deferral) leading to lower costs, and hence an
increase in net benefits. This factor more than outweighs
the decreased benefit noted above.

Figure 33: NPV of deferring reinforcement
using DSR to cover a 5% capacity shortfall, by
load growth and load factor
NPV (£/MW maximum load)
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 The load factor and the growth rate at each of the shortlisted substations can be used to estimate the net benefit
of deferring reinforcement at each substation;
 Taking into account the amount of DSR required at each
substation the telecom costs incurred at each substation
can also be taken into account. This filters out a handful
of substations that would not earn a sufficient return to
make a contribution towards overall DSR setup costs;
 The sum of the individual substation results is then
calculated and overhead costs subtracted;
 This calculation suggests that the likely maximum net
benefit (subject to the simplifying assumptions described
above) of the opportunity for implementing DSR across
LPN to defer reinforcement during ED1 and ED2 combined
can be estimated at £5.5 million; and
 The totex cash flow in ED1 could be reduced by as much
as 15.4 £m if DSR was rolled out across the short-listed
LPN substations as described above. Our analysis is based
upon a total of 148 MW of DSR being contracted8 across
28 substations.
It is important to note that this does not negate the need
for detailed analysis of the benefits of specific schemes, but
illustrates how specific parameters such as the load growth
and load factor could help with top-down filtering of a long
list of potential projects.

10.3 Key Learning Points
The extrapolative analysis shows that the net benefits from
applying DSR to defer reinforcement are generally higher for
substations with a low load factor (specifically substations
with less frequent and shorter peaks). High load factors are
usually correlated with long periods of energy at risk during
which DSR availability would be required which increase
availability payments. Higher load growth also leads to higher
benefits as the time over which DSR needs to be procured to
achieve a similar gross benefit is reduced (as a result of the
reduced deferral of reinforcement), leading to reduced costs.
While the extrapolative analysis does not replace any
detailed study of specific DSR schemes, it suggests focusing
on substations with a higher than average load growth
combined with a low load factor when short listing potential
DSR projects. Given the conclusions presented above it is
assumed that DSR is applied on a post-fault, rather than
pre-fault, basis.

5000

0
50%

Building on the findings presented in Figure 32 and Figure 33,
the net benefit of deferring reinforcement has been calculated
across the original list of short-listed substations in LPN:

1.5% Load Growth

1% Load Growth

70%

Our analysis suggests that c. £5.5m of net benefit may
be available in the LPN licence area through deferring
reinforcement using DSR during the ED1 and ED2 price
control periods.

The volume of contracted DSR required is calculated using a single F-factor assumption of 75% for this extrapolative analysis, rather than using a
substation-specific F-factor as in the case study analysis
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11
DSR Strategy Development
11.1 Introduction
This section brings together the lessons presented in
this report to describe how they could be used by a DNO
to develop their DSR strategy. It is clear that there is a
consensus that DSR could be used to manage network
constraints and the learning from the LCL trials has been
used to provide a clear strategy that has been demonstrated
as capable of delivering network benefits.
The key questions that need to be answered are as follows:
 How can security of supply be maintained with DSR services?
 Does the implementation of DSR demonstrate value to
both customers and the DNO?
 Can DSR customers be signed up in sufficient numbers to
provide sufficient benefits to the DNO?
 Operationally, when should DSR be dispatched?
 What are the Information, Communication and Technology
(ICT) requirements for DSR programmes?
 What form should the DSR contracts take and how should
DSR services be procured?
 What changes are required to existing DNO working
practices to implement DSR?

The following sub-sections of this report seek to collate the
findings presented in this report in order to provide guidance
on the above questions.
Because there are a variety of DSR strategies under testing
across the industry, these recommendations also consider
the experiences of the other DNO-led DSR projects, as
described in section 2 of this report.

11.2 Security of Supply
Security of Supply is a critical measure of the distribution
network performance and as such compliance with ER P2/6
is a key distribution licence condition. However, ER P2/6 and
the supporting ETR 130, do not explicitly allow or disallow
DSR to be included within the security of supply assessment
for any given Group Demand.
As such, a recent consultation on ETR130 proposes that “it is
up to each DNO to justify and formally record its approach
for each DSR connection”. Section 8 of this report uses the
LCL trial data and follows the methodology employed in
the existing regulation (ETR130) to provide the F-factors for
different types of DSR which enables DNOs to assess the
level of DSR that can be relied upon to maintain security
of supply. This report shows this methodology can be used
by DNOs to formally record how security of supply for DSR
connection has been completed when it is deployed as BaU.

54 | DSR Strategy Development

11.3 Cost Benefit Analysis
The CBA use case examples presented in this report show –
while network capacity requirements can sometimes drive
extreme pre-fault service requirements challenging for DSR
providers – that in all cases there are financial benefits for
deploying DSR (£NPV) to the DNO and to the customer.
However, along with the commercial risks associated with
recruiting customers to deliver pre-fault dispatch there are
also technical risks that need to be addressed with the
deployment of DSR post-fault. This is covered in more
detail in a later subsection of this report
(Operational Dispatch Methodology).
The CBA work also highlights that each site must be
considered in detail separately due to the multi-faceted
nature of the analysis required and the sensitivity of DSR
schemes to several site-specific factors such as the network
load duration curve and available DSR providers.

11.4 Procurement Method Considerations
The successful procurement of network DSR services is one
of the primary challenges to the DNOs ability to utilise such
solutions. Core to this challenge is the scale of the network
served and the fact that DSR services, either generation
or demand-led must be provided by electricity customers
connected to the network site being managed. Overall, DSR
procurement activities should be carefully planned and are
likely to require notable commercial effort.

A successful DSR procurement strategy will need to ensure
the following:
 That DSR portfolio reliability and compliance are ensured;
 That the magnitude of DSR service capacity required
is available;
 The DNO route to market and contract durations are fit for
purpose; and
 The best value pricing for the DNO is obtained.
Additionally, as DSR is a commercial-driven approach to
managing technical risks on the network, the contracts
established through this procurement must maximise the
commercial confidence that the DNO has in the delivery of
the required DSR services. Recommendations related to the
contract terms are described in the commercial terms and
framework section of this report.
In order to inform the recommendations presented,
in addition to the trial experience obtained during the
procurement of the LCL DSR contracts, a review of other UK
and international DSR programmes was conducted and the
following table outlines the key points from those activities
which have been taken into consideration.

The successful procurement
of network DSR services is one of
the primary challenges to the DNOs
ability to utilise such solutions.
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Table 20: Literature Review Commercial Key Learning Points
Key Point

Consideration

Source

The trials for all projects show that all DNO’s are looking
to procure services from both an aggregator and
directly .

This will have implications for the dispatch
methodology, contract format and the
IS requirements.

Appendix A –
Industry Learning.

UK Power Network assumed that it might be possible to
obtain 2-5% of building demand as DSR and 10-20% of
non-intermittent generation as DSR .

This provides an indication of the level of response
that could be expected for I&C DSR customers.

Section 6 – Site
Selection

The time required for customer engagement, achieving
‘buy-in’ and sign-off of the required legal agreements
was significant and should not be underestimated
when carrying out similar activities.

This means that if the DNO decides to contract
directly, rather than through an aggregator, the DNO
will need to dedicate significant levels of resource to
sign up DSR customers.

Appendix A – Industry
learning: CLNR &
Honeywell I&C ADR

Identifying load reduction sites is likely to be more
difficult than distributed generation, as sites with
embedded generation are likely to have a connection
agreement in place with the DNO which includes details
of this capability.

This means that DNO's may choose to target
generation led DSR rather than demand led DSR. If
the decision is taken to target generation led DSR the
DNO may have to compete directly with STOR and
the financial incentives offered to customers should
reflect this.

Appendix A – Industry
learning: FALCON

The available capacity from load reduction customers
is likely to be much smaller than those with standby
generation. As a consequence, the financial benefits
available to standby generation customers are therefore
much greater than load reduction participants.

This means that DNO's would need to contract more
customers to deliver the same DSR response when
compared to generation led DSR.

Appendix A – Industry
learning: FALCON

The length of contract had the biggest single influence
on potential take up levels.

This should be taken into account within the contract
terms offered to DSR customers.

Appendix A – Industry
learning: Capacity to
Customers

Contracts of one year duration were found to be
optimal in terms of the level of interest expressed.

As above.

Appendix A – Industry
learning: Capacity to
Customers

It is unlikely that customers already providing STOR
services to NGET will also be able to provide services to
UK DNO’s.

This needs to be considered when targeting DSR
customers (particularly generation led DSR).
Alternatively work could be completed to identify if
customers could offer services to both STOR and the
DNO using different availability windows.

Appendix A – Industry
learning: STOR

Diesel (40%) and CHP (4%) account for 44% of the
total response to STOR. This compares to 9% for load
reduction.

This provides an indication of where the bulk of DSR
services are likely to come from (at scale).

Appendix A – Industry
learning: STOR

The availability and utilisation payments for STOR are
£7.38/MWh and £202.27/MWh respectively (2012/2013).

Where DNO's are looking to compete with STOR for
DSR customers the financial incentives need to be set
appropriately to entice customers to sign contracts
with the DNO. DNO's may wish to consider offering
variable rates for DSR services depending on the
business drivers and results of the CBA.

Appendix A – Industry
learning: STOR

It can be seen that the performance levels are high,
with providers delivering between 90% and 100% of
their capacity commitment during events.

This shows that it is possible to achieve greater levels
of response than outlined in Section 8 – Security
of Supply. It is not entirely clear how this level of
response was achieved, however, it is likely to be
down to financial penalties associated with the DSR
contracts. This shows that more onerous contract
conditions can provide an increased response.
However, this assumes that customers are willing to
sign contracts with penalty clauses.

Appendix A – Industry
learning: PJM
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11.4.1 Portfolio Reliability & Compliance
As shown in Section 8 (Security of Supply) a greater
responsive capacity must be procured than the capacity
required on the network in order to ensure reliable and
compliant DSR performance. Table 21 shows – using the
reliability factors from Section 8 for 5 DSR providers – that if
there is a requirement for 5MW of DSR then 7MW will need
to be procured to deliver 5MW from either Diesel or CHP and
8MW would need to be procured to deliver 5MW of DSR from
demand reduction schemes. Clearly in conjunction with the
points outlined above regarding demand reduction schemes
indicates that it should be easier to procure generation-led
DSR services (where it is available) and this has the added
advantage of providing a more reliable response.

Table 21: DSR Procurement By DSR Type Example
DSR
Source

DSR
Requirement
(MW)

Reliability
(%)

DSR
Procured
(MW)

Diesel

5

78%

7.0

CHP

5

77%

7.0

Demand
Reduction

5

62%

8.0

As more data is generated on DSR events, it is recommended
that the F-factor analysis is re-run to build statistical validity
in the results. Table 22 shows the following for the three use
case examples in the LPN licence area.
However, the ETR130 assessment methodology may not
robustly defend against the risk of a single large DSR
provider not responding. A DSR portfolio may meet the
percentage over-procurement required by the reliability
F-factor but at the same time would not provide the
minimum capacity required in the case of single provider
failing to respond to an event dispatch. This is pertinent to
DNO deployment of DSR schemes, where it is most likely
that capacity requirements will be met by a number of
generation-led DSR providers of over 1 MW output each.
The high reliability performance of generation-led DSR
observed in the LCL trials support this method, where
large DG provider’s observed risk of failure was low but
non-compliance tended to be high consequence (e.g. total
unavailability). This can be addressed by ensuring that DSR
portfolios are resilient to the failure (i.e. no response) of
the most critical provider, and thus procuring N+1 providers.
Because this can only be assessed as part of obtaining and
contracting with the providers then this must be ensured as
part of the procurement procedure.

Recommendation: It is then suggested that the reliable and
compliant DSR capacity required to be procured should be
calculated as the most onerous of:
 The summed net demand reduction provided by the full
portfolio of DSR providers scaled down by the F-factor
obtained from the set DSR reliability table; or
 The summed net demand reduction provided by the full
portfolio of DSR providers less the contribution of the
single largest provider.

11.4.2 Magnitude of Responsive Capacity Available
The customer participation analysis shown in this subsection
takes a simple approach to assessing the market DSR
capabilities, which could be performed as a feasibility
assessment during the scheme planning phase. This
should then be followed in the DSR procurement activity
by engaging early with major providers, e.g. demand
aggregators or multi-asset owners, and subsequently by the
full procurement exercise.
The initial assessment utilises data already held by DNOs
via industry settlement data exchanges and DG connection
records in order to identify:
 The generation-led total number of customers, total
number of I&C customers and total number of I&C
customers with half hourly metered data – those being
the most likely to be able and willing to provide DSR
services;
 The average half hour metered customer maximum
demand;
 The total number of connected, controllable generation; and
 The total connected generation capacity in MW.
A recruitment factor should then be applied to scale the
total number of demand and generation customers to
represent a basic forecast of what DSR services can be
procured from those customers. The assumptions used
here of 5% participation for demand customers and 20%
participation for generation owners are based off of formal
interviews conducted with the LCL trial demand aggregators.
Finally, the DSR capacity required to be delivered on the
network should then be increased by an appropriate
reliability factor to arrive at a DSR capacity to be procured
that will ensure portfolio performance and security of supply
compliance. An example of this assessment is shown below
for each of the three case studios presented earlier.
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Table 22: Customer Participation Levels (Generation-led DSR – Diesel)
DSR Potential
Average Half Generation Generation
Total
Diesel DSR
(20% Take
Total
Total
Hour Metered
Led DSR
Led DSR
Total I&C Half Hour
Use Case
Reliability
Up – Half
Number of Residential
Customer
(20%) Half
(20%)
Customers Metered I&C
Example
(5
Hour Metered
Customers Customers
Maximum Hour Metered
All I&C
Customers
Installations) Customers –
Demand (MW) Customers Customers
MW)
1

23,302

19,580

3,722

85

0.26

17

744

78%

3.5

2a

7,317

6,073

1,244

124

0.67

25

249

78%

12.9

2b

28,364

25,918

2,446

81

0.27

16

489

78%

3.5

Table 23 shows the same information as Table 22 but for demand-led DSR this shows that the DSR potential for each site is
significantly lower when compared to generation-led DSR (0.7MW to 2.6MW) this is due to the assumption that only 5% of I&C
customers will be able to provide a demand-led DSR response (5% rather than 20% for diesel) and the DSR reliability of CHP
for 5 installations is lower (62% rather than 78% for diesel).

Table 23: Customer Participation Levels (Demand-led DSR)
Average Half Demand
Total
Demand
Hour Metered Led DSR
Half Hour
Total
Total
(5%) –
Led DSR
Customer
Total I&C
Use Case
Metered
Number of Residential
Half Hour
Reliability
Maximum
Customers
Example
I&C
Customers Customers
Metered (5 Installations)
Demand
Customers
Customers
(MW)

DSR Potential
(5% Take
Up – Half
Hour Metered
Customers –
MW)

1

23,302

19,580

3,722

85

0.26

4

62%

0.7

2a

7,317

6,073

1,244

124

0.67

6

62%

2.6

2b

28,364

25,918

2,446

81

0.27

4

62%

0.7

Table 24 shows the total DSR potential from generation-led DSR (diesel) and demand-led DSR for each of the 6 example sites.
This highlights the fact that the total number of customers does not provide an indication of the DSR potential as the site with
the smallest number of total customers has the potential to provide the largest DSR response. It is important to note that
the assumptions for the level of sign up for generation and demand-led DSR (20% and 5% respectively) were derived from
information provided by aggregators used in the LCL trials.

Table 24: Total DSR Potential (Diesel + Demand-led)

2%

Total DSR Potential
(Generation +
Demand Led – MW)
4.2

124

10%

15.5

81

3%

4.1

Use Case
Example

Total Number of
Customers

Total I&C
Customers

1

23,302

3,722

Total Half Hour
Metered I&C
Customers
85

2a

7,317

1,244

2b

28,364

2,446

% Half Hourly
Metered Customers

This example shows that the total DSR potential varies significantly between sites (3.5MW and 12.9MW) which should be
considered prior to committing to a DSR scheme deployment.
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11.4.3 DNO Route to Market
The above examples of the volumes of DSR providers
available on typical network sites demonstrate the
importance of an effective route to market for the DNO
looking to procure DSR services. The strategy employed
must ensure a) that as many providers as possible are
engaged in order to maximise the participation and
competition within the market and b) that the timing and
information provided by the DNO allow providers and
aggregators the visibility and confidence to best deliver
DSR services.
In the delivery of the LCL DSR trials DSR providers were
contracted with both directly and via third party demand
aggregators, though the majority of contracts were through
the latter arrangement. Based on this experience, demand
aggregators provide valuable market engagement contacts
and skills as well as pre-existing agreements with DSR
providers that can deliver the majority of the required
services. They also reduce the commercial management
required of the DNO by large portfolios. However, not all
potential providers want or require third party aggregators
and direct agreements can drive down DSR pricing and
widen the potential recruitment pool. This is especially
true of major electricity customers looking to provide DSR
services, such as multi-property and/or large generation
owners (i.e. retail chains and industrial sites). Whilst
it is currently planned to communicate DSR scheme
procurements through broad, public channels, further work
is required to develop the detailed strategy for engaging
with DSR providers and inviting them to tender, particularly
as there does not appear to be a currently accepted central
registration service for offering DSR services as there is for
other utility services in the form of the Achilles
industry database.
Additionally, when engaging with the market to procure
such services it is essential that sufficient information is
provided by the DNO to as to allow informed tenders by
potential providers. Some of the key data required include:
 Network site where providers are required to be
connected, typically detailed at post code level;
 Window of availability required representing the full
duration of the network constraint whenever possible:
—— Hours within the day;
—— Days within the year; and
—— Length of agreement (years).

 And dispatch and response requirements, including
—— Response time required;
—— Range of event durations required
(hours within the day); and
—— Volume and sequence of events allowed.
Finally, LCL trial experience and feedback from demand
aggregators suggests that the timescales that should be
allowed for the successful procurement of DSR services
should be not less than 3 months prior to the beginning of
the availability window and that investigating all provider
opportunities and/or recruiting new providers into the
market is not typically feasible in less than 6 months.

11.4.4 DSR Service Pricing
While DSR services and the rates paid by the DNO provide
benefits DSR providers, these services must be efficiently
procured at the best available price in order to maximise
the savings benefits delivered to all distribution network
customers. As such, a full market tendering strategy is
under development and will be an essential part of any
procurement activity, in order to enable competition and
best offered price amongst DSR providers. The developed
strategy will also need to ensure compliance with all
relevant regulations regarding procurement activities.
Additionally, UK Power Networks is working closely with the
other DNOs and National Grid to investigate and develop
a potential shared-service framework which would allow
shared access to DSR providers between the DNO and
TSO, maximising the utilisation of these DSR services and
lowering the cost of the DSR scheme. The occasions on
which this would be useful, and the timeframe over which it
needs to be developed and introduced in order to be ready
for a significant increase in the DSR market are studied in
report A5 and report A6.

11.5 Commercial Terms & Framework
The commercial terms of DSR service are critical to achieving
the full benefits of DSR deployments, for both DNOs and
providers, and this subsection provides outlines the key
recommendations for the content of the DNO DSR contracts.
These recommendations are based on the experiences
gained by UK Power Network during the LCL trials, the
reported experiences from other Low Carbon Network Fund
trials deploying DSR, and from commercially deployed DSR.
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11.5.1 Types of Contract
As outlined in the procurement strategy recommendations,
DSR services are likely to be procured both directly with
DSR providers as well as with DSR aggregators. In addition
to this, DSR services are likely to be provided in some cases
as single, on-off agreements and in others by demand
aggregators or large portfolio property owners where an
on-going DSR framework would allow for more efficient
procurement of multiple scheme service windows.
Based on these factors, the trial contract documentation has
been developed into four DSR contract templates in order
to provide for the specific terms required in each type of
agreement, listed here:
 Direct, DNO : DSR Provider relationships– one off
service window
—— Most basic form of DSR contract, derived on LCL from
STOR service terms and in-line with recommendations
programme learning outcomes
 DNO : Aggregator relationships – one off service window
—— Expanded to include terms of related to
portfolio management
 Direct, DNO : DSR Provider relationships – Standing
framework agreement & associated schedules
—— A no-commitment framework agreement, outlining
all of the basic DSR contract terms and additionally
including: generic schedules for specifying future
service agreements, terms under which service
agreements are let, and terms for framework duration
and renewal
 DNO : Aggregator relationships – Standing framework &
associated schedules.
—— As with previous but additionally including terms
related to portfolio management.
Note that further variations or optional clauses may need
to be included depending on the DSR response type
(generation or demand-led) and the dispatch system used.

11.5.2 Monitoring/Verification
During the LCL trials, the measurement of the level of
DSR delivered was determined on a minute by minute
basis, with data transferred directly to the data store via
the secure network protocol SFTP and also via e-mail. It is
important that the data transfer process is streamlined to
include a common process for all sites, whether they are

contracted via an aggregator or directly contracted. This
will ensure the settlement and payment system can be
automated, with minimal manual intervention.
Although half-hourly metering is standard for I&C customers,
analysis conducted on the accuracy of response profiles and
compliance assessments conducted with half-hourly vs.
minute by minute measurement resolution and the resulting
levels of accuracy indicate that minutely data is required
though a meter upgrade is then likely to be required some
potential providers. This analysis used response data from
LCL DSR Events measured at minutely resolution and for a
variety of request timings described the response curve and
as-measured compliance. This was then compared to the
same set of request scenarios but using a half-hourly profile
averaged out of the same minutely data set. This process
and results show that:
 There can be a 22% – 36% error in MWh delivered, with
half-hourly averages showing lower energy delivered; and
 When assessing for compliance in terms of minimum
response at the start of the event, only 2 of 6 event
scenarios were measured as compliant by half-hourly data
where all were shown as compliant using minutely data.
Recommendation: It is suggested that the DSR contract
requires the provision of minute-by-minute customer
demand / generation data to be provided directly to UK
Power Networks and that this be provided using a standard
method for all DSR providers.

11.5.3 Baselining Methodology
The methodology used to calculate the net demand
reduction delivered by a DSR provider is notably dependent
on an accurate way of predicting what the customer
demand profile would have been had a DSR event not been
requested, and as such this methodology is an important
component of the commercial agreement made between
the DSR buyer and the provider.
A detailed assessment of baselining options has been
conducted by Imperial College and is fully presented in the
Report A7 [Ref. 8], which presents the first detailed analyses
of the DSR trial data. Whilst this work shows that in the
future there may be the potential to increase baselining
accuracy through the use of the more robust though more
complex ‘Similar Profile Five in Ten’ it also noted that the
perceived additional complexity could act as a barrier to
DSR participation. The LCL trial experience has been that
additional service complexities can deter DSR participation
and that the currently implemented ‘Asymmetric High Five
in Ten’ methodology is a reasonable balance of accuracy
and complexity.
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Recommendation: It is suggested that the DSR contract
defines the baselining methodology to be used during
assessment and settlement to be the ‘Asymmetric High Five
in Ten’.

11.5.4 Testing
The requirement for a DSR provider to successfully
demonstrate capability and availability to respond to DSR
requests was a core part of the service contracts during the
LCL trials. It is understood that this is also the case for many
National Grid programmes, which also reserve the right to
terminate a STOR contract when the contracted provider fails
two or more tests to prove they have capability to provide
response [Ref. 13]. It is worth noting that this is often in
addition to testing conducted by demand aggregators when
managing DSR providers.
Importantly, on the LCL trials this testing was conducted
at the start of the availability window and following any
notified non-availabilities or changes in service capabilities
communicated by the DSR provider. The utilisation costs
related to a testing event were paid for by the DNO within
the trials.
These testing events are essential parts of commissioning a
DSR service scheme and as such should be provided for in
the contract in detail, in order to prevent the possibility of
over-payment for availability by UK Power Networks, and
reduce the likelihood of customers incurring penalties for
under-performance.
Recommendation: DSR contracts must include specific
provisions for assessing DSR providers’ capability and
availability to deliver the contracted MW though testing and
demonstration. As such, it is proposed that it is reasonable
for the DNO to pay utilisation rates for reasonable testing
activities; however, the contract should allow for an
unsuccessful test of provider readiness to be considered
evidence that the provider was not available and thus prior
availability costs should be appropriately reduced. These
testing requirements become more important as more
complex monitoring and dispatch systems are used to
interface between the DSR providers and the DNO.
The demand response capability of a customer could change
once a DSR contract is in place, for operational reasons
(i.e. a change in shift pattern or working hours) or due to
technical reasons (installation of new equipment). Therefore,
it is suggested that the contract recognises that demand
response capability may change, and allow for this to be
reflected through a formal notification and acceptance and
approval process. The contract should also preserve the right
of the DNO to terminate the contract for significant testing
non-compliances though only in extreme cases should this
be considered.

11.5.5 Performance
Following successful testing and confirmation of availability,
the performance of a DSR provider is primarily assessed
through their ability to respond to dispatch requests made
throughout the availability window. The data and baselining
methodology described above are essential inputs to
this assessment.
The DSR contracts used in the trials measured the response
compliance, against the derived baseline in the
following ways:
 Was the capacity delivered (MW generation export or
demand reduction) at the start time of the event equal to
or greater than 90% of the contracted MW; or
 Was the total energy delivered (MWh generation export or
demand reduction) within the event window equal to or
greater than the requested MWh, i.e. Requested MWh =
(Contract MW) * (Hours event duration).
The DSR contracts used in the trials include clauses first,
for non-compliant events to be considered ineligible for
utilisation payments, and also incorporated a clause to
recover over-payments for a period of availability during
which providers had an underperforming DSR Event. This
is in line with the approach used by NGET in the standard
conditions for STOR. While, invoking such a clause could
be overly harsh on consumers that experience technical
difficulties during a DSR event it is also is understood that as a
critical service compliance DSR services must be incentivised
and termination of the contract would be to the detriment of
the distribution network as well as the DSR provider.
Recommendation: It is therefore suggested that DSR
contracts continue to allow for poor performing DSR
providers to be refused service payments, but this should be
in an escalating sequence of utilisation payment reductions,
availability payment reductions, as well as incorporating
the previously described testing requirements, and only in
extreme cases should contract termination be considered.

11.5.6 Dispatch
Within the LCL trials, DSR events were triggered in a number
of ways:
 Manually, whereby a member of the LCL staff telephoned
the aggregator/provider to trigger an event;
 Via partially automated ANM, whereby a dispatch request
was sent to the aggregator/provider control screen,
though manually instigated by a member of the LCL team;
 Via ANM, whereby a dispatch request was sent to
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the aggregator/provider control screen, triggered
automatically by ANM monitoring a breach of substation
load threshold; or

Figure 34: Example of payback

 Fully automated, via ANM, whereby a dispatch request
was sent – autonomously, end-to-end – to the provider
asset control system, triggered automatically by ANM
monitoring a breach of substation load threshold.
Recommendation: While it is likely that some variety in
dispatch methods will continue, dependent on DSR provider
capabilities and DSR scheme performance requirements, is
essential that all DSR contracts explicitly define the dispatch
procedure(s) to be used in activation of a DSR event.
Additionally, it is essential that all dispatch procedures include
a requirement for the DSR provider to notify UK Power
Networks that the DSR request has been acknowledged and
that the provider response is in some way communicated
to the DNO control engineer prior to the requested start of
event or otherwise agreed operational timescales.

11.5.7 Demand payback up after DSR events
During the LCL trials, the DSR contract did not contain any
specific requirements on providers at the end of a DSR
Event. In particular, no constraints were placed on customers
providing demand turndown. Following the results of
a detailed analysis of the response curves, it has been
shown that ‘payback’ could be an issue for DNOs, whereby
the electricity demand after an event is higher than the
baseline as the site recovers to the state prior to the event.
For example, a building that turns down its air-conditioning
equipment may need to ensure comfort conditions are
restored after the event. Figure 34 provides an example of
payback for one of the sites during the LCL trials [Ref. 8].

it is proposed that it is reasonable
for the DNO to pay utilisation rates
for reasonable testing activities;
however, the contract should allow
for an unsuccessful test of provider
readiness to be considered evidence
that the provider was not available
and thus prior availability costs should
be appropriately reduced

Recommendation: Options for mitigating against the impact
of payback include:
 Staggering the end-times of DSR events so that they
are staggered across multiple customers for a single
substation. This could be done manually by the DNO
when managing a portfolio of direct contracts, but
would preferably be allowed for in the agreed, allowable
dispatch and response scenarios and the duty of
managing sequential requests would fall to the
demand aggregator; and
 Introducing a performance and compliance clause to
the contract to limit the rate at which demand can be
switched back on at the end of an event. This clause
would place the management requirement directly on
the DSR provider, though may not be within the provider’s
technical capabilities or could be seen as a barrier to
participation in DSR service agreements.
Recommendation: Further consultation with the DSR market
but it is currently proposed that the impact of payback
be managed by demand aggregators via the dispatching
process, and end-times scheduled to minimise the impact of
payback on the network.
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11.6 Information & Communications Technology (ICT) Requirements
This subsection provides a high level description of the DSR IS requirements.
A schematic of the DSR Management Systems is provided in Figure 35. The DSR Management Systems comprise the following
two elements:
 The DSR Dispatch System, which is responsible for determining how much DSR is required, identifying which DSR providers
should be dispatched, and sending the automatic signal to these DSR providers to notify them that they are required to
deliver DSR as contracted; and
 The DSR Settlement and Payment System, which is responsible for determining the volume of DSR delivered during DSR
events, and calculating the availability and utilisation payments due to the providers.
The capacity of the DSR Management Systems in terms of number of measurement and control interfaces and volume of
managed data must be of sufficient, enterprise level capability to manage all of the currently planned DSR programmes and be
scalable to credible future volumes of deployed DSR schemes. This has been forecast for UK Power Networks ED1 deployment
strategy at being able to store and process information for a minimum 300 DSR contracts, based on a volume of 20 DSR
schemes planned for RIIO-ED1 and, based on the average LCL trial contract sizes, an average of 15 contracts per scheme.

Figure 35: DSR Management Systems Overview
The following subsections provide an overview of the functionality of the DSR Management Systems and how it is integrated
with the existing Network Management System.
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11.6.1 Network Management System
The network management system provides the DNO control
engineer with up to date information on the status of the
network. It includes information on the current status of
the network based on current, voltage and temperature
information provided via the existing SCADA system from
Remote Telemetry Units RTUs. It also includes information on
the ratings of various network assets, which can be
used to generate local alarms to notify the control
engineer that the network exceeds, or is likely to
exceed, its rated capacity.
The network management system also displays alarms sent
via RTUs when certain fault situations are detected, such
as the failure of a circuit breaker or when the temperature
of transformer windings exceed a threshold. These
alarms (both those generated locally within the Network
Management System and those generated remotely)
indicate to the control engineer when it may be necessary
to intervene (for example by re-configuring the network) in
order to prevent network components being overloaded.
The network management system therefore needs to
include information on the availability of DSR contracts
on affected parts of the network. This will ensure that
the control engineer considers all available options when
dealing with fault conditions and/or when parts of the
network are overloaded, or at risk of becoming overloaded.
It is envisaged, that the control engineer will follow am
agreed operational dispatch methodology, and use the
Network Management System to generate a notification to
the DSR Dispatch System that DSR is required. This will also
include information on the level of DSR required and the
duration for which it is required.
In order to achieve this functionality, information on the
availability of DSR contracts (amount and availability, and
primary substation) needs to be made available to the
Network Management System.
The network management system should also display
the confirmation that the DSR dispatch notification has
been accepted.

11.6.2 DSR Settlement and Payment System
The DSR Settlement and Payment System are
responsible for:
 Determining the volume of DSR delivered during DSR
events; and
 Calculating the availability and utilisation payments due to
the providers.

The volume of DSR delivered at a site is determined by
comparing the actual generation or demand profile on a
DSR event day with a baseline. The baseline is calculated
from the historic generation or demand profile from the
previous 10 weekdays without a DSR event. Therefore
information on the dispatch instructions issued to providers
from the DSR Dispatch System needs to be transferred to
the DSR Settlement and Payment System so that DSR event
days can be identified.
All analysis is based on minute-by-minute generation or
demand data provided directly from the customer site or via
the aggregator. It is suggested that the DSR Settlement and
Payment system be able to retain this DSR meter data for a
period of at least 1 year, together with the
derived baselines.
The availability payments and utilisation payments are
calculated in line with the terms outlined in the DSR
contract based on the volume of DSR delivered and any
updates on capability from the provider to indicate that
they are unavailable due to technical reasons. This requires
information on the DSR contracts and revised availability
from the DSR Dispatch System.
It is suggested that the settlement and payment process is
undertaken on a monthly basis. It should also be capable of
processing settlement and payments on an ad-hoc basis, for
example in the event of a dispute about the settlement data
between DSR provider and UK Power Networks.

11.6.3 Meter Data
As outlined in the DSR contract, all DSR meter data is to be
provided on a minute-by-minute basis for each customer or
DSR provider site.
This should be via an automated process whereby data is
transferred automatically directly from the customer site or
the aggregator to the DSR Settlement and Payment System.

11.6.4 Notification to Dispatch
Each customer site (where they are directly contracted by
UK Power Networks) or each aggregator site will be issued
with an automatic notification when they are required to
deliver DSR. Thus, each customer site or aggregator will
need suitable technology to receive this automatic signal.
It is also suggested that providers issue a notification
directly to UK Power Networks to confirm that the request
to provide DSR has been acknowledged and accepted.
This confirmation should be transferred to the network
management system via the DSR dispatch system.
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11.7 Operational Dispatch Methodology
The operational strategy for dispatching DSR events, as
with other DSR scheme parameters, will vary depending
on the specific scenario and will be driven by the following
key considerations and the specific scenarios or thresholds
where DSR events should be dispatched:
 Dispatch Scenarios:
—— Pre-outage for unplanned outages, e.g. dispatch DSR
when the network is intact, but demand exceeds postoutage ratings;
—— Pre-outage for planned outages, e.g. dispatch DSR
when the network is running in N-1 but requested
beforehand so that DSR is active prior to N-1 status; and
—— Post-fault for unplanned outages, e.g. dispatch DSR in
response to a network fault
 Key Considerations:
—— Are long-term asset ratings violated for N-1 running?
N-2 running?
—— Are the critical demand periods associated with
planned outages only?
—— Is the DSR service agreement for response time longer
than the period of the relevant, acceptable short-term
rating of the managed site?
—— What DSR service level agreements are required in
order to meet the operational strategy in question?
—— What is the impact on the commercial feasibility of the
DSR scheme of the operational strategy in question?
In the context of this document the term ‘operational
dispatch’ means the actions that need to be completed by a
Control Engineer to instigate a DSR event.

to keep the lights on. As a result, the Control Engineer’s
focus is how to maintain supply in the event of the next
outage or where supply cannot be maintained to minimise
the impact on customers. Therefore whether an outage is
a first or secondary outage is not relevant when assessing
operational dispatch.
In terms of pre-fault dispatch a DSR event would be
triggered by the Control Engineer once a pre-defined load
threshold has been breached. The duration of the DSR
event will be set in advance based on the results of the
assessment of historic and forecast load data. This could
be fully automated but it is recommended that the Control
Engineer decides when to dispatch DSR. This has the
following benefits: 1) It enables the DNO to implement a
simpler approach to dispatch and test operational systems
and processes before trialling fully automated systems,
2) It may enable the initial costs for implementing DSR to
be reduced and 3) It may limit the number of times DSR is
called as the Control Engineer will decide whether dispatch
is required once the pre-defined threshold has
been breached.
In terms of post-fault dispatch a DSR event would be
triggered by the control engineer following a fault on the
network. Providing that the contracted DSR response is
within the response time of the DSR portfolio (tested within
LCL at 30 minutes and 3 minutes) then it is likely that a
temporary excursion above static or cyclic ratings will be
acceptable under standard DNO emergency rating policies/
procedures. However, as previously outlined, this needs
a site specific assessment to ensure that this is the case
for each proposed DSR site. While the majority of the LCL
trial contracts required 30 minute response times, there is
industry precedent for a large range of contracted response
times, with National Grid procuring DSR with response times
in seconds for frequency response services out to a range
of minutes to hours for STOR programme services. Figure 36
highlights the ranges and volumes of DSR response times
successfully procured for STOR with 2012/13 [Ref. 22].

11.7.1 Operational Dispatch
At this point it is worth outlining the key differences
between operational and planning timescales. Planners
utilise security of supply regulations to ensure that supply
to customers can be maintained in an outage condition as
outlined in P2/6 [Ref. 7]. From a planning perspective the
operational dispatch of DSR needs to take the requirements
outlined in P2/6 into account to ensure security of supply
is maintained.
The Control Engineer’s role is to primarily ensure the safety
of customers, personnel and network assets and of course,

The operational strategy for
dispatching DSR events, as with
other DSR scheme parameters,
will vary depending on the
specific scenario
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Figure 36 – Example range of response times procured for STOR
 0 - 10 mins
34.0%

 11- 20 mins
 > 20 mins

1.6%

64.4%

The key advantages and dis-advantages are outlined in Figure 37. Fundamentally the decision on whether to implement
DSR pre or post-fault should be taken based on the results of the CBA and the assessment risk associated with customer
recruitment and technical implementation/operation of DSR into BaU.

Figure
37:PrePre
Post-Fault
Dispatch
Figure 35:
andand
Post-Fault
Dispatch
Dispatch
Pre-Fault Dispatch

Post-Fault Dispatch

Advantages

Disadvantages

1 Limits the technical risks
associated with dispatching DSR
post fault.

1 It may not be possible to recruit
sufficient volumes of DSR to
provide the required response.

2 It enables DSR to be tested on
a regular basis therefore giving
the DNO confidence that DSR will
be able to provide the required
response when requested.

2 The CBA benefits are reduced in
terms of (£K) NPV, to the DNO
and to the customer.

1 Maximises the potential for CBA
benefits in terms of (£K) NPV, to
the DNO and to the customer.

1 Potentially exposes the DNO
to increased technical risks
associated with deploying DSR.
2 If DSR is dispatched infrequently
it raises the question whether
the DNO can rely on the response
when it is really needed.
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12
Summary
12.1 Key Learning Points

12.1.2 LCL Trials

The key learning points from this report are as follows:

 The majority of DSR events started on time or early which
provides confidence that DSR can be used to manage
network capacity;

12.1.1 The DSR Market
 I&C customers have a proven capability to deliver
demand response to help maintain the reliability of the
electricity network;
 The level of demand response delivered compared to the
contracted position can vary significantly. In some of the
examples considered here, the delivered response was
close to the contracted position, whilst in others it was
considerably lower (in the region of 60% to 70%);
 I&C customers are able to provide effective demand
response via demand reduction or distributed generation.
In some of the examples considered here, the provision of
response is dominated by sites with distributed generation,
whilst in others it is dominated by demand reduction;
 The examples presented here demonstrate that
aggregators often play a pivotal role in recruiting
customers. Even so, the customer engagement process
can be lengthy and should not be underestimated; and
 Contracts should be kept as simple and as flexible
as possible to ensure the barriers to participation by
customers are minimised.

 The qualitative analysis of barriers to participation in DSR
schemes showed that the most significant barriers related
to negative perceptions of potential risks to comfort,
service levels, costs, time, equipment and other resources.
These negative perceptions were found to outweigh
technical and financial barriers to participation;
 The trial dataset can be used to assess the performance
of DSR both technically and commercially and this
information can be used to assess the contribution both
demand and generation-led DSR can provide to security of
supply (See Chapter 8);
 The commercial arrangements used for the trials along
with the experience of executing the trials can be used to
draft commercial contracts that can be shared with other
DNOs (See Chapter 11);
 For DSR to support the distribution network it is essential
that contracted turn-down is adhered to throughout
the whole duration of the event. Therefore the level
of compliance should be considered as a factor in DSR
payment calculations [Ref. 8]; and
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 To properly understand DSR events, minute-by-minute
data is essential. Payback peaks are often narrower
than 30 minutes, so this important aspect of DSR cannot
be detected without minute-by-minute data. Minuteby-minute data also makes it possible to find the true
start times of events and hence better understand
the reasons for low compliance. Payback is where the
energy consumption following a DSR event is higher
than the baseline. For example, a building that turns
down its air-conditioning equipment may need to ensure
comfort conditions are restored after the event therefore
consuming additional energy compared to the baseline if
the DSR event had not occurred.

12.1.3 Site Selection
 The dataset outlined can be used to assess the DSR
potential to avoid or defer reinforcement and to manage
planned outages;
 The high level process can be applied to select potential
DSR sites for each use case; and
 Early engagement with potential DSR customers is
recommended to provide some level of confidence that
the level of DSR response required can be procured.

12.1.4 Security of Supply
 A framework has been developed and proposed to
evaluate the contribution of DSR to network security
while maintaining the philosophy of the current network
security standards (i.e. ER P2/6 and ETR130);
 The quantitative analysis performed used the data
collected from the LCL DSR trials to characterise the
availability and operational regime DSR facilities;
 The framework can be applied to any DNO licence area as
a proxy to identify the capacity requirements of DSR under
a security of supply perspective;
 Look up tables and/or graphs have been developed to
provide a simple framework for network planners to
estimate the contribution of DSR to system security and
capability of a network to meet group demand; and
 Indicative figures for F-factors have been derived
consistently with the philosophy of the present network
security standards. However, it is stressed that the LCL
DSR data sets used to produce the F-factors have limited
statistical robustness resulting in a future need to perform
more trials.

12.1.5 Cost Benefit Analysis
 Pre-fault application of DSR may not be commercially
achievable: Analysis shows a small improvement in
the net benefit when DSR is applied post-fault, but it
is important to note that in isolation this finding could
be misleading. For two of the three use case examples
presented in this report pre-fault application of DSR
requires DSR contracts that allow for significantly more
response events per season than the contracts used in
the LCL trials (note that use case 2a is an exception). In
two of the three use case examples presented in this
report it seems unlikely that it would be possible to recruit
sufficient numbers of DSR providers to sign up to such
terms, at least not without increasing levels of
market participation;
 Post-fault application of DSR will require further
assessment of the operational strategies and technical
capabilities of each network site: Post-fault application
of DSR achieves improved NPVs in the cases studies
presented and improve the likelihood that the DSR
commercial terms are attractive to potential service
providers. However, it is acknowledged that concerns
raised by control engineers over the application of DSR
on a post-fault basis mean that some sites will not be
suitable for post-fault DSR strategies;
 DSR cannot normally be justified on the basis of
mitigating the risk to customers’ supply alone: In this
analysis we have compared the application of DSR against
an alternative action to maintain P2/6 compliance. For
example, earlier reinforcement, or installation of a diesel
engine to provide back-up generation capacity. If the
economics of DSR were instead to be compared to the
value of lost load in the absence of any action being
taken, the risk of un-served energy is often so low that
there is no net benefit. This result suggests inconsistency
between the P2/6 security standard and the value of lost
load assigned by Ofgem. However, taking the security
standard as given, our analysis shows that DSR can often
improve the economic efficiency with which the standard
can be met;
 The case study analysis indicates that the NPV benefits
for the application of DSR beyond reinforcement deferral
may be limited: The case study analysis indicates a
positive NPV for Use Case 1, where reinforcement spend
is deferred by DSR, but low positive NPV for Use Case 2a
and a negative NPV for the Use Case 2b scenarios, where
DSR was being used to mitigate a capacity shortfall either
during an outage or in advance of required reinforcement
being complete. This suggests that, unless DSR can be
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deployed with lower overheads in future, that most
savings benefits will be achieved from applications
where deferrals in reinforcement spend can be achieved.
However, use of DSR in Use Case 2 scenarios has other
benefits in terms of reducing technical risks, improving
capital programme delivery, and greater flexibility for
network outages, i.e. maintenance and
defect management;
 Control engineers have highlighted the need to better
understand cyclic ratings to implement DSR on a post-fault
basis: As noted above, control engineers have concerns
that DSR may not provide a sufficiently rapid response
for it to be deployed within the required timescales on a
post-fault basis. Specifically, they are concerned that the
cyclic ratings of some equipment may mean that the risk
of a second outage is materially increased during the 30
minute response time usually required by DSR
providers; and
 Control systems and processes need to be updated to
incorporate the operational use of DSR: For DSR to be
embedded in BaU by the control room, control room
systems will need to be updated so that opportunities
to deploy DSR can be identified in real time, and to
allow control engineers to send out instructions for the
deployment of DSR to respond to real time requirements.
Based on the recommendations for DSR strategy
presented in this report, processes and protocols will
need to be defined and embedded in the organisation,
to ensure that DSR is utilised in a consistent manner that
maintains system security in line with P2/6 and delivers
best value from the contracts for consumers.

12.1.6 Scale of Opportunity
The extrapolative analysis has shown that the net benefits
from applying DSR to defer reinforcement are generally
higher for substations with a low load factor (i.e. substations
with less frequent and shorter peaks). High load factors are
usually correlated with long periods of energy at risk during
which significant DSR availability would be required which
increase availability payments. Higher load growth also
leads to higher benefits as the time over which DSR needs
to be procured to achieve a similar gross benefit is reduced
(as a result of the reduced deferral of reinforcement),
leading to reduced costs.
While the extrapolative analysis does not replace any
detailed study of specific DSR schemes, it suggests focusing
on substations with a higher than average load growth
combined with a low load factor when short listing potential
DSR projects.

Analysis suggests that c. £5.5m of net benefit may
be available in the LPN licence area through deferring
reinforcement using DSR during the ED1 and ED2 price
control periods.

12.1.7 DSR Strategy Development
 It is clear from this work that DSR offers both planners and
control engineers another solution to manage constraints
on the distribution network;
 DSR can be utilised for both deferring reinforcement costs
and for outage management, however, the potential
benefits (£k) delivered will vary on a site by site basis
depending upon the substation load and associated
load profile;
 That the risks associated with deploying DSR, both
commercial and technical, should be assessed for each
potential substation where DSR is under consideration and
the DSR dispatch method in particular should be identified
following this risk assessment;
 The costs associated with the information systems
requirements should be taken into account in the CBA to
ensure that the costs associated with deployment do not
erode the potential benefits DSR schemes can potentially
deliver though the per scheme cost of these systems will
decrease with increased use of DSR;
 Changes will be required to DNO processes and
procedures in line with the recommendations in this
report in order to promote closer working relationships
between planners, control engineers, outage
management and procurement personnel to enable the
successful delivery of DSR schemes into BaU; and
 It is recommended that the secure contribution to network
capacity from contract DSR services should be assessed as
the most onerous of:
—— The summed net demand reduction provided by the
full portfolio of DSR providers scaled by the F-factor
obtained from the set DSR reliability table; or
—— The summed net demand reduction provided by the
full portfolio of DSR providers less the contribution of
the single largest provider.
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12.2 Key Questions

Q5: What are the ICT requirements for DSR programmes?

The answers to the key questions posed in Section 11 are
as follows:

A5: High level DSR requirements have been outlined in this
report. The ICT requirements will vary from one DNO to
another and will be dependent upon DSR business drivers,
existing systems, operational practises and future plans
for upgrading their overall business systems. Until more
operational dispatch experience is gained and the volumes
increase, the preference is for simple systems that may rely
on manual intervention.

Q1: Can security of supply be maintained with DSR services?
A1: Security of supply can be maintained with DSR services.
Section 8 of this report shows how the trial data has been
utilised to derive a new set of F-factors for DSR that can
be used by DNOs to assess the contribution of DSR to the
security of supply.
Q2: Does the implementation of DSR provide value to
customers and the DNO?
A2: The use cases presented in this report show that DSR
does have the potential to provide value to customers and
the DNO but not in all cases. This shows that DSR needs to
be considered on a site by site basis.
Q3: Can DSR customers be signed up in sufficient numbers
to provide sufficient benefits to the DNO?
A3: This depends on the site in question and highlights the
need for early customer engagement to assess the potential
for DSR at each primary substation site (as outlined in
Section 6).
Q4: When should DSR be dispatched?
A4: The consultation on ETR130 states that “it is up to each
DNO to justify and formally record its approach for each DSR
connection”. Therefore each DNO needs to assess the risks
associated with dispatching DSR specifically in relation to
security of supply. There is a significant difference between
running DSR trials and implementation of new technologies
as part of BaU. Each DNO should carry out their own risk
assessment regarding when to dispatch DSR, for example,
pre or post-fault and develop their DSR strategy accordingly.
The resilience of dispatch systems should also be considered
during this risk assessment.

Q6: What form should the DSR contracts take and how
should DSR services be procured?
A6: Contracts were developed and utilised with DSR
customers as part of the LCL trials. Recommendations for
amending/updating these contracts are presented in this
report. It is clear that a flexible approach to procurement
is required and contracts are required to enable DNOs to
procure DSR with a one off customer or multiple customers
either directly or via aggregators. There are clear benefits to
using aggregators due to the level of resource required to
contract new DSR customers.
Q7: What changes are required to existing DNO working
practices to implement DSR?
A7: It is clear that DSR offers both planners and control
engineers another solution to manage constraints on the
distribution network. Section 6 of this report outlines a
process for DSR site selection and it is clear that there will
need to be closer interaction between planners, outage
management personnel and control engineers to ensure
that DSR schemes meet business requirements.
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Glossary

ADR

Automated Demand Response

G59

Industry Standard for Generators
>16A per phase

ANM

Active Network Management

GB

Great Britain

BaU

Business as Usual

HPs

Heat Pumps

CBA

Cost Benefit Analysis

HVAC

Heating, Ventilation and Air Conditioning

CHP

Combined Heat and Power

I&C

Industrial and Commercial

CI

Customer Interruptions

ICT

Information and Communication Technology

CLNR

Customer Lead Network Revolution

LCL

Low Carbon London

CML

Customer Minutes Lost

LCNF

Low Carbon Network Fund

COPT

Capacity Outage Probability Table

LDC

Load Duration Curve

CPT

Capacity and Probability Table

LPN

London Power Network

DG

Distributed Generation

MD

Maximum Demand

DNO

Distribution Network Operator

MTTR

Mean Time To Repair

DOE

Department of Energy

NGET

National Grid Electricity Transmission

DSR

Demand Side Response

NPV

Net Present Value

DUoS

Distribution Use of System

NYISO

New York Independent System Operator

ED1 / ED2

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

PJM

Pennsylvania, New Jersey and Maryland
Independent System Operator

EENS

Expected Energy Not Served

Planned
Outage

Network operating at reduced capacity
due, for example N-1, to pre-planned
maintenance work

ER P2/6

Engineering Recommendation P 2/6
(distribution licence condition)

Post-Fault

Network Operating at reduced capacity
due, for example N-1, to a fault occurring
on the network

ETR 130

Engineering Technical Report 130

Pre-Fault

Network Intact (N-0 in terms of P2/6)

EVs

Electric Vehicles

RIIO-ED1

Electricity Distribution price control (Revenue
= Incentives + Innovation + Output)

FALCON

Flexible Approaches for Low Carbon
Optimised Networks

SME

Small and Medium Enterprise

FCO

First Circuit Outage

STOR

Short Term Operating Reserve

F-factor

Ratio of capability of DSR to rated
capacity of DSR

UC

Use Case

WPD

Western Power Distribution

Firm Capacity The maximum capacity available
during and N+1 event
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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

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

A5
A6
A7
A8
A9
A10

Residential Demand Side Response for outage management and as an alternative
to network reinforcement
Residential consumer attitudes to time varying pricing
Residential consumer responsiveness to time varying pricing
Industrial and Commercial Demand Side Response for outage management
and as an alternative to network reinforcement
Conflicts and synergies of Demand Side Response
Network impacts of supply-following Demand Side Response report
Distributed Generation and Demand Side Response services for smart Distribution Networks
Distributed Generation addressing security of supply and network reinforcement requirements
Facilitating Distribution Generation connections
Smart appliances for residential demand response

Electrification of
Heat and Transport

B1
B2
B3
B4
B5

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

Network Planning
and Operation

C1
C2
C3
C4
C5

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

Distributed
Generation and
Demand Side
Response

A2
A3
A4
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