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Executive Summary
The core functions of the Distribution Network Operators (DNOs) include:
 forecasting future demand and generation from both the macro-economic and regional levels;
 planning appropriate capital investment programmes;
 carrying out detailed network design and planning in order to execute the capital investment plan or to respond to new
connections; and
 operating the network and respond to faults on the network when they occur.

Under-pinning all of these functions is visibility of how residential customers are using electricity, and how
different customer segments in the industrial & commercial sector are managing their electricity use and
in some cases generating or co-generating electricity on site.
DNOs are rising to the challenge presented by the transition to a low carbon economy. Not only will they
be impacted by the new loads connected to the network, they will need to revise certain processes and
procedures and update their systems to integrate new data and optimise the way the network is designed
and managed. This report outlines how the Low Carbon London (LCL) project has informed DNOs’ planning and
operational functions and the changes required to incorporate these findings to prepare them for the future.
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LCL has validated the DNOs load
forecasting methodology and has
replaced the final few assumptions in
the methodology with real, measured
values.

The purpose of load forecasts is to anticipate large-scale trends and to prioritise
regions of high growth on the network. Their resolution is typically of the level
of the 5,500 primary substations across the GB, each serving typically 10-11,000
customers. Since 2011, DNOs have developed sophisticated tools to support their
load forecasting processes, which include to a greater extent than previously a
bottom-up assessment of new demand drivers such as electric vehicles (EVs),
heat pumps (HPs), and the growth in small-scale embedded generation (SSEG),
communally known as Low Carbon Technologies (LCTs), and domestic consumer
load. Whilst the tools are designed to ingest the latest and most current data on
the housing stock, and residential background demand, these factors will only
change over the longer term. The main drivers for change over the next period,
which must be monitored annually, are likely to come from any adjustments in
the forecast uptake of LCTs. LCL has further strengthened this bottom-up approach
by replacing assumed charging profiles of EVs with measured profiles from a daily
average of 44 vehicles and showing good stability out to 95% percentile/2 sigma,
and update current heat pump assumptions with measured profiles from the trials.
The revised forecasts closely align with the outcomes of the original assumptions,
and re-validate that the vast majority of the forecast impact from LCTs is on the
secondary distribution network. Specifically, from the load forecast an estimated
4,600 secondary substations will require reinforcement due to LCT uptake; this
means that 25% of the stock in London will require reinforcement for this reason
alone in the LPN licence area by 2050.
We recommend that these new profiles are adopted by the other DNOs and
brought under change control of the GB Transform model.

LCL has helped inform how to improve
current design practices and help the
classification of network types.

The key need for network designers and planners, particularly for the secondary
distribution level, is to be able to rapidly collate key parameters for an area of
the network under review, either as the result of a connection request or as part
of the capital investment plan. Specifically, the key parameters are the amount
of embedded generation, maximum demand net of generation and the voltage
profile. Particularly useful are approaches which classify networks into a reduced
number of ‘generic’ network types around which engineering policy can be
developed. Also vital are the profiles and demand characteristics of the load being
added to the network.

Existing classification approaches for
residential profiles can be improved
with publically-available data.

The LCL data has demonstrated that the vast majority of the information related to
residential demand can be determined from household occupancy (single occupancy,
couple or 3+ residents) and a relatively crude indicator of affluence (“affluent”,
”comfortable”, ”adversity”) both based on publicly available datasets. The evening
peak is driven by multiple occupancy homes and affluent single occupancy homes,
whereas the majority of single occupancy homes demonstrate a flat load profile.
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Up-to-date load profiles of heat
pumps and electric vehicles, CHP are
now available.

The data presented in this report represents a population of over 5,533 residential
load profiles, 72 domestic EVs, 54 commercial EVs, 1,408 public EV charge posts
and 21 heat pumps. UK Power Networks recommends that the new profiles are
agreed between the DNOs, taking into account data from other LCNF projects, and
integrated into ENA standards for connection assessments, and are augmented
with an up-to-date view of residential demand in electric-heated homes.

Smart meter data could inform
investments in the 11kV distribution
network by estimating the aggregated
Maximum Demand (MD) where there
is no current monitoring available.

Smart meter data allows for an assessment of LV network utilisation; aggregating
this data could enable a network-wide load growth report for secondary
substations. The only equivalent at the moment would be to aggregate the
Estimated Annual Consumptions (EACs) and load profile classes used for financial
reconciliation across the industry as part of the balancing and settlement
arrangements, administered by Elexon. There will never be a 100% correlation
between aggregated smart meter data and measured maximum demand, but
calculations in this report demonstrate a potential correlation of over 80% between
the smart meter data and measured substation demand, compared with 64% and
74% respectively from balancing and settlement data. DNOs will need to evaluate
whether this has the potential to significantly improve classification approaches
discussed above and warrant the investment in data storage and ICT systems.

The benefits from aggregating smart
meter data could be restricted in
certain rural networks.

DNOs have a duty to maintain data privacy, and, as such, there are discussions
within the industry on the implications of requiring DNOs to have smart meter
data in aggregated volumes, i.e. not being able to see smart meter data from
individual customers. To inform that discussion, UK Power Networks estimates that
over 10% of the substations within London have fewer than 10 customers. In the
South East region which has a significantly higher proportion of rural substations,
approximately 30% of the substations, including pole-mounted transformers, have
less than 10 customers. This indicates that the minimum number of customers over
which smart meter data is aggregated should be carefully considered, especially
for rural networks, in order to draw on the benefits of the data. It is therefore
important that the minimum level be defined such that networks with a low
volume of consumers by substation can adequately be monitored, or their data can
be accessed.

Identification of localised load growth
and changes in load patterns will
allow DNOs to determine a range of
network options early on.

Building on the approach discussed for smart meter data aggregation, a view of
the capacity on the network can be derived at identified ‘aggregate nodes’. This
simply means that the higher level of network visibility will provide information on
network capacity at these nodes, enough to inform planning and new connection
design. Smart meter data and this method of analysis will be fundamental
for identifying LCT uptake in certain parts of the network, which would not be
captured otherwise.

DNOs should maintain a close eye
on heat pump uptake, particularly in
clusters. Visibility will allow adequate
consideration on the MD contribution
and associated risks of clusters to a
network.

In the case of networks with heat pumps, the MD could be adversely affected
by ‘extreme cold’ weather conditions. The LCL trials showed that for an average
temperature of -4⁰C and a penetration level of 20% of household owning heat
pumps, the peak daily load increases by 72% above baseline. There is therefore a
risk during periods of extended cold spells where heat pumps present no diversity,
which DNOs must consider accordingly in their planning assumptions.
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Smart meters will improve the DNOs
visibility of LV outages and therefore
offer opportunities for improving
service levels.

DNOs will no longer be reliant on customers calling in to report outages, or
restoration of supply as this information will be available automatically from smart
meters. By using the information from the last gasp, first breath and energisation
check functionalities, smart meters will benefit DNOs by allowing them to identify
outages more promptly and optimise resources to restore the network while
providing better customer service.

Smart meters will also improve the
DNOs approach to managing voltage
issues on the network.

DNOs currently take a reactive approach to measuring voltage on the LV network
following calls from concerned customers and investigating sites specifically by
installing temporary monitoring equipment. With the installation of smart meters,
voltage data will be available to improve voltage management; however, the
volume of alerts and data should be filtered effectively.

LCL has informed on the voltage
reading configurations on smart
meters to allow better management
of voltage alerts volumes and
contratints.

Using LV network feeder voltages from the LCL engineering instrumentation
zone trial as a proxy for voltage alerts, UK Power Networks undertook sensitivity
analysis in order to define suitable configuration settings for managing voltage
alert volumes. For this purpose, the duration of the voltage excursions, as well
as the threshold for an excursion was defined. The analysis concluded that the
volume of alerts would be disproportionately high for voltage limits set below
the statutory limits (e.g. the +8/-5% scenario). The recommended configuration is
for excursion thresholds at the statutory voltage limits (+10%/-6%), with duration
10+minutes. At this configuration, the volume of high and low voltage breaches
improves. However, when comparing the volume (1,624 excursions) in the EIZs
to the estimated 210 power quality complaints that were received from across
the LPN network (over 2m customers) during 2014, it can be noted that there will
still be a significant challenge managing power quality events in London, and
presumably for all DNOs.
Besides the voltage alert configuration, identifying clusters of voltage alerts will
further improve the management of the alerts and therefore should be designed
into the system that manages the incoming alerts. This can be achieved by
overlaying alerts with a corresponding MPAN topology to form a picture of when
these voltage breaches are due to network conditions and, informed by the
location, correlate voltage problems to potential faults or other network issues.
UK Power Networks recommends that DNOs consider adopting the voltage alert
parameters and settings proposed in this report.

DSR has been highlighted as
beneficial in both operational and
planning functions of the business.

LCL has contributed significantly to the understanding and application of DSR
enough to be rolled out as part of UK Power Networks’ RIIO-ED1 strategy. This
includes developing tools and approaches to assist the appraisal, procurement and
contractual agreements to implement DSR. Implementing DSR will be beneficial
in managing planned and unplanned faults as well as enabling the deferral of
network reinforcement investments. Values for contribution or ‘F-factors’ which can
be used in the existing network planning processes laid out in Energy Networks
Association documents ETR130 and P2/6 have been derived for different types of
demand response sites. For example, a diesel generator’s contribution can vary
from 70% to 81%, depending if it’s a single site versus a portfolio of up to ten sites.
These values have also been calculated for CHPs (69%-80%) and ‘turn down’ sites
(54%-64%) respectively.
UK Power Networks recommends that DNOs adopt the values derived in LCL when
assessing the contribution of DSR to security of supply

Executive Summary

DSR involves a marginally increased
risk than relying on traditional
electrical plan and assets.
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Both DNOs and Ofgem have acknowledged through the RIIO-ED1 settlement
that DSR has the potential to provide significant economic value, but involves a
marginally increased risk since it relies on assets and customer behaviour outside
of the DNO’s immediate control. As such, it does not perform as well on a score of
predictive reliability as a network strengthened with real assets.

DNOs are rising to the challenge presented by the transition to a low carbon economy. Not only will they be impacted by the
new loads connected to the network, they will need to revise certain processes and procedures and update their systems to
integrate new data and optimise the way the network is designed and managed. This report outlines how the Low Carbon
London (LCL) project has informed DNOs’ planning and operational functions and the changes required to incorporate these
findings to prepare them for the future.
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1
Introduction
1.1 Background: The DNO Trilemma
The DNO Trilemma refers to the challenge that Distribution
Network Operators (DNOs) face to find a balance in the
costs of maintaining security of supply of electrical power
with particular emphasis on supporting Low Carbon
Technologies (LCTs). As the UK transitions to a low carbon
economy, increased uptake of electric vehicles (EVs),
electric heat pumps (HPs) and distributed generation such
as photovoltaic (PV) will pose an increasing challenge on
the electricity sector. Specifically, distribution networks
are becoming stressed with such uptakes and DNOs will
need to understand how to maintain security of supply,
while optimising network investments and ensuring best
value to customers. This report highlights new design and
operational practices which will help DNOs support the
transition to UK’s low carbon future.

The Low Carbon London (LCL) project set up various
trials to inform the industry about these challenges and
opportunities across three main themes; Distributed
Generation and Demand Side Response, Electrification
of Heat and Transport and Network Planning and
Operation. The results from these trials have been
analysed to understand how new technologies will affect
DNO processes to determine optimal network visibility,
improved load forecasting, improved network design and
planning, new approaches to connections and managing
power quality and faults on the network.

Introduction

1.2 Overview
The report has been structured around four main areas:
network visibility, forecasting, planning and operating the
network.
Section 2 defines UK Power Networks’ current visibility
of the network and outlines how the LCL trials have
contributed to understanding how DNOs can benefit from
having more visibility on the network. Finally the section
includes a full description of the data and benefits borne
from the planned smart meter roll out.
Section 3 outlines the current Load Forecasting process,
highlighting the network forecasting and investment
planning methodology used by UK Power Networks.
LCL has provided clarity on low carbon technology
(LCTs) profiles which will now be applied in the current
load forecasting methodology. All results on profiles
and diversity of new technologies from the LCL trials is
presented in this section and compared to the current
information input to our forecasting model.
Section 4 describes our current planning process for
determining network investments, and outlines how
learning from LCL will inform this process. The section
outlines how smart meter data could be used in the
future to determine available substation capacity and
verify maximum demand. Furthermore, it outlines further
considerations for analysing smart meter data such as
aggregation. Finally, this section describes how Demand
Side Response (DSR) will be deployed as a resource
available to manage the demand on the network to defer
investments and support planned outages. Specifically,
the DSR trials from LCL have provided tools for network
planners to identify suitable sites.
Section 5 presents the current processes for fault and
voltage management and outlines opportunities for
Network Operations to use smart meter data. It includes
an overview on the use of smart meter data to manage
unplanned outages and reduce customer interruptions
while keeping them informed. An important contribution
from the LCL trials has been analysis on voltage excursions
based on real network voltage data largely unexplored by
DNOs until now. This section presents results on different
voltage thresholds and includes analysis on excursion
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durations, to inform DNOs on managing voltage alerts
from the roll out of smart meters. Finally, as UK Power
Networks prepares to implement DSR as a business as
usual practice, this report outlines key considerations when
procuring and then dispatching this service.
The transition to increased network visibility, the forecast
LCT uptake and the large volumes of smart meter data will
require robust ICT and business processes and practices to
meet the challenges of the low carbon transition and to
capitalise on the identified opportunities.
Low Carbon London has contributed significant insight
into the impact of smart meter data and low carbon
technologies on distribution networks and the immediate
requirements for DNOs to prepare for a low carbon
transition. Therefore, the focus of the report is in the near
term, specifically through the ED1 price control (2015-2023)
and beginning of ED2 once smart meters are rolled out.
A complimentary report, LCL Report D2, looks at the IT
requirements and system architecture required to support
the recommendations outlined in this report as well as a
long term outlook.
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2
Network Visibility
This section describes how DNOs monitor their networks currently and how they will have more visibility in the future from
both smart meters and ad hoc monitoring devices.

2.1 Current policies for monitoring HV and LV networks
Monitoring High Voltage (HV) and Low Voltage (LV) networks is of increasing importance as more low carbon technologies
(LCTs) connect to the distribution network. Visibility of the existing network is vital for operating and planning the network
effectively. UK Power Networks currently uses remote terminal units (RTUs) to monitor the majority of HV networks in the
London area, thus providing clear visibility of power flows on HV networks. However, LV networks past the LV tails of the
transformer have limited monitoring resulting in poor visibility and accuracy of real power flows. This is due to the vast nature
of this network and uneconomical cost it would involve to implement suitable monitoring equipment.
Within UK Power Networks there are varying levels of monitoring and communication mechanisms for primary substation RTUs
and secondary substation RTUs. The LPN network has 107 primary substations which all have RTUs installed which constantly
monitor amongst other things:
 Feeder currents;
 Real & reactive power from each transformer tail;
 Voltage on transformer tails;
 Bus bar currents; and
 Network states e.g. Circuit breaker states and failure alarms.

Network Visibility
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The SCADA system used on HV networks allows for real-time monitoring and remote control of the network. The key
components of the SCADA system are the RTUs, communication links and the software application involved in accessing the
network data.
This data is transferred to the six principle RTU Front End Processors (FEPs), located at two sites. The FEPs communicate the data
by company Wide Area Network (WAN) to the central control room, where this is stored in the OSIsoft PI database.
In addition to the primary substations, the LPN network has approx. 14,300 secondary substations, of which 60% have RTUs
installed in them. The RTUs monitor varying levels of detail depending on their installation and configuration. The majority of
the secondary substations RTUs monitor 3 phase voltage, current and Total Harmonic Distortion (THD), apparent power, real
power and reactive power on the transformer tails. This is communicated to the control room through GPRS or Paknet, in the
majority of cases. In some instances, where the signal strength is poor or unavailable and the use of hi-gain or extended
aerials is ineffective, the use of Digital Subscriber Line (DSL) or Public Switch Telephone Network (PSTN) are considered.
All data from the RTUs can be accessed through the Distribution Management System (DMS–UK Power Networks uses
PowerOn and ENMAC) The DMS provides control engineers with a real time visual representation of the network as shown in
Figure 1.

Figure 1: PowerOn visualisation in control

It also allows control engineers to remotely open and close switches on the network following faults, or in order to reconfigure
the network. UK Power Networks has also developed a Distribution Network Visibility (DNV) tool which provides a graphical
interface to access and analyse substation data for the planning and new connections. It is a web based tool which is used to
visualise the vast amounts of raw data in an easily accessible form.
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Historically secondary substation RTUs were installed in complex urban networks more frequently as monitoring of these
networks was seen as more important. For this reason currently, UK Power Networks’ urban network has more monitoring
that its rural networks. Moving into RIIO–ED1, the strategy for installing secondary substation RTUs will change slightly from the
approach highlighted above to only installing RTUs in the following scenarios:
 Existing switchgear needs replacing and no RTU is currently installed;
 Any new connections that require a new Ring Main Unit (RMU);
 Current RTUs needs replacing;
 Faults resulting in high CIs and CMLs due to limited automation on the network;
 Generation customers with G59 sites; and
 Any Air Circuit Breakers (ACBs) and Parasitic Load Tripping Units on interconnected networks that are retained within the
Central London High Density Load Zone.
In some areas of the network the RTUs have been programmed to operate under automation, which allows pre-scripted
switching schedules to be run during fault scenarios. The benefit of this approach is that customers will be back on supply
quicker than having a control engineer remotely reconfiguring the network. Going forward, and specifically during ED1, the
mechanism behind automation of RTUs will begin to improve as the development of algorithmic automation progresses.
Currently, automation across RTUs is scripted manually based on normal network running arrangements. As described in our
Quality of Supply Strategy in the RIIO-ED1 business plan, algorithmic automation will provide a consistent approach for using
automation during all running arrangements.
As described in Figure 2, while DNOs continue to significantly monitor the higher voltages, there is currently limited monitoring
or visibility of the LV network past the LV tails of the transformer due to the vast number of assets connected at this level. That
being said, various measures to improve LV visibility and LV automation are being developed and trialled, however the costs of
equipment are currently too high to justify their wide scale implementation.

Figure 2: Current DNO visibility of the Network
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With regards to power quality, as the network is operated
today, UK Power Networks takes a reactive approach to
measuring voltage on the LV network following calls from
concerned customers; however, with the installation of
smart meters this will significantly change as discussed in
later sections of this report.
Finally, the transition to a smarter grid involving introduction
of domestic micro generation, heat pumps (HPs) and electric
vehicles (EVs) is increasing the requirements for improved
visibility of the distribution network at 11kV and below. UK
Power Networks has completed and is currently working
on several innovation projects on improving visibility of our
networks including the Distribution Network Visibility (DNV)
tool which has now been implemented into the business,
the PV connection assessment tool, the Smart Urban Low
Voltage Network project and the Low Voltage Current Sensor
technology evaluation.

2.2 LCL trials and contribution
Low Carbon London developed various different trials in
order to inform DNOs on the potential impacts of different
LCTs on the network. Specifically, this section will describe
the smart meter trial, the engineering zones that were
monitored, and the electric vehicle and heat pump trials that
were conducted. The results of all the trials and conclusions
are described in detail in other LCL reports and have been
fundamental to understanding how DNO planning and
operational processes will be modified in the future.

2.2.1 Smart Meter trials
The Low Carbon London smart meter trials were conducted
with EDF Energy who installed nearly over 5500 meters
across the trial participant group in London which was
representative of EDF Energy’s current customer base. While
the Smart Meter Equipment Technical Specifications (SMETS)
standard had not yet been agreed before the smart meter
trial was initiated; the Landis and Gyr E470 meter was
chosen for the trial as it had been successfully used by EDF
Energy in previous trials. A separate In Home Display (IHD)
was provided by ecoMeter which provided the customer
immediate information regarding their energy usage, both
in terms of energy being consumed and cost.
During the trial, half-hourly consumption data was collected
over a period of between 15 – 20 months depending on the
date of installation. In addition to the installed EDF Energy
meters, British Gas meter data was also acquired and used
in the analysis to understand the benefits of consumption
data from the smart meters to the DNO.

This data was analysed to determine profiles across the
various socio-economic participants, which could be used
by internal processes that are discussed in this report, as
well as data for engineers to manage, develop and design
new connections for the network. Most of the data used
to create customer profiles was analysed for the period of
Jan – Dec 2013, and the findings can be found in the Report
C1 – Use of smart meter information for network planning
and operation. The trial participants were also asked to
participate in a comprehensive survey to determine how
various factors or different appliances can influence their
electricity consumption.
The smart meter trial also served as the platform to enable
the dynamic Time of Use trial that was carried out during
the LCL project, where 1,100 customers participated in a time
of use tariff with the purpose of understanding customers’
reaction to such demand change request. The results of that
trial are presented in LCL reports A2 - Residential consumer
attitudes to time varying pricing and A3 - Residential
consumer responsiveness to time varying pricing.

2.2.2 Engineering Instrumentation Zones
The smart meters, installed for the LCL project were not able
to monitor voltage levels at properties. Therefore, a trial was
developed to monitor and determine voltage levels along
feeders and understand the power quality status of the LPN
network as well as provide insight into the impact for DNOs
of having voltage data on the LV network – in the similar
vain to SMETS meters that will be rolled out nationwide.
Three Engineering Instrumentation Zones (EIZs) were set
up in Brixton, Merton and Queens Park in order to measure
the voltage profile along various HV and LV feeders. UK
Power Networks installed 3-phase smart meters on remote
parts of the network as far from the secondary substations
as possible to analyse the variance in voltage along the
feeders. These locations were chosen with the view that the
voltage excursions, under-voltage, would be most severe at
furthest end from the substation since the cable impedance
is greatest, whereas the high over voltage excursions
may be closer to the substation where impedance is less.
Approximately, 106 measuring points were monitored, at
10-minutes intervals, giving average Root Mean Square
(RMS) Voltage over a period of 6 months.
This data was then compared to the statutory limits set out
in the Electricity, Safety, Quality and Continuity Regulation
(ESQCR).
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This type of monitoring also provides the DNO; with
useful information to understand the network’s current
performance which in the future could be used to improve
voltage settings on secondary distribution transformers. In
addition, the data can be used to validate that DNOs are
currently operating within statutory limits. This analysis is
presented in LCL Report C1 – Use of smart meter information
for network planning and operation and has been expanded
in this report in section 1.2.

2.2.3 EVs and HP monitoring
The Low Carbon London trials also included Electric
Vehicles (EVs) and Heat Pumps (HPs) trials to observe and
analyse the likely impact of these LCTs on the network.
This involved monitoring a number of participants who
owned and operated EVs for private use or commercial
use, as well as data from the use of public charge points
in London. In the case of HPs, domestic installations
were particularly monitored to assess the power quality
contribution to the network. UK Power Networks installed
meters on the electrical circuit supplying. The EV charge
point or HP to monitor these technologies, and similarly
assessed the impact using power consumption and quality
measurement devices.
The data captured included real power, reactive power,
current, voltage, and total harmonic distortion, all at 10
minute intervals. Energy (kWh) consumed was however
recorded in half-hourly intervals. Additionally, data was
captured on the driving pattern of a subset of the EV trial
participants using on-board vehicle telematics loggers.
In the case of HPs, operational data such as thermal flow
measurements was collected in addition to the electrical
consumption data.
The conclusions of these trials are covered in the LCL
electrification of heat and transport reports (B2 and B5).
These trials also included analysis on the opportunities for
smart control of these loads to manage the demand on the
DNO network. As with the smart metering trials, the data
from the EVs and HPs trials provided data that has informed
some of the conclusions that will be discussed later in this
report, specifically on how the results can inform current
business processes. Specifically, LCL trial data has been used
for determining profiles that can be used in forecasting,
planning and connections, to the use of diversity curves in
managing uncertainty and new load connections.
Additionally, the trials examined the effects of significant
uptake on a local London network simulating a
concentration of EV load. The trial concluded that voltage
violations would be more prevalent than current violations

(considering the volumes) which is a useful insight in
informing the approach to proactive mitigating actions
where clustering is identified.
For the first time in the UK, the LCL trials have provided
empirical data and tools that have improved the
understanding and approach in managing and mitigating
potential issues from the uptake of LCTs. This includes
accurate profiles that can be used in load forecasting,
diversity curves that can be used in planning new
connections and altogether reducing uncertainty about the
impact of uptake on peak demand.

2.3 Future visibility with Smart Meter data
In 2013, the Department of Energy and Climate Change
(DECC) published the latest Impact Assessment for the smart
meter roll-out for the domestic and small and medium nondomestic sectors in Great Britain. As part of this assessment,
DECC outlined the main network benefits expected from the
roll-out of smart meters:
 Avoided losses to network operators;
 Outage detection and management for electricity DNOs;
—— Reduction in customer minutes lost (CMLs);
—— Reduction in operational costs to fix faults; and
—— Reduction in calls to faults and emergency lines;
 Better informed investment decisions for electricity
network reinforcement;
 Avoided cost of investigation of customer complaints
about voltage quality of supply; and
 Non-quantified DNO benefits such as operational costs.
UK Power Networks, as part of the RIIO-ED1 business plan
submission, has committed to delivering £11m in savings,
of which £3.7m is contributed to fault response efficiency.
This means that by being more efficient in identifying
where faults occur, the DNO needs to visit fewer substations
improving performance and customer service.
Specifically, the main assumptions behind these values are
based on the energisation status functionality and overall
improved information. UK Power Networks has estimated
that the energisation status will avoid 11,000 visits a year,
and once at least 33% of the customers have smart meters
installed, there will be savings from reduced 1.5% of fault
operating cost.
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In general terms, once smart meters are rolled out the DNOs will have access to the data which will go through the Data
Communications Company1 (DCC) and be received by the DCC adaptor or integration platform as shown in Figure 3.

Figure 3: Smart Meter data flow
Integration Platform
(DCC Adapter)
∙ Real time calls,
incidents and planned work

Customer
Smart Meter

Network Systems

OMS and DMS*

CRM

Smart Metering
Head End System

SCADA

DCC
∙
∙
∙
∙

Energisation status request
Profile Repository/Historian
Last Gasp/other alerts
Voltage alert configurer

*Outage Management System and Distribution Management System

Roughly, the data from the smart meters can be classified in two main categories:
 Consumption data. This data will be in half-hourly (HH) readings in kWh in four quadrants (i.e. active import, reactive import,
active export, and reactive export); and
 Voltage data. This will be provided in RMS and DNOs will decide the type of data and how often they would like that data.
This information can be ‘read’ by the DNO on request or constantly recorded in real time and the DNOs will have the systems
to process it accordingly. The ‘commands’ and ‘alerts’ that will enable DNOs to access information regarding the customer’s
premise and that are relevant to this report are highlighted in Table 1 overleaf.

1

The DCC will provide communication services between smart meters and the business systems, energy suppliers and network operators.
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Table 1: Smart Meter Data
Data

Category

Description

Power Outage Event

Alert

Last Gasp. An alert will be sent if the communications hub in the property loses
electrical supply and does not send a notification of restoration within 3 minutes.

Power Restore Event

Alert

First Breath. Reports the restoration of supply for an MPAN following a 3 minute
interruption.

Read Supply Status

Command

Energisation check. The DNO will be able to ‘poll’ the smart meter to determine if the
meter is energised. This alert will notify either ‘On’ or ‘Off’ status, but can also notify
'Armed', which enables DNOs to know if there is a supplier issue such as a prepaid
meter that has not been paid, a tampered meter or a supplier load limiting scheme.

Active Import/Export
Profile Data

Metering Data

13 months of half hourly active energy import data stored on the meter and
available on request. 3 months of half hourly active energy export stored on the
meter and available on request. This will be a decimal value in kWh with start date
and end date.

Reactive Import/
Export Profile Data

Metering Data

3 months of half hourly data for reactive energy import and export. Reactive
power will be useful to determine phase imbalance. Reactive export might help
understand the power factor of a certain area in the network.

Maximum Demand
Import/Export
Registers

Metering Data

Maximum active energy import in any half hour period since the last reset with
time stamp of occurrence. Only the DNO can reset the register.

Read Device (or
update) Configuration
(Voltage)

Command

This command will provide the average RMS over and under the voltage
thresholds configured in the meter for each phase. The measurement will be a
period single phase.

Network (Voltage)
Data

Metering Data

4,320 average RMS voltage readings stored on the meter available on request. If
the DNO sets this to 10-minute averages then 30 days of reading will be available,
if this is 60-minute averages then 180 days will be available. The data is presented
with end time data for each RMS voltage period.

Voltage Excursions

Alert

Alerts based on average RMS over/under voltage, extreme over/under voltage,
voltage sag/swell.

Smart meters have other functionalities and commands such as create, read and delete schedules, update security credentials,
reset Maximum Demand registers and retrieve device security credentials. Also, some of the functionality of the smart meters
can be configured by DNOs who will have the ability to read device configurations for Randomisation, Local Time Change,
MPxN, Voltage and Auxiliary Load Switch. The voltage configurations and readings are most pertinent for DNOs to address
quality of supply issues. To access and process all this information, DNOs will need to have systems to access data from the
DCC and be able to meet security and privacy requirements.
Table 2 summarises the most important data sets and alarms, as well as the conditions for obtaining such data, and the
restrictions that may be applied to each.
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Table 2: Characteristics of Smart Meter data
Data

Unit

Conditions of
access (period)

Conditions of access
(aggregated)

Restriction

Power Outage Event

ID and time
stamp

Real-time

Single MPAN

Alerts are set if the outage is
for longer than three minutes.
There is a power event log
that has 100 events per MPAN

Power Restore Event

ID and time
stamp of
outage and
restore

Real-time

Single MPAN

DCC adaptor, both meter and
DNOS system will track. You
can know the restore per
phase

Read Supply Status

Enabled/
Disabled /
Armed

When requested /
real-time

Single MPAN

There will be no response
during an outage

Read Active Import/
Export Profile Data

Wh

Available on
request

Either historic or aggregated
data available

Active export is stored for
3 months. Consumption is
stored for 13 months including
timestamp.

Read Reactive
Import/Export Profile
Data

VArh

Available on
request

Either historic or aggregated
data available

Only stores 3 months’ worth
of data

Read Maximum
Demand Import/
Export Registers

kWh and
timestamp

Available on
request

Either historic or aggregated
data available

Active import average value
over each 30 minutes

Read Device (or
update) Configuration
(Voltage)

% over and
under V
threshold

Real-time

Single MPAN

No restriction, DNOs can
determine configuration and
update as required. Every
time you update the counter
is reset

Read Network
(Voltage) Data

Volts

Available on
request

Single MPAN

4,320 average RMS voltage
readings stored on the meter
available on request

Voltage Excursions

Count

Post voltage
excursion

Single MPAN

Historic count depends on
set time period of voltage
excursion

Within this report, smart meter benefits have been segmented into specific opportunity areas. There are eight high level benefits
identified, of which five relate to Network Planning and three to Network Operations, described in chapters 4 and 5 respectively.
The chapters on Planning and Network Operations detail these opportunities and explain how smart meter data will be used to
maximize these opportunities and the change in processes required to enable it. This analysis is enhanced by the LCL results.
Table 4 outlines what smart meter data will be required specifically for each opportunity.
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Table 3: Opportunities from smart meter data
No. Opportunity

LCL Report

Business processes/ teams affected

1

Network Planning (Short Term)

Planning

Infrastructure Planning and Distribution Planning

2

Network planning (Long Term/Forecasting)

Planning

Business Planning

3

New Connections

Planning

Connections/Infrastructure Planning and
Distribution Planning

4

Alerts and polling (voltages)

Planning

Operations and Infrastructure Planning and
Distribution Planning

5

Losses

Network Operations

Income Management

6

Alerts and polling (outages)

Network Operations

Network Operations

7

Voltage Management

Network Operations

Network Operations (Power Quality engineers) and
Infrastructure Planning and Distribution Planning

8

Future scenarios: ToU and ANM

Network Operations

Network Operations and Infrastructure Planning
and Distribution Planning

Planning

Future opportunities:
ToU and ANM

Voltage
Management

Outage alerts and
smart meter polling

Losses

Voltage
management

New Connections

Long Term
Network Planning

Short term
Network Planning

Table 4: Smart meter data required per opportunity

Network
Operations

1

Power Outage Event

x

x

2

Power Restore Event

x

x

3

Read Supply Status

x

4

Read Active Import/Export Profile Data

5

Read Reactive Import/Export Profile Data

6

Read Maximum Demand Import/Export Registers

7

Read Device Configuration (Voltage)

8

Read Network Data

9

Voltage Excursions

x

x

x

x

x
x

x

x
x

x

x

x

x

x

x

x

x

x
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3
Forecasting
Load growth forecasts are a vital part of DNO’s efforts to
maintain and invest in the network to meet the changing
demand from consumers. Various tools, processes and
approaches are adopted to reasonably predict the trajectory
and rate of change of load on the network. One of the key
inputs to these forecasts is the anticipated peak demand
contribution from electric vehicles (EVs), heat pumps (HPs),
small-scale embedded generation (SSEG) and domestic
consumer load.
Currently, these contributions are derived using models and
assumptions for EVs, HPs and SSEG – commonly known as
low carbon technologies (LCTs) and their observed profiles
of domestic consumer residents. Low Carbon London (LCL)
has examined these loads and quantified the impacts on
the network by deriving load profiles for each technology
through a series of monitoring trials. The project has also
delivered insight into domestic customer profiles based on
the smart meter trial described in Chapter 2. The trials being
conducted under LCL are delivering benefit to the business
by clearly informing current business processes, such as load
forecasting, in order to improve the view and understand
the effects of different loads on peak time demand.
The following will cover an overview of the current
approach for forecasting load growth in UK Power Networks
and continue with a review of the conclusions of the LCL
trials that inform the current forecasting methodology.

3.1 Current understanding of the
impact of profiles on peak load for
forecasting
The following is a high-level overview of the UK Power
Networks’ load forecasting process and has the purpose of
providing insight on how DNOs currently estimate future
load growth. The diagram overleaf, Figure 4, presents a high
level overview of the network forecasting and investment
planning methodology used by UK Power Networks.
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Figure 4: Network forecasting and investment planning methodology used by UK Power Networks
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The two key steps within load forecasting are producing input assumptions and load growth modelling. The network
investment planning process begins by identifying network investment requirements through the application of load growth
projections to existing infrastructure capacity. The planning methodology begins with load growth forecasting, and then moves
on to network investment planning. The purpose of the load growth forecasting step is to project the load growth expected
on the network. The increase in demand from housing, Industrial and Commercial (I&C) customers and various Low Carbon
Technologies (LCT) is taken into account in projecting load growth across the network.
The modelling tool utilised by UK Power Networks in this step is a tool developed with Element Energy, and the projections
are defined at the 132kV/33kV substation level and above. The tool allows a range of load growth scenarios to be modelled,
covering different LCT uptake scenarios. This functionality was used in modelling scenarios for preparing UK Power Networks’
RIIO-ED1 business plan.

3.1.1 The UK Power Networks Load Forecasting Model
The UK Power Networks Load Forecasting Model developed by Element Energy takes into account four main input variables:
1. Rate of housing stock growth;
2. Rate of economic growth;
3. Impact of Low Carbon Technologies (LCTs) and energy efficiency; and,
4. Impact of the Electricity Market Reform.
One key input to the model is load profiles and, as mentioned, the profiles currently used are modelled profiles of LCTs and
average demand profiles for domestic premises derived from historic network data. The profiles used in the load forecast
model are based on half hourly intervals. These profiles are based on various metrics and assumptions including:
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 For EVs, predictions of vehicle sales, journey characteristics and different charging behaviours;
 For HPs, house archetypes, the impact of building thermal improvements, technology performance and cost improvements
and financial incentives;
 For SSEG, a consideration for several technologies including CHP, PV, on and onshore wind; and
 For residential loads, historical grid supply point (GSP) profiles, housing type and projected energy efficiency by housing.
Figure 5 shows the EV profiles used currently in the load forecasting model. There are three different profiles depending on
the type of user, i.e. domestic customer who normally charges in the evening, a vehicle used for commercial purposes, with a
charging peak in the morning, and a public charge post monitoring different vehicles charging throughout the day, with a flatter
profile. These profiles were derived using data from National Road transport survey as well as assumptions on driver behaviour.
The LCL EV trials have now provided new profiles using empirical data and will be used by the business going forward.

Figure 5: EV Profiles currently used in load forecasting tool
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Figure 6: Estimated contribution of a single heat pump for LPN in 2014 (Load forecast model)
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Figure 6 shows the current profiles used for heat pumps emphasising the use during winter months.
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The application of domestic load profiles in forecasting is more intricate. Domestic load profiles are calculated as a single
normalised profile based on historic UK Power Networks data (one profile for each license area). There are ten consumer types
defined in the tool to which each consumer corresponds. Each consumer type has an individual annual consumption (kWh), but
follows the common profile shape.
The result of the application of these profiles is a forecast of the anticipated load growth in each network area going out to
2050 as shown in Figure 7. This load growth projection informs the next step of the networking forecasting and investment
planning methodology, which is to finalise a Network Asset Management Plan (NAMP). The NAMP contains the company’s
best view of the investment needed in view of each of the UK Power Networks license areas’ forecast load growth to meet the
outputs and commitments during the price control settlement period and beyond – based on existing capacities and conditions.

Figure 7: LPN load growth forecast (peak demand)
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This highlights the role of accurate load profiles in network forecasting and investment planning. As such, learning from the LCL
trials has contributed towards improving this approach.

3.1.2 Forecast assumptions
As discussed, it is recommended that actual LCT uptake, and the associated drivers and the indicators of uptake, are monitored
proactively in order to maintain appropriate load growth forecasts. There are a number of inputs that inform the load forecasts
modelled in UK Power Networks. These are highlighted in Table 5.
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Table 5: Input details for load forecast model
Inputs

Input granularity

Input source

Frequency Variation of
of update inputs across
scenarios

Number of houses and flats as
starting point

By local authority

Department of Communities and
Local Government

Annual

No

Historical housing growth
(17 year average)

Annual growth by
licence area

Office for National Statistics

Annual

No

Peak demand day profile by
housing type

Half hourly profiles

Network data stored in PI Historian

Annual

No

Projected energy efficiency
by housing type

% efficiency by
demand type

DEFRA’s Market Transformation
Programme

Annual

No

Projected housing load growth

Projected Industrial and Commercial (I&C) load growth
Floor space by I&C customer type

Number

Valuation Office Agency

Annual

No

Regional growth in Gross Value
Added (13 year average)

Annual growth by
licence area

Office for National Statistics

Annual

No

Peak demand day profile
by industry type

Half hourly profiles

UK Power Network’s Income
Management system

Annual

No

Projected energy efficiency
by industry type

% efficiency
by I&C type

Energy Saving Trust

Annual

No

Current units of PV, HP and EV

Number

DECC and UK Power Networks

Annual

Yes

Peak demand day profiles
by LCT type

Number

Element Energy

Annual

Yes

Uptake of PV, HP and EV

Number

DECC and UK Power Networks

Annual

Yes

Projected LCT load growth

Changes to these inputs will have consequential effects on load forecasts and therefore will challenge UK Power Networks to
meet growing demand irrespective of whether this is larger than first forecasted. Maintaining up-to-date records of the actual
volumes and consolidating them against the forecasts is a valuable exercise.

3.2 LCL profiles for load forecasting
At the time the modelled profiles outlined above were developed, there was limited real data available on heat pumps and
electric vehicles. The profiles developed from the LCL trials will now be used in place of the previous modelled profiles to
improve the quality of the load forecasts.
The approach taken on the LCL trials to derive the profiles for LCTs, and domestic loads, involved monitoring existing users and
home owners for a period of a year. On the LCL trials the data recorded was power consumption, as well as current, voltage
and reactive power for every 10 minutes over the period, whereas for the smart metering trials the data was recorded at halfhourly intervals.
The robust approach taken on LCL towards gathering this data, and the conclusions that followed, make a strong case for the
application of the profiles derived from the trials within the forecasting methodology employed by UK Power Networks.
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A number of profiles derived from the LCL project are highlighted below.
 Domestic EV Load Profiles
As shown in Figure 8 there is a slight difference in the contribution to peak demand between the modelled profiles currently
used in the load forecast model and the recently derived profiles in LCL which used empirical data. The effect on the load
growth forecast of this change alone is insignificant. This point is highlighted in LCL Report B2.

Figure 8: Domestic EV load profiles: LCL and Load Forecast Model comparison
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 Commercial EV Load Profiles
As shown in Figure 9, the LCL trials have outlined that the contribution of ‘commercial’ EV users can be categorised into both
‘light-duty’ and ‘heavy duty users’. This is as a result of the average daily mileage of the two groups being quite different. As
a conclusion the contribution of the heavy-duty users is significant compared to the previous modelled contribution. This could
consequently have a significant impact on the contribution of this user-group to load growth forecasts.

Figure 9: Commercial EV load profiles: LCL and Load Forecast Model comparison
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 Public EV charge points load profiles
Figure 10 demonstrates that the contribution from public EV charging to the network peak derived from the LCL trial data
is significantly less than the modelled peak demand contribution. This will tend to have the effect of reducing the load
growth forecast for this change in the peak contribution alone. However, the contribution from public use of EVs is previously
forecasted to be low.

0.25

Forecast Model

0.20

LCL

0.15
0.10

23:00

21:00

22:00

19:00

20:00

17:00

18:00

15:00

16:00

13:00

14:00

11:00

12:00

10:00

09:00

07:00

08:00

05:00

06:00

03:00

04:00

01:00

0.00

02:00

0.05
00:00

Power (kW)

Figure 10: Public charge points EV load profiles: LCL and Load Forecast Model comparison
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 Normalised LCL profile of a single heat pump
The modelled HP profiles from the LCL trials show peaks in the morning and in the evening, corresponding to periods of
maximum thermal demand as shown in Figure 11. Demand for all seasons near zero in the early morning. Conversely, the
profile derived from the LCL trials (average daily profile for February) shows a much flatter, more continuous profile. This
profile was extrapolated over the entire year using the original heating load allocation monthly distribution. Furthermore,
the LCL derived profile has a slightly smaller peak contribution than the current profile used. As highlighted in LCL Report B2,
HPs will tend to have the effect of reducing the load growth forecast from changing the previous modelled profile with the
LCL derived profile, depending highly on the HP uptake scenario. It is important to mention that Report B2 also highlights the
effects of extreme temperature events on the peak demand of HPs. This effect coupled with a relatively high uptake scenario
is highlighted as a potential risk to the network in terms of the additional peak demand.

Figure 11: LCL Average HP Demand Profiles
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 Smart meter domestic profiles
Figure 12 shows different demand profiles of the consumer types identified in the LCL trials using the ACORN demographic
categories. Although the profile shape of the demand remains fairly constant across the customer categories, both occupancy
and economic factors were discovered to have a clear influence on the amount of energy consumed within a day. The
difference in the demand profiles identified in Figure 12 presents an opportunity for DNOs to design networks and new
connections with a consideration for the demographics of the consumers in mind. Taking this into account using relevant
indicators (of both occupancy and economic factors) will enhance the accuracy of forecast peak demand and reduce
redundancy in installing underutilised assets. Further details can be found in LCL Report C1.

Figure 12: Smart meter trial winter weekday peak demand profile by income level and occupancy
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An adapted version of the load forecast model is to be developed following Low Carbon London, to incorporate the nine
consumer types identified from the LCL trials which are to be used in place of the previous consumer types. The LCL consumer
types are represented by individual profiles (profile shape and annual consumption). Furthermore, these domestic profiles are
affected by future energy savings specific to each of the nine profiles across various appliance categories (dependent on their
appliance ownership characteristics as understood from the LCL appliance ownership data).
The LCL derived profiles presented above are based on the sample of monitored units outlined in Table 6: LCL trial volumes.
This demonstrates that robust data has been used in these profiles which gives confidence to the business to start integrating
the profiles into the current forecasting models.

Table 6: LCL trial volumes
Trial

Volume

Domestic EV trial

72

Commercial EV trial

54

Public EV trial
Heat Pump trial
Smart Meter trials

1408
21
5533
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3.3 Using smart meter data for forecasting
As described in the previous section, smart meter data analysed from the LCL trials can be used in place of the current profiles
used in the load growth forecasts. Similarly, these profiles could be used to inform the wider GB impact of LCT uptake by
updating the GB Transform Model profiles which is used by all DNOs. Once the profiles are implemented, DNOs should ensure
that planning takes into account any evolution in these profiles over time due to LCT uptake, time of use tariffs and other smart
interventions.
Once the smart meters are rolled out, depending on the nature of the metadata that can be associated with them from the
Data Communications Company (DCC), it could be possible to associate profiles to house types and consumer demographics,
which would improve the accuracy of the DNO forecasts.

Figure 13: Diversity factor for domestic loads
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LCL smart meter trials showed that as customer demand is aggregated, the load present on higher levels of the network has
decreasing levels of diversity, since customers do not use appliances at the same time. The demand diversity shown in Figure
13 has been shown to be similar for all types of customers and a single view of diversity has been produced based on the
2,541 smart meter consumption datasets for which survey results were available. The analysis of demand diversity allows
robust, data driven diversity factors to be identified for any customer population and asset size. While the results in this report
are based on the balanced sample of London Power Networks (LPN) customer data obtained on LCL, the methodology will
be applicable to all network areas once smart metering data is more widely available, following the national rollout. This
significantly mitigates uncertainties borne from changes in peak demand due to uptake, by using the data and tools that have
been developed in LCL.
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Figure 14: LPN EV uptake scenarios
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Figure 15: LPN Domestic HP uptake scenarios.
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These uncertainties could adversely affect security of supply and the costs of maintaining the network. Therefore it is
recommended that the uptake, the associated drivers and the indicators of uptake, for these low carbon technologies are
monitored proactively in order to maintain appropriate load growth forecasts.
In summary, UK Power Networks’ overall approach to managing the low carbon uncertainty in ED1 consists in:
 Updating models with empirical data from the LCL trials;
 Developing better leading indicators;
 Further develop our smart solution toolkit2; and
 Increasing network monitoring of the HV/LV network.
2

This includes efforts such as LCL where Active Network Management, Demand Side response and so on have been trialled and are being adopted by the
business. There are a number of projects currently underway looking at the impacts of low carbon technologies on the network and the possible solutions
to address these impacts. Our approach to developing and deploying new technologies is set out in more detail in both our Innovation Strategy and the
associated Future Network Development Plan.
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3.4 Uncertainties
The transition to a low carbon economy is the most significant uncertainty that all DNOs face. Besides the effects on the peak
demand from uncertainty of LCTs due to uptake, there is also the effect on the load forecasts due to the anticipated volume of
uptake. The principal reason for this is that the level of take up of the key technologies will be dependent on both the public
perception of these technologies and whether they are economically viable. Consequently, unlike both economic growth and
asset degradation there is limited historical experience on the drivers of this demand and how it will impact the network.
To better understand the scale of the uncertainty DECC and the DNOs have developed estimates of LCT uptakes, known as
the DECC uptake scenarios. These, and UK Power Networks’ core scenario, which is the latest best estimates of LCT uptake,
have been used in developing the RIIO-ED1 business plan. Figure 14 and Figure 15 outline the difference in these scenarios for
the EV and HP uptake within the London network. However, case studies examined in the LCL trials highlight that the uptake
scenarios are not the only variable to consider when assessing the impact of LCTs on the network, but that variation of type of
EVs and location of the HPs on the distribution network assets, can have significant implications on load growth forecasts and
reinforcement requirements.
As with any model and forecast, there is a level of risk that comes in the form of uncertainty in the accuracy of the
assumptions used. There are a number of uncertainties including but not limited to; the actual uptake of LCTs, projected energy
efficiency by housing type, regional growth in gross value added, and housing growth. In particular, there is uncertainty in
the actual level of LCT uptake, which will affect the peak demand. In order to assess the impacts from the volume of take up,
diversity curves have been developed on LCL which consider how the peak contribution changes with uptake volumes.

Figure 16: Diversity factor for different subsample sizes of the domestic EV data
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The diversity curve shown in Figure 16 is a result from the LCL analysis presented in Report B2, and can be used as a tool to
review the contribution to peak demand that is expected from a given uptake of domestic EV loads. It provides an important
link between the expected number of EVs in the network and the expected increase in peak demand that needs to be
supplied by the network. It shows that for a local network with more than 50 EV charge points in use, the peak demand from
the charge points can be expected to be about 20% of the maximum charge rate (kW) of a single charge point. With the data
from the LCL trials this approach can be applied for the first time.
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4
Planning
4.1 Current view of LCTs
The role of the planning functions within UK Power
Networks is to forecast and manage the volume of
replacement and reinforcement required to maintain
the obligatory security of supply, as well as protect and
maximise the lifetime of the assets. Therefore the planning
functions play a key role in informing and managing
investment decisions.
Currently, within the planning process, Low Carbon
Technologies (LCTs) are primarily considered by forecasting
their anticipated load demand using profiles and other
metrics, as described in section 3. Furthermore, DNOs must
report on the volume and installed capacity of the LCTs on
the network to comply with Regulatory Instructions and
Guidance (RIGs). However, in some cases, an assessment
of the load or power quality contribution of the LCT is
considered where the DNO is notified of the connection
of the load and the LCT is considered to be a potentially
disturbing load. In particular the connection of SSEG is
managed using the G83 and G59 process developed by
the Energy Network Association (ENA), which stipulate the
conditions under which generation can be connected to the
network.

This approach is likely to change once a large volume of
smart meters are installed, there is improved network
visibility and growing number of LCTs are connected to the
network. This chapter will consider the opportunities and
benefits in utilising these new data sources for the purpose
of planning.
LCL trial data has already contributed significantly to
improving the forecasting processes as highlighted in
section 3. More recently, notification processes have been
introduced by the ENA and the IET on heat pumps and
electric vehicle charge points respectively. The ENA process
consists of an application for heat pump installations
which is intended to keep the DNOs informed of domestic
installations of heat pumps, in particular to assess the
potential power quality impacts on the local network. The
process is designed to encourage the connection of heat
pumps specified at the highest power quality standard
BS EN 61000-3-2 and BS EN 61000-3-3, with the aim to
minimise the potential power quality disturbance from
a significant uptake of heat pumps in GB. This process is
obligatory and linked to the Renewable Heat Incentive (RHI)
and Green Deal incentive introduced by the government to
stimulate the uptake of heat pumps.
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The IET process on the other hand is not obligatory. It
is linked to the IET Code of Practice on the installation
of charge points and is affixed as a recommendation to
installers to inform the local DNO.
These processes will contribute in some way to the
visibility that DNOs have of LCTs and will therefore inform
planning decisions. However, there is an on-going challenge
regarding how accurate the reported volumes are, especially
for the processes which have little or no incentive from the
installer to inform the DNO.
DNOs understand that the uptake of LCTs is one of the key
uncertainties facing the industry. The mass adoption of
technologies such as electric vehicles, heat pumps and small
scale generation are central to the government achieving
their carbon targets but all of these technologies will impact
the electricity distribution network. It is therefore crucial
to continue to track these and identify in particular where
clusters emerge.
UK Power Networks’ RIIO ED1 business plan agrees with
and outlines the use of data and visibility for smart grid
applications. This report will now consider particular benefits
applicable to the planning roles within the business i.e. to
better inform and manage network investment.

4.2 Using smart meter data for planning
In some cases, data and visibility may enable the network
and its associated equipment to be run more efficiently
e.g. by running the network harder, i.e. capitalising on
the existing capacity during and outside periods of peak
demand. The network can be designed to be more resilient
whilst, at the same time, preserving the life expectancy of
assets, hence maximising the utilisation while managing
the risk of critical failure and minimising reinforcement
investment costs.
Extracting additional capacity from the network through the
use of smart grids and related technologies will be possible
by improving asset management and monitoring to ensure
interventions take place before network assets fail.
As introduced in section 2.3, a number of opportunities for
DNOs to benefit from smart meter data have been identified
that pertain to planning i.e. the investment decisions
a DNO is able to make. Table 7 outlines the high level
benefit achieved by each opportunity and the capability
demonstrated.
The smart meter data required to enable these network
planning benefits, as identified from the outlined
specification for smart meters to be rolled out in the UK and
presented in Section 2.3, are highlighted in Table 8.
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Table 7: Smart meter data benefits and capability for Network Planning
No.

Opportunity

Benefit

Capabilty

1

Short term
Network
Planning

Investments in the 11kV distribution network could be
informed by the aggregated maximum demand using
smart meter data connected to that node. Especially
where there is no existing monitoring.

Visibility of load flows on the LV
system highlighting potential issues.

Aggregated demand data could also be used to inform
network reconfiguration decisions, especially at LV,
however for substations with a small number of domestic
customers, aggregating data could become less useful as
described in section 4.2.3.

Greater visibility of Power flow
leading to better assessment of
utilisation.
Identification of highly loaded
sections of network.

Detecting unbalanced load distribution on the LV network
can inform planning on the reconfiguration of the network
to improve asset utilisation. For this to be applicable,
DNOs will require specific data on the phases of individual
premise connections.
2

Long term
Network
Planning

Identification of localised load growth and changes in load Users alerted to abnormal conditions
patterns, in order to determine a wide range of options
on LV networks.
early on.
Network-wide load growth report for
Smart meter data will reduce the dependency on load
secondary substations.
growth assumptions in the network Investment Planning
Load profiling of secondary
stage by for example, flagging abnormal load growth
rates which can be factored into the investment decisions. substations.

3

Connections

Smart meter data can be used to inform connection
referrals by identifying periods of peak demand and
matching that against the profile of the connecting load,
especially where there is no existing monitoring.

Assessment of nearby substations
and spare capacity when assessing
connection requests.

Smart meter data will also improve network voltage and
losses performance by providing visibility and alerts on
existing performance, as described further in section
5.3. Based on that information, action can be taken to
reconfigure the LV network or utilise interventions to
prevent voltage issues and non-compliances.

Assessment of network voltage
state and identification of highly
loaded networks and networks with
concentration of SSEG.

4

Voltage

Network-wide reports showing areas
of spare capacity for differing load
profile types.
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Losses

Alerts and polling
(voltages)

New Connections

Network Planning
(Long Term)

Network Planning
(Short term)

Table 8: Smart meter data to enable planning opportunities

Planning
1

Power Outage Event

2

Power Restore Event

3

Read Supply Status

4

Read Active Import/Export Profile Data

5

Read Reactive Import/Export Profile Data

6

Read Maximum Demand Import/Export Registers

7

Read Device Configuration (Voltage)

8

Read Network Data

x

x

9

Voltage Excursions

x

x

x

x

x

x

x

x

x
x

Chapter 2 described the level of visibility that UK Power Networks currently has on its networks. Table 9 outlines which
network assets currently have some visibility. Above the Distribution Substation (11kV) or secondary substation, and going
up the voltage levels, the level of monitoring is such that smart meter data can only serve to enhance the existing processes
but not substitute or replace it as a primary data source. This is due to the critical nature of the assets being monitored to
ensure the security of supply on the network. Conversely, below these points of existing monitoring, smart meter data can be
considered as a primary source of data to enable new processes and improved network reliability.

Table 9: Network nodes to aggregate smart meter data
Network Nodes
(Aggregate level)
Phase

N

Branch

N

Link Box

N

LV Way

N

Distribution Substation (11kV)

3

Existing Monitoring

~60% of total substations3

HV Feeder (including I&C)

Y

HV Group

Y

HV Busbar segment

Y

HV Busbar

Y

Main Substation (>33kV)

Y

This level of monitoring is exceptional and unique to London.

32 |

Planning

The nodes outlined in Table 9 can be considered as points
on the network where smart meter data can be aggregated.
Aggregation of smart meter data is important both for the
purposes of managing the volume of data available, but also
for privacy concerns. The benefits that are enabled by this
level of visibility have been highlighted in Table 7. In order
to extract these benefits however, there are precursors
required, not least being the appropriate ICT solutions and
SCADA to support the data exchange and processing. In
particular, a network topology model that maps MPANs to
the LV network will be vital.
MPANs are assigned to distribution substations with a
relatively high level of accuracy, which drives important
reporting requirements such as the CI and CML volumes as
well as managing incoming fault calls effectively. In order
to assess the impact of smart metering load at the levels
highlighted in Table 9, where there is currently little existing
monitoring, MPANs would need to be even more accurately
mapped to the LV assets.
The solution would need to consider changes in the network
configuration in order to maintain an appropriate level of
visibility and continuity in the facilitation of smart meter
benefits. That is to say, changes in the normal running
arrangements should also be reflected in the topology
mapping MPANs to the LV assets i.e. LV switching states
should be maintained centrally and be directly linked to
the topology model. Temporary changes to the running
arrangement, for example, due to maintenance or fault
location,may be considered less beneficial. This approach
will need to be supported by the DNO systems developed to
receive all the smart meter data.
Alongside aggregating smart meter data at selected nodes,
enabled by an appropriate MPAN topology to allow smart
benefits to be reaped, smart meter data aggregated to
the distribution substation transformer could act as an
alternative to monitoring at that node.
The costs (and efforts) of installing monitoring at distribution
substations is not insignificant, smart meter data could
help DNOs optimise these savings. This, however, has the
downside of missing out on remote control functionality,
which has proved beneficial in maintaining security
of supply and reducing CI/CML volumes. Furthermore,
aggregated data used in this way is limited to the maximum
demand and demand profile data (kW and kWh), at that
node, whereas monitoring will include volts, amps, power
factor and other metrics useful in managing the network at
that level.

The high level of visibility and remote control that comes
with current monitoring solutions is not always required
and certainly not at every node on the network, so there is
ample opportunity for using aggregated smart meter data
as an alternative.

4.2.1 Estimating Network Losses
Technical losses for GB networks are estimated to be
around 7% of the energy produced, which for distribution
networks is equivalent to 17.5TWh per annum. These levels
are expected to grow with the electrification of heat and
transport; therefore, it becomes increasingly important to
determine a strategy for identifying and resolving losses on
the distribution network.
In addition, DNOs have a licence obligation to take steps
to minimise networks losses. In general, driving networks
harder (higher utilisation factors) to accommodate LCTs
with minimum reinforcement will increase losses in both
absolute and %-age term. Specifically:
 Increases in micro-generation should have a positive
impact on losses, by reducing GSP import volumes and
potentially supplying local demand via the LV network.
However, micro-generation might also cause voltage rise
thus increasing energy consumed by resistive demand;
 Electric vehicles and heat pumps will tend to increase
losses in absolute terms due to higher circuit loadings, but
EVs and HPs might also reduce network load factor (i.e.
result in peakier network demand patterns) resulting in
even higher I2R losses; and
 Harmonics generated by LCT inverters will also increase
network losses.
One methodology for calculating network losses is to
calculate the difference between the energy fed into the
network, summed from all sources, and the useful energy
exiting the network, summed for all network exit points over
a specified time period.
Sum of network energy in-feeds – sum of outgoing energy
= technical & non-technical losses

In order to complete such a calculation, a sampling period
would be required, over which incoming and outgoing
energy would be monitored. This would be added for all
in-feeding and out-going energy sources in GWh over a predefined time-synchronised period, such as three months.
Critically, all sources of data must be time-stamped in order
to align the measurement periods for each sum. Any error
introduced by misalignment or interpolation methods will
directly introduce that error into the final calculation.
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Table 10 outlines the key sources of energy consumption and input to the distribution network which should be considered
when calculating losses.

Table 10: Energy measures required for calculating losses
Energy

Source

Data

1

In-feed

Energy from the Transmission
system, via the Grid Supply Point

 Data from network measurement equipment at high relative
resolution and accuracy

2

In-feed

Energy from distribution
connected large generators (e.g.
G59 units)

 Data typically captured at reasonable resolution and accuracy; and

Energy from distribution
connected small scale generators
(e.g. G83 units)

 Customers connected with an existing load connection with the
potential to export (such as customers with PV installations) will
be able to provide export data if the smart meter installed at the
network point of connection has the capability of measuring import
and export;

3

In-feed

 Data is not always available to the DNO

 Customers with dedicated network connections will be also have
export data available with smart meters; and
 Sites with un-metered small-scale embedded generation
connections will probably not provide export data to DNOs
4

Outgoing

Energy imported by domestic
and small enterprise customers’
demand

 Half-hourly resolution data will be available for a large population of
these connections with smart meters; and

 Half-hourly or greater solution import data is not currently
available to DNOs

 There will still remain some number of non-smart metered
customers where this resolution of data will not be available.

5

Outgoing

Energy imported by larger, nonhalf-hourly metered customers
(e.g. profile classes 5-8)

6

Outgoing

Energy imported by large
 Data is currently available to the DNO via the existing settlement
industrial & commercial customers
data flows
with existing HH metering

7

Outgoing

Energy imported by un-metered
supplies such as street lighting
and public street furniture

 This data which relies on estimated consumption based on local
street lighting authority or Highways Agency equipment inventories.
There is no actual recorded consumption data and no plans to
introduce further monitoring

With the increased visibility that will be provided by smart meter data, more accurate calculation of losses could be feasible.
However, while smart metering data would be an important part of any losses calculation, that calculation would still be
dependent on a number of other, not currently available data sets, and also would depend on a completed smart meter rollout.
Currently, DNOs do not have visibility of all entry and exit points described in the table above, and complete visibility of energy
consumption is required to track where losses are taking place. It will also be important to take into account un-metered
consumption (e.g. street lighting furniture). The relative magnitudes of the summed in-fed and outgoing energy and the
comparatively small magnitude of the incurred losses will also have impact on accuracy. Finally, DNOs will require IT systems
that can analyse this data to identify potential locations of losses.
It is important to note that export volumes due to G83 protection are currently estimated. In the current process base Feed in
Tariffs (FIT) calculations are based on the assumption that G83 generators export 50% of the electricity produced. This is not
a correct estimate of actual energy exported which (for rooftop solar PV) will depend on the number and capacity of solar
panels installed and the electricity consumed at the property. One option to improve the quality of those estimates would be if
suppliers were required to calculate FIT export payments on actual exported volumes. This would provide a data set that could
be used in the calculation of losses.
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If this approach were to be adopted DNOs could undertake this analysis retrospectively as a regular or occasional exercise
rather than tracking for changes on a daily or more frequent basis. Monthly or quarterly communication of this data is likely to
be sufficient for measuring and identifying the source of losses.
An alternative approach to determine losses would be using a very detailed bottom up method as demonstrated in (LCL Report
C2), which has compared various energy efficiency uptake scenarios, such as cold (refrigeration) efficiency, wet (washing
machine/dishwasher) efficiency, CFL light (lighting) efficiency and LED light (lighting) efficiency. This bottom up approach uses
a detailed power flow model to identify losses associated with various devices in the home to determine the effect of varying
efficiency measures on losses.
Figure 17 represents the percentage of losses throughout the day per efficiency scenario as presented in LCL Report C2. As
expected, the proportion of losses is proportional to and has the same shape as the overall demand curve.

Figure 17: Effect of different efficiency interventions in network losses
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It is important to note that this approach can be used when analysing small parts of the network, however may be
impracticable when used on a full network basis.

4.2.2 Capacity view of the network
Building on the approach discussed for smart meter data aggregation, a view of the capacity on the network can be derived
at each ‘aggregate node’. This simply means that the higher level of network visibility will provide information on network
capacity at these nodes, enough to inform planning and potentially, connections. It will improve investment decisions by
informing planning for sufficient network capacity and improve the efficiency in asset utilisation by providing more visibility to
inform new connections at LV.
In addition to the analysis presented in LCL Report C1, further analysis has been done with smart meter data provided by British
Gas from smart meters within the EIZs. The purpose of this analysis is to understand how much smart meter data will enable
more accurate estimation of a given substation profile.
Figure 17 provides an example of a specific substation where by looking at the smart meter real profiles available, the
substation estimate is much more proximate to the actual network substation profile than the Elexon profile.

Planning | 35

Figure 18: Network substation daily profile estimated using smart meter data vs Elexon profile
for 1 May 2013 (Substation 6243).
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Additional analysis was done on two substations within the engineering zones, (SS6243 and SS6601, ss - Substation) that
presented a reasonable visual correlation between the estimated values (using the real smart meter profiles and the Elexon
profile class 1 profiles) to the network measurements at the substation. Table 10 shows the key analysis factors including the
calculated daily difference between the estimates and the network values, for each half hour period for each substation. These
results ignore all days where the network measurements for the substation were either partially or fully missing.

Table 11: Smart meter profiles vs Elexon profiles for estimating substation profile
Substation 6243

Substation 6601

Elexon

Smart

Elexon

Smart

Elexon

Smart

Elexon

Smart

Standard deviation % difference (Daily totals)

5.0%

4.7%

6.6%

6.1%

Average % Difference (Daily)

-6.4%

-4.4%

2.4%

3.9%

Average absolute % Difference (Daily)

7.0%

5.0%

5.4%

5.4%

Standard deviation % difference (Half Hour)

18.6%

12.0%

16.1%

10.3%

Average % Difference (Half Hour)

-5.9%

-4.0%

2.7%

3.9%

R squared

63.6%

81.3%

73.7%

83.7%

The value of R squared is a statistical value between 0 and 100% where the higher the value the better the correlation
between the estimate and the actual value in this case (Network substation measurement). For SS 6243 the smart meters
showed a small improvement in all values. For SS 6601 the values indicate an improvement in volatility of the differences for
smart meter data but the average is not improved.
This is merely an initial assessment that would require many more smart meter data sets and ideally more substations to
compare. However, this can demonstrate that smart meter data can slightly improve the accuracy of the currently used Elexon
profiles. The smart meter roll out will take place in stages. During the first years, there will not be enough data to actually
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generate full substation profiles, and Elexon profiles will continue to be a good estimation input. However, smart meter data
and this method of analysis will be fundamental for identifying LCT uptake in certain parts of the network, which would not be
captured otherwise.

4.2.3 Maximum Demand
As highlighted in LCL report C1, the maximum demand of the secondary substation is assessed either using Maximum
Demand Indicator (MDI) readings which are gathered periodically and recorded in the asset register or using the data from a
Remote Terminal Unit (RTU) with LV monitoring where one is installed. As discussed earlier in this report, there are instances
on the network where this information is not available or readily accessible, i.e. in areas of the network where there is little
or no monitoring.
Smart meters will provide a running MD value (overwritten by any subsequent peaks, working like a traditional MDI),
13 months of half-hourly consumption profile and 2 years of total daily active energy consumption, which will be
available on request.
This information can be used to improve the accuracy of the load estimates which could, depending on the situation, allow
more load to be connected to the network, or alternatively avoid overloading the network which can reduce asset life and
cause failures. More information on the benefits of MD data to the DNO is covered in section 5.2 ‘Demand and voltage timeseries data in planning’ of LCL report C1.
It can also be used to inform asset condition and reinforcement expenditure by considering the rate of load growth associated
with the node, the anticipated growth and the remaining capacity.
Currently, new domestic loads are planned using an ‘after diversity maximum demand’ (ADMD). With the advent of smart
meter data, there is the opportunity to refresh this assumption more frequently. Furthermore, there is the opportunity to spot
trends by local network area to identify LCT uptake using the effect on MD as a proxy.
In the case of networks with Heat Pumps, it is important to highlight that the MD could be adversely affected by ‘extreme cold’
weather conditions. The LCL trials showed that for an average temperature of -4⁰C and a penetration level of 20% of household
owning heat pumps4, the peak daily load increases by 72% above baseline as shown in Figure 19 and Figure 20.

Figure 19: Transformer loading under ‘extreme’ weather scenario for different % HP
penetrations (average temperature -4°C)
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Figure 20: Transformer loading under typical weather scenario for different % HP penetrations
(average temperature 4°C)
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This reinforces the drive for DNO visibility of heat pump installations, particularly in clusters. It also emphasises the need
for DNOs to maintain a close eye on heat pump uptake, which during cold long periods presents no diversity and planning
assumptions would need to be updated accordingly. Combined with smart meter data this visibility will allow Planning to
adequately consider the MD and associated risks of a particular network. With the high level of visibility envisaged through
the advent of smart meter data, it may be reasonable to consider a proactive forecast of the lifetime of LV assets below and
including the distribution transformer.

4.2.4 Aggregating Smart Meter Data
An important consideration is the ‘minimum’ number of smart meters for which data can be aggregated for DNOs to use, in
order to obtain the benefits highlighted above. DNOs have a duty to maintain data privacy, and, as such, there are discussions
within the industry of the implications of requiring DNOs to have smart meter data in aggregated volumes, i.e. not being able
to see smart meter data from individual customers. This should be less of an issue going up the aggregation nodes towards
distribution transformers where there are likely to be more meters than the minimum; however, this will only hold true where
the required volume of smart meters is present. Therefore, urban networks should be less prone to this issue, while rural
customers are also more likely to benefit from DNOs having this level of LV visibility where currently, there is very little to no
visibility. It is therefore important that the minimum level be defined such that networks with a low volume of consumers by
substation can adequately be monitored, or their data can be accessed to extract the benefits borne from smart meter data.
This will need to be balanced with the requirement to maintain customer data privacy and a manageable volume of data being
processed between the DCC and the DNO.
To understand the impact of aggregating smart meter profiles, UK Power Network estimates that over 10% of the substations,
within London have fewer than 10 MPANs. However, this analysis also shows that approximately 7% have less than three
MPANS and only 4% of the substation transformers have a single MPAN. This estimation has excluded Industrial and
Commercial (I&C) customers as DNOs already have access to their Half Hourly consumption data. However, this may be used as
an argument to support the minimal number of aggregation of domestic customer data once smart meters are rolled out.
These values can then be compared to a more rural network, where one would expect to have domestic premises wider
spread. The aggregated MPANs for the South East region indicate that over 30% of the substations, including pole-mounted
transformers, have less than 10 MPANs, and just over 20% have less than three MPANs. This indicates that aggregating smart
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meter data for rural networks may present a bigger concern
when trying to analyse a specific substation or network
problem.

4.3 New connections
A fundamental role within planning is designing new
connections and ensuring that the network capacity is
developed in order to meet demand and network security
standards. However, going forward DNOs will need to
consider smart meter data as well as flexible solutions,
such as Demand Side Response (DSR) that balances
capacity and demand, while maintaining the required
network security parameters.
Connection of new loads is traditionally assessed by taking
current maximum demand of the local network that will
support the load and providing additionally capacity,
where there isn’t, through traditional reinforcement. This
approach usually involves an assumption of the peak time
contribution of the new load being <100% of the maximum
stated rating. However, given that this peak demand is
not constantly on the network, this can lead to asset
underutilisation.
There is usually spare capacity on the network which is
driven by the pattern of electricity demand, defined by the
profiles. Data on the profile of the network can therefore
be utilised in order to manage connections in a manner
to reduce network reinforcement costs and improve
asset utilisation. Smart technologies should therefore be
considered as alternatives for optimising the network. In
addition to this approach, the assumptions made on the
peak time contribution of the new loads can be revised.
As highlighted in section 3.3, diversity curves as identified
on the LCL trials can be applied to account for the effect
volumes on the peak demand.

4.3.1 Profiles
As described in section 3.2 of this report, profiles have been
derived through the LCL trials that characterise the expected
demand from domestic loads, for different demographics,
and for electric vehicles and heat pumps. Smart meter data
captured subsequently can be used to continue to inform
this data set by characterising any new loads that appear on
the network and any developments in the peak demand of
these loads, also considering the effect of energy efficiency
as that continues to develop.
As part of the LCL monitoring trial, UK Power Networks
monitored 15 sites, covering both CHP and Photovolatic
(PV) generators, and has derived behaviour profiles using
these sources enhanced by other data sets. It is notable
that recent growth in CHP generation has been in office

buildings and other new in-building applications, meaning
usage patterns are different to those represented in ETR 130,
which was published in 2004. As observed, CHP plants are
heat-led and typically sized to run at 80-90% of capacity,
further visibility based on monitoring will help understand
DG behaviour and thereby better inform network planning.
Further detail on these results is included in LCL Report A8.
Furthermore, profiles can be used in making assessments
of the contribution of new loads to existing networks (or
even to design new networks). The profiles established
in the LCL trials of various LCTs can be utilised in existing
business processes e.g. the use of the Distribution Network
Visibility (DNV) tool used in UK Power Networks. This
application allows the user to apply profiles of new loads
e.g. EVs, to existing networks in order to examine the
effects of the new load. Integrating the smart meter data
into DNV tool could be of further benefit. An algorithm has
been developed and implemented in the DNV application
to categorise the load profile on secondary substations.
The application also allows users to see how a substation’s
profile is changing over time. A feature has also been
implemented to identify long-term load growth patterns
at secondary substations. These functions make use of the
historical data available which often goes back five years or
more and could be further enhanced as DNOs receive more
smart meter data.
In that same principle, LCL has helped inform how to
improve current design practices and help the classification
of network types, using for example residential customer
types. The key need for network designers and planners,
particularly for the secondary distribution level, is to be able
to rapidly collate key parameters for an area of the network
under review, either as the result of a connection request
or as part of the capital investment plan. Specifically, the
key parameters are the amount of embedded generation,
maximum demand net of generation and the voltage
profile. Particularly useful are approaches which classify
networks into a reduced number of ‘generic’ network types
around which engineering policy can be developed. Also
important are the profiles and demand characteristics of the
load being added to the network
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4.3.2 Demand Side Response in planning
DSR from industrial and commercial (I&C) customers
has the potential to reduce costs of investing in network
reinforcement and to improve the service that the DNO
provides to its customers in future. There are three use
cases in which a DNO would want to implement DSR, which
are described in LCL Report A4:
 To defer standard planned network reinforcement
investment, by reducing net load on a specific part of the
network during times of peak load;
 Supporting planned network outages. While the DNO is
carrying out wider network upgrade or reconfiguration
works, some network capacity might 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 reinforcement or
a leased diesel power generation) or, in the worst case,
avoiding the need for a P2/6 derogation; and
 Managing demand in the interim, when actual load
is significantly greater than forecasted load and no
reinforcement has been planned. In this case scheduled
reinforcement will not be ready prior to the load at a
substation exceeding its firm capacity.
In the RIIO-ED1 Business Plan UK Power Networks has
committed to save £43m in reinforcement costs by
deploying DSR over the period of 2015 to 2023. In particular
DSR will be used to mitigate against shortfalls in network
capacity ahead of reinforcement, or to manage outages. This
assessment was based on eight DSR schemes which were
identified by examining areas with low quantity of load-atrisk and/or complex interdependencies.
The evidence and experience that supported this
commitment as well as the benefits of DSR are quantified
in LCL Report A4. Specifically there is potential for DSR
to reduce net load on a specific part of the network
during peak load times deferring reinforcement, or it
can also present savings compared to a more expensive
conventional outage management scheme, and/or reduced
risk of energy not served for consumers.

4.3.2.1 Low Carbon London DSR trials
During the LCL trials UKPN contracted DSR services from
several customers. Some provided DSR through generation
facilities (such as CHP sites with sufficient technical and
commercial flexibility, or backup diesel generators),
other customers provided the service through a ‘turndown’ arrangement where they reduced their electricity
demand on request. Although the trials were focused

on understanding the reliability of DSR provided by each
of these customers, there were examples in which real
network constraints were managed with DSR.
Now that the concept has been proven, and UK Power
Networks is confident on the reliability of this service, there
is full investment prepared for rolling out this solution as a
business as usual (BAU) practice.

4.3.2.2 Implementing DSR as business as usual
There are two fundamental stages to implementing DSR.
The first is to identify a suitable site and the second is
the process of procuring and establishing the contractual
agreements required. In UK Power Networks, these stages
are currently conducted by the Planning and Network
Operation departments respectively.
Selecting the sites and contracting the service
For this stage, data is required to identify locations in
which DSR will be most useful and how much capacity
will be required to achieve the adequate deferral or to be
able to manage the network appropriately maintaining
statutory limits. Specifically, the data required includes:
—— Substation load data;
—— PLE load forecast data;
—— Required additional DSR in MW;
—— Potential DSR sites; and
—— An understanding of the available DSR resources
connected to the site to be managed, potentially
requiring early engagement with the market.
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The process for establishing a suitable location is highlighted in Figure 21 below.

Figure 21: DSR Site Selection Process
DSR Site Assessment

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

Does the site
exceed
firm capacity?

Obtain the required data

No

Do not
implement
DSR

Is the CBA viable?

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)

No

Do not
implement
DSR

No

Do not
implement
DSR

No

Do not
implement
DSR

Yes

Investment approval
process completed?

Assess the Load composition
for the substation

Yes

No

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

Filter the list of potential
substation sites

Initial customer
engagement confirms
DSR potential?

No

Do not
implement
DSR

Can DSR be procured?

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

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

Yes

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

Implement DSR

The initial stage of this process is to find out what capacity is actually available within a constrained area of the network. UK
Power Networks has now launched the first Request for Information (RFI) against a specific primary substation in London to
understand how many customers are interested in participating in this and future DSR schemes across all UK Power Networks’
license areas. This includes load turn-down customers, generation customers as well as aggregators.
 P2/6 Compliance, F-Factors and the Low Carbon London DSR tool
Low Carbon London has not only proved that DSR is an effective resource for DNOs to manage networks, but the project
has generated reliability ‘F-factors’ based on current license requirement and P2/6 compliance which will help UK Power
Networks procure the adequate amount of capacity (or ‘over-procure’) regarding the estimated response. These figures are
displayed in Table 12.

Table 12: DSR F-factors
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%
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These factors will help DNOs determine their procurement
strategy and contract the adequate capacity of service
for the desired response. Additionally, as described in LCL
Report A4, the project has provided guidelines on what the
contracts should consider and what terms and conditions
customers and DNOs should commit to. These include
defining:
 The length of time that the DSR service can be called for;
 DSR availability fee;
 DSR utilisation fee;
 Duration of the contract; and
 Time to respond.
Additionally, LCL has created a tool that looks at the impact
of these commercial constraints. Essentially, these terms
will have a direct impact upon the extent each contract
or customer is able to reduce peak load. Also, the actual
portfolio of contracts will also impact the response
achieved. For example, procuring 10 * 1 MW contracts might
offer greater flexibility than procuring 1* 10 MW contracts.
The dispatch tool presented by LCL ‘dispatches’ a defined
DSR instrument against a specified half-hourly annual
substation load profile.
This tool allows the DNOs to choose a substation to
investigate the opportunities for implementing a DSR
scheme. The user adds the relevant parameters of the
substation including a forecast of maximum demand
and firm capacity before reinforcement and the details of
DSR schemes that might be available (i.e. specifying the
commercial constraints). The tool is designed to assess
for two applications: deferral of reinforcement and outage
management. In both modes, this tool should inform the
user on whether DSR is appropriate for that substation,
and to explore the various parameters (costs, commercial
constraints, units available) to understand what makes the
scheme more or less viable.
The inputs defined by the user are characterised as follows:
1. DSR unit characteristics:
—— DSR type – used to choose the appropriate F-factor;
—— Availability factor – reflects notified outages; and
—— Reliability factor – reflects outturn availability / declared
availability;

2. Commercial constraints:
 Block size – which is the number of hours for which DSR
will run when called;
 Commercial terms – maximum number of events by
day, week and season which can be auto-optimised or
selected manually; and
 Contracting periods – up to two can be selected: one
in the Winter and one in the Summer (all dates are
inclusive), and hours during and days which the DSR
service can be used (e.g from 8pm to 10pm, excluding
weekends).
3. Cost parameters:
 DSR generator payments – including availability and
utilisation payments for the DSR contract;
 Overheads – These are costs of changing DNO systems.
These are assumed to be spread over a number of
schemes (i.e. the cost for one project is the total overhead
cost divided by the # schemes); and
 ANM costs – including substation monitoring costs, telecoms
costs, costs incurred to install equipment to control the
dispatch of DSR.
Once the tool calculates the utilisation with a ‘Dispatch DSR’
function button it estimates the benefit result to the DNO.
Specifically, there are two results:
 Output – Dispatch behaviour: Describes the behaviour
of DSR in a selected year, including the periods in which
it is used and the impact on load, both in terms of profile
shape and illustrated using Load Duration Curves as
shown in Figure 21. The user can select both the year and
plotting options on this sheet.
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Figure 22: Dispatch results from LCL DSR tool

After DSR

 Output - Cost-benefit analysis: Gives the amount of reinforcement deferral that can be achieved given the substation growth
characteristics and the chosen DSR characteristics. This sheet also shows the result of the Discounted Cash Flow calculation,
giving the Net Present Value of the scheme, as shown in Figure 23.

Figure 23: Cost-Benefit Analysis results from LCL DSR tool
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Once DSR sites are selected, DNOs will need to procure the customers and implement the required systems for Network
Operations to be able to use the services when required. This is further described in section 5.3.
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5
Network Operations
5.1 Current processes
The role of the operations function within UK Power Networks includes the rapid restoration of supply after faults or outages;
safe, efficient and effective day-to-day management and control of UK Power Networks’ distribution network; delivering the
programmes of work associated with repairing network faults and maintenance of the network assets and guardianship of the
primary operational indicators such as Customer Minutes Lost (CMLs) and Customer Interruptions (CIs).
This section of the report will set out current processes undertaken to manage planned outages, unplanned outages and
voltage issues. When reviewing current processes it is important to consider where future smart meter data can help improve
them as discussed in section 5.3.

5.1.1 Planned Outages – Outage Management
Planned outages are performed so that work on the network can be completed safely. There are various reasons for planned
outages e.g. maintenance of assets, providing new connections for customers and replacement of existing assets. If a planned
outage is required that affects a customer’s supply then the DNO notifies the customer in advance. Any information regarding
planned outages will be logged in the Distribution Management Systems (DMS). The only exception to this is if an emergency
outage is required in order to complete urgent repair to the network.
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Planned outages are managed according to the voltage
level at which they are required. At the LV network level
planned outages are managed by ‘carding’ customers,
which involves dropping letters to customers informing
them of the planned outage, including start and expected
finish time.
During a planned HV outage the network will normally be
reconfigured in order to keep customers on supply, but if the
circuit involved is an HV spur then the customers connected
will be informed through the same process as at LV level.
Extra High Voltage (EHV) outages are planned in greater
detail, specifically by the EHV Outage Planning team. Due
to the large impact EHV faults can have on power flows
on the surrounding network it is important to manage the
network carefully and consider the impact of potential faults
during any planned EHV outages. The Outage Planning team
performs detailed contingency analysis to ensure that the
surrounding network can be supported if a fault does occur
during the planned outage. In some cases, this involves
planning EHV outages during certain timeframes when the
load on the network is low resulting in fewer constraints.
As the demand on the network grows, it becomes
increasingly difficult to support the network during
additional fault scenarios, thus reducing the timeframes in
which the planned EHV outages can be performed. Using
DSR as a mechanism to reduce demand can be increasingly
useful in this context.

5.1.2 Unplanned Outages – Fault Management
To describe the overall process of fault management, we
have categorised them into LV and HV outages.
a) LV outages:
Currently, during an LV outage, the DNO only becomes
aware of a fault when a customer calls in to report that they
are off supply. When the customers call they are directed to
the customer service centre which logs their call and asks
a few basic questions to determine the potential reason for
the outage. These simple questions will help the callshandler determine whether the fault is on the network or is

related to the meter, in which case it would be the supplier
who would have to attend the site and fix the meter.
Following these questions, the call handler will provide
an estimated time at which a technician can attend site to
attempt to resolve the outage. All customer information
is recorded in the Fault Management System (FMS). The
call handler will ensure that if multiple customers are off
supply, an automated telephony message is applied to
update any further calling customers that the outage is
being investigated. The system can group calls to establish
whether an LV distribution board fuse may have blown,
rather than the fault being confined to a single premise.
With the rollout of smart meters it’s expected this call centre
process will change as described in section 5.2.1.
Once the outage is recorded in the FMS, the Dispatch team
will receive an alert to organise for a Distribution Supply
Technician (DST)/Energy Field Services (EFS) to attend site.
If the record is based on a single customer call the team
may wait a short amount of time to determine if further
calls may relate to the same fault allowing them to dispatch
accordingly. If the DST/EFS establishes that the fuse has
blown in the cut out box, they will replace the fuse and
restore supply. If the fault is on the network, the DST/EFS
will require an additional team to locate and repair the fault.
This team is co-ordinated through Dispatch and will perform
a fault location and repair the fault. Following the repair,
supplies will be restored and customers informed that
supplies are back on. Throughout the process the FMS will
be updated to reflect the status of the fault. Once supplies
are restored the job will be closed on the FMS.
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An overview of this process is shown in Figure 24.

Figure 24: LV Fault Management Process
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b) HV outages
Most HV outages are detected through the Supervisory Control And Data Acquisition (SCADA) systems which notify control
engineers of a fault; although in a few rural overhead networks the fault may still be reported by customer calls. Following
the detection of a fault there could be various scenarios depending on the surrounding network. Firstly, automation could be
triggered to restore supplies without the control engineer having to reconfigure the network. Secondly, the control engineer
may have to restore supplies through remote switching of RMUs or tele-controlled overhead switchgear. Finally, the control
engineer may require field engineers to restore supplies by manually switching at specific points on the network.
Following the restoration of customers’ supplies the control engineer will prioritise the fault repair accordingly and note a target repair
time within the FMS. This target repair time will be based on the risk associated with additional faults occurring on the network.
Similarly to LV outages, the Dispatch team will organise for the appropriate resources to be sent to site to locate and repair the
fault and ensure the FMS is updated with progress of the repair. If necessary, field engineers will be dispatched by the relevant
Lead Field Engineer.
Once the fault is repaired and the network is back to standard running arrangements, the Dispatch team will ensure the FMS is
updated to indicate that the job has been closed and the control engineer will ensure the Fault Report is completed.
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Figure 25 shows an overview of the process.

Figure
25:management
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5.1.3 Current Voltage Management Process
As previously mentioned, most HV and EHV networks are closely monitored and any voltage issues are managed proactively
by reconfiguring the network remotely from the control centre. In contrast, LV voltage issues are recognised reactively through
customer complaints. As described in Figure 25, following a complaint, a customer complaint log is created and a job is raised
to investigate the problem. It is the responsibility of the Operational teams to provide a response to the customer within five
working days if an explanation can be provided, or to contact the customer within seven working days and visit the premise
to investigate. If, during a site visit, no voltage issues can be detected then voltage monitoring equipment can be installed
to ensure voltage remains within ESQCR standards. If voltage issues are detected then these will need to be resolved by
reconfiguring the network or replacing equipment on the network.

Figure 26: Power Quality Management Process
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5.2 Using smart meter data for Network Operations
As mentioned in Chapter 3, smart meter benefits have been segmented into areas of opportunity. There are eight opportunities
identified as part of the smart meter benefits, of which three relate to Network Operations: Outage management, voltage
management, and future scenarios including time of use tariffs (ToU) and ANM.
Table 15 outlines what smart meter data will be required for each opportunity.

Future
opportunities: ToU
and ANM

Voltage
management

Outage alerts
and smart meter
polling

Table 13: Smart meter data to enable network operation opportunities

Network Operations
1

Power Outage Event

x

x

2

Power Restore Event

x

x

3

Read Supply Status

x

4

Read Active Import/Export Profile Data

5

Read Reactive Import/Export Profile Data

6

Read Maximum Demand Import/Export Registers

7

Read Device Configuration (Voltage)

x

8

Read Network Data

x

x

9

Voltage Excursions

x

x

x

5.2.1 Outage alerts and smart meter polling
This opportunity refers to monitoring and managing power outage and supply restoration alerts issued by the smart metering
system. This means that DNOs will know automatically when there has been an interruption to a customer’s electricity supply
and when the supply is restored.
This opportunity is enabled by three main functionalities of the smart meters:
 Last gasp: this functionality consists in being notified automatically where and when meters go offline, helping the DNO
to identify faults earlier and more accurately than with current processes. This also enables the DNO to provide enhanced
information to the customer. This signal comes from the Communication Hub with a 3 minute delay;
 First breath: this functionality consists on an alert that is spontaneously sent to the DNO once a meter is back on supply after
being off, and could be useful in scenarios such as nested outages during storms; and
 Energisation check: this is the functionality by which the DCC enables a service to DNOs to remotely test a meter status. This
is available through the meter event log within 30 seconds.
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The benefits associated with this opportunity can be summarised under the following headings:
 Reduction in customer minutes lost. DNOs will enhance their ability to respond to faults by having better visibility to where
the faults are located, when they started and how long they have occurred, as well as having information on voltage and
identifying low voltage related faults. UK Power Networks has estimated an average 10 minute reduction in each low voltage
related fault. This will have an impact on reduced ‘actual’ CI/CML which is a customer benefit;
 Operational savings from fault fixing. DNOs will be able to reduce operation costs for managing faults, by making the faults
easier to identify, locate and fix. UK Power Network estimates that this benefit will be achievable when at least 33% of smart
meters have been installed, to provide adequate clustering;
 Avoid Guaranteed Standard of Performance (GSOP) failures. DNOs will be able to reduce the number of customers with
outages that last over 18 hours by requesting smart meters’ energisation status to understand the extent of failures and target
their resources effectively. Last gasp functionality may be less useful in severe storm conditions when there are multi outage
incidents; and
 Improved customer satisfaction. In general customer experience will improve by maximising the speed and quality of the
information available to the customer. Using smart meter data, DNOs will be able to advise customers on the nature of the
fault straight-away and guide them on how to potentially address the problem without having to wait for an engineer to visit
them. Customers may be less likely to call the DNOs in fault situations knowing that the DNO is aware of the problem and is
working to fix it.
Based on the processes described in section 5.1, Figure 27 and Figure 28 highlight where the current fault management
processes will change based on the smart meter data inputs. Specifically in the LV fault management process, notifications will
not only be received by customer calls but by the Last Gasp, alert. In addition, smart meter data will also help DNOs identify if
there is a specific customer-supplier problem, such as billing or tampering in which case customers must contact their supplier
directly. Furthermore, data from other smart meters will help the Distribution Supply Technician or Energy Field Services know
if there is a wider fault in the network area. In the HV Fault Management process, smart meter data will enhance the data
received by the Outage Management System and the Fault Management System.

Figure 27: LV Fault management process with Smart Meter data input
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HV Fault management process

Figure 28: HV Fault management process with Smart Meter data input
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The call centre will need to be adapted to use the energisation check functionality when a customer calls. In the future,
additional functionalities could be explored such as using the in home display (IHD) or pro-active mechanisms to communicate
with the customers, such as text message, as an alternative method to inform customers during planned outages, of notifying
them that the supply is back on.
DNOs will have to specifically incorporate the following procedures to their data analysis including:
 Automatically detect the start and end of all outages below the level of current SCADA instrumentation (faults could be
between primary and secondary substations, at the secondary substation or on the local LV network);
 Automatically detect when underlying faults persist following restoration, so that action can be taken before crews leave the area;
 Allow users to visualise smart meter derived information on LV diagrams to help localise faults and to inform better dispatch actions;
 Create an accurate record of customer impact for LV faults affecting part of an LV mains supply – i.e. determine the CML down
to property level and enable Customer Services to make proactive contact;
 Detect anomalies that may indicate mistakes in the LV connectivity records (i.e. meters apparently on a different mains supply
to that expected); and
 Gather data from suitable outages that may be used to infer over time which phase each meter belongs to.
As described in LCL Report D2, the adequate IT systems will have to be in place to process this data and act accordingly. For
example, the current outage management systems, PowerOn, can potentially treat last gasps as customer fault calls, but
systems such as the Network DCC Access Gateway, which will be the connection to the DCC, the Outage Management System
and systems for aggregating and storing meter data will need to be assessed and adapted.
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5.2.2 LV voltage visibility
This section outlines the considerations for managing smart
meter data, specifically focusing on voltage measurements.
As mentioned previously in this report, improved network
visibility enabled by smart meters data can provide
significant opportunities to the Network Operations function
of DNOs. This data will inform issues regarding security and
quality of supply for specific parts of the network, enabling
them to identify and locate problems such as voltage
drops and react accordingly. However, there are potential
challenges, in particular with managing the volumes of
data involved to support analysis required to maintain and
operate the network more efficiently.
One important consideration is in managing supply voltage
at a consumer premise. The ESQCR 5 ’Declaration of phases,
frequency and voltage at supply terminals’ states that the
voltage declared in each customer’s installation in respect
to a low voltage supply shall be 230 volts between the
phase and neutral conductors at the supply terminals; and
the permitted variations should not exceed 10 per cent
above or 6 per cent below the declared voltage at the
declared frequency.
Smart meters will be programmed to alert DNOs when
a certain customer has exceeded or gone under the
established limits. However, the exact threshold the alarms
are set at, and for how long the meter must be exceeding
these limits is yet to be determined. Specifically, the values
that will need to be defined by DNOs to manage the voltage
data from the smart meters are both voltage thresholds and
duration for the following:
 Average RMS voltage measurement;
 Average RMS under voltage;
 Average RMS over voltage;
 RMS extreme under voltage;
 RMS extreme over voltage;
 RMS voltage sag: short duration (<5 seconds) under the
low voltage threshold; and
 RMS voltage swell: short duration (<5 seconds) over the
high voltage threshold.
In order to inform the settings of these parameters, analysis
has been conducted on the Low Carbon London trial data
which has shown that the network is compliant with
statutory voltage limits +10/-6% of 230V for the majority of
the time.
The data analysed comes from readings of 106 meters
covering 289 total phases (note, not all meters had valid
5

The Electricity Safety, Quality and Continuity Regulations 2002 Part VII, Clause 27

voltage readings throughout the duration of the data set)
in all three EIZs. This provided 7 months’ worth of data
over the period 1 January 2014 through 31 July 2014. Note
that the data only analysed meters at the end of feeders
which provided power to approximately 8,000 MPANs.
The reported volumes would need to be considered when
calculating potential extrapolation for London and the rest of
UK Power Networks.
78% of the phases measured at the end of feeders had no
readings at all outside of statutory limits. Only 0.35% of all
the phases measured showed more than 1% of readings
outside of statutory limits, using 10 minute average data
resolution. The data set highlighted that the network
generally operated within the statutory limits, +10/-6% of
230V, however the voltage on the network was shown to
operate closer to the higher end of the limit.
This means there is less headroom (margin compared to
the upper limit) than legroom (margin compared to the
lower limit) suggesting that the London network is more
sensitive to an increase in embedded generation such as PV
installations than the voltage drop from increased demand
from other technologies such as Electric Vehicles (EVs) and
Heat Pumps (HPs). However, it is important to note that
currently the lower voltage limit is responsible for more
voltage excursions.
As described in detail in LCL Report C1, Figure 26 shows
substation voltage bandwidths indicated by blue shading
with the associated feeder end-point meters in the
white space that follows. Dashed lines indicate groups of
meters on the same LV feeder. The red of the bandwidth
bars represents the voltage observed for 98% of readings
of the individual phases; between the 1st and 98th
percentiles. The orange shows the maximum 10-minute
average RMS reading observed for the phase and the
light blue shows the minimum.
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Figure 29: Voltage bandwidth example of a network Section with wide bandwidth
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The voltage data from the trial was used as a proxy for voltage alerts that could be received if smart meter data was available
for the EIZ. Since DNOs will define the limits for which they will get alerts, this data was used to conduct sensitivity analysis
for the duration of the excursion, as well as the voltage thresholds. Specifically, the voltage limits have been defined as one
very high extreme above the statutory limits, where installations such as PV generation might cause the network to trip (+14%
/ -10%), the statutory limit (+10% / -6%) and two alternative levels (+12% / -8% and +8% / -5%). Additionally the periods
or duration analysed were 10+ minutes, 30+ minutes, and 60+ minutes. The results are outlined in Table 14, highlighting the
number of high voltage, low voltage and total excursions and total number of meters from which the total of alerts come from.
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Table 14: Sensitivity analysis on number of voltage alerts per year based on LCL EIZ data
Number of alerts /yr
10 min duration

+8% / -5%

121,453

56,445

26,194

Low:

2,647

1078

653

124,100

57,523

26,847

Total:

101

92

61

1

0

Low:

1,563

691

499

Total

1,624

692

499

78

75

71

High:

11

0

0

Low:

641

414

367

Total

652

414

367

# Meters

+14% / -10%

96

High:

# Meters

+12% / -8%

60 min duration

High:

# Meters

+10% / -6%

30 min duration

75

72

71

High:

1

0

0

Low:

415

355

332

Total:

416

355

332

# Meters

72

71

70

Table 14 highlights that the volume of alerts would be disproportionately high for a voltage limit set below the statutory limits
(e.g. the +8/-5% scenario). In particular, the data shows that the volume of high voltage breaches far exceeds that of the low
voltage breaches which could, for example, suggest that there is a lot of embedded generation raising the voltage. However,
as previously mentioned, this is due to a legacy of running the London network at slightly higher than nominal voltage. As
such, it would not be beneficial to consider voltage limits which are more stringent than statutory limits for alerts.
Considering the volumes at the statutory voltage limits (+10% / -6%), for 10+minutes, the amount of high and low voltage
breaches is more reasonable. However, when comparing 1,624 excursions in the EIZs to the estimated 210 power quality
complaints that were received across London,for approximately 2,000,000 MPANs during 2014, it can be noted that there will
be a significant challenge managing power quality events in London, and presumably for all DNOs.
Taking the same excursion duration, 10+ minutes, but changing the alert voltage limit to +14% / -10 reduces the alerts by three
quarters. The requirements for protection settings on G83 installations for trip time of 1 second for over-voltage conditions
defined as 262.2 Volts (230 +14%) are particularly severe voltage breaches and DNOs would respond to as a matter of urgency
to avoid damage to consumer property. The effect of reducing the volume of alerts by about 75% highlights the importance of
considering the voltage limit for alerts against what is a manageable volume of alerts to act upon.
Table 14 also shows that the voltage limit has more impact on the volume of alerts than the defined duration of the excursion
duration. The same point is reinforced in Figure 27 below, which shows that over 50% of the meters present long duration
voltage events > 480 minutes. Note that it also shows that a subset of the meters account for the longer duration low voltage
breaches. This provides an indication of the excursion durations that DNOs can use in order to manage alert volumes while at
the same time providing visibility to the critical excursion events. Furthermore, at the statutory limit (+10/-6%), clustering of the
voltage excursion events will be the more pertinent indicator for action.
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Max Duration of Voltage Exceedances

Figure 30: Duration of maximum voltage excursions at statutory voltage limits (+10%, -6%)
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For example, as described in Table 14, 92 meters give 1624 alerts for 10 min duration and based on Figure 27 c. 50% of those
meters would provide an alert longer than 480 minutes. The long duration alerts shown could be due to planned outages
affecting a cluster of meters and would require action if the outage is restored and there is a continuous problem. This
suggests that setting a high duration of excursion for triggering an alert will reduce the volume of alerts for DNOs without
compromising on the effectiveness of the alerts.
However, a high duration event increases the risk of damage to the network and consumer equipment which should be
considered carefully. As such, the higher the chosen voltage limit the lower the definition of the duration must be in order
to minimise this risk. Also, DNOs must consider that smart meters have the potential to set different thresholds and time
durations, and ideally they could log a variety of excursion types e.g. long duration at statutory limits or short duration at
extreme voltages. Once alerts or initial customer complaints are raised, the DNOs can reset thresholds for specific meters and
analyse the problem in more detail.
Another consideration to bear in mind is that the defined duration (+10, +30, + 60 minutes or more) of the alerts will affect the
nature of power quality issue that can be identified. Considering the voltage quality issues that can be examined, the majority
of them will require shorter term duration definitions (< 1 min). Some of these voltage quality issues are identified below:
 Voltage change: a single variation of the RMS value or the peak value of the supply voltage, unspecified with respect to form
and duration;
 Voltage fluctuation: a series of voltage changes which may be regular or irregular;
 Flicker: Subjective impression of fluctuating luminance occurring when the supply to an electrically powered lighting source is
subjected to voltage fluctuation;
 Voltage Depression: A sudden decrease in the voltage at a point in the system; and
 Voltage Dip/Swell: A reduction/increase of the voltage magnitude during the time between two consecutive voltage changes
in opposite directions.
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At the statutory limit the data also shows that a subset of the meters account for a significant volume of the alerts. This
consideration can inform the decision making process that determines which meters require attention from the DNO. For the
statutory limits, six metering points contributed to between 40% and 70% of the total number of low voltage excursions as
shown in Figure 31. This is reinforced in Table 14 which shows that although increasing the voltage threshold values and time
durations reduces the number of alerts, the number of meters providing these alerts only decreases slightly. This supports
the case for increasing the duration of what is defined as an excursion event, without compromising the effectiveness of the
remaining alerts.

Figure 31: Percentage contribution to total voltage excursions by meter ID
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10 min
duration
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duration
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Figure 32 outlines total excursions by each meter. Identifying key meters causing most alerts will be critical for optimal smart
meter data use, but knowing their location and identifying clusters will save time and resources.

Figure 32: Voltage excursions (+10%/-6% voltage level, 10 minute duration)
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As mentioned, identifying clusters6 of voltage alerts will be
crucial and requires voltage alerts to be overlaid with an
MPAN topology to form a picture of where these voltage
breaches are due to network conditions such as potential
faults. This will allow for alerts to be ‘aggregated’ in a
manner as to highlight when voltage excursions are due to
network issues as opposed to ‘spurious’ alerts.

Based on the Low Carbon London trials and the analysis
presented in this report, Table 15 outlines recommended
settings for future smart meters in order to optimise voltage
management capabilities.

Finally, it’s important to point out that these results are
a simple indication from observed readings of average
alerts on historical data. However, if as described above, a
small proportion of the results are resulting from a small
amount of meters, it’s most likely that those meters will be
identified and fixed, not generating the rest of the alerts the
following months.
Once smart meter data starts being processed by DNOs this
recommendation will increasingly be trailed and validated
against actual customer complaints.

5.2.2.1 Voltage Alert Management
This opportunity refers to monitoring and managing under
and over voltage alerts and associated data. This means that
DNOs will be able to remotely identify any voltage quality
issues on a customer’s electricity supply and act accordingly.
The opportunity to query smart meters and the ability to
receive alerts can provide DNOs with the following potential
benefits:
 Avoided investigation of voltage complaints. In the
short term it is likely that having voltage visibility will
reveal supply quality issues that DNOs weren’t aware of
because customers had not reported them. However,
in the long terms DNOs will be able to avoid voltage
investigations by having remote access data; and
 Reduced inconvenience to customers. As DNOs are
better informed of the voltage conditions in the network,
they should address any problem more promptly and
customers should see less quality of supply issues.
As mentioned in the analysis above, DNOs will need to
define and inform the limits and duration for the specific
voltage alerts to be acted upon. As highlighted in Table
13, the three main smart meter data sets for voltage
management are: the command to read device voltage
configuration, which is where the DNO will set the
thresholds in the meter, the voltage data read from the
smart meter and the count of voltage excursions.

6

A ‘cluster’ can be defined as a number of MPANs that provide the data for an aggregate node as defined previously in section 5.2.1
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Table 15: Voltage alerts and recommended settings based on SMETS 2 specification.
Name
Average RMS voltage
measurement

Voltage Limit
N/A

Breach Duration
N/A

 Read only when there is an extreme voltage alerts and
there is no fault or abnormal condition on the network; and
 In the future consider aggregating alerts by location, so
only request measurements when more than X meters in
an area have shown alerts or strategically placed meters

Average RMS under
voltage detection

-6%

480 min (8 hrs)

 Minimise volumes of alerts to DNO. Reporting critical
conditions only for DNO response to potential voltage
quality issues

Average RMS over
voltage detection

+10%

480 min

 Minimise volumes of alerts to DNO. Reporting critical
conditions only for DNO response to potential voltage
quality issues

RMS extreme under
voltage detection

-10%

10 mins

 Take proactive and immediate response to potential
voltage quality issues

RMS extreme over
voltage detection

+14%

10 min

 Take proactive and immediate response to potential
voltage quality issues

RMS voltage sag
detection

-6%

Min duration
(< 5 sec)

 Track volume of statutory violations

RMS voltage swell
detection

+10%

Min duration
(< 5 sec)

 Track volume of statutory violations

Building on the current process for managing voltage issues on the network, presented in section 5.1, Figure 33 outlines where
smart meter data can be used within the voltage management process.
This is a process that will see significant change once smart meters start to be deployed. Specifically, the number of alerts will
be significantly higher than the current number of customer calls DNOs currently receive. In addition, smart meter data will
enable DNOs to understand if the voltage issue have been caused by a local outage, and more importantly, smart meter data
will be able to be used to measure voltage in the area of concern to identify problems without having to install monitoring
equipment on site as is done currently. Analysing the network and understanding the problem faster will enable DNOs to
provide better customer service and manage voltage issues more effectively.
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Figure 33: Voltage management process with Smart Meter data input
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It is important to note that to maximise the benefit of all the new data available, DNOs will require accurate network
connectivity data in order to associate each metering point to particular LV, HV and EHV circuits. Knowing the phase connectivity
and having the ability identify the premise on the network will be vital to locate voltage anomaly alerts from discrete meters.
Furthermore, DNOs will require corresponding data systems and historians to be able to manage all the information as further
described in LCL Report D2.
Statutory limits must inform the alarm settings for DNOs to understand where there is evidence of voltages outside of
prescribed limits. However, as discussed previously there is a strong case for having the limits established with the extreme
voltage settings indicating where DNOs should prioritise action.
With the increased uptake of LCTs connecting to the network, there are likely to be an increasing number of voltage issues.
This will partly be overcome by; more active network monitoring through smart meter data, increased low voltage network
reinforcement works and the introduction of some local network voltage control schemes downstream from primary substations.

5.2.3 Future Opportunities
TIME OF USE TARIFFS:
One of the functionalities that smart meters will enable is that suppliers will be able to implement time of use tariffs such as
the one tested in the Low Carbon London project. Although many estimates have been made on benefits of tariffs, suppliers
are very likely to implement such tariffs and the cost of doing so will be acceptable once smart meters have been rolled out.
Low Carbon London has demonstrated that customers are willing and able to shift their demand in response to a high price
and DNOs will benefit from suppliers taking such actions in the instances that the tariffs coincide with network peak periods.
More detail on expected response and the results from the trials are described in LCL Report A2 and A3. As described in LCL
Report A1, DNOs are unlikely to invest in deploying such tariffs.
ACTIVE NETWORK MANAGEMENT:
Active Network Management (ANM) allows networks to monitor the network in real time and control the infeeds and exports to
maintain the network in adequate operating conditions and within statutory limits. Smart meter data will enable full visibility of
the network, which in identified and local scenarios can enable network operators to manage network constraints by controlling
generators or by modifying the load at a given location. This technology can be used to manage thermal, voltage and power flow
constraints.
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The Active Network Management system monitors in real
time the status of the network and triggers signals or set
points to maintain the network within required limits. Most
of the real time smart meter data could potentially inform
the ANM system of the network status. Specifically, the data
from the smart meters required would be import and export
power data, voltage readings for some active control based
on voltage ratings, and load profiles to determine bets smart
solution for active load switching or power factor management.
For example, aggregated half-hourly flows will help determine
network loading profiles and hence opportunities for better
load sharing between circuits, including potentially through
intra-day dynamic switching using remote controlled switches
in LV link boxes. Also, half hourly voltage RMS data will enable
the derivation of time-series and linear voltage profiles
(i.e. voltage profile along a circuit) and will enable
optimised distribution transformers tap positions and/or
Primary substation active voltage control set points and
in future distribution transformers active volage control
set points.
While the ANM systems calculate set points and commands
automatically, Time of Use tariff system will require constant
reading of customer’s use. However, the system would
also require the functionality to determine baselines and
compare expected load to actual consumption, which would
then enable DNOs and suppliers to understand if a real shift
in demand was achieved.
There are several benefits to having active control on
the network. Using ANM, network loading issues should
identified in advance avoiding outages and planning work
instead of finding low voltage network problem once
a fuse problem occurs. Also, by optimising circuit load
sharing with ANM, DNOs will be able to increase network
thermal capacity and voltage headroom, improving network
voltage levels and power factors. Voltage and power factor
optimisation will enable DNOs to minimise both resistive
and reactive network flows based on smart meter load
and voltage data. Finally, DNOs could potentially minimise
demand peaks by controlling smart appliances to maximise
daily load factor, and soft normal open points (SNOPs) which
deploy power electronics to allow network meshing could
be used for optimum load sharing and optimising voltage.
As for a supplier let Time of Use tariff (ToU), the main
benefit for the DNO would be to avoid reinforcement due
to shifting the network peak. Dynamic ToU tariffs, such as
the one trialled in LCL, ideally will be able to align ‘flexible’
demand (e.g. ‘wet’ appliances) with output from renewable
generation. Tariffs and ANM could be combined with DNOs
leveraging ‘embedded’ storage (e.g. electric / plug-in
hybrid car batteries and hot water storage) to avoid peak

demand periods. The main benefit of having time of use
tariffs will be to manage the increased loads of low carbon
technologies, such as the trials carried out by LCL for electric
vehicles described in LCL Report B5.
The LCL trials have successfully demonstrated the
functionalities of an Active Network Management system.
Specifically, the role of ANM in the trial was to manage
power flows at constraint locations in the network ensuring
that they remain below the pre-configured limits. This
functionality was implemented in the ANM demand side
response (ANM DSR) trials and the ANM electric vehicle
(ANM EV) trial. The ANM system was also used in the
ANM monitoring trials to provide additional visibility of the
behaviour of DG, where data was logged without exercising
any control over the generator. These results are described
in detail in the LCL Reports A4, B2 and A8. Although ANM is
a viable technology, the cost of deploying it at a larger scale
indicates that DNOs could implement these technologies
once there is larger uptake of LCTs or in the further future.
For Active Network Management, operation processes
will need to have the management systems integrated to
the operation and control processes, however, for Time
of Use tariffs, it is very likely that suppliers will be the
ones deploying these, so DNOs will need to ensure they
communicate with suppliers and have visibility of such
implementations to understand their impact.
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5.3 Demand Side Response in Network
Operations
Smart grid solutions will play a key role in enabling
DNOs to operate their networks more dynamically, by
accessing flexibility on the demand-side to maintain
network performance. Therefore, it is fundamental
that Network Operations is involved in designing the
appropriate tools to integrate these solutions into
their current processes and systems. This section will
detail the key implications of embedding DSR as a BAU
practice for the Operations department.

5.3.1 Implementing DSR
As described in Section 4.3.2, DSR as a tool has been
identified through the LCL trials as being of significant
potential value to DNOs. However, for DSR to be embedded
into operational processes, existing IT solutions will need to
be updated so that opportunities can be identified in real
time, and allow control engineers to send out instructions
for the DSR to respond to real time requirements.
Furthermore, as described in LCL Report A4 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.
It is the current anticipation that DSR would primarily used
during fault conditions (unplanned outages) in order to
maintain P2/6 compliance, and to a lesser degree as a tool to
defer planned reinforcement and support planned outages.
The function of supporting the network during unplanned
outages falls under the remit of the Network Operations
department. It is anticipated that with increasing experience
in the deployment of DSR in this manner will improve the
confidence in the technology and extend its use in supporting
reinforcement deferral and planned outages.
There are two fundamental stages to implementing DSR.
The first is to identify a suitable site and the second is
the process of procuring and establishing the contractual
agreements will need to follow. In UK Power Networks,
these stages are currently conducted by the Planning And
Network Operation departments respectively.
Specifically, UK Power Networks will issue a request as a first
market assessment of DSR availability in the required area.
Once the assessment is concluded, DSR will be approved
and procured on a scheme-by-scheme basis using the
existing UKPN Project Governance and Control process,
enabling a basic procurement platform to minimise barriers
to participation from the DSR providers. Potential providers
will be required to register on the chosen platform that will

be auditable and managed for EU compliance. The Request
for Proposals will then be issued with full DSR service
requirements. These proposals will help select the most
appropriate sites for UK Power Networks to contract DSR
with. Once the sites have been selected final contracts will
be signed and the DNO will establish the appropriate DSR
systems, interfaces and procedures. The final process will
be testing and commissioning of the DSR service prior to full
reliance on the system under required conditions.
Outside of the contractual agreements, Network Operations
manage the portfolio of available capacity that can be
deployed using DSR. The details of the contractual terms
with the customers that should be recorded, updated and
managed accordingly include:
 Location of DSR sites on the network;
 Capacity contracted;
 Terms and conditions of when dispatch is available and for
how long; and
 Contact information in case any problem arises.
The functional role of deploying DSR services will be in the
SCADA Control department hence it is critical to integrate
the specific functionalities to the control systems.
There will effectively be a command that can be issued
through the control system directly to the contracted DSR
services (directly to a customer or via an aggregation) on
the network for which a response is required – provided it
is available. Accurate monitoring of the sites is therefore
important to determine when DSR can be dispatched. The
decision coming after the assessment of the particular
constraint and the capacity of DSR available, all in real
time. The DSR load has a period of 30 minutes following a
DSR command to respond to the event log and associated
metadata should be stored including start and end time,
required response in MW and the actual response. It is
recommended that a Customer Relationship Manager (CRM)
system is used in this respect, from which reports can be
run and allow Income Management to settle charges for the
corresponding services to each customer.
During the LCL trials, 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. Going forward, 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 with the customer.
This will ensure the settlement and payment system can be
automated, with minimal manual intervention.
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Also, a baselining methodology must be agreed to
quantify the service and determine payments. Based on
LCL recommendations, UK Power Networks will deploy DSR
using ‘Asymmetric High Five in Ten’ as described in detail
in LCL Report A7, which uses an average of the five highest
daily demand profiles, chosen from the most recent,
similar ten days.
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.

5.3.2 Commercial Arrangements
Based on the LCL trials, UK Power Networks has developed
four DSR contract templates for rolling out this service. There
are two types of contracts, either a one-off service which
specifies a contract that will be used in a specific time, and
a standing framework which enables contracts for a longer
period of time. These contracts can be agreed either directly
with the customer, or with aggregators. In total, there are
four templates:
 One off service window: DNO - DSR Provider. Most
basic form of DSR contract, derived on LCL from STOR
service terms and in-line with recommendations
programme learning outcomes;
 One off service window: DNO - Aggregator. Expanded
to include terms of related to portfolio management;
 Standing framework agreement and associated
schedules: DNO - DSR Provider. 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; and
 Standing framework agreement and associated
schedules: DNO - Aggregator. Standing framework and
associated schedules. As with previous but additionally
including terms related to portfolio management.

Further variations or clauses may be included depending on
the DSR response type (generation or demand-led) and the
dispatch system used.
Following the successful demonstration of the benefits
and practicalities of DSR, UK Power Networks is committed
to deploying DSR schemes throughout the ED1 period. To
successfully achieve this goal, the procurement stage will be
critical, and DNOs must maximise customers’ participation
and competition in already very small market populations.
The roll out will be delivered closely with Network operations.
Finally, continuous work with the industry, specifically
with the ENA DSR Shared Services group will help define
visibility and interaction between the TSO and DNO and the
appropriate arrangements for potentially sharing services.
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6
Conclusions
This report has described many of the key findings from the Low Carbon London project and has presented an overview
of the processes in the business that can be informed by these findings; from load forecasting, to planning, and network
operations. The project has identified how enhanced visibility provided both by monitoring and smart meters could inform the
management of a low carbon network with a significant uptake of low carbon technologies. It is therefore recommended that
the key findings are adopted and considered in updating and adapting DNO processes.
The LCL trials informed how the future DNO will have more visibility and how this compares to the current practices. Also the
trials have highlighted the importance of data management and have informed the business of how best to interpret more
visibility data on the network. With high LCT uptake, having more visibility will be key for DNOs to react accordingly and plan
the network to meet customers’ requirements within operating standards.
Until now DNOs have used conservative approaches and theoretical data on potential impact of LCTs on the network. LCL has
now provided DNOs with empirical data to inform the forecasting process. The real profiles of LCTs described in this report not
only will be useful for forecasting impact but will be able to update the industry’s modelling tools. Another key deliverable of
the LCL trials is the recognition of diversity of both load profiles and EVs and HPs. Normally, diversity of load can be difficult to
predict, However using the diversity curves derived from the LCL trials, DNOs can be reduce the uncertainty around diversity
and LCT uptake.
Smart meter data providing visibility will enable network operators to both plan and operate the networks more efficiently.
Historically, planning the network has been based on static load profiles and planners have designed the network with a
conservative approach to ensure adequate security of supply. Smart meter data can also be used in a bottom up approach to
provide visibility of the capacity and demand, particularly on the LV network. This will be critical when LCTs, and specifically
heat pumps, are connected at volumes high enough to increase the maximum demand on the network during specific periods
of the year.
Analysis in the report highlights that whilst aggregation will ensure data remains private, it is important to consider that if
levels of aggregation are high, the DNO will lose some elements of visibility which may have be useful in managing the
network. It is anticipated that this effect could be more prominent in rural networks due to the lower density of customers
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connected to local substations. As such, it is recommended that the minimum number of customers over which data can be
aggregated is considered carefully while considering data privacy of domestic customers.
The LCL trials have proved that DSR is a flexible resource that can be considered by DNOs to optimise network use and manage
demand in place of reinforcing the network. In the planning function, DSR can be used to defer the investment requirement
and support planned outages on areas of the network that are suitable. To support this, LCL has developed a methodology
for site selection as well as a tool to help DNOs measure the impact of a potential DSR contract, taking into account the
commercial restrictions of the contract, the reliability of the service based on the specific technology or type of customer, and
the substation load profile.
Similarly in the Networks Operations function, smart meter data presents benefits and opportunities as well as potential
challenges. For example, the DNO will be able to detect domestic outages without relying on customers calling in.
Furthermore, the ability to set voltage alerts with smart meters will be extremely useful to DNOs when managing voltage
issues on the network. However, DNOs will require the capabilities to process this data accordingly.
Analysis has shown that the voltage settings of the smart meters will be a key factor when balancing the number of alerts
with the actual value of the information provided by these alerts. Sensitivity analysis developed on the real voltage data
from the LCL engineering instrumentation zones has shown how the duration of the voltage alerts can be useful to determine
the real voltage problems in the network. Voltage management processes within DNOs will have to change significantly to
consider the data provided by the smart meters and accurately manage any voltage issue on the network.
In the case of Network Operations, DSR has been highlighted as useful tool in the support of unplanned outage events on the
network, where demand on the network can be curtailed in order to ensure that the appropriate capacity is in place to safely
manage other load on the network and to maintain compliance with security of supply regulation P2/6.
Finally, to incorporate all the findings from this report, DNOs must ensure that the adequate IT systems and processes are in
place and integrated. As more smart solutions are implemented on the network it will be increasingly important to set up clear
feedback loops in order to update forecasting processes with the effectiveness of the smart solutions. The anticipated change
in feedback loops is illustrated in Figure 34.
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Figure 34: Link between planning, design, and delivering connections in the network from
limited to enhanced visibility
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Glossary
ACORN

Categorisation of customers from postcode

I&C

Industrial and Commercial

ADMD

After Diversity Maximum Demand

IET

Institution of Engineering and Technology

ACB

Air Circuit Breaker

IHD

In-Home Display

ANM

Active Network Management

kW

Kilowatt

BAU

Business As Usual

kWh

Kilowatt-hour

CHP

Combined Heat and Power

LCL

Low Carbon London

CI

Customer Interruptions

LCT

Low-Carbon Technology

CML

Customer Minutes Lost

LPN

London Power Network

CRM

Customer Relationship Management

LV

Low Voltage – any voltage below 1kV

DCC

The national Data Collection Company
for smart meter data

MD

Maximum Demand (register on a meter)

DECC

Department of Energy and Climate Change

MDI

Maximum Demand Indicator

DG

Distributed Generation

MPAN

Meter Point Administration Number

DMS

Distribution Management System

NAMP

Network Asset Management Plan

DNO

Distribution Network Operator

OFGEM

The Office of Gas and Electricity Markets

DNV

Distribution Network Visibility

OMS

Outage Management System

DSL

Digital Subscriber Line
(Internet carrier protocol)

PI

Proprietary OSISoft SCADA historian

DSR

Demand-Side Response

PV

Photo-Voltaic (embedded generation)
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DST

Distribution Supply Technician

PSTN

Public Switch Telephone Network

EFS

Energy Field Services

RHI

Renewable Heat Incentive

EIZ

(LCL) Engineering Instrumentation Zone

RIIO

Revenue = Incentives + Innovation + Outputs
– a new performance-based model for
setting energy network companies’ price
controls

ENA

Energy Networks Association

RIIO-ED1

The regulatory DNO price control period from
1/4/2015 to 31/3/2023

EV

Electric Vehicle

RMS

Root Mean Square

EHV

Extra High Voltage – 22kV or above

RMU

Ring Main Unit

ESQCR

Electricity, Safety, Quality and
Continuity Regulation

RTU

Remote Terminal Unit

FEP

Front End Processors

SCADA

Supervisory Control and Data Acquisition

FIT

Feed in Tariffs

SMETS 2

The national Smart Metering Equipment
Technical Specification

FMS

Fault Management System

SNOP

Soft Normal Open Points

G59

Larger embedded generation facilities,
capable of delivering more than 16A per
phase at LV

SSEG

Smale Scale Embedded Generation

G83

Small-scale embedded generation, below
16A per phase at LV

THD

Total Harmonic Distortion

GPRS

General Packet Radio Service

ToU

Time-of-Use (tariff)

GSOP

Guaranteed Standard of Performance

TSO

Transmission System Operator

GSP

Grid Supply Point

UKPN

United Kingdom Power Networks

HH

Half-Hourly (readings/measurements or
consumption settlement method)

WAN

Wide-Area Network

HP

Heat Pump

HV

High Voltage –1kV or above but below 22kV
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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:

Summary

SR

DNO Guide to Future Smart Management of Distribution Networks

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 Distributed 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
Network impacts of energy efficiency at scale
Network state estimation and optimal sensor placement
Accessibility and validity of smart meter data

Future Distribution
System Operator

D1
D2
D3
D4
D5
D6

Development of new network design and operation practices
DNO Tools and Systems Learning
Design and real-time control of smart distribution networks
Resilience performance of smart distribution networks
Novel commercial arrangements for smart distribution networks
Carbon impact of smart distribution networks

Distributed
Generation and
Demand Side
Response

A2
A3
A4

Low Carbon London Project Partners
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