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Executive Summary

Ofgem has appointed Frontier and EA Technology to develop a framework that
will allow smart grid investment opportunities to be evaluated. This report sets
out our proposed methodology for developing this framework for consultation.

We aim to help Ofgem and the industry reach a better understanding of:
B the drivers of the value of smart grids;

B the value of the flexibility smart grids may provide under conditions of
uncertainty; and

B the parties in the value chain that will benefit from smart grid solutions.
Our analysis will have the following scope:

o we will focus on the impact of smart grid investments at distribution
network level;

o we will seek to identify the spread of costs and benefits across the
electricity sector, as well as the net benefits to society as a whole; and

o we will take a long-term view and assess the impacts of smart grid
investments out to 2050, although our focus will be on drawing out the
implications for the near term.

It is recognised that a framework for evaluating the net benefits of smart grid
solutions is important if Distribution Network Operators (DNOs) are to justify
smart grid investments, when the benefits of such investments are less certain
than for more conventional solutions.

This report sets out our proposed methodology for developing the framework
for consultation. Following this consultation, we will formalise the evaluation
framework in a simple and transparent model. This model will be available in the
public domain and will allow users to assess how the net benefits of smart grid
technologies might change with different developments in the electricity sector.

Key challenges

Developing a smart grid evaluation framework is a challenging task since it must
address a number of important complexities.

Smart grids as enabling technologies

A smart grid may help meet high level decarbonisation and security of supply
goals. However, these goals can generally also be achieved through traditional
reinforcement.

Executive Summary
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Our evaluation will therefore focus on smart grids as a means to achieving
decarbonisation and security of supply objectives, rather than evaluating
decarbonisation and security of supply as ends in themselves.

In practice this means we will hold objectives such as overall emissions and
supply reliability constant, and will compare the costs and benefits associated
with different ways of achieving these outcomes. However, where the
application of different solutions leads to changes in security of supply or carbon
emissions as ancillary benefits, we will include these in our evaluation.

Multiple solutions

A smart grid is not one technology. There are multiple solutions available in
different combinations and for different circumstances. While solving for the
‘optimal” mix of smart grid technologies is beyond the scope of this project, our
evaluation framework must pay close attention to the potential interactions
between technologies.

We therefore propose to assess the costs and benefits of representative smart
grid investment packages or strategies, rather than assessing individual
technologies in isolation.

Scale and profile of investment required

The relationship between the costs and benefits of smart grids and the scale and
profile of investment may be complex. Solutions may differ in the following
ways:

B the extent to which they need to be applied in a coordinated fashion to
be effective;

O the extent to which they involve up-front capital investment and the
subsequent lifespan of these assets; and

B the speed with which they can be deployed.

To take account of these differences, we intend to assess two smart grid
investment strategies, one based around a top-down or holistic implementation
of a smart grid, and the other based around a more incremental, reactive rollout.

Uncertainty and option value

There is a large degree of uncertainty over future demand and supply conditions
in the electricity sector to 2050. Our evaluation needs to not only help us
understand which technology performs best under a given future scenario, but
also help us understand which technology is likely to be most desirable given this
uncertainty over future scenarios. In practice, this means our evaluation
framework must:

Executive Summary
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B consider more than one possible scenario; and

o take account of the “option value” that arises from networks being able
to modify their investment strategies in future years in response to new
information about the value of smart grids.

To capture these uncertainties, we propose to consider three scenarios which
represent alternative potential developments in the electricity sector to 2050, and
to employ a real-options based approach in our evaluation framework. Our real-
options based approach will take the form of a two-stage decision tree and will
allow the best strategy to be chosen in the face of uncertainty, by factoring in:

O the impact of new information on the state of the world at a decision
point in the future; and

B the extent to which the investment strategy today facilitates or limits the
ability of networks to adjust their investment strategies when this new
information becomes available.

Uncertainty over the quantity and value of Demand Side Response
(DSR)

Some smart grid technologies will help facilitate DSR. Assessing the value of this
service is likely to be an important part of an assessment of the value of smart
grids. However, there is uncertainty over how responsive customers will be to
signals of various kinds, and there are a number of competing uses of DSR
(notably demand-shifting by suppliers to reduce wholesale energy costs), which
will have different values under different conditions. Our evaluation framework
will take account of both supplier-led and DNO-led DSR, as well as alternative
sources of flexibility such as pumped storage and OCGT.

In this evaluation, we do not attempt to provide a bottom-up estimate of the
proportion of demand that can be shifted. Instead, simple assumptions regarding
the responsiveness of demand will form an input to the model. These will be
fully flexible to be changed by users of the model.

Approach

We approach the development of our framework in the following way.
® First, we set out our assessment of the factors likely to drive the value of
smart grids. Varying the level of these factors then forms the basis of our

scenario development.

®  Seccond, we identify the “conventional” and “smart grid” technologies which
could be deployed in response to these challenges, and we set out our

Executive Summary
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approach to defining the deployment strategies that we will evaluate in our
model.

® Third, we set out how we propose to disaggregate costs and benefits across
the value chain.

Value drivers and scenarios

Our evaluation framework must include the main factors that are likely to affect
the net benefits that smart grids could provide. Where there is significant
uncertainty over these factors, they need to be varied across scenarios.

Our value driver analysis suggests that the following developments are the most
important.

® The electrification of heat and transport. The change in the level and
profile of demand associated with the electrification of heat and transport
will pose a range of challenges for networks. This electrification may also
increase the amount of demand available for DSR. We will therefore assess
the impact of electric vehicles, plug in hybrids, vehicle to grid technology,
heat pumps and heat pumps with storage in our evaluation framework.

® The increase in distributed generation. The increase in generation
connected to the distribution network will raise network challenges. We will
therefore assess the impact of solar PV, small scale wind, and large-scale
distribution network connected wind and biomass.

® The increase in intermittent and inflexible generation. Changes in the
large-scale generation mix are likely to increase the role for DSR. Where this
DSR aims to follow the pattern of large-scale intermittent generation, it may
increase peaks on distribution networks. Our framework will therefore
include assessment of changes in the generation mix.

While the ongoing drive for network efficiency is likely to also be a very
important value driver for smart grids, there is little uncertainty over its future
importance. We therefore do not intend to vary its levels across scenarios.

To take account of future uncertainty, we intend to assess smart grid investment
strategies against up to three scenarios, each of which will represent a different
state of the world to 2050. These scenarios will be consistent with meeting the
UK’s fourth carbon budget and will be based on the outputs of workstream 1 of
the Smart Grids Forum (SGF).

While it will be possible for the user to vary the numbers associated with each
value driver in our model (e.g. the numbers of electric vehicles or heat pumps),
adding new value drivers would require amendments to the model.

Executive Summary
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Definition of investment strategies

Our evaluation framework will assess two smart grid investment strategies. These
will be compared to a business-as-usual strategy. Each strategy will maintain
current levels of security of supply and facilitate the same amount of connections
of low-carbon plant and demand side technologies. The strategies will differ
solely in terms of how they deliver these outcomes.

® Business-as-usual strategy: This strategy assumes that smart meters are
rolled out as currently planned, but that all additional investment is based on
conventional solutions. The assumption we make on smart meter
functionality in the business-as-usual case, in particular on the types of DSR
that are possible with smart meters alone, is crucial to this analysis. We have
set out a range of options for these assumptions in this consultation.

® Smart grid strategies: We intend to assess two smart grid strategies. In one
strategy, the smart grid will be deployed in a “top-down” manner. In the
other, it will be deployed incrementally on a more reactive basis.

Workstream 3 (WS3) of the SGF is currently undertaking a detailed assessment
of smart grid technologies. Our evaluation will not duplicate that work. Instead
we will analyse a set of representative smart solutions at this stage, and include
placeholders in our model for each of the technology types currently being
assessed by WS3. These representative technologies are:

B battery electrical energy storage (e.g; flow-cell, Li-Ion, Sodium Sulphur);
©  dynamic thermal ratings;

o overhead lines;

« underground cables;

o transformers;
B enhanced automatic voltage control; and

5 technologies to facilitate DNO- led DSR.

Our model will allow user flexibility over some of the characteristics of smart
grid technologies (such as the base year costs and the impact on headroom of
each smart technology). In addition, the set of technologies to be included in the
model will be expanded once WS3 reports. However, the “strategy” based
approach, and our definition of business-as-usual (including some of our
assumptions on smart meter functionality) will be fixed.

Value chain analysis

Our evaluation framework will take account of how the costs and benefits of
smart grids are distributed across different parties in the electricity sector.

Executive Summary
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Our assessment of how these will be spread is as follows:

Costs: The smart grid investments we are assessing relate to technologies
and practices that would be rolled out across the electricity distribution
networks. This means that, in the absence of any direct public subsidy for
such technologies and practices, the costs associated with their introduction
would be directly borne by DNOs.

Benefits:

o DNOs The services provided by smart grids should allow DNOs to
avoid or defer reinforcement, and could thereby directly reduce their
costs.

o Transmission network: DSR facilitated by smart grids could help
defer the long-run need for transmission network reinforcement, and
thus reduce transmission costs.

o Generators and suppliers: The assumptions we make on the extent to
which DSR can be facilitated by smart meters alone will determine the
impact of smart grids on generators and suppliers. Assuming that
dynamic supplier-led DSR is possible with smart meters alone, smart
grids could increase costs to generators and suppliers by shifting
demand patterns.

o Customers: Wherever smart grid investments reduce the overall costs
of providing electricity to customers, customers should benefit through
lower bills.

Proposed model specification

We will aim to represent our evaluation framework in a simple and transparent

model, with the objective of increasing the understanding of the broad factors

that could affect the value of smart grid investments.

To do this, the model must be transparent enough to enable users to see what is

driving the results, and observe the impact of adjusting key assumptions. The

model we propose, while still complex, aims to focus on the most important

aspects of the evidence framework.

Our model will consist of the following parts:

Distribution network model: The distribution network model assesses the
costs of upgrading the distribution networks to accommodate changes on
the supply and demand side. The model aims to represent a typical
distribution network, taking a parametric, probabilistic approach and
considering a variety of representative feeder types. It will determine the
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investments required by DNOs to ensure that all feeders are capable of

meeting peak demand and accommodating distributed generation.

® Wider electricity sector model: The wider electricity sector model will

calculate the cost, and the emissions implications, of meeting demand over

the course of each year (including ensuring the system can be balanced and

that there is sufficient capacity on the transmission network).

® Real options CBA model: The real options CBA model will combine the
outputs of these models to calculate net present values and option values for

each of the investment strategies.

The model will be placed in the public domain and will allow users to test the
impact of changing key assumptions around the future state of the world, such as

the number of low-carbon technologies deployed, or the cost of smart grid

technologies.

Questions for consultation

We welcome comments in particular on:

u]

u]

our overall real options-based evaluation framework;

our assessment of the value drivers of smart grids;

the assumptions on smart meter functionality;

the smart grid strategies we intend to assess;

our approach to including smart technologies in the model; and

the detailed model specification.

A detailed list of questions is set out at start of this report.

The consultation period will run until December 16th 2011. Responses should be

sent to lia.santis@ofeem.oov.uk.

Executive Summary
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Summary of consultation questions
Section 2: Smart grid evaluation framework?

® Do you agree with our definition of smart grids?

® Have we captured the main complexities associated with assessing the costs
and benefits of smart grids?

® Do you agree with our approach to dealing with these complexities, in the
overall evaluation framework, in particular:

5 We propose to take a two-stage decision tree approach, rather than
relying on a conventional cost-benefit analysis framework alone. Does
this constitute an appropriate approach, given the need to measure
differences in the “option value” that different smart grid investment
strategies provide?

5 Do you agree that the year 2023 constitutes an appropriate decision
point in our analysis?

Section 3: Value drivers and scenarios

® Do the technologies set out in Table 2 constitute a sensible list of value
drivers?

® Do you agree with our assessment of the technical characteristics of each?

®  Are there any other technologies that could have a significant impact on the
value of smart grids?

® Our analysis suggests that the most important factors to vary across the
scenarios will be:

B the pace of electrification of heat and transport;
B the increase in distributed generation; and

O the increase in intermittent and inflexible generation.

® Do you agree? Are there any other variables that we should look to vary
across the scenarios and why?

Summary of consultation questions
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Section 4: Smart grid and conventional investment strategies

Out of the options presented, which set of assumptions should we make on
smart meter functionality?

Do you agree with our proposed approach of including smart appliances in
the business as usual?

Do our proposed smart grid strategies capture the main deployment
options?

Have we provided an accurate overview of the main services that smart grid
technologies can provide?

Do you agree with our proposed assumptions on the characteristics of these
technologies?

Section 5: Value chain analysis

Are there any other groups in society that we should consider in the value
chain analysis?

Do you agree with our conclusions regarding the distribution of costs and
benefits?

Do you agree with our proposed approach to assessing the costs and
benefits for the transmission network?

Section 6: Proposed model specification

How suitable is the proposed network modelling methodology which use
representative networks, with headroom used to model when network
investments should be made on feeders?

Are the voltage levels (from 132kV down to LV) being considered by the
model appropriate, or should the model be limited to focus on any particular
voltage levels?

For each of the voltage levels we are considering, are current methods
sufficient to recognise available headroom and the cost of releasing
additional headroom in these networks? If not, is the proposed approach
considered to be too simple or overly complex?

Is our approach to estimating the clustering of low-carbon technologies
appropriate? Is any other evidence available in this area?

Summary of consultation questions
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Are the proposed generation model assumptions (a simple stack of generator
types, no technical dispatch constraints, half-hourly demand profiles for
summer and winter, and representative wind profiles) suitable?

Should a simple representation of interconnection be included in the model?

Does the model represent demand side response appropriately?

Summary of consultation questions
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1 Introduction

Ofgem has appointed Frontier and EA Technology to develop a framework that
will allow smart grid investment opportunities to be evaluated.

The aim of this work is to develop a practical evaluation framework which can
help increase understanding of the likely value of smart grids under different
scenarios, and which can be updated and populated with new assumptions as
new information arises. This report sets out for consultation our proposed
methodology for developing this framework.

This work has been commissioned to feed into the work programme of the
Smart Grids Forum (SGF)'. The SGF was established by Ofgem and DECC in
early 2011. It brings together key opinion formers, experts and stakeholders
involved in the development of a GB smart grid, with the aim of providing
strategic input to help shape Ofgem’s and DECC’s thinking and leadership in
smart grid policy and deployment. It also aims to help provide the network
companies and the wider stakeholder community with a common focus in
addressing future networks challenges, and to provide drive and direction for the
development of smart grids.

One area that the SGF has chosen to focus on initially is the provision of an
evaluation framework for smart grid investment. This reflects the current lack of
understanding about what really drives the smart grid case, which could inhibit
policy decisions and will make assessment of investments difficult in RIIO-ED1
if it is not addressed.

The evaluation framework is the second of five SGF work streams. The other

workstreams cover:
B the development of scenarios for future demands on networks (WS1);

B the assessment of required network developments in the low-carbon
economy, including detailed network modelling of smart grid options

(WS3);

O mitigation of the risk that short term smart meter and smart grid
decisions may close off options (WS4); and

B development of future ways of working for the SGIF (WS5).

1 The terms of reference are available here

Introduction
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Objectives of this project

The aim of this project is to produce a high level framework for the evaluation of
smart grids. In developing this framework, we are looking to help the industry
reach a better understanding of:

B the drivers of the value of smart grids;

B the value of the flexibility smart grids may provide under conditions of
uncertainty; and

B the parties in the value chain that will benefit from smart grid solutions.

It is recognised that a framework for evaluating the value of smart grid solutions
is important if DNOs are to justify smart grid investments when the benefits are
less certain than for more conventional solutions. In particular, the framework
will help Ofgem and others to identify the types of investments in the next price
control period where:

o the benefits to the DNO already outweigh the costs it will incur, meaning
that there is a strong a priori case for investment;

o the benefits to the DNO are lower than the costs it would expect to incur,
but the investment would be NPV positive if the DNO took into account
the costs and benefits to others; or

9 there are future scenarios where smart grids will be worthwhile and there
are reasons why investment should be undertaken now (to trial the
solution or because the investment has a long lead time).

Although our model could be used to identify the types of smart grid
investments which are likely to be beneficial under different conditions, it will
not be at a sufficient level of detail to be used to justify specific smart grid
investment plans. The principles that sit behind the framework to enable this
evaluation, however, could be transferrable.

Work plan for this project

This report is the output of the first of three stages in the development of the
evaluation framework. The three stages to the evaluation are as follows:

® Stage 1: Key factors to include in the evaluation. We have gone through
a process of research and analysis with the aim of setting out for
consultation the key factors to include in an evaluation of smart grids, and
describing our proposed methodology for undertaking the analysis. This
report covers:

B an assessment of the network user needs that drive the value of smart grid
solutions; and

Introduction
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o identification of the parties that incur the costs of deployment, and the
parties that realise the value delivered.

We describe our proposed methodology for the evaluation, setting out where
we intend to focus the analysis and the assumptions we intend to make. We
also highlight where these assumptions can be updated as new information
arises, and where certain aspects need to be locked down during the model
development stage.

® Stage 2: Model development. Based on the learning from Stage 1 and
comments received during the consultation period, an evaluation model will
be developed that is capable of quantifying the costs and benefits of smart
grid deployment opportunities at a high level.

® Stage 3: Learning. This evaluation will not seck to put a single value on the
benefit of a smart grid. However, during stage 3, the evaluation model will
be used to investigate the range of values for smart grid solutions which are
likely under different scenarios. This will increase our understanding of the
value of smart grid investments relative to conventional investments.

Objectives of this report

The aim of this report is to consult on our overall methodology for the smart
grid evaluation and the factors that we intend to include in the modelling.

It is crucial that our model captures the most important factors that will
determine the net benefits of investing in smart or conventional solutions.
However, at the same time, if it is to act as a practical tool, the model needs to be
simple enough to maintain transparency and flexibility.

We therefore need to strike a balance between ensuring the model is
comprehensive, while at the same time focussing it in on the factors which most
impact on the value of smart grids.

In this report we set out how we intend to take this approach. We welcome
comments in particular on:

B our overall real options-based evaluation framework;

B our assessment of the value drivers of smart grids;

B the smart grid strategies we intend to assess;

B our proposed assumptions on smart meter functionality;

B our approach to including smart technologies in the model; and

©  the detailed model specification.

Introduction
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The consultation period will run until December 16th 2011. Responses should be

sent to lia.santis@ofgem.gov.uk.

The remainder of this report is divided into five sections:

u]

Section 2 provides an overview of our proposed framework for
evaluating the costs and benefits of smart grids;

Section 3 sets out our assessment of the key value drivers of smart grids,
and describes our approach to building scenarios for these value drivers;

Section 4 describes the business-as-usual case, the smart grid strategies
and the technologies that go in to making them up;

Section 5 sets our initial assessment of the spread of costs and benefits
across the value chain; and

Section 6 describes how our evaluation framework will be captured in
the model.

We highlight a set of questions for consultation at the end of each section.

Introduction
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Smart grid evaluation framework

In this section, we provide an overview of our proposed framework for
evaluating the costs and benefits of smart grids:

B we begin by describing what we mean by a “smart grid” and how smart
grids build upon smart meters in terms of the functionality that they
provide;

B we then provide an overview of the key questions about smart grids that
our analysis will seek to address; and

B finally, we describe the evaluation framework that we propose to use to
address these questions. We consider the key complexities associated
with developing and applying this framework, and explain how the
framework can be best adapted to meet these complexities.

What do we mean by a “smart grid”?

There is no single agreed definition of a smart grid. We use the Swart Grid
Routemap” developed by the ENSG as our starting point, which states that:

(A] smart grid is part of an electricity power system which can intelligently integrate the actions
of all users connected to it - generators, consumers and those that do both - in order to efficiently
deliver sustainable, economic and secure electricity supplies.

Expanding on this, DECC identified that a smart grid is likely to have the
following characteristics.

® Observable: the ability to view a wide range of operational indicators in
real-time, including where losses are occurring®, the condition of equipment,
and other technical information.

® Controllable: the ability to manage and optimise the power system to a far
greater extent than today. This can include adjusting some demand for
electricity according to the supply available, as well as enabling the large scale
use of intermittent renewable generation in a controlled manner.

2 ENSG (2010) A Smart Grid Routemap
3 DECC (2009) Smarter Grids: the opportunity
4 We note that the prominence given to loss management in this definition has been questioned.

Smart grid evaluation framework
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® Automated: the ability of the network to make certain automatic demand
response decisions. It will also respond to the consequences of power
fluctuations or outages by, for example, being able to reconfigure itself.

®  Fully integrated: integrated and compatible with existing systems and with
other new devices such as smart consumer appliances.

At the transmission level, the network is already relatively “smart”, given its
requirement to manage frequency, voltage and current in an active manner. Our
evaluation framework will therefore focus on “smart” investments at the
distribution network level, where networks are currently more passive.
Distribution Network Operators (DNOs) typically operate networks with
relatively straightforward flows of electricity. Although DNOs can point to a few
examples where they have made trade-offs between investment and active
management options, DNOs have, in general, limited experience of active
management. Many of the near term activities required to deliver a low-carbon
energy sector require the current electricity distribution network to become more
flexible. Smart grids are therefore likely to be focussed on the distribution
networks.

The high-level definition set out above describes smart grids in terms of the
functionality that they provide. To give our analysis traction in practice,
however, we will need to identify the mix of technologies that would be capable
of providing this functionality. Section 4 below provides a detailed overview of
the “smart” technologies we propose to initially include in our model.

Smart meters are a component of the wider smart grid. However, it should be
recognised from the outset that our analysis draws a clear distinction between
“smart grids” and “smart meters”.

® Smart meters are being rolled out to all domestic users by 2019, itrespective
of whether any additional investment in smart grids takes place. Smart
meters alone may make electricity consumption significantly more
observable, controllable and automated than it currently is.’

® While the planned smart meter rollout will contribute towards the
‘smartness’ of the electricity system, under the current smart meter
specification, not all smart meter functionality will be available at distribution
network level. For example, smart meters on their own will not enable
DNOs to actively shape the demand of households on their feeders.

5 DECC (2010) Impact assessment of GB-wide roll out of smart meters for the domestic sector
7% )
http://www.ofgem.gov.uk/e-serve/sm/Documentation/Documents1 /DECC%20-
Y%20Impact%20assessment%20-%20Domestic.pdf, p. 14
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It is therefore important that the evaluation of smart grids focuses on
assessing the incremental costs and benefits of smart grids. In other words,
our analysis seeks to identify and measure the additional functionality that
smart grids would provide, over and above the functionality provided by the
planned smart meter rollout.

Our detailed assumptions on smart meter functionality are set out in Section

4.1.2 below. Section 4.2.2 sets out our assumptions regarding the additional

functionality provided by the smart grid technologies we are assessing.

Key questions for evaluation framework

We propose to develop an analytical framework that will assess the costs and
benefits of using smart grid solutions to help address the challenges that the GB
electricity sector faces over the coming decades.

Our analysis will have the following scope:

We will focus on the impact of smart grid investments at distribution
network level: A framework to assess the costs and benefits of smart grid
investments on the distribution network will be developed. The modelling of
these investments will be carried out at a high level and will complement the
more detailed and granular network modelling being carried out under SGF
WS3.

We will seek to identify costs and benefits across the electricity sector,
and to society as a whole: Specifically, our analysis will consider the impact
of smart grid investments across the following groups:

o distribution networks — as we discuss below, smart grid investments
could have implications for the need for reinforcement on the
distribution networks.

O transmission networks — it is conceivable that smart grid investments
could also have some indirect implications for the need for
reinforcement and balancing on the GB transmission network. We
assess whether this is the case in Section 5.

©  generation/suppliers — smart grid investments could affect
consumption load profiles on different parts of the network, which
would have implications for the mix and profile of generation, which in
turn will affect suppliers’ costs.

5 customers — customers will be affected, for example, by any change in
costs across the electricity sector that are driven by smart grids.

Smart grid evaluation framework
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B society as a whole - we will also assess the net costs and benefits to
society as a whole. Here we will focus on the overall change in costs and
benefits to Great Britain, rather than the costs and benefits that are
simply transfers between different groups in society. This overall
assessment will include an assessment of any change in carbon
emissions’.

® We will take a long-term view: To span the lifetime of the assets under
question, our model will consider the implications of smart grid investments
between 2012 and 2050. However, our focus is very much on the near term.
We will use the model to consider what these long-term implications mean
about the case for smart grid investment in the near term.

Overview of evaluation framework

At its simplest level, our analysis will consist of six steps, as set out in Figure 1
below:

6 We  will  value carbon emissions in line  with Government  guidance,
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Figure 1. Schematic overview of proposed framework for evaluating smart grid value

Identify the key challenges
facing the electricity sector
between 2012 and 2050

Identify key functionalities
of smart grid

Identify “scenarios” based
on key smart grid value
drivers

Model costs and benefits of Model costs and benefits of
“business as usual” “smart grid” solutions for
solutions for each scenario each scenario

Quantify incremental value
of smart grids for each
scenario

Source: Frontier Economics

As Figure 1 above sets out:

o first, we will identify the key challenges likely to be faced in the
electricity sector to 2050;

5 second, we will identify the key functionalities of smart grids at a high
level;

B third, we identify the drivers that could make smart grids more or less
useful in helping the industry respond to the key challenges identified in
Step 1; we will then use these value drivers to determine a set of
scenarios for analysis’;

7 We will base these scenarios on the outputs of SGF WS1, as described in Section 3.
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B fourth, we will model how the industry would address the key
challenges that it faces in the absence of any smart grid investments (we
call these the “business-as-usual solutions”) for each of the scenarios
identified;

5 fifth, we will model how the industry would address the key challenges
that it faces if smart grid investments were undertaken (the “smart grid
solutions”) for each of the scenarios identified; and

B finally, for each scenario, we will evaluate and then compare the costs
and benefits of these smart grid and business-as-usual solutions; in this
way, our framework will help Ofgem and the industry to take an
informed view about the likely incremental value of rolling out smart
grid technologies.

At a high level, therefore, the structure of our proposed analysis is relatively
straightforward. In practice, however, a number of complexities need to be
taken into account. In what follows, we set out and discuss each of these
complexities, and consider what they imply for our evaluation framework.

2.3.1 Key complexities and their implications for our evaluation
framework

It is well recognised that developing a smart grid evaluation framework involves a
number of challenges. The complexities that will need to be addressed include
the following,.

® Smart grids as enabling technologies: A smart grid may help meet
decarbonisation and security of supply goals. However, it will not be the
only means to achieving these goals. It is important to ensure that this
evaluation focuses on smart grids as a means to achieving decarbonisation
and security of supply objectives, rather than evaluating decarbonisation and
security of supply as ends in themselves.

® Multiple solutions: A smart grid is not one technology. There are multiple
solutions available in different combinations and for different circumstances.
Some of the technologies that comprise a smart grid may be interdependent
in the sense that the benefits of one technology cannot be unlocked without
the presence of another. Moreover, they may need to be coordinated by a
communications structure to work in concert. Conversely, other smart
technologies may be functional substitutes, or even mutually exclusive.
While solving for the ‘optimal’ mix of smart grid technologies is beyond the
scope of this project, our evaluation framework must pay close attention to
these potential interactions between technologies, rather than assessing their
costs and benefits in isolation. In particular, we will aim to compare the
costs and benefits of rolling smart grids out in a coordinated “top-down” or
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“holistic” fashion, with those associated with rolling these technologies out
incrementally on a reactive basis.

Scale and profile of investment required: Conventional and smart grid
solutions may differ with regard to the dynamic profile of the investment
and the scale of investment required to realise any benefits. For example,
conventional technologies may tend to be capital-intense but have longer
asset lives. Smart grid solutions may tend to be less capital-intense, but may
also have shorter asset lives. Our evaluation must take these differences in
investment profile into account.

Uncertainty and option value: It is well recognised that there is
considerable uncertainty about the future demand and supply conditions in
the electricity sector. Many of these uncertainties are driven by policy (e.g.
the credibility of future carbon targets and the additional policies that may be
in place to drive particular solutions). It will be important to ensure that our
evaluation does not just help us understand which technology performs best
under a given future scenario, but also which technology is likely to be most
desirable given this uncertainty over future scenarios. In practice, this
means:

B considering more than one possible scenario; and

©  taking account of any differences in the “option value” provided by
different smart grid strategies (i.e. the extent to which committing to a
particular investment plan today would lock networks into that strategy
for the long run, as opposed to giving them the option of modifying
their strategy in future years as new information becomes available).

Uncertainty over the level and value of demand response: Some smart
grid technologies will allow DNOs to harness demand side response (DSR)
to reduce network reinforcement costs. Assessing the value of this service is
likely to be an important part of an assessment of the value of smart grids.
However, there is great uncertainty over the extent to which DSR can be
used for this purpose. Firstly, there is uncertainty over how responsive
customers will be to signals of various kinds, and secondly, there are a
number of competing uses of DSR (notably demand-shifting by suppliers to
reduce wholesale energy costs), which will have different values under
different conditions. Our evaluation framework will take account of both
supplier-led and DNO-led DSR, as well as alternative sources of flexibility
such as pumped storage and OCGT.

Disaggregated costs and benefits: The supplier hub model, together with

network separation and involvement from many other parties such as
aggregators, ESCOs and microgen providers as well as customers, means
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that the costs and values associated with a smart grid are spread across a
number of parties. Further, the costs and benefits are not alighed between
these different parties, and they may change over time.

In what follows, we set out how we propose to adapt our evaluation framework
so that it takes account of and addresses each of these complexities.

Smart grids as enabling technologies

There are a variety of ways in which smart grid technologies may allow benefits
for society to be realised. For example, the smart grid might facilitate the
connection of more low-carbon technologies (such as electric vehicles),
displacing more polluting technologies and leading to a reduction in emissions.
In addition, the increased monitoring of distribution networks could enable
increases in the reliability of supply.

Our evaluation framework must focus on assessing the incremental costs and
benefits of smart grids relative to conventional distribution grid technologies. It
does not aim to capture the costs and benefits associated with decarbonising
heat, transport or the electricity sector more widely, or the benefits associated
with potential improvements in security of supply®.

We consider that such outcomes can generally also be achieved in the absence of
smart grid investment (albeit potentially at higher cost), through traditional
reinforcement. As such, our model will hold objectives such as overall emissions
and supply reliability constant, and will simply compare the costs and benefits
associated with different means of achieving these outcomes. However, where
the application of different solutions leads to changes in security of supply or
carbon emissions as ancillary benefits, we will include these in our evaluation.
The following examples may help illustrate this approach:

® Fach of our scenatios will contain a certain number of low-catbon
technologies such as electric vehicles and heat pumps. We will compare the
costs of accommodating these low-carbon technologies with smart
technologies and with conventional technologies. However, we will not
assess the costs and benefits of the heat pumps and electric vehicles
themselves.

® Each of our scenatios will be associated with a certain generation capacity
mix. However, if a smart grid technology changes the profile of demand and
thereby changes how that generation capacity is used, we will include the

8 We recognise that increased electrification of heat and transport is likely to increase the value of lost
load and hence the justification for security of supply improvements. However, assessing the
likelihood of such a change is beyond the scope of this project.
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resulting change in emissions in our evaluation. Where DSR can reduce the
need for spinning reserve, the emissions and cost implications will also be
taken into account.

® Where a smart grid technology is applied to accommodate low-carbon
technologies, but brings with it an improvement in quality of supply over
and above today’s standards, we will note the associated improvement of
quality of supply in our assessment. However, we will not compare
alternative ways of exceeding today’s quality of supply standards.

Figure 2 sets out our proposed approach. As described above, we aim to focus
on the potential of smart grids and conventional solutions as alternative means to
achieving energy sector aims, rather than assessing the costs and benefits of these
aims themselves.

Figure 2. Overview of proposed approach

Required outcomes to be achieved at . o
Strategies for achieving the outcomes
least cost

Decarbonisation

Smart

e Facilitate connection of low-carbon
plant, distributed generation, electric
vehicles and heat pumps

e Investin smart and conventional
distribution grid technologies

Compare
costs and

benefits

Security of supply
e Maintain network standards

e Facilitate connection of required plant Convehtional

e Keep system balanced e Invest in conventional network
solutions only

Source: Frontier Economics

Multiple solutions

A smart grid is not just one technology, nor is it a well-defined package of
technologies. Instead, a smart grid could be made up of a range of technologies
that can be applied in different combinations and at different geographical scales.

Given interdependencies between the functionality of different smart grid
technologies, the costs and benefits of each individual technology are likely to be
dependent on whether other technologies have been rolled out. Because of these

Smart grid evaluation framework



24 Frontier Economics | November 2011

interdependences, rather than assessing the incremental costs and benefits of
each individual smart grid technology in isolation, it makes sense to assess the
costs and benefits of representative smart grid investment packages or strategies.

We intend to assess two smart grid investment strategies. These will be compared
to a business-as-usual strategy, where only investments in conventional grid
technologies are undertaken (over and above existing policies to rollout smart
meters). Each strategy assessed will entail enough investment to at least maintain
current levels of security of supply, and to facilitate the same amount of
connections of low-carbon plant and demand side technologies (as illustrated in
Figure 2). The strategies will differ solely in terms of the means they use to
deliver these outcomes.

These alternative strategies are described in Figure 3. Further detail is provided in
Section 4 below.

Figure 3. Smart grid investment strategies

Top-down «  Coordinated rollout of smart grid
smart grid technologies across DNO region

IWESIERIE . |hvestments applied before need in
strategy some areas

Incremental
smart grid
investment
strategy

* Investments adopted on an
incremental basis, driven by need
on individual feeders

Business as

usual
investment * Includes all existing policies,

including smart meter rollout

»  Conventional investments only

strategy

Source: Frontier Economics/EA Technology

Profile and scale of investment required
Smart grid and conventional solutions may differ in the following ways:

B the extent to which they need to be applied in a coordinated fashion to
be effective;

O the extent to which they involve up-front capital investment and the
subsequent lifespan of these assets; and

B the speed with which they can be deployed.
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We discuss the potential relevance of each of these factors for our evaluation
framework below.

® Scale effects: Some elements of smart grids may need to be applied at a
certain scale and in a holistic or top-down manner before some of their
benefits are realised. To the extent that this is the case, it would be difficult
to invest in a smart grid in an incremental way, not least because this would
increase the risk of asset stranding in the event that the requisite scale is not
achieved. Other elements of smart grids, by contrast, may yield benefits
irrespective of the scale of investment. For these technologies, an
incremental investment programme may be more appropriate.

® Capital-intensity: Individual smart grid and conventional technologies will
have different levels of capital-intensity, (i.e. different levels of upfront costs
as a proportion of total costs), and different lifetimes. The higher the capital-
intensity and the longer the lifetime, the greater the level of sunk costs
associated with any investment and the less flexibility there will be to adjust
the response to unexpected supply or demand side developments.

® Required lead times: Smart grid solutions may be based on newer
technologies than conventional solutions. In some cases, solutions may need
to be trialled before they can be rolled out at a large scale. To the extent that
this is the case, there may be longer lead times associated with some smart
solutions. In other cases, where they help avoid large-scale capital
investments which may be associated, for example, with planning delays,
smarter solutions may have shorter lead times than their conventional
alternatives.

These considerations reinforce the case for considering more than one possible
smart grid investment strategy. A top-down centralised investment strategy will
typically involve a greater initial investment, but may be more cost-effective in
the longer run than an incremental approach that upgrades each section of the
network as necessary. Looking at more than one type of smart grid strategy will
allow us to take account of the benefits that might arise from a more holistic or
top-down approach to smart grid investment. For example, if there are
significant scale effects associated with smart grid investment, then it might be
that an incremental smart grid investment strategy delivers less value than a
business-as-usual investment strategy, but that a top-down smart grid rollout
delivers more value than business-as-usual.  Conversely, under different
conditions, the additional flexibility in the face of uncertainty provided by the
incremental strategy may make it more cost-effective overall than the top-down
alternative.

Figure 4 below provides an overview of the potential differences between the
investment strategies with respect to proportion of upfront cost and required
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lead times. In this figure, front loaded investment refers to the proportion of
investment that is incurred up front, not to the absolute scale of the costs
potentially associated with each type of strategy.

Figure 4. Investment profiles and lead times

_ Front loaded ;
Description investment Lead times

Top-down * Coordinated rollout of smart grid
smart grid technologies across DNO region
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incremental basis, driven by need
on individual feeders
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strategy including smart meter rollout

«  Conventional investments only

Source: Frontier Economics

The effect of uncertainty

There is considerable uncertainty about future demand and supply conditions in
the electricity sector. Given the long term of scope of this project (from now
until 2050) and the different characteristics of grid investment strategies in terms
of their flexibility in the face of uncertainty, our evaluation must take account of
this.

This high degree of uncertainty has two important implications for our
evaluation framework:

B first, it strengthens the case for considering more than one possible
scenario; and

B second, it means that we should take account of the “option value”
that arises from networks having the opportunity to modify their
investment strategies in future years in response to new information
about the value of smart grids.

We consider each of these implications in turn.

(1) The high degree of uncertainty strengthens the case for considering
more than one possible scenario
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Given uncertainty over the future, we intend to assess the value of smart grid
strategies within three scenarios, which represent different states of the world to
2050.

The SGF has set up a workstream (WS1) to provide information on the expected
future demands (in the broadest sense) on electricity networks. WS1 will develop
a set of assumptions and scenarios to 2030 for each of the technologies most
likely to impact on the value of smart grids.

We intend to build up to three scenarios based on the outputs of WS1. The
scenarios should vary the factors which have the greatest impact on the value of
smart grids.  They should also be consistent with the achievement of
Government’s policy goals. Each will therefore be consistent with meeting the
first four carbon budgets and the 2050 greenhouse gas emissions targets. We will
then analyse the investments required to ensure security of supply under each
scenario separately for each of the strategies referred to above.

The scenarios will be put together once we receive the outputs of WS1. In
Section 3.2, we describe how we will do this.

(i) The high degree of uncertainty also means that we should take
account of the “option value” of different smart grid strategies

The uncertain background against which smart grid investment decisions need to
be taken makes conventional cost-benefit analysis (CBA) techniques difficult to
apply. In particular, a standard CBA may lead to misleading results when
assessing options over time under conditions of uncertainty. For example, under
a standard CBA, which implicitly assumes perfect foresight, a capital-intense
option might have a higher net present value than an option that has high
ongoing costs, but no upfront costs. Once uncertainty over the future outturn
scenario is taken into account, the latter approach might look more sensible,
because of the flexibility associated with it: you can choose not to run it if it turns
out not to be needed.

Therefore a more innovative method of evaluation needs to be applied. This
method needs to be able to factor in the option value associated with early
investment in flexible solutions (i.e. potentially ahead of need) or delaying
investment until more information is available.

Given the uncertainty inherent in the future of the electricity system and the mix
of investment options with different cost structures, we intend to use the
principles of “real options” analysis in our cost-benefit analysis.

Real options analysis recognises the possibility that, under some circumstances,
networks might be able to adapt their investment strategies in future years as new
information about the utility of smart grids becomes available. This allows the
evaluation framework to take account of the option value associated with any
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smart grid investments that avoid lock-in to a particular investment path.
Examples of investments with option value may include:

B investments that can be incrementally augmented in future periods;

B investments that promote learning, and which may therefore make
future investments less costly or more feasible; and

B investments with lower capital costs, but higher operating costs.

Real options analysis allows the best strategy to be chosen in the face of
uncertainty, by factoring in:

O the impact of new information on the state of the world into the
analysis at a decision point in the future; and

B the extent to which the investment strategy today facilitates or limits the
ability of networks to adjust their investment strategies when this new
information becomes available.

We intend to capture the differing option values associated with the different
strategies by looking at the costs and benefits across two time periods. The first
time period would stretch from 2012 until the mid-2020s, and the second would
then stretch from the mid-2020s out to 2050.

We propose to use the year 2023 for the decision point in our decision tree
analysis as this is likely to coincide with the beginning of the first price control
period after the completion of the smart-meter rollout and so is likely to be a
natural point for the industry to adjust its smart grids strategy if necessary’.

Having identified these two time periods, we will first run a standard CBA on the
first period, where the costs and benefits of each strategy are assessed for each
scenario.

We will then analyse the second time period. For each strategy that has been
chosen at the first decision point (2012), there will be a set of strategies that are
still possible at the second decision point (2023). However, not all will be
possible: for example, if a top-down strategy has been chosen in 2012, it may not
be possible to resort to an incremental approach to smart grids in the mid-2020s
without stranding a number of assets.

For each scenario, therefore, we will identify the best available strategy at the
second decision point (2023), given:

o the assumed scenatio; and

o We note that the industry would begin to discuss any changes to its smart grid strategy for ED2
several years before 2023, however, the actual changes would be more likely to occur from the
beginning of ED2 in 2023.
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©  the optimal investment strategy associated with this scenario, subject to

the constraints imposed upon the set of available strategies by the
investment strategy chosen at the first decision point (2012).

The final step will be to add together the results of the conventional CBA for the
first period with the results of the CBA for the second period to identify a total
net present value (NPV) benefit measure for each scenario and strategy. By
weighting the NPV benefit estimates by assumed probability of each scenario
occurring, we can identify a single probability-weighted NPV benefit estimate for
each investment strategy.

Figure 5 below provides a diagrammatic illustration of the proposed “real
options” approach that we have described above.

Figure 5. Real options based approach
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Time 1 information

Move to best
remaining
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scenario 1
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Source: Frontier Economics

We believe that this kind of decision tree analysis will provide the right balance
between accounting for uncertainty and avoiding the spurious accuracy which
might be associated with a more data-intense modelling approach.

® Decision tree analysis takes the principles of real options analysis and
ensures that path dependency is accounted for. This ensures that
investments that keep options open are valued more highly than investments
which lock-in to a certain path.

® At the same time this analysis maintains simplicity and transparency. Rather
than requiring the inevitably subjective development of detailed probability

Smart grid evaluation framework



30

Frontier Economics | November 2011

distributions around key variables in the model and their interdependencies,
decision tree analysis allows assumptions on the probability of each scenario
to be kept explicit, and changeable for the use in sensitivities. By limiting the
decision tree to two periods, we will be able to take account of the different
option values associated with different smart grid investment strategies
without allowing the evaluation framework to become too complex.

Uncertainty over the level and value of customer demand response

The extent to which DSR is possible will be an important determinant of smart

grid value:

The use of DSR by suppliers (to reduce generation costs) could lead to
increased peaks on the distribution networks. To the extent that smart grid
investments may enable DNOs to upgrade their networks to cope with this
at lower cost, demand-side response by suppliers will act as a value driver for
smart grids.

Smart grid investments may themselves allow DNOs to carry out DSR of
their own, to reduce peak flows locally.

However, it is currently highly speculative as to what level of demand response

may be feasible. There are two issues:

How responsive customers are: Time-of-use tariffs by themselves may
not be sufficient to encourage customers to adjust their demand. “Smart”
appliances and automated load control would ensure a higher level of
response, although it is uncertain to what extent these technologies will be

deployed.

What the relative value of DSR used in different contexts is: Previous
studies'’ have indicated that the benefits of using DSR for peak-shaving
(reducing DNO reinforcement costs) are similar to those obtained by
prioritising DSR to minimise production costs (by shifting demand to when
electricity is cheapest). There are a multitude of different ways in which
DSR can be deployed, which may involve trade-offs between these two
types of benefit.

In this evaluation, we do not attempt to provide a bottom-up estimate of the

proportion of demand which can be shifted. Instead, simple assumptions

regarding the responsiveness of demand will form an input to the model. These
will be fully flexible to be changed by users of the model. This approach allows

10

Poyry (2010), Demand side response: conflict between supply and network driven optimisation

Smart grid evaluation framework



November 2011 | Frontier Economics 31

more accurate estimates of demand responsiveness to easily be inputted in the
future as they become available (for example, from Low Carbon Network Fund
projects).

DSR presents further modelling challenges due to the almost limitless number of
ways in which demand can be shifted. Ideally, we would consider the most
effective use of DSR, however calculating this requires a complex optimisation
exercise. We describe in more detail in section 6.5 how we propose to
approximate this, while still ensuring a tractable model. In brief, this involves the
following process:

B determining the amount of load which can be shifted, based upon the
penetration of technologies such as heat pumps and EVs, together with
assumptions regarding their responsiveness;

5 building a “supplier-led” DSR profile which will lower generation costs
by moving demand to where costs are lower; and

B creating an additional “DSR adjusted” profile for those distribution
network feeders with the relevant enabling technology. This will be
based on the “supplier-led” profile, but will shift demand away from the
peak if the design capacity of the feeder would be breached.

Disaggregated costs and benefits

The costs and values associated with a smart grid may be spread across a number
of parties. They may not be aligned between these different parties, and they may
change over time.

We will first undertake a cost benefit analysis from the perspective of GB society
as a whole. However, to inform policy it will also be important to understand
where the costs and benefits associated with a smart grid rollout may lie. This will
not be evident from the overall net present value of smart grids.

We therefore intend to undertake a high level assessment of the costs and
benefits that may accrue to the following parties:

©  DNOs;
B customers;
o generation/supply businesses; and

B transmission network owners/operatots.

In Section 5 below. we set out how we intend to disaggregate these net benefits
across the different groups.
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Value drivers and scenarios

The aim of this section is to set out for comment our view of the key value
drivers of smart grids, and to describe our approach to building scenarios for
these value drivers. We cover this in two stages:

® Value drivers of smart grids. This section provides an overview of the
challenges likely to be faced by the electricity sector to 2050. Where smart
grids can help deal with a challenge, the challenge becomes a value driver for
smart grids.

® Scenarios. This section sets out our approach to developing scenatios,
based on varying the levels of those smart grid value drivers over which
there is the most future uncertainty.

While it will be possible for the user to vary the numbers associated with each
value driver in the model we are producing (e.g. the numbers of electric vehicles
or heat pumps), adding new value drivers would require amendments to the
model. We are therefore particularly interested in views on the following:

B our assessment of the demand and supply side technologies that drive
the value of smart grids; and

B our assessment of the factors which it is most important to vary across
scenarios.

We also welcome views or the submission of new evidence on the detailed
assumptions we propose to make on the characteristics of each technology.

Smart grid value drivers

This section describes at a high level how the smart grid may help tackle the
challenges likely to be faced in the electricity sector to 2050. It then assesses the
likely relative importance of varying the level of these challenges across the
different scenarios that our evaluation framework will consider. A challenge will
be important to vary across scenarios if:

B itis an important value driver of smart grids; and

B there is a great deal of uncertainty over its future level of deployment.

3.1.1 Overview of value drivers

It is crucial that we understand how the value of a smart grid will vary depending
on the timing and mix of the supply-side and demand-side challenges facing the
networks.

Draft Value drivers and scenarios
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Challenges

As we set out in our previous report to the SGF'', there are three broad policy
drivers which drive the potential value of a smart grid.

® Carbon targets: The primary drivers for change are the first four carbon
budgets, which set limits on emissions out to 2027, and the 2050 carbon
reduction targets. Achievement of these targets is likely to require the
almost complete decarbonisation of the electricity sector.

® Security of supply: There is also a need to ensure secure and sustainable
energy supplies into the future given changing supply and demand patterns.

® Affordability: This will have to be achieved while ensuting that networks
continue to deliver long term value to existing and future customers.

These policy drivers create demand-side and supply-side challenges for the
energy sectof.

® Electrification of transport and heating: Low-carbon electricity will
increasingly be used for transport and heating, adding to total demand, but
potentially providing a source of flexible and controllable demand (and
embedded storage) that could be exploited via smart technology.

® Integration of distributed generation: An increasing number of
distributed generators (which may or may not be despatchable) will be
connected to local distribution networks rather than the national
transmission network. This will make the power flows on distribution
networks more complex and less predictable.

® Integration of inflexible intermittent generation: More electricity will be
generated from renewable sources like wind which are intermittent, or
nuclear, which is relatively inflexible.

Added to this is the ongoing requirement for the network companies to drive for
network efficiency.

Although much of the change required to meet these challenges will be at the
generation and demand ends of the energy supply chain, networks, as the link
between them, will also have to respond.

1 Frontier Economics (2011), How to  deliver smarter grids in  GB, http://www.fronter-
economics.com/_library/publications/ frontier%20report%o20-
%20how%20to%20deliver%20smarter%20grids%20in%20gb.pdf
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The role of smart grids

As a result of the demand-side and supply-side developments set out above,
distribution network flows are expected to be less predictable and more volatile.
This means that the networks themselves, and the devices connected to them,
will have to be more controllable. To the extent that they provide network
operators with additional control, smart grid technologies could therefore help
networks to respond to these challenges. Smart grids are likely to provide the
following benefits in this regard.

® More information: smart grids can provide network operators with more
information about the state of their networks and the connected load and
generation. This information can be used to inform decisions both about
the physical operation, maintenance and replacement of the network itself,
and on the management of electricity flows.

® More configurability: smart grids can provide network operators with
greater ability to reconfigure their networks, to manage the flow of electricity
around them. This in turn should allow use of existing network capacity to
be optimised.

® Controllability of load and generation: smart grids should allow network
operators to influence the offtake and injections of connected load and
generation. This should allow such offtakes and injections to be matched
more effectively to the available capacity of the network, again allowing
more effective utilisation and helping to reduce or delay requirements for
expansion by alleviating pressures on network headroom.

® Controllability of embedded storage: smart grids should also allow
network operators to control embedded storage (assuming this becomes a
cost-effective technology), again helping to optimise network utilisation and
to reduce or delay expansion.

In what follows, we consider each of the demand and supply side challenges
raised above in more detail, and consider the interaction between these and the
ways in which smart grids can add value Further details on the technical
characteristics of the low-carbon technologies driving these challenges is
provided in Annexe B.
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3.1.2 Electrification of transport and heating

There is a broad consensus that the electrification of transport and heating will

be required, alongside the decarbonisation of electricity supply, to meet long term

carbon emission reduction tztrgets.12

Electrification of heat and transport will cause:

o alarge increase in load;
B achange in the profile of load; and

B a change in the proportion of demand that is flexible (for example, it
may be possible to switch off electric vehicle charging points or
domestic heat-pumps for short periods at certain hours of the day).

This suggests that the utility of smart grids could increase with the electrification

of heat and transport for two reasons.

Smart grids could help defer the need for thermal reinforcement.
Increases in load as a result of the electrification of heat and transport could
lead to an increased peak demand on many parts of the distribution
networks, particularly if the profile of this new load is similar to existing load
profiles. This could result in peak load flows exceeding the rating of some
primary substations, as well as a number of distribution substations at lower
voltage levels. This would require network operators to reinforce a number
of network assets, such as transformers, circuits, circuit terminations and
switchgear. Recent studies suggest that the typical cost of such thermal
reinforcement at a primary substation alone could be as high as £5m for 15-

25 MW."?

Smart grids could potentially help to reduce (or at least defer) the need for
costly thermal reinforcement on some parts of the network in three ways:

For example, the UK Government’s Carbon Plan (2011) cites both the electrification of transport and
the electrification of heating as developments that will be fundamental if the UK is to meet its

carbon emission reduction targets:

http://www.decc.gov.uk/assets/decc/What%20we%20do/A%20low%20carbon%20UK /1358-
the-carbon-plan.pdf
For example, a recent (April 2011) study undertaken by Frontier Economics for the Energy

Networks Association found that the typical thermal reinforcement cost at a primary substation
would be in the region of £4.7 million. See:

http://2010.energynetworks.org/storage / DOCY%20-%20EN A%20final%20report020-%2001-04-
11%20-%20STC.pdf
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B first, smart grid technologies may enable network companies to shift
around additional load associated with electric transport or heating so
that it no longer coincides with peak demand;

B second, smart grids may incorporate technologies that allow network
operators to increase the operational thermal capacity of transformers
and circuits under certain conditions;'*

9 third, smart grid technologies may enable network companies to
reconfigure their networks near to real time to ease network constraints
and dynamically align network capacity with demand.

Smart grids could help alleviate other network pressures associated
with the electrification of heat and transport. As we explain below, the
electrification of heating could create problems for voltage profiles on those
parts of the network where load is already high. At times of coldest
temperature, demand is likely to be higher. As a result, the voltage reduction
associated with the electrification of heating could cause difficulties from a
network perspective as it will exacerbate the worst-case conditions.

Again, smart grids could potentially help to circumvent these problems in two

ways:

B first, smart grid technologies may enable network companies to
temporally manage load associated with electric transport or heating so
that it no longer coincides with peak demand, thereby reducing
downward pressure on network voltage at these times;

B second, smart grid technologies may provide network operators with
enhanced network voltage control tools that allow them to mitigate
pressures on network voltage directly.

Having considered at a high level the challenges which electrification of transport

and heating will create and the ways in which smart grids may help, we now

consider the characteristics of the technologies that are likely to drive this process

of electrification, namely heat pumps and electric vehicles. For each of these

technologies, we cover the following issues:

Overall penetration of technologies: The extent to which these
technologies will play an important role in decarbonisation to 2050, and the
extent therefore that they are likely to be prevalent.

It is unlikely that the actual physical constraints of the units can be changed (though they may be)
however with more information DNOs may be able to run closer to the limits or trade off asset life
for thermal headroom.

Draft Value drivers and scenarios



38 Frontier Economics | November 2011

® Changes in load profiles: the impact of these technologies on demand
profiles, and the impact they will therefore have on the value of demand side
response and the quantity of demand that will be available for demand side
response.

® Network issues and smart grid value: the nature of the impact that
rollout of these technologies is likely to have on networks, and hence the
added value from smart grid technologies.

® Clustering of technologies during rollout: the extent to which
technologies are clustered. The impact on networks will be determined by
the clustering of technologies as well as its overall penetration on the grid, as
increased loads within a small area will have a greater network impact than
the same increase in load dispersed across GB.

Heat pumps

Heat pumps work by moving thermal energy from the ground or air into the
building being heated, using electricity in the process.

(a) Penetration

Over the longer term out to 2050, heat pumps will have to be highly prevalent if
carbon targets are to be met (for example, in DECC’s 2050 Pathways analysis",
60-90% of all homes are expected to be driven by heat pumps, by 2050). There is
uncertainty over the speed at which heat pumps will be rolled out. Government
is ‘committed to the ambition’ that 12% of heating will be from renewable
sources in 2020', around two-thirds of which is planned to be from heat
pumps”. However, some of this renewable heat could be provided from other
sources, for example from biomass.

(b) Changes in load profiles

Load from heat pumps is likely to be highest in winter and during the day. An
example of a daily residential heat pump profile for a cold winter day is shown in
Figure 6. The “Without Store” series presented has been created from five days
of load data taken during winter 2008 from an electricity substation supplying 19

15 See http://www.decc.cov.uk/en/content/cms/tackling/2050/2050.aspx, accessed 05/10/11
16 DECC (2011), Renewable Heat Incentive,
http://www.decc.gov.uk/assets/decc/What%20we%20do /UK%20energv%20supply/ Eneroy%20

mix/Renewable%20energy/policy/renewableheat/1387-renewable-heat-incentive.pdf

17 DECC (2010) National Renewable Energy Action Plan,
http://www.decc.gov.uk/assets/decc/what%20we%20do /uk%20energy%20supply/energy%20mix

/renewable%20energy/ored/25-nat-ren-energy-action-plan.pdf
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properties'®, 18 of which had heat pumps installed. Weather conditions were
amongst the coldest experienced in recent years, the average daily temperature
during the five days being +3°C, and the minimum being -5°C. .

The “Thermal Store” series in Figure 6 presents an interpretation of how a
commercially available thermal store'’, could be charged and controlled to reduce
the contribution of heat pumps to peak demand, which occurs here at around
17:00. For this example, storage can be seen to reduce the daily peak in demand
from the 18 heat pumps by 5 kW?. The reduction achieved is shown for
illustrative purposes only, as it is based on several assumptions and is overlaid
onto the heat pump demand profile™.

Figure 7 sets out an estimated profile for a commercial heat pump on a winter’s
day”. This has been based on a set of assumptions about the building, the
weather and the heat pumps™.

Load from heat pumps is likely to be relatively inflexible unless the heat pump is
accompanied by storage technology (e.g. a hot water tank), or has been installed
in a very well insulated home™. Tt is likely that some residential heat pumps will
have storage, and thus that some heat pump load will be flexible. Heat pump
load from commercial installations is likely to be less flexible however. Given the
relatively flat profile of commercial heat load (as shown in Figure 7), there is not
likely to be much scope for storage to improve this.

18 S.D. Wilson, Monitoring and Impact of Heat Pumps, Strategic Technology Programme, Project
S5204_1, October 2010

19 Gledhill, BoilertMate BP Technical Specification, available at www.gledhill.net, accessed October
2011.
20 Although the reduction in demand at 17:00 from heat pumps is considerably more, the peak

demand over the course of the day falls by 5kW.

21 Key assumptions in creating this series are: 35°C useful temperature range in the thermal store, store
comprised of 190 litres of water, recharging of the store starts from 01:00 and recharging occurs
over 4 hours at night, and that the demand of non-heat pump loads is 0.8 kW around the time of
peak demand. The heat pump is simply turned off in order to reduce peak demand.

» The profile has been developed based on several assumptions, which have allowed the UK setvice-

sector average energy consumption for heating?, 30W/m?2 to be related to a Wintet’s month.
Assumptions are: Co-efficient of performance = 3.0, base temperature = 15.5C, average daytime
December air temperature = 2.8C and December degree-days = 31123, A “Small” office has been
defined as 1,000m?, with “Medium” 5,000m? and “Large” 10,000m2. Heating is required for 12
hours, 06:00 to 18:00, the effects of thermal mass and cooling requirements are neglected. A real
profile would change due to many factors. Cycling would also be evident. .

Very well insulated homes (e.g. post-2016 zero carbon) also increases flexibility of heat pump
demand (i.e. because home ambient temperature degradation rates are very low)
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Figure 6. Typical domestic heat pump profile with stylised storage element
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Figure 7. Estimated commercial heat pump profile
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2 S.D. Wilson, Monitoring and Impact of Heat pumps, Strategic Technology Programme, Project

S5204_1, October 2010

26 .. . . . .
This is based on the assumptions regarding energy consumption per square metre, listed above
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(¢c) Network issues and smart grid value

The following network issues are likely to arise with the conversion of properties
which have previously been heated using fuels such as gas and oil, to electrically-
driven heating via heat pumps.

® Increase in load on the distribution network. Heat pumps may pose a
major challenge for electricity networks because they increase load during
the winter and in the early evenings when most peaks already occur.

® Current surges. When operating, heat pump comptessors cycle according
to the heat requirements of the property. Fach time the compressor starts
up, a surge in current equivalent to many times the normal load current is
needed, which, unmitigated (e.g. by soft-starters), has the potential to cause
poor power quality in the area.

® Voltage profiles. The steady state voltage profile is of concern on weak
networks for heat pumps and/or if load is already high. Some heat pumps
are equipped with an additional heater to be used when temperatures are at
their coldest as, without this heater, the heat pump cannot efficiently meet
its heat demand. At times of coldest temperature, demand is likely to be
higher and hence this additional demand and associated voltage reduction
will cause difficulties from a network perspective as it will exacerbate the
worst case conditions.

As a result of these network issues, smart grid technologies have the potential to
add value in a number of ways to maximise useful capacity:

% by providing more load and voltage information on the network to
allow its capacity to be used to the maximum,;

B by configuring the network to manage flows around it as effectively as
possible;

© by more actively controlling network voltages; and

B by facilitating demand side response or providing embedded storage to
manage peaks in load.

(d) Clustering

In the shorter term (out to the mid-2020s), the impact of heat pumps on the grid
is likely to be heavily influenced by the extent to which they cluster on specific
feeders. Clustering out to the mid-2020s is likely for the following reasons:

® Heat pumps are most attractive in off-gas-gtid areas, where the effects of oil
price variability are driving customers to investigate alternatives. Penetration
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is therefore likely to be biased towards rural areas, as urban areas tend to
have gas and so penetrations may be low initially.

® Social housing providers have driven the installation of heat pumps and
social housing tends to be concentrated in certain areas.

® There is a high likelihood of clustering for commercial use of heat pumps
around existing commercial centres: village, town and city-centres, business
and technology parks.

Such clustering is likely to increase the value of smart grid technologies in
locations with high incremental heat pump load.

Electric vehicles

This section considers the impact of residential and car park charging of electric
vehicles. Electric vehicles include pure-electric, parallel- and series-hybrids.

We also consider vehicle to grid technology (V2G). V2G technology, whilst not
yet available in the UK”, holds promise for the future. V2G requires EVs to be
fitted with bidirectional converters, capable of discharging the batteries onto the
grid at times of need. It will require control of fleets of electric vehicle chargers
and will result in energy transfers across LV networks that are not present today.

(a) Penetration

Over the longer term out to 2050, EVs will have to be highly prevalent if carbon
targets are to be met. For example, the Committee on Climate Change estimate
that meeting carbon budgets will require electric cars and vans to reach 60%
penetration of the new vehicle fleet by 2030, However there is a large degree of
uncertainty over the speed at which they will be rolled out in the nearer term.
There is no target for the penetration of EVs in 2020. Government has
published a range of independent forecasts which put the penetration of plug-in
electric vehicles at between around 2%-12% of new cars in 2020”.

(b) Load profile

Given usage patterns and the availability of cheaper electricity overnight under
static time of use tariffs, electric vehicles are likely to be charged overnight.

2 We note that this technology is currently being piloted in Japan.
28 CCC (2010) The fourth carbon budget, http:/ /www.theccc.org.uk/reports /fourth-carbon-budget
2 DT (201 1), Making the connection: T/ye plug in szde mfmﬁmmfre strategy

strategy/plug-in-vehicle-infrastructure-strategy.pdf
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Figure 8 below presents the charge power and duration required for these charge
currents, from a single property, assuming a time of use tariff is in place. Daily
mileage is based on the analysis in the Technology Strategy Board’s Ultra Low
Carbon Vehicle Demonstrator (ULCVD) Programme™ was an average of 24
miles for private drivers, requiring a charge window of just over 4 hours. A range
of charge currents are possible from 10A (domestic 240V socket), 16A (dedicated
charge socket) and 32A (high-rate charge) sockets.

Figure 8. Estimated charge profile - residential
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(¢) Network Issues and smart grid value

Charging of EVs can be accomplished from standard 240V sockets at 10A”" or
via a dedicated circuit from a consumer unit at higher rates. The following issues

are likely to arise on networks from standard charging:

® Increase in thermal load: The main issue for networks arises from the
increase in power required to charge electric vehicles. As shown in the
diagram above, fast charger could add over 7kW to load. Network issues are
compounded if EVs and other new loads such as heat pumps are used at the

same time — both could require power at peak times.

30 TSB, Ultra-Low Carbon Vehicles Demonstrator Programme, Initial Findings, 2011
31 www.chargemasterple.com, accessed 03/10/11
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Voltage profiles: An additional issue for networks is the potential reduction
in volts in areas where domestic electric vehicles charging is clustered. The
load and profile of an electric vehicle charging cycle is significant in
comparison to conventional After Diversity Maximum Demand of a
domestic property, which will increase the volt drop seen on the LV
network. Over the longer term, V2G technology could have quite a large
impact on the voltage profile at times when balancing power is required and
the upper voltage limit could be a concern at times of low network load
around clusters.

Harmonic levels: The chargers utilise power electronics, which could
impact harmonic levels on the network whilst the charging takes place.
Although not a focus of this model, it could become a significant driver for
investment into the future. Several projects are in place to truly understand
the impact of electric vehicles on network power quality.

Connection issues: There is quite a high likelihood that a proportion of
residential EV chargers will be connected without the prior knowledge of a
network operator”. It is therefore likely that EV-related loads would be
higher than load estimates that have been derived from consideration of
connection requests. Network operators will not necessarily learn of car
park charging installations in advance as they could use existing connections.
If the number of points used significantly increases, then new connections
will need to be applied for. If multiple concurrent fast charges at 32kW are
required, then an HV connection is likely to be necessary. In this case the
DNO would have prior knowledge of installation.

As a result of these network issues, smart grid technologies have the potential to

add value in a number of ways to maximise useful capacity:

© by providing more load and voltage information on the network to
allow its capacity to be used to the maximum, and allowing DNOs to
access these data;

B by configuring the network to manage flows around it as effectively as
possible;

© by more actively controlling network voltages; and

B by facilitating demand side response or the use of embedded storage
(including V2G) to manage peaks in load.

32

It is noted that the ENA are working with the IET to develop a notification process for domestic
consumers akin to that used for the connection of microgeneration under ER G83.
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(d) Clustering

In the next decade, due to the high purchase price compared to internal-
combustion-driven vehicles, EVs are likely to be purchased by the affluent and
those with high disposable incomes. Given the high prices, until the mid-2020s,
clustering of EVs is therefore likely in affluent neighbourhoods, either in rural or
urban areas, though a fair proportion of the latter may be charged in car parks™.
Exemption from congestion charges, assuming their load grows could mean that
affluent suburbs around major cities could also experience EV clusters.

As with heat pumps, such clustering is likely to increase the value of smart grid
technologies in locations with high EV load.

Summary of the impact of heat and transport electrification

Table 1 sets out a high level summary of our analysis of the impact of heat and
transport electrification on networks, based on the arguments set out above.
Further detail on each of these impacts, and how they are likely to vary across
urban, rural and suburban networks, is set out in Annexe B.

33 For example, the purchase price of a Mitsubishi MiEV is around £23k (taking into account the
Governments /5k allowance).
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Table 1. Summary of the impact of heat and transport electrification

Likely Expected Impact of
. Impact of
importance as level of each of each '
part of clustering unit on L ChILCl
. . voltage
decarbonisation during thermal .
strategy to 2050 rollout profile pireile
Residential High Low to Low Low to
heat pumps medium medium
with heat
store
Residential High High Medium Low to
heat pumps medium
without heat
store
Commercial High High High Medium
heat pumps
EVs High High High Low
residential
charging
EVs Very uncertain Uncertain High High
residential
charging —
fast charge
EVs Very uncertain High High Medium
residential
charging -
vehicle to
grid
EVs —car Very uncertain High Medium Low

park charging

EVs- car park Very uncertain Uncertain Medium Medium
fast charging

EVs- car park Very uncertain Uncertain Medium High
vehicle to
grid
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3.1.3 Increase in distributed generation

In addition to the electrification of transport and heating, the growth of
renewable generation that is directly connected to the distribution network
(“distributed generation”) may also help the UK meet its carbon reduction
targets. In recent years, the Government has introduced a number of measures,
such as feed-in tariffs for small scale generation, and the Renewables Obligation
for large-scale generation, that are designed to promote the use of such
renewable technologies.

The growth of distributed generation has the potential to relieve some of the
network load pressures associated with the electrification of transport and
heating, if located in similar areas and operated at times of high demand.
However, the most likely manifestation of the locational coincidence between
distributed generation and electrification of heat and transport level is PV
generation, heat pumps and EVs. Unfortunately PV will not offset winter early
evening peak demands created by EVs and heat pumps, since they will tend to
generate most during the day, and in summer. Indeed, as discussed below, the
challenge for LV networks will be dealing with summer midday voltage rise and
winter evening voltage depression. Therefore, distributed generation is not likely
to render smart grids less useful than they otherwise would be.

First, there may be a low degree of co-location, and the coincidence of
) Y g )
production and incremental demand may also be low.

Second, distributed generation may drive two further benefits from smart grids:

® Smart grids could help reduce the need for generation-led thermal
reinforcement. Distributed generation may tend to cluster on certain parts
of the network. If so, it is conceivable that there might be some parts of the
HYV and LV distribution networks where local generation capacity is forecast
to grow to the extent that it exceeds local demand at certain times of year.
In these situations, it might be the case that local generation growth triggers
network reinforcement rather than preventing it. These network pressures
may be exacerbated by the fact that much of this distributed generation (e.g.
photovoltaics and wind) will be intermittent and inflexible. To the extent
that smart grids allow network companies to shift around local demand so
that it coincides with local generation peaks, they could help reduce the need
for generation-led thermal reinforcement on some parts of the network.
Although as discussed in Section 3.1.4, demand side response may also be
used to help match demand with the output of intermittent generation.

® Smart grids could help alleviate other network pressures associated
with the increasing penetration of distributed generation. As we
explain below, photovoltaic (PV) installations and the connection of
distributed generation will reduce the amount of voltage headroom on
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distribution networks, which could in turn require network operators to
manage voltage dynamically. To the extent that they allow network
companies to shift around local demand load so that it coincides with local
generation peaks, smart grids could also help reduce the need for voltage-
driven reinforcement on some parts of the network. However, the scope to
shift demand to coincide with summer midday peak PV output will be
limited.

Having considered at a high level the challenges which distributed generation will
create and the ways in which smart grids may help, we now consider the detailed
nature of the challenges of each in turn.

We consider the impact of the following distributed generation in this section:

o distributed generation connected to the LV grid: PV and small scale
wind; and

8 distributed generation connected to the 11kV, 33kV or 132kV network:
large-scale onshore wind (at larger and smaller sites), and biomass.

Given the potential benefits of smart grids summarised above in relation to these
technologies, in this section we cover the following issues:

® Opverall penetration of technologies: the extent to which these low-carbon
technologies will play an important role in decarbonisation to 2050, and the
extent therefore that they are likely to be prevalent.

® Changes in load profiles: the impact of these low-catbon technologies on
local load profiles, and the impact they will therefore have on the value of
DSR.

® Network issues and smart grid value: the nature of the impact that
rollout of these technologies is likely to have on networks, and hence the
added value from smart grid technologies.

® Clustering of technologies during rollout: as noted above, the impact on
networks will be determined by the clustering of technologies as well its
overall penetration on the grid.

Photovoltaics (PV)

PV panels capture energy from the sun and convert it to electricity. In the UK,
PV panels are typically mounted on roofs in fixed planes and hence output varies
according to the season as well as weather. Whilst techniques can be used to
boost output such as by active tracking or concentrating lenses, the simplicity and
low maintenance of fixed panels means that they are often preferred.
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(a) Penetration

PV panels are unlikely to play a central role in decarbonisation in the shorter
term, with less than 3 GW expected by 2020, according to Government aims.>

However, while the potential penetration of PV in terms of megawatt-hours may
be limited, the potential penetration of PV in terms of number of units installed
may be relatively high. In 2010, for example, 53 MW of PV capacity was
installed in over 19,000 installations. Given the potential implications of PV units
for voltage profiles noted above, this suggests that PV growth could place some
pressure on networks going forwards.

Moreover, if the costs of PV falls and performance improves over the longer
term, PV could play a large role in decarbonisation™.

(b) Load profiles

The output of a PV panel varies according to the season and weather. Figure 9
below presents profiles of power output for an average 2.8kW system in mid-
summer for the conditions clear-sky, average cloudiness (for the time of year)
and cloudy conditions. Real output for a typical mid-summer day varies between
the maximum clear-sky-output and minimum cloudy-output.

34 DECC (2010) National Renewable Energy Action Plan:

http://www.decc.gov.uk/assets/decc/what%20we%20do /uk%20energv%20supply/enerev%20mix

renewable%20energy/ored/25-nat-ren-energy-action-plan.pdf

3 CCC (2011) Renewable Energy Review, http:/ /www.theccc.org.uk/reports/renewable-energy-review
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Figure 9. Daily profiles of a 2.8kW PV installation in June®
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Maximum generation occurs (for south-facing panels) during the middle of the
day, when network loads are relatively low. As noted above, this creates the
possibility that some local distribution substations could become generation-
heavy with generation exceeding local demand at certain times of day. Because
of this, the continued growth in the penetration of PV could place some parts of
the distribution networks under pressure. Anecdotally, there are instances of
DNOs experiencing power quality and voltage issues, where PV installations are
clustered on their networks.

To add to this, the rate of change of output of a single PV installation is in the
order of seconds as clouds pass overhead. In this regard, growth in PV
penetration could, potentially, increase the utility of smart grid technologies to
the extent that they help networks to shift around local demand at short notice to
respond to these intermittent generation flows.

(¢c) Network issues and smart grid value

The following network issues are likely to arise with the increasing penetration of
PV units in the UK.

36 Photovoltaic Geographical Information System daily output for a 2.8kW system located around
Leeds, UK, available at http://re.jrc.ec.europa.eu/pveis/, accessed 03/10/11
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® Voltage profiles: PV units will lead to higher voltages on the parts of the
network where they connect. With only limited voltage headroom available
on many parts of the distribution network. additional PV installations could
result in the upper voltage level being reached in many areas. Above this
limit, PV inverters have protection settings which will ultimately cause them
to switch-off and await ‘normal’ network voltage. Unless DNOs take
remedial action, network users will find that their PV systems are not
providing the revenue expected. Therefore, to prevent customer complaints
arising from nuisance tripping of inverters or equipment damage, DNOs
may need to manage network voltages more effectively to create additional
headroom.

Such issues may be exacerbated where there are multiple installations. If
these are installed by the same entity (e.g. registered social landlords or
housing developers), then the network operator can assess the connection
and determine consequential actions. If these are as a result of multiple
different entities (e.g. left to customer choice), however, then it is possible
that network headroom could be breached, without the knowledge of
DNOs.

® Thermal reinforcement pressures: As outlined above, maximum
generation occurs (for south-facing panels) during the middle of the day,
when network loads are relatively low. This creates the possibility that some
local distribution substations could become generation-heavy with
generation exceeding local demand load at certain times of day (e.g. the
middle of the day on summer weekdays in mainly residential
neighbourhoods). This in turn creates (an albeit very small) possibility that
PV growth could trigger thermal reinforcement rather than preventing it on
some parts of the network. In practice however, thermal issues from PV
penetration are much less likely than voltage issues.

As a result of these network issues, smart grid technologies have the potential to
add value in a number of ways to maximise useful capacity by:

8 providing more load and voltage information to DNOs on the network
to allow its capacity to be used to the maximum in generation
dominated areas;

8 providing additional voltage control devices to manage network
voltages;

B configuring the network to manage flows around it as effectively as
possible; and
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B facilitating demand side response or use of embedded storage to
manage load to match peaks in distributed generation or to manage
distributed generation output.

(d) Clustering

Clustering is likely given the visibility of PV systems, with many households
installing PV units in response to the visibility of a friend or neighbour’s
installation. Analysis of Ofgem’s Feed-in-Tariff Installation Report’ reveals that
5% of postcodes (defined in the report as the first four digits, e.g. “AB117)
collectively contained more than 47% of installations. The maximum number of
installations in one postcode was 295, in “S20”, with aggregate PV generation of
930 kW.

Small-scale wind power

The small-scale wind turbines considered here range in size from 1 kW to 14 kW.
Very small wind turbines designed for mounting on buildings have been termed
micro-wind, these were rated 0.4kW — 1.25 kW and were largely shown to have
poor performance in trials with an average capacity factor of just 0.85%, and so
are not considered here.

(a) Penetration

Small scale wind is likely to remain an expensive option for decarbonisation and
is therefore likely to play a smaller role™.

(b) Load profiles

In the UK, there is not a typical daily profile for wind generation, though wind
variation does follow certain characteristics. To illustrate this, seven days of
estimated power output are presented in Figure 10 with each day’s profile being
represented by a different coloured line.

37 Ofgem, Feed-in-Tariff Installation Report 30 September 2011 (.xls), available at www.ofgem.gov.uk,
accessed 13/10/11

3 The CCC does not include small scale wind as one of key renewable technologies in their review of
the contribution of various low-carbon technologies to 2050. See CCC (2011) Renewable Energy

Review, http:/ /www.theccc.org.uk/reports/renewable-energy-review
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Figure 10. Power output variation for seven April days (Single-site)
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(¢c) Network issues and smart grid value

Issues around wind generation are related to the voltage rise and intermittency of
wind generation. Small-scale wind, in the order of 1-10 kW as assessed here, will
be LV-connected mainly in rural networks. In these areas, voltage rise from
generation can be a concern due to higher system impedance, there is also the
potential for flicker to be created. A householder wishing to connect a wind
turbine should notify the network operator within 28 days of the connection for
those of <16A per-phase. For greater than 16A per-phase, connection
requirements must be agreed in advance.

As a result of these network issues, smart grid technologies have the potential to
add value in a number of useful ways:

© by providing more load and voltage information on the network in
order to allow its capacity to be used to the maximum in generation
dominated areas;

by providing additional voltage control devices to manage network
voltages;

B by configuring the network to manage flows around it as effectively as
possible; and

B by facilitating demand side response or use of embedded storage to
manage load to match peaks in distributed generation.
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(d) Clustering

High densities of LV-connected small-scale wind generation are not likely. All
wind turbines generate an amount of noise in operation and require free airflow
surrounding them for good performance. This limits their application in built-up
areas, though we note that more innovative designs may overcome this barrier in
the future. In rural areas, the size of local geographical features and ownership
boundaries will define the size of clusters. In the near future, due to the capital
cost of approximately £25,000 for installation, clustering within ownership

boundaries may be quite limited.

Distributed generation connected to the 11kV, 33kV or 132kV networks

In this section we consider distributed generation between 100kW and 100MW,
with a connection to either the 11kV, 33kV or 132kV network. The voltage level
to which generation is connected will largely depend on the size of the
generation, and the ratings of the associated assets at each voltage:

5 under 5SMW is generally connected at 11kV;
O between 5-20MW is connected at 33kV; and

5 above 20MW is normally connected at 132kV.

The exceptions may be where the network is very weak and generators with
capacities smaller than these thresholds have to be connected to a higher voltage.

Generation at 11kV or 33kV is generally connected according to Engineering
Recommendation G59. At 50MW or above in England and Wales (10MW in
north of Scotland and 30MW in the south of Scotland) generators must comply
with the more onerous criteria as laid out in the GB Grid Code. These vary
according to technology and size but result in much more complex control than
installed with smaller generators.

Large-scale onshore wind power

This section considers onshore wind farms with sufficient capacity to connect to
33kV or 132kV networks (e.g. from 5MW to 250MW). Smaller wind sites are
covered in the following section.

Most large-scale wind generators are variable speed doubly fed induction
generators. Older units can be squirrel cage induction generators that cannot
control reactive power, however there are few farms connected to the 33kV
network with this technology.
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(a) Penetration

Wind generation is likely to make a major contribution to decarbonisation, with
over 14 GW of onshore wind expected to be on line by 2020, in order to meet
Government’s 2020 renewable target”.

According to RenewableUK (November 2011) there are 296 operational onshore
wind farms with a capacity of over 4 GW. Whilst these figures cover
connections to all voltage levels, a significant number are connected to either the
33kV ot 132kV networks. In addition over 5GW is consented or under
construction. This is expected to continue into the foreseeable future with over
7GW in planning. These figures include wind at smaller sites but this is a small
proportion of the total capacity

(b) Load profiles

Wind is stochastic and therefore generation will vary on a continuous basis. The
frequency of fluctuations of different length has a defined pattern as indicated by
the Van der Hoven spectrum. This demonstrates that there are significant
fluctuations due to seasonal variations (winter wind speeds are higher than
summer wind speeds in general). There is then a second peak due to diurnal
variation (differences between day and night) and a third due to turbulence of the
order of 10 minutes or less.

» DECC (2010) National Renewable Energy Action Plan,
http://www.decc.gov.uk/assets/decc/what%20we%20do /uk%20energv%20supply/energy%20mix

/renewable%20energy/ored/25-nat-ren-energy-action-plan.pdf
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Figure 11. Van der Hoven frequency spectrum of wind speed variation
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(¢c) Network issues and smart grid value

Issues around wind generation are related to the voltage rise and intermittent
nature of wind generation.

® Voltage rise is patticulatly a problem as generators are often sited in areas of
weak networks with high impedance.

® The fluctuations in output can cause power quality problems and make
matching demand and generation more difficult, although larger wind farms
will generally have a smoother output.

® As the wind capacity grows in the UK, there will be a greater need for fault
ride through capability (already required under the GB code) so that it can
provide more reliable power in network fault conditions. Storage may also
be deployed to help manage wind’s intermittency.

(d) Clustering

Clustering of wind farms is likely as they locate in areas of high average wind
speed, where energy yield is greatest. For GB there is a focus in the north of
England, Fast Anglia, Scotland and Wales, with over 50% of current capacity in
Scotland. Turbines are often in rural areas of electrically weak networks and low
population.

We assume that this clustering effect will continue along similar patterns for
future deployments of large scale onshore wind.
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Wind power at smaller sites

We are defining small site wind farms and turbines as those which are small
enough capacity to connect to the 11kV network (e.g. between 500kW and
5MW). These may be community projects or projects situated by shopping
centres or industrial parks, for example.

Community projects are often sited on open ground in rural areas although the
locations may be closer to areas of population than large windfarms.
Installations near industrial or commercial centres are often closer to centres of
population where the wind speeds are lower. Older units and smaller turbines
tend to be fixed speed generators. Older units can be squirrel cage induction
generators that cannot control reactive power.

(a) Penetration

It is unclear what proportion of the present total wind capacity is from small-site
wind. While large-scale wind will tend to be more economic, the drive to meet
the Government’s 2020 renewable target is likely to involve the deployment of
wind at some smaller sites.

(b) Load profiles

Load profiles follow the same pattern as those for large-scale wind, discussed
above.

¢) Network issues and smart grid value

Issues around wind generation are related to the voltage rise and intermittent
nature of wind generation.

® Voltage rise is patticulatly a problem as generators are often sited in areas of
weak networks with high impedance. Whilst small-site wind may be located
closer to centres of population where the network may be more robust, the
fact that they are small in size means that additional assets to control voltage
can be disproportionately costly. Installation may therefore resort to control
measures such as running at a leading power factor to prevent excessive
voltage rise.

® The fluctuations in output can cause power quality problems and make
matching demand and generation more difficult. Power quality can be more
of a problem for small-site wind farms than large farms, as load is situated
closer to the generation. Fluctuations in output from small wind farms are
greater than large wind farms due to less smoothing because:

B the spatial separation of the turbines and number of turbines is smaller;
and
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B each turbine is closer to the ground where turbulence is greater and has
a smaller blade diameter.

As the wind capacity grows in the UK, there will be a greater need for fault ride
through capability (already required under the GB Grid Code) so that it can
provide more reliable power in network fault conditions. Storage may also be
deployed to help manage wind’s intermittency.

(d) Clustering

The north of England, Fast Anglia, Scotland and Wales where the wind speeds
are highest and therefore obvious areas of focus. However communities and
companies across the country do and are likely to continue developing small-site
wind.

Biomass generation

Biomass is any form of generation that uses an organic replenishable material as
fuel. This could be:

B organic waste;

B agricultural waste;

O waste wood;

B purpose grown wood or biocrops; or

5 landfill gas.

Generation can be electricity only or combined heat and power (CHP).
Technologies are:

o direct combustion;
B anaerobic digestion (AD) with a gas generator; and
B pyrolysis with a gas generator.

(a) Penetration

The penetration of biomass generation capacity is likely to increase to reach more
than 4GW by 2020 from less than 2GW today."

There is a significant number of landfill gas generators in the UK, often using gas
from landfill of old quarries or open cast mines. In 2010, there was just over

40 DECC (2010) National Renewable Energy Action Plan,
http://www.decc.gov.uk/assets/decc/what%20we%20do /uk%20energy%20supply/energy%20mix

/renewable%20energy/ored/25-nat-ren-energy-action-plan.pdf
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1GW of capacity". However, efforts to reduce waste going to landfill means that
this capacity is likely to decline.

There are 25 domestic waste incinerators located on the outskirts of cities®.
Smaller plants deal with waste from the food industry and sewage sludge. The
sites range from a few megawatts to the largest which is 51IMW.

AD has yet to take off in the UK compared to the rest of Europe where it is
often used to manage agricultural waste. Some direct incinerators take particular
types of waste such as chicken litter.

There are increasing numbers of biomass CHP plants using wood that is too
poor quality for timber or purpose grown biocrops. The size is usually limited to
a few megawatts as the supply chains for fuel often becomes non-viable above
this threshold unless it is on site or domestic waste.

There is currently around 189MW of capacity using sewage sludge, 435MW
powered from waste combustion, 139MW using animal biomass and 309MW
fuelled from plant biomass®.

(b) Load profiles

Most electricity led generation will be operating at full capacity and have a flat
output. Landfill gas will be dependent on the gas from the ground and can
fluctuate. CHP may be heat-led and dependent on heat demand. Heat demand
tends to be seasonal and mainly during the day, though some heat demand such
as that from swimming pools or industrial uses will be more constant.

(¢c) Network issues and smart grid value

Biomass generation will normally have a relatively flat output similar to
conventional power plants and therefore not cause the power quality issues
associated with wind.

As with all distributed generation it will cause voltage rise, and as a result, small
plant may operate at a low power factor as more sophisticated voltage control
mechanisms are economically unviable. As the fuel is controllable, most biomass
plants can be scheduled if desired although this may be uneconomic for small
plants. The exceptions are those plants that are heat-led or landfill gas where the
fuel source is not controlled (unless buffer storage is used).

4 DECC (2010) Digest of UK Energy Statistics,
http:/ /www.decc.gov.uk/en/content/cms/statistics/publications/dukes/dukes.aspx

42 DECC (2010) Digest of UK Energy Statistics,
http:/ /www.decc.gov.uk/en/content/cms/statistics/ publications/dukes/dukes.aspx

4 DECC (2010) Digest of UK Energy Statistics,
http:/ /www.decc.gov.uk/en/content/cms/statistics/publications/dukes/dukes.aspx
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(d) Clustering

The location of plant will depend on the source of the fuel and heat demand.
Given the range of the fuel sources and heat demand, locations can be in urban
or rural environments and therefore there is no obvious clustering. If heat
networks are developed there may be more plants in urban areas.

The vast majority of units will be connected at 11kV. The exceptions being large
energy from waste plants and biomass plants with capacities above 5SMW that
connect at 33kV.

3.1.4 Increase in inflexible and intermittent generation

This section assesses the extent to which the overall increase in inflexible and
intermittent generation is likely to be a value driver for smart grids. Distribution
network connected generation was discussed separately in Section 3.1.3.

Decarbonisation of electricity supply will be a crucial part of meeting the carbon
budgets and long term targets. For example the Committee on Climate Change

estimate that to meet carbon budgets, emissions intensity of generation must fall
to around 50gCO2/kWh by 2030, from around 500 gCO2kWh today™.

Most low-carbon generation technologies can respond less flexibly to demand
than conventional technologies:

B the economics of nuclear rely on it being able to run at very high load
factors;

B applying CCS to fossil-fuelled plants may decrease their flexibility; and

B many renewables generate intermittently according to weather patterns
and cannot be dispatched on demand.

The decrease in flexibility on the supply side resulting from the deployment of
these technologies will increase the value of the flexibility that can be provided by
demand side response and storage (as well as other more flexible and controllable
generation technologies). However, the required functionality to deliver this
demand side response could be delivered using smart meters, without any smart
grid investment, since response will not need to be localised to distribution
network level. This type of DSR could therefore be accessed by suppliers without
investment in smart grids (see Section 4.1.2 for our assumptions on smart meter
functionality).

Increasing levels of inflexible and intermittent generation therefore have two
main implications for smart grids:

44 CCC (2011) The fourth carbon budget, http://www.theccc.org.uk/reports/fourth-carbon-budget
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®  First, supplier-led demand side response (assumed here to be facilitated by
smart meters) will have a direct impact on the demand profiles faced by
distribution networks. The shifting of demand to optimise suppliers’ pre-
gate closure positions, or the dispatching of demand for residual balancing
will create new distribution network demand profiles. This could result in an
increase in the peaks that distribution networks face, thereby driving the
value of smart grid solutions.

® Second, for a given volume of controllable load that can be harnessed for
DSR, less may be available for smart grid applications (controlling load on
individual feeders), depending on the relative value of DSR to networks and
suppliers.

3.1.5 Ongoing drive for network efficiency

Smart grids can contribute to network efficiency in the following ways:

B provision of enhanced grid information to optimise voltages and to
reduce technical losses; and

B provision of increased grid data to improve reliability, avoid/defer
reinforcement capital expenditure, reduce theft and manage risks.

The ongoing drive for network efficiency is likely to be a very important value
driver for smart grids. There is little uncertainty that this will remain a goal.
3.1.6 Summary of challenges and smart grid value drivers

Figure 12 summarises the mapping between the demand and supply side
challenges described at the outset, and the possible routes for smart grids to add
value.
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Figure 12. Energy sector challenges and smart grid value drivers
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As the figure indicates, there are a number of ways in which smart grids can be
valuable in addressing the challenges of electrification of heat and transport and
an increase in distributed generation.

In relation to network efficiency, the key contribution of smart grids lies in
provision of information to the network operator and ability of configuring
networks to manage flows.

Finally, the impact of inflexible and intermittent generation is different, assuming
the direct impact of this challenge can largely be met by effective use of smart
meters. The impact of this challenge on smart grids is therefore largely a
function of:

B the impact that supplier-led DSR in response to intermittent generation
has on the demand profiles faced by distribution networks; and

B the extent to which supplier-led DSR in response to intermittent
generation reduces the volume of controllable load available for DNOs
to employ to reduce peaks. If there is a clear constraint, then increased
intermittent generation addressed through the use of smart meters will
reduce the controllable load available for use by smart grid technologies
and hence at the margin decrease the value of those technologies
(though also reduce the potential scale at which they are deployed).

Table 2 below provides an indicative high level summary of the technologies that
we propose to build into our evaluation framework, based on the analysis set out
above. As discussed above, each of these technologies warrants inclusion in our
analysis because:
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they are likely to become increasingly prevalent in future years (due to
their ability to help decarbonise the economy); and

they are particularly likely to drive smart meter value for one of the
following reasons:

o  they will increase peak load for distribution networks,

o they will increase the complexity of distribution network
flows/cause voltage issues; and/or

«  they will impact on the amount of demand that is flexible and can
be used for DSR.
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Table 2.Value-driving technologies that we propose to include in our
evaluation framework

Ways in which the technology may
increase the value of smart grids

Impact on

Cause voltage the

Prevalence Increase

Technology to 2050? peak thermal : ISSHES OF amount
increase the
load on of

distribution co-mp!exn-y i demand
distribution

networks that is
network flows )
flexible

Electric vehicles High / / /
Plug- in hybrids High in the

shorter term ‘/ ‘/
Vehicle to grid Uncertain
technology ‘/ / ‘/
Heat pumps High /
Heat pumps with Uncertain
storage \/ \/
Solar PV Low to

medium /

Small scale wind Low /
DG: Large scale on- High
shore wind J
DG: Small site wind High J
DG: Biomass High J
Large-scale low- High \/

carbon plant
(nuclear, wind and
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Ways in which the technology may
increase the value of smart grids

Impact on
Cause voltage
Technolo Prevalence Increase issues or the
9y to 2050? peak thermal : amount
increase the
22 G complexity of i
distribution . p. -y demand
distribution .
networks that is
network flows )
flexible
CCS)
Distributed large- High
scale wind, / /
biomass
Technologies Medium /

which add flexibility
on the supply side
(bulk storage,
interconnection)

Scenarios

Given uncertainty over the future, we intend to assess smart grid strategies

against up to three scenarios, each of which will represent a different state of the
wotld to 2050.

In this section, we set out the key factors which we intend to vary across
scenarios. We then describe our approach to building these scenarios, based on
the outputs of SGF WS1.

The key factors to vary across scenarios are:

©  the most important smart grid value drivers - those factors which will
most affect the value of smart grids in each scenario; and

©  those smart grid value drivers around which there is the most
uncertainty — i.e. where the level of penetration could vary highly
significantly.

Table 3 summarises the importance of value drivers and the level of uncertainty
around their future levels, based on the analysis set out in Section 3.1. This
suggests that the most important factors to vary across scenarios will be the pace
of electrification of heat and transport, since this is both a very important driver
of the value of smart grids and highly uncertain. The increase in distributed and
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intermittent and inflexible generation should also be varied across scenarios,
largely because of its uncertainty. However, there is little uncertainty over the
importance of the ongoing drive for network efficiency. We therefore propose
that this be held constant across scenarios.

Table 3. Importance and uncertainty over value drivers

Importance as a value Level of uncertainty over

driver future levels
Electrification of heat High High
and transport
Increase in distributed Medium High
generation
Increase in intermittent Low High

and inflexible generation

Ongoing drive for High Low
network efficiency

3.2.1 Building scenarios from the outputs of WS1

WS1 of the SGF will develop a set of assumptions and scenarios to 2030 for each
of the technologies most likely to have an impact on the value of smart grids.
This section sets out how we use these scenarios in our evaluation.

Technology specific scenarios from now until 2030 are being produced for the
following technologies for WST.

B heat pumps - these will be broken into domestic and commercial;
B EVs — these will be broken into pure EVs and plug-in hybrid EVs;
B PV — these will be broken into residential and commercial; and

o distributed wind — this will be broken into residential and commercial.

Scenarios for large-scale generation may be based on the DECC’s forthcoming
plan to meet the fourth carbon budget, which is due to be published in late 2011,
or on other available sources.

We intend to use these scenarios as follows:

o we will base our scenarios on the output of WS1 and DECC’s
forthcoming plan to meet the fourth carbon budget;

o we will choose the three economy-wide scenarios from DECC’s
forthcoming plan to meet the fourth carbon budget, that are most
different in terms of the extent to which they will impact on the
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distribution network. We will use the technology specific scenario data
that is consistent with these economy-wide scenarios; and

where the scenarios stop at 2030, we will supplement them with
information from the DECC 2050 Pathways or other sources.

To specify the scenarios at the required level of granularity, further assumptions

will be required.

u]

Usage patterns of low-carbon technologies: Assumptions need to
be made about the challenges posed by the introduction of new low-
carbon technologies (e.g. electric vehicles, heat pumps, PV). We will
draw on our experience in this area to make assumptions on:

a. the additional load, and typical profiles that will be caused by each
low-carbon  technology (and noting that this may vary by
scenario);

b. the technical implications on the electricity system as a whole;

Geographic spread and clustering of low-carbon demand and
supply side technologies: Our previous experience of modelling the
impact of low-carbon technologies on the distribution network shows
that the dispersion of these technologies across different geographic
areas, and different network topologies will have a major impact on the
costs and benefits of smart grids, particularly to 2020.%

Geographic spread of network topologies: We will use the concept

? to take account of the different characteristics of

of “headroom
networks. We will draw on EA Technology’s estimates of how

headroom varies across the current GB networks.

45

46

Draft

If clustering is not taken into account then models using the best available estimates of numbers of
LCT connected to the network show that there are many years before networks will show capacity
problems, whereas some networks already are demonstrating capacity issues, because there is not a
uniform distribution of connection of the technologies.

This was defined earlier in this section and refers to the difference between the actual power flows,
voltages and power quality measurements, to limits set by: network design, equipment ratings, or
legal / license requitements.
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Smart grid and conventional investment
strategies

A smart grid is not just one technology. It is a range of technologies that can be
applied in different combinations and at different geographical scales. There may
be interdependencies between the functionality of these technologies, and the
costs and benefits of each may differ, depending on whether the technologies are
applied in an “incremental” or “top-down” manner.

We propose to account for the interdependencies between smart grid
technologies by assessing the costs and benefits of smart grid investment
packages or strategies, instead of focussing on the individual technologies and
assessing their incremental costs and benefits in isolation.

Our evaluation framework will assess two smart grid investment strategies. These
will be compared to a business-as-usual strategy, where only investments in
conventional grid technologies are undertaken. Each strategy assessed will entail
enough investment to maintain current levels of security of supply and to
facilitate the same amount of connections of low-carbon plant and demand side
technologies. The strategies will differ solely in terms of the means they use to
deliver these outcomes.

Workstream 3 (WS3) of the SGF is currently undertaking a detailed assessment
of smart grid technologies. Our evaluation will not duplicate that work. Instead
we will analyse a set of representative smart solutions at this stage, and include
placeholders in our model based for each of the technology types currently being
assessed by WS3.

This section sets out this proposed approach for comment. It describes the
business-as-usual case, the smart grid strategies and the technologies that go into
making up these strategies.

Our model will allow user flexibility over some of the characteristics of smart
grid technologies (e.g. the base year costs, the impact on headroom of each smart
technology). In addition, the set of technologies to be included in the model will
be expanded once WS3 reports. However, the “strategy” based approach, and
our definition of business-as-usual (including some of our assumptions on smart
meter functionality) will be fixed.

We therefore particularly welcome comments on:
O our definition of business-as-usual;
B our proposed assumptions on the functionality of smart meters; and

B the smart grid strategies we intend to assess.
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Business-as-usual investment scenario

The business-as-usual case aims to represent the investments that would be made
if only smart meters were relied upon, over and above “conventional” grid
technologies.

Classifying solutions as “smart” or “conventional” is not always simple. For the
purposes of this report, we have classified solutions as conventional if they have
been widely used to date. Technologies that have not been widely used to date,
even if they have been tested individually and applied in some areas, will be
classified as smart.

Because we wish to assess the incremental benefits of the smart grid, the impact
of all existing policies will be included in the business-as-usual case. Notably the
business-as-usual case will include the rollout of smart meter technology.

In this section, we first describe the conventional technologies that will be
included in the business-as-usual case. We then summarise the assumptions that
we propose to make about the functionality of smart meters.

4.1.1 Conventional grid technologies

The business-as-usual strategy will encompass the following investment in
conventional grid technologies:

o splitting of existing feeders;
o replacement of transformers’’; and

o installation of new feedets.

Along with these incremental solutions, it is recognised that, in some instances,
the only practical option might be the installation of a new substation to provide
injection — with potentially significant implementation costs.

Conventional solutions are expected to rise in cost as material prices rise in real
terms. Costs may also rise if networks become more complex as it may become

4 We do not include changing the fixed tap of a distribution transformer in our list of conventional
solutions. Changing the fixed tap of a distribution transformer has limited applicability, only yielding
results in a relatively small amount of cases, normally in rural settings. In order to implement such a
change, supplies need to be interrupted to customers, making this an unattractive option. It also
only permits the changing of one fixed tap to another, This means that, if for example, voltage
issues arise due to large amounts of PV during the day (driving the voltage up) and then the effect of
heat pumps is felt in the evening (puling the voltage down), this will not be a suitable solution.
Adopting a more "intelligent" solution such as on-load tap changing means that the voltage can be
adjusted to cater for both of these scenarios. This is covered under the EAVC smart solution in the
document and is likely to alleviate headroom issues for longer than the off load tap changing
approach.
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more difficult to implement these solutions. Our base costs will be based on
those published in the Ofgem DPCR5 Final Proposals.* As a starting
assumption, we propose to assume that the costs of conventional technologies
will rise by 20% in real terms over the next 40 years. However, our model will be
flexible to changes in this assumption.

The conventional solutions included in the model have the following
characteristics in common.

® Capital-intense long-lived assets: cach investment involves significant
upfront costs, low operating costs, and has very long lifetimes (with asset
lives of at least 40 years).

® ‘Lumpy’ impact on headroom: These investments will make a significant
rather than a marginal impact on available headroom on the LV feeder —
each will approximately double the available capacity.

® Increasing costs over time: Conventional solutions are all mature. There is
little scope for costs to decline with learning. Instead they are likely to rise as
the cost of materials increase.

4.1.2 Assumed smart meter functionality

Smart meters will be included in the business-as-usual case for the smart grid
evaluation as Government has already committed to their rollout. Defining smart
meter functionality (and describing the resulting data availability, and cost of the
data, to different parties in the electricity sector) is therefore extremely important,
as our evaluation must only assess the incremental costs and benefits of smart
grids over and above the costs and benefits of the smart meter rollout.

This section presents for comment the assumptions on smart meter functionality
that we propose to employ in the business-as-usual case.

The consultation on the exact functionality of smart meters is ongoing and the
results will not be published in time to inform the development of our model.”
We would like our assumptions to represent the most likely eventual functionality

of smart meters, and welcome comments on them in that light.

¥ Electricity Distribution Price Control Review Final Proposals- Allowed revenue- cost assessment
appendix. Table 17. Ofgem. Ref: 146a/09. 7 December 2009. Available from:

http://www.ofgem.cov.uk/ NETWORKS/ELECDIST/PRICECNTRLS/DPCR5/Documents1 /FP 3 Co

st%20Assesment%20Network%20Investment appendix.pdf

49 http:/ /www.decc.gov.uk/en/content/cms/ consultations/cons_smip/
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Relevant functionality

There are three aspects of smart meter functionality which will affect the
incremental costs and benefits of smart grid technologies:

O functionality that provides greater information and data to networks and
suppliers;

B functionality that allows demand patterns to be influenced or changed (
L.e. that facilitates DSR); and

B functionality that allows networks to be managed more actively (for
example half hourly voltage data could in future be used to trigger
distribution transformer automatic voltage control while aggregated half
hourly demand data could be used to automatically switch LV network
open points between substations™).

For the purposes of developing this evaluation framework, the most critical of
these relate to the assumptions that we make on the ability of smart meters to
facilitate DSR. The assumptions we could make in this area are set out as options
below. We welcome comments on the appropriate assumptions to make in our
framework.

Smart meter functionality relating to DSR

This section first provides an overview of the three main types of DSR that we
consider. The possible “enabling technologies” are then considered (defined in
broad terms, rather than the specific technology itself). Finally, we present a
number of options as to how these enabling technologies may facilitate different
types of DSR.

(a) Types of DSR
We consider three possible types of DSR:

® Static half-hourly ToU tariffs: time-of-use tariffs that are set nationally on
an infrequent basis (e.g. updated, at most, every month or so);

® Dynamic half-hourly ToU tariffs set to minimise supply costs: time-of-
use tariffs that suppliers can vary on an hour-by-hour basis; and

® Dynamic half-hourly ToU tariffs with intervention by DNOs to reduce
local peaks: as above, but DNOs can additionally step in to modify the
tariffs (e.g. to respond to local demand conditions).

50 Note: a current UK Power Networks IFI/LCNF project is developing an LV automation capability
with switchable circuit breakers replacing both substation fuses and solid links in link boxes)
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(b) Enabling technologies
We consider the following types of technology that may enable DSR:

® Smart meters: Smart meters will be rolled out between now and 2019. This
is part of the business-as-usual scenario, and will include some degree of
wide area network (WAN) and DataCommsCo (DCC) capabilities.

® “Enhanced communications infrastructure” for smart meters that do
not form part of the smart grid: It may be the case that the initial
WAN/DCC capabilities are not sufficient to enable dynamic TOU tariffs
and an additional upgrade in the mid-2020s is required to enable these
facilities.

® Smart grid technologies that can be rolled out on a “top-down” basis
to provide additional communication between DNOs and smart
meters: This category includes any investment which occurs across the
country to enable some DSR functionality.  Unlike the “enhanced
communications infrastructure”, this is assumed to be part of the smart grid,
not business-as-usual. This could include communications between DNO
head-ends and the DCC to enable DNO control of DSR.

® Smart grid technologies that can be rolled out on a feeder-by-feeder
basis to provide additional communication between DNOs and smart
meters: This category includes any DSR-enabling technology that is rolled
out by the DNOs on a feeder-by-feeder basis. For example, DNOs might
need to implement additional monitoring on substations in order to
determine how much half-houtly peak shaving will be required to ensure
that demand (on a second-by-second basis) falls within limits.

(c) Assumptions for comment

In this section, we set out a number of different sets of assumptions that the
model could make regarding DSR. These assumptions relate to the technologies
(above) that would be required to enable different types of DSR.

While we understand that the options presented below are highly simplified and
abstract from the detailed functionality of smart meters, they represent the key
elements on which we must make assumptions when developing our modeling
framework. We would welcome comments on the best option to assume in the
analysis.

® In Option 1 we assume that smart meters alone will allow dynamic suppliet-
led ToU tariffs. Additional investment by DNOs (which could take place at
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either the feeder level or for the whole of GB) is required to allow DNOs to
directly influence demand.

In Option 2 it is assumed that smart meters alone will only permit static
supplier-led  tariffs. However, under business-as-usual, enhanced
communications infrastructure installed in the mid-2020s will allow supplier-
led dynamic DSR. Once this infrastructure is installed, additional smart grid
investment by DNOs (whether at the feeder level or countrywide) would be
required to allow dynamic DNO-led ToU.

In Option 3 we assume that smart meters alone can deliver only static
supplier-led tariffs (as in Option 2). However, it is assumed that the
enhanced communications infrastructure installed (in the business-as-usual
case) in the 2020s could deliver both dynamic supplier-led ToU and dynamic
DNO-led ToU, without further DNO investment.

In Option 4, we again assume that smart meters alone will deliver static
supplier-led tariffs. In order to enable dynamic time-of-use tariffs (both for
suppliers and DNOs), it is assumed that a “top-down
technology is required.

9551

smart grid

These options will assign a varying amount of the benefits of DSR to smart grids:

©  under Options 1 and 2, smart grids are associated with any benefits that
DNO-led dynamic ToU tariffs have over supplier-led dynamic ToU
tariffs;

5 under Option 3, smart grids do not facilitate any type of DSR. None of
the value of DSR will be assigned to smart grids; and

5 under Option 4, smart grids will be associated with any benefits that
arise from dynamic ToU tariffs (whether supplier- or DNO-led) over
and above static ToU tariffs.

Table 4 summarises the assumptions associated with each of these four options.

We would also welcome assumptions on the latency associated with each of these

options.

A possibility we do not consider a situation where feeder-by-feeder interventions are required to
enable any type of dynamic ToU tariffs. This would seem to be an unlikely requirement, as enabling
dynamic ToU tariffs could be done by upgrading pathway between smart meters and the DCC,
which would not require DNO intervention. In addition, any feeder-by-feeder intervention which
produces large changes in demand profile (in this case, moving from static to dynamic DSR) would
likely lead to complex “feedback” in the modelling process. This is discussed in further detail in
section 6.
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Table 4. Smart meter functionality

Required for Required for Required for
static ToU dynamic supplier- dynamic DNO-led
led ToU ToU
Option 1 Smart meters Smart meters Smart meters and
alone alone smart grid

investment (either
top-down or feeder

by feeder)
Option 2 Smart meters Smart meters and ~ Smart meters and
alone smart meter smart grid
enhanced investment (either
communication top-down or feeder
by feeder)
Option 3 Smart meters Smart meters and Smart meters and
alone smart meter smart meter
enhanced enhanced
communication communication
Option 4 Smart meters Smart meters and Smart meters and
alone top-down smart top-down smart
grid investment grid investment

We also propose to assume a half hour latency is associated with smart meter
functionality. We would also welcome comments on this assumption.

Smart appliances

Smart appliances are appliances with a built-in capability to respond to signals
from smart meters. These might include:

B wet white goods such as washing machines which can be interrupted
mid-cycle when required; and

B cold white goods such as fridges or freezers, which could be switched
off for short periods of time while maintaining the contents at the
required temperature.

The penetration of smart appliances will affect the amount of DSR available as it
will affect the ability of customers to respond to price signals.

We intend to assume that the penetration of smart appliances increases over time
under business-as-usual, following the rollout of smart meters. This means we
will not assess the costs and benefits of smart appliances in this framework.
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However we will take account of their impact on the available quantity of DSR.
We welcome comments on this approach.

Smart grid investment strategies

We propose to assess the costs and benefits of two alternative smart grid
investment strategies against the business-as-usual case.

Each strategy will maintain current levels of security of supply and facilitate the
same amount of connections of low-carbon plant and demand side technologies.

In this section, we first set out the key differences between the approaches to
deployment taken by the two strategies. We then describe the characteristics of
the technologies associated with each strategy.

4.2.1 Top-down and incremental strategies

It is often argued that the benefits of a smart grid will only be fully realised if a
holistic or top-down, rather than an incremental, application of smart grid
technologies is undertaken. However, it is also possible that the most cost-
effective rollout of smart grids would be on a reactive basis, involving the
deployment of technologies when needed.

Given the uncertainty over which strategy might be most suitable, we will test
two representative smart grid strategies based on alternative approaches to
deploying the individual technologies. The two strategies are as follows:

® Top-down strategy. The top-down strategy will test the hypothesis that the
benefits of smart grids will be best realised through a holistic and
coordinated rollout of smart grid technologies across a DNO region. On
some parts of the network, these investments will happen ahead of need.
This strategy will be associated with a higher level of upfront costs, with
lower costs in later years, once investment has already occurred.

® Incremental strategy. The incremental strategy will test the hypothesis that
the most cost-effective deployment of smart grid technologies is likely to
involve their incremental rollout as needed on each part of a DNO’s
network. This investment strategy will involve lower upfront costs, with
costs instead being incurred on an ongoing basis as the smart technologies
are rolled out over time.

Because they involve different cost profiles, these strategies will differ in terms of
the flexibility they provide in the face of uncertain future conditions (as discussed
in Section 2.3.1).
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The conditions under which each approach is likely to be cost effective are
described in Table 5.

Table 5. Conditions under which different strategies might be preferable

Conditions under Conditions under
which top-down which incremental

strateqy is likely to strateqy is likely to
be more cost- be more cost-

effective effective

Level of uncertainty over future Less uncertainty More uncertainty
penetration of value driving low-
carbon technologies

Diversity of problems faced by Less diversity More diversity
different parts of the network

Speed of deployment of value Faster deployment Slower deployment
driving low-carbon technologies

Level of interdependency More interdependency Less interdependency
between the benefits of different
technologies

Economies of scale associated Greater economies of Fewer economies of
with different technologies scale scale

Source: Frontier Economics

4.2.2 Smart technologies

This section describes the smart technologies that will be included in the smart
grid strategies in our evaluation.

Overview of approach

A detailed assessment of smart technologies is currently being undertaken by
WS3 of the SGF. This assessment will not be duplicated in our evaluation.
Instead, we propose to take the following approach:

®  include four representative smart grid technologies in the model; and

® include placeholders for each of the technology types currently being
assessed by WS3, so that key technologies can be incorporated into the
model once that assessment is complete.

As set out above, while there are a number of possible definitions of smart
solutions (as opposed to conventional solutions), we are including all distribution
grid solutions which have not yet been widely deployed in the definition of smart
technologies. Even technologies which are well understood, and have been
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trialled are considered to be smart in this framework, since they have not yet
been widely deployed™.

Similarly, network automation is arguably a conventional network solution, used
to manage non-standard network operation in the presence of constraints caused
by unplanned circuit outages (faults) or planned circuit outages for network
maintenance or improvement work. However, using network automation to
manage time varying power flows across the network resulting from new loads
and distributed generation is not a conventional solution (there are LCNF
projects in progress and proposed to explore the use of automation in this way).

Choice of smart technologies

WS3 of the SGF has defined eleven different smart distribution grid solution
sets™. These solution sets are described in Table 6.

Table 6. Smart grid solution sets™

Type of
solution

Potential response for 2020

Potential responses for 2030

Supply and Enhanced Network Integration of storage (P/Elec
power Observability) dual functionality for V and PQ
quality: Automatic LV reconfigurationto =~ Comprehensive waveform
Quality enhance quality of supply - guality management

of supply, capability at LV substation fuse ~ Waveform tracking through
enhancemen boards and in link boxes smart meters or other sensors —
ts Intelligent switching will require including pollution source

to existing _sensir_\g, comms & monitoring identification 3

network including pollution source Location of fault positions for

architecture

identification

Options to deploy adaptive
protection & control techniques
Waveform monitoring and
waveform correction devices -
including: harmonic distortion,
sags, surges, and flicker

Real Time identification of fault
positions for rapid rectification
Phase imbalance
sensors/correction (improve
losses and capacity)

more rapid rectification
Optimise national losses/carbon
across multiple voltages and
companies

Use sensors to track, pinpoint
and respond to high losses
events.

52 An example of such an intervention would be managing local voltage excursions by changing the

fixed tap of the local distribution transformer then varying the voltage set point of the primary

voltage control scheme.

53 We are excluding smart transmission networks enhancements, which are included in the worktream

3 solution set paper.

4 Smart Grid Workstream 3, Forthcoming, Developing Networks for Low Carbon
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management:

DG
connections,
management
of 2-way
power flows

Intelligent
assets: Plant
& systems
reliability,
failure mode
detection

Security and
resilience:

Security of
networks
including
physical
threats,
utilising new
network
architecture
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Intelligent voltage control to
manage 2-way power flows
Fault Limiter devices to control
short circuit currents

Adaptive protection mechanisms
Sensors and State Estimation
for observability of
flows/voltages Consumer volts
measurement from smart meters
or other sensors

Data communications close to
real time

Utilise storage at domestic,
substation and community level
LV and MV phase shifters to
direct power flows

Deployment of PMU sensors for
dynamic stability monitoring

DR services aggregated for LV
& MV network management
Forecasting & modelling tools for
DNOs

Integration between
DNO/DNO/TSO for data and
information

Dynamic Ratings for all plant
types and multi-element circuits
Condition Monitoring for ageing
assets - failure advance
warnings

for lines, cables, transformer and
switchgear

Status Monitoring for intelligent
control systems - pre failure
alerts

Use of advanced materials to
increase ratings of overhead
lines

Use of novel tower/insulation
structures to enhance route
capacity

Enhanced supply reliability by
automatic network
reconfiguration Use of meshed
rather than radial architectures
Greater use of interconnections
& higher voltage system
parallels Utilisation of 'last gasp’
signals from smart meters and
sensors - integrate data with
SCADA systems and higher
voltage levels Forecasting &
modelling tools for DNOs to
manage new demands Cyber &
Data Security protection for
network communications

Diagnostic tools for managing
intelligent control Re-
commissioning tools and
techniques for extending/scaling
systems
intelligent control systems

Loss minimisation
Fault localisation and diagnostic
techniques

Self-healing network diagnostics
and responses

Self-restoration and
resynchronisation of islands
Synthetic inertia devices to
support dynamic stability

Utilise storage for domestic,
substation, community security
EVs as network security support
(V2G)

Advanced network topology
management tools for DNOs
DC networks (eg home /
community) integrated with AC
system

Self-islanding opens
opportunities for new
security/investment policies
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Smart EV
charging: EV
charging/
discharging,
network
management,
demand
response and
other
services

Smart
storage:
electricity
storage at
domestic, LV
and MV
levels and
above (static
storage
devices)

Smart
community
energy :
Geographic
and social
communities
in existing
built
environment

Smart
buildings and
connected
communities:
SME C&lI
buildings and
all aspects of
new built
environment
S

Open Systems with
standardised communication
protocols
and standardised functionality
for EVs/Charging Points
Architecture - distributed
processing - street, substation or
community level, distributed
charging management, with
aggregated reporting and
supervision for reliability
Commercial frameworks
required

Domestic, street, community and
regional facilities Storage
monitoring and tracking of
energy status and availability
Storage management & control
to enhance network utilisation
Tools for optimising location of
storage on networks Optimised
charging/discharging to extend
life of storage medium Basic
commercial frameworks
required, particularly for
merchant energy storage
services
Enhance network performance
by forging closer links with those
it serves
Build a local sense of energy
identity, ownership, and
engagement Integrate
Community Energy with
Government's Localism agenda
Develop a Technical,
Commercial, and Social
functionality set Energy from
Waste and centralised CHP
integration

Trading of energy and services

within local communities

Building management systems
with standard functional
interfaces
Buildings provide DR services
and DG services Buildings
provide energy storage
(heat/elec) services Private
networks in similar roles

Integration of local storage to
support charging capability

Demand Response aggregated
services (downward/upward)
Aggregated V2G services
Forecasting and modelling,
integrated for DNO/DNO/TSO
Standardised functionality
available for rapid wider roll-out

Seasonal and diurnal storage
charge/discharge management
Integration of storage
management across the power
system

Standardised functionality
available for rapid wider roll-out
Storage management used to
minimise overall system losses
Deployment of multiple storage
types, optimally integrated

Full commercial frameworks
likely to be required

Demand Response optimised
with a Community group
Exported domestic generation
traded within group
Standardised functionality
available for rapid wider roll-out
Vibrant 'energy engagement'
that maintains interest &
participation

Trading of energy and services
between local communities

Buildings and groups of
buildings providing integrated
services

Communities managing their
energy, integrated with networks
Buildings with self-islanding and
re-sync capability

Private networks in similar roles
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Aggregation of domestic DR

Aggregation of domestic DR

Smgrt (downward response) (downward/upward responses)
anC|!Iary Aggregation of EV charging Aggregation of EV charging
services (variable rate of charging) (variable charging/discharging)
(local and Commercial frameworks DSOs manage local networks,
national): Aggregation of DG (eg PV) to offering integrated services to
ancillary provide Virtual Power Plant TSO

services for
the local and
national
system

(VPP) capabilities

National VPP capabilities.
Responsive demand, storage
and disptachable DG for wider
balancing

include post gate-closure
balancing and supplier
imbalance hedge

New tools are increasing
relevant as gen. reaches
government targets

Advanced
control
centres: T&D
control

Visualisation and decision
support tools

Data processing at lowest levels,
information passed upwards
Modelling & Forecasting tools for

GB system view, integrating
TSO and DNO network
management

Whole GB system carbon
optimisation (config., losses,

centres of new demands, in Ops storage)
the future timescales Architectures and Systems
platforms that support
hybrid combinations of
distributed/centralised
applications
: Facilities that provide cost- Integration of Enterprise-wide
Enterprise- - . . . .
) effective outcomes, across solutions with dispersed niche
wide Solution Sets This may applyto  provisions
solution: Enterprise-wide Flexibility to ensure that
enterprise communications, data storage Enterprise-wide solutions do not
wide etc constrain
platforms solutions to challenges not yet
within envisaged
companies

Once the W83 analysis has been undertaken, more detailed information will be
available on the cost and functionality of a wide range of smart grid technologies.
In the meantime, we propose to include four representative technologies in the
model. These will illustrate how the model represents the costs and benefits of
alternative solutions under different conditions. They will not be used to give a
definitive answer on the net benefit of a “smart grid”

Solutions covered in this document are:
B battery electrical energy storage (e.g; flow-cell, Li-Ion, Sodium Sulphur);
©  dynamic thermal ratings;

o overhead lines;
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« underground cables;
o transformers;
B enhanced automatic voltage control; and

B technologies to facilitate DNO- led DSR.

We have chosen these to be our ‘representative’ technologies because, as Table 7
below illustrates, they collectively encompass what we understand to be the main
services that smart grids can provide, namely:

B the provision of data on the distribution networks;
B assistance in optimising network power flows;
o the facilitation of DNO-led DSR; and

B the provision of embedded storage.

More detailed descriptions of each smart grid technology are provided in
Annexe C.
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Table 7. Summary of functionalities provided by key smart grid technologies

Smart grid Provision of Optimise Facilitation of  Provision of
technology data on the network DNO-led embedded

grid? power flows demand side storage?
response?

Elr?;rtg; aéltorage / / ‘/

Dynamic
Thermal
Ratings

Enhanced
Automatic
Voltage Control

Technologies to
facilitate
demand side
response

Dynamic
Network
Reconfiguration

D N N NN
\

v

Source: Frontier Economics
We now provide an overview of each of the first four representative
technologies. Specifically, we provide:

B adescription of the technology;

B an overview of the likely impact of the technology on headroom;

B an overview of the technology’s lifetime and lead time; and

©  adescription of the technology’s likely cost profile.

In this report we do not provide any detail on methods surrounding dynamic
network reconfiguration, which will primarily deliver thermal headroom benefits
to the higher voltage levels and can help facilitate the connection of DG.
However, we are planning to consider this in the next phase of our work and
fully anticipate that such techniques will feature within the network model.

Electrical energy storage (EES)

(a) Description of technology
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EES technology offers an alternative to conventional reinforcement where
networks are constrained by the requirement to deliver peak power for only a few
hours in a day or year. EES can deliver the peak required, being charged
overnight or in other periods of low demand, thus avoiding lengthy or costly
network upgrades. Many EES technologies are, however, currently expensive
(up to £3000/kW, depending on quality), involve energy losses (typically 75%
efficient). Further, their performance degrades over time and with each discharge.
They have a shorter calendar life than conventional assets.

EES and flow batteries are considered here. We are focussing on these
technologies as:

B they can deliver in the 2-4hr discharge duration that is necessary for
peak lopping;

B they can be stacked together to produce capacities large enough to cater
for network operator requirements; and

B they do not require any specific geographical or geological features
(unlike for example, hydro based pump storage).

All EES and flow battery technology require grid connection via Power
Conversion Systems (PCS). These are worthy of note as well-developed PCS are
able to provide the capability to deliver or absorb reactive power to improve
power factor (reduce losses), provide voltage control and act as a sink for
harmonic currents (to improve voltage quality).

EES can be called upon to adjust any existing demand profile to bring it
above/below network constraints. Note that to ensure longevity of the solution,
the number of charge/discharge cycles should be minimised, for example limited
to one charge cycle per night and one discharge cycle at peak times.

(b) Headroom released

Each kW of storage invested in would release one kW of thermal headroom. At
a constant 1% growth in load, this would provide 6 years of load-growth-deferral
for an 800 kVA transformer.

In terms of LV voltage headroom, EES would typically be used to flatten peaks
created by generation (e.g. high volts resulting from PV in the middle of the day)
ot load (e.g. low volts resulting from EVs at the eatly evening peak)®.

(¢) Lifetime and leadtimes

55 Given an 800 kVA transformer of 5% impedance, a voltage of 12V is developed on 240V at full
load (5%%*240V). A 50 kW EES device would reduce power through the transformer in both
directions, effectively creating a control range of 2 x (50kW / 800kW) x 5% x 240V = 1.5 V.
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EES asset life is electrochemically limited by the number of charge/discharge
cycles that the technology can sustain without severe performance degradation.
The chemicals used in flow-cell batteries are highly reactive; with every cycle the
chemically active parts pollute to some degree, such that over the course of time,
performance suffers. In this respect, flow cells offer the greatest potential for
longevity as the active parts can be replaced or refreshed to renew performance.
As life depends on cycles, limiting the number of cycles necessary to provide
upgrade deferment by a form of intelligent control may be necessary.
Considering daily cycles used for peak lopping over one-quarter of a year, the
various technologies would have calendar lives (determined from cycle numbers
per year) of up to 15 years for lead-acid and up to 30 years for sodium metal-
halide.

In 2011, EES units are not readily available off-the-shelf, with typical lead-times
of 6-18 months. This is about equivalent to the amount of time that should be
allocated for pre-installation project and site preparation, fire, operation and
safety procedures. Deployment requires suitable space to be available, which can
increase costs, particularly in congested urban and suburban substations.
Compared to reinforcement (e.g. the construction of new overhead lines or
substations), planning processes should be reduced. Most types of EES could be
relocated or expanded in a modular manner as the need to peak lop changes over
time. Given the interest in EES and the relatively limited supply capacity for
utility-scale applications, availability will be subject to global markets.

(d) Cost profiles

In the absence of any firm evidence on the future evolution of storage costs, we
propose to assume that the costs of storage will decline to 2020 and stabilise
thereafter. The cost of land to locate the storage needs also to be captured, as this
could be significant, particularly for urban areas.

All of the assumptions on costs will be flexible in our framework, and can be
improved as more experience in deploying these technologies is gained. .

Dynamic thermal rating

(a) Description of technology

Dynamic thermal ratings (or real time thermal ratings) refers to techniques by
which the maximum capacity of various network components can be assessed in
real time in response to local environmental conditions, such as temperature.

The focus of applications of dynamic ratings in the UK to date has been on
overhead lines, primarily to facilitate more wind farm connections without costly
reinforcement. However, dynamic thermal ratings can also be applied to
underground cables and transformers.

(b) Headroom released
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Headroom can be released either by increasing the use that can be made of the
asset for cables or by increasing use, or extending the life, of transformers. The
impact on headroom is likely to be as follows:

® Overhead lines: The amount of thermal headroom that can be released
depends on the topography of the network and the surrounding area. For
example, lines across open fields can have their rating increased more than
those running through wooded areas. The amount by which the rating is
increased also depends on the speed of response of any associated demand
or generation control. However, for a line across open ground an increase
in rating of up to 30% can be expected.””"*

® Underground cables: At present this is not well-defined, but it is envisaged
that ratings could be enhanced by up to 10% depending on the difference
between the actual load  profile and the profile of Engineering
Recommendation P17 — ‘Load Curve G’ (Loss Load Factor = 5.061). It
should be noted that the rating enhancement for underground cables is likely
to be considerably less than that available via applying dynamic ratings to
overhead lines. This will again be dependent to a degree on the speed of any
available demand or generation control on the network.

® Transformers: The amount of headroom released depends on the control
strategy implemented and whether the purpose of the dynamic thermal
rating is primarily to reduce ageing or increase ratings. Additional capacity
of 10-20% 1s claimed by manufacturers but few applications have yet
published data. Recent studies indicate that distribution transformers are
possibly the most highly stressed part of the LV network. If the scheme is
installed in tandem with some DSR, the headroom release will also depend
on the speed of response of load or generation control, i.e. how quickly
demand could be reduced if necessary will govern how far the asset can be
stressed above its nominal rating.

(¢) Lifetime and leadtimes

At present, asset life is something of an unknown. The equipment is designed to
act in a “fit and forget” manner without the requirement for ongoing
maintenance.

We intend to make the following assumptions:

5 T. Yip et al, (200) Dynamic Line Rating Protection For Wind Farm Connections, CIRED

57 H. J. Drager, D. Hussels & R. Puffer, (2008) Development and Implementation of a Monitoring System to
Tncrease the Capacity of Overbead Lines, CIGRE

58 CIGRE Study Committee 23, (2002) Dynamic oading of Transmission Equipment,
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o the life of the equipment for overhead line dynamic thermal ratings

solutions (i.e. “power donuts”, current transformers etc.) would be of

b

the order of 15 years;

B for primary transformers the asset life should be matched to that of the
transformer. We will base this on the outcome of Ofgem’s recent
decision on the economic lives of network assets”; and

B for secondary transformers, there is less to base assumptions on, but if
oil tank temperature probes are to be used, an asset life of 20 years
seems a reasonable assumption.

Though physically installing these dynamic thermal rating solutions is likely to
take less than six months, the lead times for the newer solutions such as
underground cables and transformers are likely to be longer due to the need to
demonstrate compliance with relevant equipment standards. Dynamic thermal
rating for underground cables would also need to be trialled before large scale
rollout. Lead times for application of these solutions are thus likely to be longer
than the conventional alternatives.

(d) Cost profiles

The costs of dynamic thermal rating are likely to decline as the technology
becomes more mature. For the purposes of our modelling, we proposed to
assume 2 modest reduction of around 10% over the next decade. However, this
assumption will be flexible in the modelling.

Enhanced Automatic Voltage Control
(a) Description of technology

Network voltages must be maintained within strict statutory limits, as set out in
Electricity Quality And Continuity Regulations 2002 (as amended).
Manufacturers of equipment which connects to the network are obliged by this
Directive to design and build products that can safely operate at any voltage
within the specified limits. An ‘Enhanced Automatic Voltage Control’ (EAVC)
system consists of a range of devices that can help a DNO to keep network
voltages within certain limits in the context of increased voltage-control
challenges thrown up by new network developments.

Conventional DNO design assumes networks to be passive with unidirectional
power flows. In this context, so-called Automatic Voltage Control (AVC)
schemes acting upon the grid and primary transformers” are configured to work

59 http:/ /www.ofgem.gov.uk/Pages/Morelnformation.aspxPdocid=332&tefer=Networks/Policy

0 The Grid and Primarty transformers are those that operate at 132/33kV and 33/11kV and similar
voltages.
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autonomously. However, the increasing penetration of various low-carbon
technologies is likely to give rise to voltage changes that AVC schemes will
struggle to manage. Moreover, the addition of certain smart solutions such as
electrical energy storage, dynamic thermal ratings and demand-side response,
form additional subsystems within the network, which will need to work in
concert with the voltage control devices. This will create further pressure on
existing AVC schemes.

As the network starts to operate closer to these limits, however, DNOs may opt
to introduce additional automatic voltage control devices over and above those
located at the grid and primary transformers. Together these new and existing
voltage control devices will constitute an EAVC system. Depending on specific
network circumstances, investing in an EAVC system may prove a cost-effective
alternative to conventional network reinforcement as a means of circumventing
the problems associated with voltage control.

Examples of EAVC solutions include:

o primary transformer (EHV/HV) solutions, e.g. modified control
solutions to the conventional AVC relay, taking additional voltage
sensing input from points on the network;

5 in-line voltage regulators for HV circuits;
5 HV switched capacitor banks;

o on-load tap-changers and/or LV regulators for distribution
transformers (HV/LV); and

B three-phase or single-phase voltage regulators for LV circuits.
(b) Headroom released

The level of headroom to be released by EAVC solutions will vary, depending on
the control system. It is likely that a target voltage will be set and the EAVC will
operate so as to achieve this voltage. To some extent, therefore, the headroom
released will be dependent on the severity of the voltage issue that the network is
experiencing.

The EAVC solutions are not designed to release thermal headroom. Any
thermal headroom that is released as a by-product of EAVC solutions would be
negligible.

(¢) Lifetime and leadtinmes

At present, the asset life of the various EAVC solutions is unclear. However,
they are primarily “fit and forget” maintenance-free devices that would be
designed to have asset life coincident with that of the plant with which they are

associated. Therefore, a reasonable assumption for the current carrying assets
would be that all of the solutions named above have an asset life of 40 years, with
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the possible exception of the HV Switched Capacitor Bank, which may be
slightly shorter and is assumed here to be 30 years. It is recognised that the

assets used to protect and control the current carrying equipment will have a
shorter life of ¢ 20 years.

The indicative lead times for the equipment of each solution are as follows:

u]

primary EAVC control only (not the transformer or on load tap-
changer) — 2 to 4 months;

HV in-line voltage regulator — 4 to 5 months;

HYV switched capacitor bank — A brick built switching station with two
switched capacitor banks — 12 to 18 months, though this will be
dependent on planning timescales;

HV/LV distribution transformer EAVC;

o Distribution Transformer with on load tap-changer — 6 — 12
months;

« LV voltage regulator — 2 to 3 months;

LV regulator on LV circuit:
«  Single consumer single-phase regulator — 1 to 2 months; and

o Three-phase regulator installed on LV circuit at a substation or pre-
installed kiosk — 2 to 3 months,

Our analysis makes use of the midpoint of these lead-time ranges for each

technology
(d) Cost profiles

The following are indicative prices of EAVC equipment for the solutions listed

above:

]

Draft

Primary EAVC control only (not the transformer or on load tap-
changer) — 30k to £50k;

HYV in-line voltage regulator — £50k to £60k;

HYV switched capacitor bank — A brick built switching station with two
switched capacitor banks — £465k;

HV/LV distribution transformer EAVC;

o Distribution Transformer with on load tap-changer — [15k to
£125k;

o LV voltage regulator — £5k to £10k;

LV regulator on LV circuit;
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« A single consumer single phase regulator — /2k;

o Three phase regulator installed on LV circuit at a substation or pre-
installed kiosk — £20k;

The costs of EAVC are likely to decline as the technology becomes more mature.
For the purposes of our modelling, we propose to assume a modest reduction of
round 5% over the next decade.

Technologies to facilitate DNO-led demand side response

Demand side management (DSM) refers to any measure that results in customers
making changes to the amount of energy used, the primary source of that energy
ot the pattern of consumption. Demand side response (DSR) relates specifically
to measures that impact on the pattern of consumption. Although measures can
result in permanent changes to the pattern of consumption, the DSR usually
relates to short-term, discrete changes and only these measures are considered
here.

DSR measures can take 2 number of forms:
B they can be supplier-led, system operator led or network-led; and

B they can take the form of price signals, measures that allow third parties
to control demand load directly and/or measures that control demand
load place automatically in response to changes on the electricity
network.

In the case of DSR price signals, measures can take the form of static time-of-use
price signals (tariffs that vary according to the time of day in order to discourage
demand load at peak times) or dynamic time-of-use price signals (tariffs that vary
in response to real-time demand information in order to discourage demand load
at peak times).

In Section 4.1.2, we set out a range of options for assumptions on the
technologies required to facilitate DSR. These technologies will include:
B electricity meters with smart functionality;

B an in-home display (IHD) for domestic customers;

8 awide area network (WAN) communications module to connect to the
central communications provider; and

5 a home area network (HAN) to link different meters within customer
premises, the communications module and the IHD (and potentially
other consumer devices, such as microgeneration and load control
devices).

DNO-led dynamic time-of-use tariffs may also require the following technologies
to be rolled out:
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B sensing information on the network to trigger the DSR events; and

O an interface from the DNOs control architecture to the DSR head-end

(either via a supplier, the DCC, or directly to the customer) to enact the
DSR event.

Summary of key characteristics of smart grid technologies

The key differences between the smart technologies described above and the

“conventional” network technologies described in Section 4.1.1 can be

summatised as follows:

Shorter-lived assets: While conventional assets have lifetimes of at least 40
years, these investments have lifetimes ranging from 10 years.

Less ‘lumpy’ impact on headroom: These investments will generally make
a less significant impact on available headroom on the LV feeder than
conventional assets.

Longer lead times: Though physically installing these assets is likely to take
no longer than their conventional alternatives, some of the technologies
described here have never been trialled (e.g. dynamic thermal rating for
underground cables). Others (e.g. dynamic thermal rating for cables and
transformers) may need to demonstrate compliance with relevant equipment
or operational standards which will add to the initial lead time for early
adopters. Smart technologies may therefore sometimes involve longer lead
times than their conventional alternatives.

Declining costs over time: Because smart technologies are mostly less
mature than their conventional alternatives, their costs are likely to fall over
time.
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Value chain analysis

It is important that our evaluation framework takes account of how the costs and
benefits of smart grids are distributed across different parties in the electricity
sectof.

If costs and benefits of smart grids are not aligned between different parties, this
may act as a barrier to smart grid deployment. This would be the case if high
transaction costs prevent individual parties contracting to apportion costs and
benefits between each other, or if the incentive regime does not appropriately
reward companies for doing this. The existence of these kinds of barriers drove
the rationale for mandating the smart meter rollout.

An important part of this evaluation exercise is therefore to understand more
about how distribution network investment in smart grids may create costs and
benefits that are borne elsewhere in the energy supply chain, as well as broader
costs and benefits to society as a whole. This is likely to be an important input
into the consideration of smart grid investment cases in RIIO-ED1.

However, while we do need to understand the spread of costs and benefit across
the value chain, we are not carrying out a detailed distributional analysis, of the
type produced in Impact Assessments. In particular:

B this section does not assess the distributional impact on different
customer types; and

B we do not propose to analyse how market mechanisms (such as price
controls) will assign value to different groups within the electricity
sector.

This section sets out how we intend to consider the following groups in our
evaluation:

& DNGOs;
9 transmission network operators (TNOs);
o suppliers/generators; and

H customers.

While our evaluation framework will also consider the net benefit to society as a
whole, in this section we focus on our proposed approach to assessing the spread
of costs and benefits among the four electricity sector parties listed above.

A key factor underlying this analysis will be the assumptions we make on smart
meter functionality. In this section we make the assumption that:

5 dynamic supplier-led DSR is possible using smart meters alone; and
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B smart grids are required to deliver DNO-led DSR.

We will review this value chain analysis if our assumptions on smart meter
functionality change following the consultation.

In many cases, the eventual distribution of costs will depend on the market
arrangements in place. We do not comment on these market arrangements here,
rather we simply set out on whom the costs and benefit of smart grids would
initially fall, and where they could be expected to be passed through, given
assumptions on benefit sharing, which will be kept transparent and flexible in the
model.

We first consider which parties will bear the costs of smart grid investment, and
then provide our assessment of the beneficiaries.

Distribution of smart grid investment costs

In Section 4 above we set out each of the smart grid investment options that our
analysis will consider.

All of these options relate to technologies and practices that would be rolled out
across the electricity distribution networks. This means that, in the absence of
any direct public subsidy for such technologies and practices, the costs associated
with their introduction would be directly borne by DNOs.

The DNOs may be able to pass on their costs to electricity customers in the
form of Distribution Use of System charges, depending on the arrangements
adopted by Ofgem as part of the price control process. We are not proposing to
analyse options for these arrangements, but will make simple transparent
assumptions on cost pass through, which can be flexed in the model.

Distribution of smart grid benefits

As detailed in Section 3 above, we are considering that smart grids will deliver the
following services:

B provide data on the distribution grid;
B optimise network power flows;
5 facilitate DNO-led demand side response; and

5 provide embedded storage.

We consider how each of the groups we are assessing would benefit from these
services in turn.
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5.2.1 DNOs

DNOs stand to benefit from the following smart grid services:

® The provision of additional data on the distribution grid. Additional
real-time information about the performance of network assets and more
load and voltage information on the network can allow DNOs to use their
network capacity to the maximum. This may allow them to avoid or defer
reinforcement expenditure, without undermining the security of network

supply.

® Optimising network power flows. Managing flows effectively around the
network can allow DNOs to avoid or defer reinforcement expenditure.

® DNO-led DSR: DNOs stand to benefit from DNO-led DSR, as it is likely
to be harnessed to allow them to reduce peak demand and thereby defer or
avoid reinforcement.

® Embedded storage: DNOs stand to directly benefit from embedded
storage, as it is likely to be harnessed to allow them to reduce peak demand
and thereby defer or avoid reinforcement.

5.2.2 Transmission network

Our evaluation framework is assessing the application of smart technologies at
distribution network level only. These smart technologies could potentially also
have beneficial implications for the GB transmission network. In particular:

B a smart grid could in principle help National Grid to balance demand
and supply on the system, to the extent that it facilitates DSR with a
shorter latency period than the business-as-usual solutions; and

B to the extent that it facilitates DSR, a smart grid could flatten the GB-
wide demand profile, thereby potentially alleviating transmission
network congestion and reinforcement costs.

We set out how we propose to use our evaluation framework to measure each of
these potential benefits in turn.

Balancing supply and demand on the system

In its capacity as Transmission System Operator, National Grid is responsible for
keeping the electricity system in balance at any given time. National Grid has
recourse to a number of instruments to help it balance demand and supply,
including Short Term Operating Reserve (STOR). STOR is a contracted reserve
service for the provision of additional active power from generation and/or
demand reduction. STOR units, which are procured through a competitive
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tendering process, are paid to be available within 20 minutes; any utilisation then
requires additional payments.

A number of developments are likely to place additional pressure on the
balancing regime over the next decade. In particular, because of the growing
penetration of wind power, generation output will increasingly reflect
unpredictable real-time changes in prevailing weather conditions. Other things
being equal, this is likely to increase the amount of STOR that National Grid
needs to procure in order to keep the system in balance.

To the extent that it facilitates DSR with a shorter latency period, a smart grid
could, in principle, help National Grid to handle these increased balancing
pressures without procuring as much generation capacity for STOR as would
otherwise be required.

To estimate the effect that smart grids could have on balancing costs, we propose
to adopt the following three-step methodology.

® Identify the current annual cost of using STOR to balance demand
and supply. The reserve generation capacity that is procured for STOR has
an opportunity cost, since this capacity could in principle be utilised for non-
balancing purposes. This opportunity cost should be reflected in the value
for which that capacity is procured for STOR. We therefore propose to use
the total level of procurement expenditure on STOR per MW of capacity
and per MWh of utilisation in recent years to estimate the current
opportunity cost of using STOR to balance short-term demand and supply.

®  Estimate how the cost of relying on STOR is likely to develop between
2012 and 2050 in the absence of smart-grid-enabled DSR. In future
years, the total cost of STOR could be affected by both changes in the
amount of STOR that needs to be procured and changes in the cost of
procuring a unit of STOR. The projected growth in the penetration of
intermittent wind generation makes it likely that National Grid will need to
procure more STOR than it currently does for balancing purposes. At the
same time, however, the number of part-loaded plants on the network is
likely to increase, which could reduce the unit cost of procuring generation
capacity for STOR. Our analysis would need to take account of both of
these potential developments.

® FEstimate the extent to which smart-grid-enabled DSR could help meet
these projected STOR requirements. This depends on the scope for
DSR in the absence of smart grids. If smart meters (along with any enabling
technologies that form part of the business-as-usual investment strategies)
can themselves facilitate short term DSR, then the incremental balancing
benefits associated with smart grids may be limited. Even if smart grids are
capable of reducing the DSR latency period below 30 minutes, the
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incremental benefits for balancing may be limited because STOR itself
requires a window of at least 20 minutes.

It should be emphasised that this analysis will only provide a theoretical upper
limit of the effect that smart grids could have on balancing costs. In practice,
there may be an unavoidable trade-off between using smart-grid-enabled DSR
for balancing purposes and using smart-grid-enabled DSR for decarbonisation or
deferring network reinforcement. As a result, there may only be a finite amount
of smart-grid-enabled DSR that can be set aside for balancing purposes if
suppliers and DNOs are simultaneously looking to utilise that DSR for other
purposes.

5.2.3 Deferring transmission network investment

As a result of the need to decarbonise the sector, generation will connect to the
network in new locations. This will require significant investment in the
transmission network. National Grid Electricity Transmission indicate in their
recent price control submission that around 60% of their proposed £14.0bn
capital expenditure programme during the RIIO-T1 period is driven by spend to

connect new generation and new load.

To the extent that it helps flatten the demand profile either for GB as a whole or
for areas in which demand growth is a key driver of network reinforcement,
smart grid-led DSR could help defer this long-run need for transmission network
reinforcement. Figure 13 below provides a stylised illustration of this.
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Figure 13. Stylised illustration of how lower peak transmission load flows could defer
network reinforcement
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In the stylised framework set out in Figure 13, National Grid opts to reinforce
the transmission network (rather than incur congestion) once peak load flow
reaches certain ‘trigger points’. Each of these network reinforcements adds a
discrete lump of additional capacity that alleviates congestion on key points of
the transmission network. National Grid then returns to relying on congestion
management tools as and when relevant until peak load hits the next
reinforcement trigger point.

As Figure 13 illustrates, the introduction of smart-grid-enabled DSR could flatten
the trajectory of peak load growth, thereby pushing back the dates at which these
reinforcement ‘trigger points’ are hit. This will reduce the total cost of
transmission network reinforcement between 2012 and 2050 in net present value

(NPV) terms.

In light of this, one option would be to build this stylised model of transmission
network reinforcement into our evaluation framework. As outlined above, our
framework model will generate peak load flow profiles between 2012 and 2050
for both the business-as-usual solutions and the smart grid solutions. By
combining these load flow profiles with an assumed set of network
reinforcement trigger points and typical reinforcement costs, this framework will
take these impacts into account.
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However, this approach would have a number of limitations.

® It should be emphasised that such an approach will, at best, only provide a
simple estimate of the implications of smart grids for transmission network
reinforcement costs. A complete analysis of the implications of smart grids
for transmission network reinforcement costs would need to break the
transmission network down into each of its constituent zones and separately
map flows and resulting levels of congestion on the interconnectors between
each of these zones. However, such an analysis is beyond the scope of the
simple, transparent and user-friendly framework for evaluating the impact of
smart grids that workstream 2 is seeking to develop.

® The approach also assumes that the transmission system operator would
have perfect foresight. However, in practice transmission network
reinforcements are typically “lumpy” (in the sense that they add a discrete
chunk of capacity to the network in one go) and take years to plan. As a
result, National Grid would need to commit to a reinforcement package a
number of years ahead of the point at which reinforcement would be
‘triggered’ in our evaluation framework. Unless smart-grid-enabled DSR
were to have a significant effect on the trajectory of peak transmission load
flow profiles, then it might not have a material bearing on the timing of
reinforcement.

In light of these potential limitations, we would welcome comments on the utility
of this potential approach to measuring the impact of smart grids on
transmission network investment expenditure.

5.2.4 Generation/supply

In this section we consider generation and supply companies together, under the
assumption that both will be directly affected by any change in generation costs.

The impact on generation and supply businesses of smart grids will be highly
dependent on the additional functionality of smart grids over and above smart
meters. As set out above, for the purposes of this consultation document, we
assume that:

5 dynamic supplier-led DSR is possible using smart meters alone; and

B smart grids are required to deliver DNO-led DSR.

Should these assumption be changed following the consultation, we will revise
the value chain analysis.

Under these assumptions smart-grid-enabling technologies could allow DNOs to
set dynamic time of use tariffs based on real time half houtly LV network costs
(in addition to generation and transmission costs). This will change demand
profiles and thereby affect generation costs. Similarly, the use of embedded
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storage could allow DNOs to smooth demand to reduce network peaks, and
thereby impact on generation costs.

Whether DNO-led DSR and embedded storage increases or decreases generation
and supply costs will depend on the extent to which local distribution network
peaks coincide with peaks of demand net of intermittent generation on the wider
system.

® Where these peaks coincide, DNO-led DSR and embedded storage will
reduce generation/supply costs.

® Where these peaks do not coincide, DNO-led DSR and embedded storage
will potentially increase generation/supply costs. For example, if DNO-led
DSR moved demand away from following wind output, to reduce
distribution network costs, generation costs could increase (though overall
system costs could simultaneously fall).

As explained in Section 6 below, our framework will assess the impact on
generation costs of DSR and embedded storage.
5.2.5 Customers

In theory, wherever smart grid investments reduce the overall costs of providing
electricity to customers, customers should benefit through lower bills.
Customers will therefore potentially benefit from each of the services provided
by smart grids, to the extent that they reduce costs over the conventional
alternatives.

We propose to make assumptions on the sharing of benefits with customers that
will result from:

B the distribution network price control;
B the transmission network price control; and

B the design of the supply market.

These assumptions on cost sharing will be transparent, and will be fully flexible
for users in the model.
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Proposed model specification

This section describes at the model that we propose to construct in order to
explore the value of smart grid investments under uncertainty.

Any model is, by definition, a simplification of the real world. We believe that
the most valuable output from a CBA of smart grid investment will be to
increase our understanding of the broad factors that could affect the value of
these investments. This can help answer questions about the type of world in
which different patterns of investment are optimal, and where the greatest
benefits are likely to accrue.

To do this, the model must be transparent enough to enable users to see what is
driving the results, and observe the impact of adjusting key assumptions. The
model we propose, while still complex, aims to focus on the most important
aspects of the evidence framework (identified in the previous sections of the
report). We plan to implement it within Microsoft Excel®, which will enable
users to alter many of the key assumptions without knowledge of more
specialised software.

In this section:

® We first describe the overall structure of the model, which can be divided
into three main parts:

5 the “real options CBA model”, the component of the model which
calculates net present values;

B the “network model”, the component which determines the costs of
meeting peak demand on the distribution network; and

B the “generation model”, the component which calculates the cost of
meeting GB electricity demand.

® We then describe each of these parts in turn in more detail.

® Finally, we set out the interactions between the generation and network
models.

o1 While the network modelling work will utilise the outputs of EA Technology’s WinDebut low
voltage network design tool, this is a “one-off” process which will not need to be re-run each time
an assumption is changed within the model.
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Structure of the model

This section begins by setting out the overall approach to estimating the costs
and benefits of alternative investment strategies. It then discusses each element
of the model at a high level, before outlining the interactions between each of
these elements.

6.1.1 Overall approach to estimating costs and benefits

The model aims to calculate the costs and benefits of alternative distribution
network investment strategies. It will do this:

B for each of the investment strategies (business-as-usual, top-down and
incremental) described in Section 4; and

o across each of the three scenarios described in Section 3.2.

There are a variety of ways in which smart grid technologies may allow benefits
for society to be realised. For example, the smart grid might facilitate the
connection of more low-carbon technologies (such as electric vehicles),
displacing more polluting technologies and leading to a reduction in emissions.
In addition, the increased monitoring of distribution networks could enable
increases in supply reliability.

However, as set out in Section 2, we consider that such outcomes can generally
be achieved in the absence of smart grid investment (albeit potentially at higher
cost), through traditional reinforcement. As such, our model will hold outcomes
such as overall emissions targets and supply reliability standards constant. The
difference in net present value (NPV) between investment strategies will
therefore be mainly dependent upon the variations in the costs associated with
meeting these outcomes. However, where different strategies result in different
impacts on carbon emissions (e.g. through their impact on generation patterns)
ot security of supply (e.g. through ancillary supply quality benefits of some grid
investments), these will also be taken into account.

6.1.2 High level structure

Our model considers two broad categories of cost.

® The “distribution network model” assesses the costs of upgrading the
distribution networks to accommodate changes on the supply and demand
side. It determines the investments required by DNOs to ensure that all
feeders are capable of meeting peak demand and accommodating distributed
generation.

® The “wider electricity sector model” calculates the cost, and the emissions
implications, of meeting demand over the course of each year (including
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ensuring the system can be balanced and that there is sufficient capacity on
the transmission network).

These models will be run multiple times, to obtain cost figures for each
combination of scenario and strategies.

Finally, the “real options CBA model” combines the outputs of these models to
calculate net present values and related indicators for each of the investment
strategies.

Figure 14 illustrates the overall structure of the model.

Figure 14. Model overview

Wider electricity
sector model
Distribution ---3> e Generation

network model ]
e Balancing

e Transmission

Real options CBA model
Source: Frontier Economics

6.1.3 Interactions between the models

Some smart grid interventions modelled within the distribution network models
will not impact on wider electricity sector mode. For example, installing dynamic
line rating on a feeder (modelled within the network model) is unlikely to affect
the overall demand profile for energy (which affects the cost of generation).

However, the presence of smart grid measures which impact on demand profiles,
for example demand-side response (DSR) and embedded storage, complicates
this situation. If DNOs actively shape the demand profile on a sufficient number
of feeders, then this will lead to changes in overall demand across Great Britain,
with a consequent impact upon generation and transmission costs. Similarly, if
suppliers or the system operator change demand profiles to better utilise
increased wind capacity, this will result in differing levels of demand on each
local feeder. This introduces interdependencies between the two main parts of
the model (as shown in Figure 14). In Section 6.5 , we set out how the interaction
between these two parts of the model will work.

We first describe each section of the model in turn:
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5 the real options CBA model;
0 the distribution network model; and

B the wider electricity sector model.

Real options CBA model

The outputs of the network and two generation models will be run through a real
options CBA model.

As described in Section 2.3.1 above, the real options approach allows us to take
account of the different investment profiles of the alternative strategies, and the
different flexibility in the face of uncertainty that these profiles imply. In
particular, it allows us to model the impact of lock-in. That is, it allows us to
account for the fact that one investment option in the first period may lead to a
reduced set of investment options for the second period, for example because a
large amount of investment is undertaken up front. Essentially this will involve:

B carrying out cost-benefit analysis of each strategy against each scenario
over two periods: 2012-2023 and 2023-2050;

o ruling out strategies which are not possible in the second period, given
the choice of strategy in the first period;

B comparing the NPVs in the resulting matrix of possible outcomes; and

B assigning probabilities to each scenario, and calculating probability
weighted NPVs for each strategy undertaken in the first period.

Figure 15 shows an illustrative example of the matrix of possible outcomes that
the model will produce. Lock-in means that some combinations of first-period
and second-period investment will not be included within the output — these are
shaded in grey in the illustrative example provided below. The model will
highlight, out of the remaining second-period investment options, the one which
provides the highest NPV (shaded blue in the illustrative example below).
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Figure 15. lllustrative output table
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i AR Net cost to 2050 under
1o e Scenario 1 Scenario 2 Scenario 3

BAU BAU £££ ££ ££f
BAU Incremental ££ f££f ££
BAU Top-down
Incremental BAU
Incremental Incemental ££ fff £ff
Incremental Top-down £££ f££E ££
Top-down BAU
Top-down Incremental ff fff ££
Top-down Top-down f£f ££££ £

Source: Frontier Economics

Costs will be in monetary terms

Using these figures, the model will be able to do the following:

B calculate the net present value for each investment strategy; and

B identify “least regret” options, the option minimising the risk of the

wotst case outcome occurring, and where the “trigger points” for

investments may lie.

The model will enable the user to “drill down” to the figures underlying the main
results (for example, the split of costs between those associated with network

reinforcement and those associated with generation).

Distribution network model

The proposed technical methodology has evolved from work completed by EA
Technology to estimate the future cost savings to support both the Customer
Led Network Revolution (August 2010) and New Thames Valley Vision (August
2011) LCNF Tier 2 projects.

In the following sections, we describe:

B the overall approach and coverage of the model;

B the representative network types that we propose to use;

5 how the proposed model will calculate the available headroom for each

feeder;

Draft
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B the assumptions made regarding the penetration of low-carbon
technologies (in particular, how they may cluster on feeders);

B the way in which the model will apply investments in response to
diminished headroom; and

o how we propose to incorporate more centralised investments, which
may not take place on a feeder-by-feeder basis.

6.3.1 Overall approach

We propose to take a parametric, probabilistic approach, rather than a nodal
approach. This permits significant simplification and avoids the need to model
multiple feeders and load flows. A nodal model and parametric model are
defined as follows:

® Nodal model: a full load flow of a network, modelled as a set of points
(nodes) and connections. In this type of model, power draw-off (loads) and
power injection (generation) can be added as time varying profiles.

® Parametric model: one which does not model load flow, but uses highet-
level abstractions, such as various types of “headroom”. Headroom is the
difference between the actual power flows, voltages and power quality
measurements and the limits set by network design, equipment ratings, or
legal / licence requirements. Headroom is amenable to statistical treatment
and enables the outcomes of a nodal model to be extrapolated to a primary
group, a borough, a license area or GB without a full time-varying load flow
of the network being required.

The aim is for the model to represent a typical distribution network™. It will not
encompass every possible condition or topology that may occur on GB
networks.

The model will consider a variety of representative feeder types. These will

2 ¢

include LV networks (with generic “urban”, “suburban” and “rural” networks),
in addition to high voltage networks (at 11kV, 33kV and 132kV).

The feeders’ capacity to host higher levels of low-carbon technologies (such as

EVs, heat pumps, solar PV or distributed wind generation) is determined by their

63

available thermal and voltage headroom. The model considers a range of

62 The approach to modeling the impact of measures on the transmission network is discussed in
Section 5
03 As voltage and thermal issues are the dominant drivers for load related investment today, headroom

for fault level and power quality will not be incorporated into the model. Either could be built into
the model in the future if it were deemed necessary.
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different initial headroom levels, as feeders with lower headroom will, all else
being equal, require investment sooner than those with greater headroom
available.

The effect of the increasing penetration of low-carbon technologies will be
modelled, taking into account clustering that may occur.  Engineering
calculations will be used to predict the effect upon thermal and voltage
headroom.

When the model indicates that headroom will be breached for a particular group,
then a network investment (whether a smart solution or conventional
reinforcement) will be undertaken (though for the top-down strategy, some
investment may occur ahead of need). This investment will be associated with a
cost, which will ultimately form part of the overall cost used in the real options
CBA model.

As outlined above, this model will be run for each combination of investment
strategies (including business-as-usual) and scenarios.

A representation of the structure of the model is given in Figure 16. The various
sections of this figure (labelled as 1 — 3) are expanded upon in later diagrams in
this section.

Figure 16. Structure of distribution network parametric model
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6.3.2 Choice of representative networks

The parametric approach we plan to adopt avoids the need to model a network
of multiple feeders. Instead, it requires the selection and modelling of a range of
generic representative networks, the results for which are extrapolated across the
counttry.

An important trade-off for this type of model involves the range of feeders
which are modelled. Distribution networks in GB vary across a wide number of
dimensions, including:

B voltage (e.g. 132kV, 66kV, 33kV, 20kV, 11kV, 6.6kV and LV);
B type of network (e.g. fully underground, fully overhead, or a mixture);

B network topology (e.g. radial, meshed, open ring, single circuit or double
circuit);

o feeder length / impedance;
B the extent to which the feeder has additional capacity available;
©  load density; and

B the distribution of demand along the feeder (e.g. uniformly distributed,
or clustered near to or far away from the feeding substation).

Modelling all possible combinations of feeder (there would be in excess of 500)
would produce an unwieldy model. It is therefore necessary to select a smaller
number of representative feeders, which nonetheless encompass a large
proportion of GB distribution networks.

Many of the drivers and smart grid interventions will occur at the LV level. We
propose to model three generic LV feeder types (representative of urban,
suburban and rural networks). Within each of these categories, the model will
also consider a number of differing “strengths” of network, ranging from those
which have considerable amounts of spare capacity, to those which are already
reaching their limits. This is discussed further below.

At the higher voltage levels, we propose to model generic 132kV, 33kV and
11kV networks, using average network data at each voltage level. Figure 17
illustrates the relationship between the different voltage levels in the network.
Again, we will consider a distribution of different strengths of network.
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Figure 17. Schematic diagram of the network model
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The schematic (nodal) model will be represented by a series of parameters, as
described in Table 8.

The model will be designed in such a way that it is relatively easy to add further

representative network types in future if desired.
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Table 8. The parametric model structure

% Voltage % Thermal % of GB
Headroom Headroom networks
132kV Grid Supply % v 100%
Point
33KV circuit v v 100%
33/11kV Primary % v 100%
transformer
11kV circuit v v 100%
11kV/LV Secondary % v 100%
transformer
LV circuit (urban) v v 32%*
LV circuit (suburban) v v 40%*
LV circuit (rural) v v 28%*

All ticks represent data input that will be preconfigured into the model based on measurement or
estimates of current network operation in GB *

*For illustration only, scaling can be tailored to reflect the split of each type of networks in GB

Source: EA Technology

6.3.3 Headroom

This section sets out our approach to modelling the headroom available for each
type of feeder. As explained above, the concept of headroom provides us with a
simple way of expressing how close each feeder is to requiring DNO
intervention.

We will base the modelling on the outputs of a nodal time-stepped load flow
model of the representative feeders. This work is based on the outputs of
previous modelling of real feeders and gives good estimates of the headroom for
a typical range of networks. However it is known that there are a range of
“strengths” of network, from some that are close to (or slightly beyond) limits on
occasions, to some that are over-designed for their current usage. We will
therefore extrapolate from the nodal model results to estimate the range of
headroom of feeders.
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We will represent networks by two figures for available headroom: one for
thermal and one for voltage. The headroom figures will be applied as a
distribution (essentially an assumed average with typical high and low
estimates®). For LV these will be different based upon the network type (urban,
suburban or rural). Note that the initial headroom of feeders will not vary across
scenarios (since they will all start with the current levels of demand), but the
differing penetrations of low-carbon technologies across scenarios will cause
headroom figures to diverge.

The way in which the representative networks and headroom will be modelled is
illustrated in Figure 18.
Figure 18. Network modelling engine
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Source: EA Technology

Headroom at Low Voltage

The headroom figures, both thermal and voltage, for the LV networks will be
based on the outputs of a nodal time-stepped load flow model using EA

04 Note that the model can be extended to cover a more fine-grained distribution of feeder strengths
(for example, deciles).

Draft Proposed model specification



114 Frontier Economics | November 2011

Technology’s WinDebut LV network design software of a representative “strong
feeder” (500kW new build) and a representative “weak” feeder (100kW 50 year
old rural village network)”. The combination of low-carbon technologies or
small scale generation, taken from the WS1 scenarios, with the headroom
available at a given point in time will determine when voltage and thermal limits
on the LV network are breached:

B without the connection of low-carbon technologies;
o with PV randomly connected®’; and

B with other low-carbon technologies randomly connected.

Headroom at Higher Voltages

For the higher voltage networks, we propose to derive the base headroom figures
for the network by modelling the simplified network model in conventional HV
planning tool (e.g. IPSA+, DIgSILENT PowerFactory etc) using average
network impedance and loading information.

The combination of Distributed Generation, taken from the WS1 scenarios, with
the headroom available at a given point in time will determine when voltage and
thermal limits on each of the higher voltage networks are breached:

9 without the connection of distributed generation;

B with distributed generation connected and clustered in different ways

For all network voltages a range of appropriate mitigating interventions can then
be applied to the feeder model once thermal or voltage limits are breached. The
number of low-carbon technologies, small-scale generation or distributed
generation that can be connected without breaching limits will be recorded. Then
more low-carbon technologies, small-scale generation or distributed generation
can be added until the limits are again breached. The new maximum number of
devices will be recorded for each mitigating intervention. This process enables
the “solution stacks” of interventions (described below) to be created.

05 We are not aware of similar work with published figures. If DNOs have suitable design studies
that they have carried out on other feeders then these can be incorporated. It is hoped that the
range of representative feeders will be increased by the WS3 modelling activity. This model will
recognise that there are more representative types of feeder, but will not be populated with their
characteristics until that information is made available (e.g. by WS3 activity or DNO design
studies)

66 PV is being treated differently to other low-carbon technologies because, unlike the other
technologies, its most significant impact is during the middle of the day. For this reason, it is
regarded as being sufficiently dissimilar in its effect on headroom profile to the other technologies
to warrant it being assessed individually.
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DNOs have significantly more modelling expertise and data for higher voltage
networks. In contrast, the LV network does not tend to be accurately modelled,
nor is the infrastructure in place to derive accurate measurements. We therefore
draw out our approach to determining LV headroom in more detail in the
following section.

Specifics for representing LV thermal headroom

The triggers for enacting solutions to solve thermal headroom problems are
usually a result of higher current than the static cable or plant ratings.

We will base the figures for urban, suburban and rural thermal headroom on
outputs from the WinDebut model, sense checked by engineering judgements of
DNO staff regarding where typical networks operate. As explained above, the
use of central, high and low estimates of headroom will enable us to model the
distribution that exists.  Although data here is sparse, we would expect these
assumptions to be sharpened with the output of LCNF projects (e.g. LV
Templates, Customer LLed Network Revolution, etc.).

Specifics for representing LV voltage headroom

A sufficient concentration of distribution network-connected generation (such as
PV) has the potential to lift the voltage on the network. In contrast, higher
circuit loadings (e.g. caused by the connection of EVs) will depress the
voltage. It is therefore necessary to model voltage headroom (the margin below
the upper voltage limit) and legroom (the margin above the lower voltage limit).

As with thermal headroom, assumptions are required for the distribution of
existing voltage headroom across the representative feeders. We will base the
central, high and low estimates on data taken from one DNO, which has
monitored LV busbar voltages across a portion of their network. This will also
be sense checked against the outputs from the WinDebut model. Again, data
here is sparse, but we would expect these assumptions to be sharpened with the
output of LCNF projects.

The outputs of the WinDebut model can then be extrapolated to give the
number of PV installations that can be connected to other feeders without
breaching voltage headroom, by assuming that voltage rise is proportional to the
change in power. Additional generation can therefore be added to high
headroom feeders in proportion to the additional voltage headroom, conversely
proportionately less generation can be connected to low headroom feeders.

We can check the likely voltage legroom (available volts above statutory limits at
end of LV feeder) by assuming that voltage drop is proportional to the change in
power. This will enable the model to check the numbers of EVs and HPs that
could be connected to weak LV feeders without breaching voltage legroom.
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In previous versions of this network model, it was assumed that the additional
load from heat pump installations would only come from heat pumps
themselves. There is increasing evidence that heat pumps, in particular, are giving
rise to low voltage issues in very cold conditions (some units have up to 10kW
heaters included to boost the heating ability in very cold weather). This is an area
where we intend to develop our thinking further.

This gives us the network base case, represented as a series of figures of
percentage of available connections.

6.3.4 Clustering of low-carbon technologies

We will input data on low-carbon technologies into the model based on the
scenarios from WS1. This section sets out how the network model will simulate
the penetration of these technologies across feeders over time.

The impact of low-carbon technologies on networks will depend partly on the
extent to which they are clustered, rather than distributed evenly across feeders.
Clustering may occur because those who purchase the technologies will be
influenced by their friends and neighbours, and different social groups will adopt
the technologies at different rates. This clustering has the potential to cause
problems on the network significantly earlier than if the low-carbon technologies
were distributed evenly.

In the previous modelling work carried out by EA Technology, the extent to
which installations cluster was estimated using the ‘Feed-in Tariff Installation
Report 30 June 2011” (henceforth referred to as: FiT data) provided by Ofgem.
This provides the first few digits of post code for each installation.

We have no data relating to clustering of EVs and HPs. In the absence of these
data we can assume that EVs and HPs will cluster in the same way as PVs.
However, we welcome comments on alternative approaches.

From inspection of the FiT data we identified that it was appropriate to divide
the data into five groups, which are shown in the table below.
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Table 9. LCT clustering, based upon FiT data

Percentage of network Percentage of LCT installations
1% 9%
4% 17%
25% 48%
30% 22%
40% 5%

Source: EA Technology

This information, together with the estimates of numbers of connections of PV,
heat pumps and EVs across GB, will be used to calculate how rapidly five
different groups will adopt the low-carbon technologies.

Once all connection points in a network group have been used, then those low-
carbon technologies that can no longer be accommodated within that group are
redistributed proportionally across the other groups.

The model will assume that the degree to which clustering occurs, for a given
penetration of low-carbon technologies, is the same across the different
scenarios.  However, scenarios with a higher penetration of low-carbon
technologies may be modelled as having a more uniform distribution of them.
This is due to the issue explained above: once modelled penetration within a
cluster reaches 100%, the model will have to allocate additional low-carbon
technologies more widely across the feeders”.

The characterisation of scenarios and clustering levels is illustrated in Figure 19.

67 This is simply due to the way in which (by definition) penetration cannot exceed 100% - it is not a result
of headroom limits on the network.
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Figure 19. Scenario characterisation
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6.3.5 Distribution network investment

This section explains how distribution network investments will be triggered by
changes in the available headroom on each feeder.

The increased penetration of low-carbon technologies (as well as any organic
growth in demand) leads to a reduction in headroom on each feeder. Each
investment strategy (top-down and incremental) will be associated with a
different priority stack of smart and conventional investment solutions. When
the trigger points for thermal or voltage headroom (or voltage legroom) on a
feeder are reached, the model looks to select the next available smart or
conventional investment solution from a “priority stack” and implement this
solution so as to increase the available headroom. Figure 20 provides a stylised
illustration of this process. Note that, while this diagram only indicates thermal
headroom, the model will simultaneously be ensuring that voltage headroom (or
legroom) is within acceptable limits.
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Figure 20. lllustration of network investments
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The model will allow various “distribution network” solutions to be applied.
Some of these will be conventional reinforcement options. Under business-as-
usual these will be the only options available, while even under the smart grid
strategies these will still generally be required (but their timing may be deferred).
These are to:

B split the feeder (that is, transfer half of the load of the existing feeder
onto a new feeder);

B replace the transformer; and

B new split feeder (that is, run a new feeder from the substation to the
midpoint of the already split feeder and perform some cable jointing to
further split the load, resulting in three feeders each having
approximately equal loads).

Under the two “smart” investment strategies, a number of additional
technologies will become available. We recognise that there are a large number
of potential smart grid technologies. The phase 1 report from WS3 identifies 12
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categories or ‘smart solution sets’. For each of the relevant® categories, our
proposed model will allow up to 10 different intervention types.

However, at present, there are great uncertainties regarding the effect that some
smart grid interventions will have. Populating the model with a large number of
intervention types is therefore unlikely to provide a great increase in the accuracy
of the cost/benefit estimates, but will lead to significantly increased data
requirements.

We therefore propose to pre-populate the model with four examples of smart
solutions, which encompass the different types of intervention that are likely to
be required:

B dynamic thermal rating (releases thermal headroom);
B enhanced automatic voltage control (releases voltage headroom);
B electrical energy storage (releases both types of headroom); and

©  demand side response (releases headroom by changing the demand
profile itself).

Each of these solutions has a cost, and each also has a headroom release figure
associated with them (for thermal and voltage headroom). The order in which
they are applied (the stack) will depend on the network type, the low-carbon
technology uptake scenario, and the investment strategy that is being modelled.

Table 10 shows how a collection of priority stacks would look for three types of
LV network. It should be noted that this is for illustrative purposes only, to
demonstrate how the network type, network voltage and low-carbon technology
/ generation uptake rate have an effect on the preferred order in which the
solutions are applied. This is not a definitive list of the priority stack for the
various smart and conventional solutions. It only shows the priority stacks for
one particular investment strategy. In the final model, there will be a different
collection of stacks for each feasible combination of strategy in each of the two
time periods considered by the real options model (for example, an incremental
strategy followed by a top-down one; or business-as-usual followed by an
incremental strategy). This is illustrated in Figure 21.

68 Not all the W83 categories will be relevant for this model. In particular, the “Smart Transmission
Networks” category is not applicable to this model (which focuses on interventions on the
distribution networks).

Proposed model specification



November 2011 | Frontier Economics

Table 10. Priority stack illustration for a single investment strategy (the solution
stacks illustrated are for the three representative LV networks, and the single
representative 11kV and 33kV networks).

121

Scenario A Scenario B Scenario C
33kV Conventional 1 Smart 1 Smart 1
Smart 1 Conventional 1 Conventional 1
11kV Conventional 1 Smart 1 Smart 1
Smart 1 Conventional 1 Smart 2
Smart 2 Smart 2 Conventional 1
LV Urban Smart 1 Smart 1 Smart 1
Smart 2 Smart 2 Conventional 1
Smart 3 Conventional 1 Conventional 2
Conventional 1 Smart 3 Smart 2
Smart 4 Conventional 2 Conventional 3
Conventional 2 Smart 4 Smart 3
Conventional 3 Conventional 3 Smart 4
LV Smart 3 Smart 3 Smart 3
Suburban Smart 4 Smart 4 Conventional 1
Smart 1 Conventional 1 Conventional 3
Conventional 1 Smart 1 Smart 4
Smart 2 Conventional 3 Smart 1
Conventional 3 Smart 2 Conventional 2
Conventional 2 Conventional 2 Smart 2
LV Rural Smart 2 Smart 2 Conventional 1
Smart 4 Conventional 1 Smart 2
Smart 1 Smart 4 Smart 4
Conventional 1 Smart 1 Conventional 2
Smart 3 Conventional 2 Smart 1
Conventional 2 Smart 3 Conventional 3
Conventional 3 Conventional 3 Smart 3
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Source: EA Technology

Figure 21. Solution set model
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The model will apply the solution from the priority stack and calculate how many
years it will be before headroom is anticipated to be breached again and a second
intervention is then required. Some solutions give a benefit to both headroom
measures, for example if the problem is concerned with thermal headroom then a
solution will be implemented to relieve this headroom issue, but may also release
some voltage headroom as a secondary effect. The model will recalculate the
headroom for both thermal and voltage parameters after applying an intervention
such that it can accurately be determined when the next intervention (for thermal
or voltage reasons) is required.

Depending on the network type and the low-carbon technology uptake rate,
when a second intervention is required, the model will simply take the next
solution from the stack and apply it and recalculate headroom. When a third
intervention is required, the process is repeated and so on.

The solution stack is built as per the table above, but it can flex such that the
priority of different solutions may change over time. Each solution has an
implementation cost. Initially, some of the smart solutions may have a high
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implementation cost as the technology is still being developed. In the future, this
cost may be reduced and the model will be able to use different costs for these
solutions as time progresses. Therefore, the solution stack may have its priority
adjusted as a certain technology becomes more affordable in, say, 2030. The costs
associated with each solution in the stack will be flexible to users.

The final outputs will be scaled from a local level to GB level using feeder
lengths from Regulatory Reporting Pack  data.

The output from the network model can be characterised as shown in Figure 22.

Figure 22. Network model outputs
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For networks at 11kV, 33kV and 132kV
*Present Headroom for connection of DG
(% per network type)
1t Solution Intervention:
*Year when Intervention will be required

For LV network

*Present Headroom for connection of PV, HP, EV
(% of customer connections)

*1st LV Intervention:

*Etc.

*Year when Intervention will be required
*Preferred Intervention

*PV of Cost / LCT connection for this Intervention
*PV of Cost / Region for this Intervention
Increase in Headroom for connection of PV, HP,
EV resulting from Intervention

*HV intervention (if required)

«2nd LV Intervention:

*Year when Intervention will be required
«Preferred (least cost) Intervention

*PV of Cost / LCT connection for this Intervention
*PV of Cost / Region for this Intervention
Increase in Headroom for connection of PV, HP,
EV resulting from Intervention

*HV intervention (if required)

Preferred Intervention
*PV of Cost / MW headroom released for DG
connection for this Intervention
*PV of Cost / Region for this Intervention
sIncrease in Headroom for connection of DG
resulting from Intervention
*Upstream intervention (if required)

+27d Solution Intervention:
*Year when Intervention will be required
*Preferred (least cost) Intervention
*PV of Cost / MW headroom released for DG
connection for this Intervention
*PV of Cost / Region for this Intervention
sIncrease in Headroom for connection of DG
resulting from Intervention
*Upstream intervention (if required)

*Etc.

Source: EA Technology

Top-down investment strategy

In the model described above, smart grid investments are made on a feeder-by-
feeder basis as and when required due to diminishing headroom. However, as
described in Section 4, it may also be possible to implement smart grid
technologies by making large one-off investments that affect large numbers of

09 Ofgem’s regulatory reporting pack is available here:

http:/ /www.ofgem.gov.uk/Networks/Trans/RegReporting/Pages/RegulatoryReporting.aspx
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feeders at once. In order that we capture such types of investment, our smart grid
investment strategies will assess both “top-down”, and “incremental” investment
strategies.

The top-down strategy will be modelled separately to the priority stacks
described above. This is because, when a centralised investment is made, it is
likely that many of the feeders it affects will not have reached their headroom
limits. The model will therefore have the ability to “force” on such investments,
regardless of the remaining headroom.

The model will be flexible enough to allow the overall costs of such investments
to vary from the feeder-by-feeder approach (to take account of any economies of
scale), as well as the benefits (in terms of headroom saved). This should allow us
to capture any possible benefits of adopting a more ‘holistic’ or top-down
approach to smart grid investment.

Modelling the wider electricity sector

We now go on to describe the wider electricity sector model. This is set out in
Figure 17 and involves:

% building representative half-hourly demand profiles for Great Britain as
a whole;

B creating representative half-hourly profiles of intermittent (primarily
wind) generation;

B setting up a merit-order “stack” of other generation technologies; and

B determining the amount of energy required each for half hour from
each of these generation types, to meet demand (net of intermittent
generation).

In addition to generation costs, the model takes account of two further types of
cost:

® The cost of ensuring there is sufficient flexible generation to enable
the system to be balanced at all times. This will be taken into account by
using constraints upon the minimum flexible reserve capacity that is
required.

® The cost of transmission network reinforcement to meet changed
peak demand. The model will consider the peak power flows that the
transmission network will be required to cope with and, and provide a very
high-level estimate of any investments. These are described in Section 5.2.2.
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Figure 23. Generation Wider electricity sector model overview

Intermittent generation
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Ensure Required generation q

= network investment
sufficient

flexibility

Source: Frontier Economics

6.4.1 Representing demand

In common with the distribution network model, demand will be represented
using a half-hourly profile across a representative day (separately for both
summer and winter). These GB-wide demand profiles will be built up from the
same low-carbon technology penetration rates and hourly demand profiles as
used in the distribution network model, to ensure consistency. Additional
sources of demand (notably industrial loads) will be incorporated at this stage.

As explained above, some smart grid technologies will require the demand
profiles to be adjusted. (e.g. embedded storage, and technologies that enable
DSR). The modelling of DSR is explored in Section 6.5.2, but is set aside here.

6.4.2 Modelling intermittent generation

Our model will consider two different types of intermittent generation:
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®  wind (onshore and offshore); and

O micro solar PV.

For the purposes of the cost calculations, it is assumed that these technologies
have no variable costs (i.e. costs that vary directly with energy generation).

Wind

Wind generation (onshore and, increasingly, offshore) is likely to form a key
element of the future generation mix". Wind is, by its nature, intermittent.
While on average the electricity supplied by wind generation follows predictable
seasonal and houtly patterns, the actual power delivered by wind at a given
period can vary widely from this average. Even though the distribution of wind
turbines across the country can help to average out any localised variation, the
overall pattern of wind generation remains “noisy”.

This effect can have a large impact upon the overall costs of generation. If
demand cannot be time-shifted sufficiently, then large quantities of peak-load
plant may be required to run when wind generation is insufficient. On the other
hand, if high wind output coincides with low demand, curtailment of wind
generators may be required (since base load plants are unable to decrease their
supply). Wind intermittency is therefore a crucial part of the generation model.”

Our approach will be to create a small number of representative half-hourly wind
profiles (separately for both summer and winter patterns of wind). These will
capture various possible outturns of wind (including not only unusually high and
low levels of wind, but also a variety of irregular peaks and troughs).

Each profile will be associated with a probability, which indicates the proportion
of days in the summer or winter that would be expected to have a similar profile
of wind generation. The resultant distribution of future wind generation will be
as consistent as practical with more detailed forecasts (for example ensuring that
summary statistics such as the mean and standard deviation match). Note that
our model will not explicitly model the possibility of wind output being
correlated between days (for example, an entire week with lower than expected
wind output). However, since we assume that the transfer of energy enabled by
DSR and embedded storage will always be within a single day, this will not affect
the results of the generation model.

70 See for example, CCC (2010) The fourth carbon budget, http://www.theccc.org.uk/reports/fourth-
carbon-budget

7l From a DNO perspective, the most significant result of increased wind penetration will be the way

in which wind-following tariffs may lead to changes in demand profiles. Section 6.5 below describes
how this will be taken into account.
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Special care will be taken to ensure that a “worst case” (from the network
perspective) wind profile is present, even if the associated probability is low. By
“worst case” we mean a profile which tends to have high wind when demand is
lowest and vice versa.”” When DSR is used to decrease generation costs, such a
profile would lead to the highest peak demands on feeders and would therefore

drive distribution network costs.

Micro solar PV

The generation model will include the output of micro solar PV installations.
This provides consistency with the network model, where such units may lead to
voltage headroom issues.

The power from solar PV installations varies both with the time of day (peaking
at midday) as well as the season (it is typically highest in mid-summer). Both of
these elements can be captured by a half-hourly generation profile for each
season.

In addition, the output of each individual solar panel will vary according to the
local weather conditions (being lower if the weather is cloudy). Although the
total solar output across the whole of Great Britain will follow a smoother
pattern, there will still be an element of solar intermittency that is not captured by
the half-houtly profiles. However, for the purposes of this model, we do not
propose to model such solar intermittency in the same way as for wind.

It is also worth noting that the overall energy supply from micro PV will be
considerably lower than that from wind, which decreases the importance of
intermittency. DECC’s 2050 Pathways analysis assumes that an achievable
technical potential”® for solar PV by 2050 is 60TWh per year. By contrast, the
equivalent assumption for both offshore and onshore wind is would deliver 237
TWh of electricity per year — almost four times as much.

6.4.3 Other forms of generation

The other key input into the model is the capacity of other forms of generation.
For each form of generation technology, in each year, we will require:

B the maximum energy that can be supplied within a half-hour;

72 The 2010 ENA/Impetial/SEGD report Benefits of Advanced Smart Metering for Demand Response based
Control of Distribution Networks considers this.

7 This is the “level 2 assumption, which “describes what might be achieved by applying a level of effort that is
likely to be viewed as ambitions but reasonable by most or all experts. For some sectors this would be similar to the
build rate expected with the successful implementation of the programmes or projects currently in progress”.
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9 the minimum energy that can be supplied within a half-hour™,
B the cost per GWh of energy supplied; and
B the capital cost per MW of capacity.

Where possible, we will use information from DECC consistent with the
scenarios provided by WS1 for each of these inputs. Where this information is
not available, we will ensure our assumptions are clearly documented. These
inputs will be fully flexible to users in the model.

6.4.4 Modelling of required generation

For each season and each demand profile net of intermittent generation, the
model can then determine the costs of generation. Starting with the lowest-cost
base load plants, the model will deploy sufficient generation in order meet this
demand. This enables both the overall operating cost of generation to be
determined, as well as the marginal (most expensive) plant, which will determine
the market price of electricity.

If DSR or embedded storage is able to sufficiently smooth demand, then there
may be a reduced requirement for peaking plants. If this occurs, the model will
determine the quantity of peaking plants required to meet peak demand (net of
wind), and any gains will be expressed in terms of the annualised capex associated
with these plants.

It is important to note that given the requirement to produce a flexible and
transparent model for public domain use, the intention is not to create a fully
featured dispatch model for GB. As a result, technical constraints (such as
ramping capabilities) will not be taken into consideration. However, we will start
our modelling from fully internally consistent generation scenarios. These will
therefore include sufficient quantities of peaking plant to meet required security
of supply. When the model (as discussed above) reduces the capacity of such
plants, we will impose a minimum requirement on the capacity of spare flexible
generation required. This will ensure that the modelled fleet of plants should be
sufficient to enable the system to be kept in balance.

Pumped storage

Like DSR, pumped storage provides way in which the demand and supply for
electricity at the national level can be brought into balance. The use of pumped
storage may therefore enable DSR to be deployed by DNOs to increase feeder

4 This will prevent the model unrealistically reducing the output of base-load nuclear and similar
plants when demand net of intermittent generation is high. Instead, intermittent generation will be
curtailed.
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headroom, while still enabling demand at GB level to follow intermittent
renewable generation.”

The modelling of pumped storage is somewhat more complex than simple
generators. This is since, in addition to constraints regarding the overall capacity
of the units, it is necessary over time for the energy produced by the pumped
storage system to equal the energy consumed by the pumps (minus any losses
that take place).

It is rational for a pumped storage unit to operate whenever the spread between
the price of electricity used when generating and pumping is greater than its
operating costs. Since the model produces the marginal cost of generation in
each hour, it will be possible to calculate this, and to rank each half hour in terms
of how far above or below the median the price of electricity is.

Starting with the pair of periods with the highest spread between prices, the
model will incorporate pumped storage generation when the price is high, and
pumping when the price is lowest. This process will continue until either the
spread is insufficient to cover the pumped storage operating costs, or no storage
capacity is remaining.

Note that the model will apply pumped storage affer demand profiles have been
adjusted for DSR. As explained above, pumped storage and supplier-led DSR
can be seen as substitutes for one another. However, while our model
incorporates operating costs for pumped storage systems, it will not include such
costs for DSR. Applying pumped storage after DSR means that the model
prefers to use DSR rather than pumped storage, where possible.

Interconnection

Previous studies have found that DSR and interconnection have complementary
roles to play in balancing supply and demand.” Since interconnection does not
compete with DSR in the same way as pumped storage, it is more appropriate to
take a high-level approach that abstracts away from complex factors such as
European-wide correlations in wind generation and demand. We will include
interconnector capacities from the scenarios discussed in section 3.2 and will
model this using the average price of electricity in each of the connected markets.

In principle, it would be possible for the model to take into account the average
price of electricity in each of the connected markets, and simulate exports and
imports when it is profitable to do so. However, this would add additional
complexity to the modelling so unless the presence of interconnectors is likely to

7 This is based on an assumption that supplier-led DSR is enabled by smart meters. As set out in
Section 4, we would welcome comments on this assumption

76 Poyry (2011), DSR follow on
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materially affect the balance of costs and benefits, we do not propose to
incorporate them into the model.

Demand profiles

This section provides more details regarding the interdependencies between the
generation and network models. The half-hourly demand profiles provide the
main link between the sections of the model.

Both the network and generation models require as an input half-hourly load
profiles (whether at the individual feeder level for the network model, or on
aggregate across the country for the generation model). However, the availability
of technologies such as DSR means that the load profile itself becomes
adjustable over time”. This section provides an overview of the different
demand profiles that we will consider. These are explained in further detail
below.

7 Embedded storage also has the potential to influence aggregate demand profiles. However, the
issues surrounding DSR are more complex (since forms of DSR are available even before any smart
grid investment is made). We therefore concentrate in this section upon the treatment of DSR,
however embedded storage could be modelled in a similar way.
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Table 11. Demand profiles used within the model

Demand profiles under Demand profiles with
BAU smart investments

Before enhanced smart Initially no DSR
met.er communications Increasing mix of supplier-led static DSR over time
available
After enhanced smart Supplier-led dynamic DSR  Feeders without enabling
meter communications technology remain as
available under BAU

Feeders with enabling
technology have DNO-
modified demand profile

Source: Frontier Economics

Before enhanced smart meter communications are available, under the
BAU

The starting point for our model will be the demand profile without any DSR™.
However, our business-as-usual assumptions for smart meters imply that they
will be capable of “static” time-of-use tariffs, which can incentivise customers to
shift demand to where (on average) energy costs are lower.

The demand profile for the various technologies will therefore move towards
profile be influenced by static time of use tariffs.

Before enhanced smart meter communications are available, with smart
grid investments

We assume that the DNOs are not able to make any use of the DSR capabilities
afforded by smart meters without an enhanced communications system. This is
because the basic smart meter communications infrastructure may not enable
time-of-use tariffs to be set separately for consumers on different feeders, as
potentially required by DNOs.

Even if this were not the case, static time-of-use tariffs are likely to be too blunt
an instrument for a DNO seeking to minimise peak demand. For example,
without a way to send individualised signals to different households, there is a
risk that a large number of heat pumps on a feeder may turn on at once.

8 This demand profile will incorporate the limited DSR that currently takes place (e.g. economy 7
tariffs) as this will be reflected in the demand profiles inputted into the model.
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The technology that enables DNOs to modify the demand profile will therefore
not appear in the smart solution stacks until the enhanced smart meter
communications infrastructure is in place. Demand profiles will be identical
across the BAU and smart solution specifications, and so the generation model
will produce identical costs for each (which will net off to zero).

After enhanced smart meter communications are available, under the BAU

After a pre-set date, the model will allow “dynamic” supplier-led time-of-use
tariffs, which can be adjusted half-hour by half-hour to lower generation costs.

Note that our model will not explicitly differentiate between different ways in
which DSR can be undertaken (e.g. via differing tariffs, or remote dispatch of
household appliances). The assumptions made regarding the effectiveness of
DSR will relate to the amount of energy that can be shifted for (for example) a
heat pump, rather than the methods by which this is undertaken.

After enhanced smart meter communications are available, with smart
b
gl‘ld investments

In this case, the local DNO will have the option to modify demand in order to
reduce peak loads (and therefore increase network headroom) on individual
feeders. The implementation of such a DSR profile would require enabling
“smart” investments for each relevant feeder”. This will therefore be one of the
smart solutions available on the priority stack in the network model.

It is important to note that the demand profile with such “DNO modified” DSR
will in many cases be identical to that under the supplier-led dynamic DSR. As
long as network headroom is sufficient, the DNO will not need to adjust the
profile of demand, and so the benefits in terms of generation cost savings will
continue to accrue.

6.5.1 DSR for system security services

A final application for DSR involves the use of rapid demand-side response to
compensate for unexpected losses of supply (for example if a power plant
suddenly fails). In principle, the use of DSR for such system services could
lessen the need for expensive spinning reserve.

However, we are proposing to assume that the latency of DSR facilitated by
smart meters and smart grids will be half an hour or less (as set out in Section
4.1.2). Unless the latency is significantly lower than this, we consider that it would
not be possible to rely upon DSR for providing the immediate response required

7 For example, this could involve substation sensing to identify the exact level of peak demand, which
will depend on factors such as the clustering of LCTs.
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to arrest a drop in frequency. We therefore do not propose to model this type of
DSR.

6.5.2 Modelling DSR

Figure 24 illustrates the process required to produce the various demand profiles
required by the model. This involves the passing of demand profiles between the
network and generation models.

Figure 24. Overview of model interlinkages for DSR

Network model Generation model

Back out half-hourly
load profiles and
penetrations

Initial demand profiles & penetration

“Supplier-led” demand profiles Calculate UK demand,

adjust load profiles to
lower generation costs

(both static and dynamic)

Determine headroom, “DNO adjusted” demand profiles

adjust load profiles for
DNO-led DSR

Proportion of feeders on each profile

Calculate generation
costs based on mix of

both demand profiles

Network costs Generation costs

Real options CBA

model

Source: Frontier Economics

Modelling supplier-led DSR

The starting point for modelling supplier-led DSR is the existing half-hourly
demand profiles for low-carbon technologies. These will be collated by the
network model, along with overall penetration rates.
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The generation model will use these figures (together with demand from any
other sources) to determine demand net of intermittent sources. To calculate the
supplier-led static demand profile, only average intermittent generation need be
considered. In order to model dynamic supplier-led DSR, though, the model will
independently consider demand net of wind under each of the representative
wind profiles.

The model will then consider how the profile of technologies amenable to DSR
(such as heat pumps) can be adjusted in such a way as to lower supply costs. We
envisage that this adjustment will take place through the use of simple heuristics
(primarily ensuring that the low-carbon technology demand varies in a way which
matches wind supply). These will respect basic constraints regarding the extent to
which energy can be transferred across time (for example, it is unrealistic to
expect a substantial amount of EVs to charge during the morning rush hour). In
such a way, patterns of usage for each low-carbon technology in each season will
be produced. These are used as the baseline demand profile for the network
model (before the smart investment which enables DNO-adjusted DSR is made).

A model that fully optimises the deployment of demand response is outside the
scope of this project. As a result, the demand profiles that the model creates will
still have scope for further optimisation. To the extent to which this occurs in
both the business-as-usual and “smart” wotlds, the overall effect of any failure to
optimise DSR will tend to net off in the overall calculations. However, we plan
to build the model in such a way that the output from a more elaborate
optimising model could be incorporated in the future, if desired.

Modelling DNO-adjusted DSR

For each representative feeder (and each level of clustering), the network model
will keep track of a set of adjusted demand profiles which are just sufficient to
bring peak load down to a point which defers the next required investment in the
solution stack. The basis for these demand profiles will be the dynamic supplier-
led profiles (as described previously, it is considered that DNO-adjusted DSR
will not be possible with static time-of-use tariffs).

Again, these updated load profiles are required to be consistent with basic
constraints regarding the transfer of energy over time, and will be constructed
using a similar methodology to the supplier-led DSR. The model will keep track
of how much demand-shifting capacity remains after the supplier-led DSR (in
very broad terms — a model which keeps track of exactly what amount of
demand can be moved from each period to each other period may be
unmanageable).

In theory, the modelled adjustments made by DNOs to demand could have an
overall detrimental effect upon the net present value of smart grids (if the benefit
of postponed reinforcement is outweighed by increased generation costs). Our
model will not seek to select a fully “optimal” pattern of investment in DNO-led
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DSR that minimises overall costs. * However, by adjusting the position of DSR
within the network solution stacks, it will be possible to determine how sensitive
the overall costs are to this issue. Further, the DNO-adjusted profile is unlikely
to vary greatly from the supplier-led one (since both will tend to reduce peak
demand where possible).

Final generation calculations

To calculate the overall costs of generation, the generation model will build a
final aggregate demand profile. This will use data from the network model on
the proportion of feeders running the original supplier-led DSR profile, and the
proportion (if any) that have been converted to a DNO-adjusted DSR profile.

6.5.3 Limitations regarding the treatment of DSR

To produce a tractable model, some of the more complex “feedback” effects that
could be created by DSR will be excluded. These are explained below.

If the DNO-adjusted demand profile were significantly different to the supplier-
led profile, the following sequence of events could take place:

1. Over time, feeders would move from supplier-led to DNO-adjusted DSR
profiles.

2. This would lead to the overall GB-wide demand profile changing.

3. This could itself result in the optimal supplier-led profile changing, to
ensure that demand net of intermittent sources is as flat as possible.

4. The new supplier-led profile could itself lead to different levels of
headroom on individual feeders — which would itself lead to a different
number of feeders on each demand profile.

80 However, if a DNO has already invested in DSR and not conventional reinforcement, it would
almost certainly be optimal for the DNO to use DSR (if available) to avoid breaching headroom
limits. This is since the cost of running a feeder above its design capacity will probably exceed the
costs associated with a short period of slightly higher-cost generation. Therefore, while the
investments made by the DNO in the model may not be completely optimal, the modelled demand
profiles (given these investments) may be.
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Figure 25. Feedback effects

Different number of
feeders using DNO-
adjusted demand
profile

Overall demand profile
changes

Optimal supplier-led
demand profile
changes

Headroom changes on
individual feeders

Source: Frontier Economics

A model which allowed this type of feedback effect would need to
simultaneously optimise both the supplier-led and DNO-modified DSR profiles.
This would greatly increase the complexity of the model.

Instead, the model we propose explicitly rules out such feedback effects: the
supplier-led DSR profile will not be able to respond to changes in the DNO-
modified profile. Since the DNO will only need to adjust demand when
headroom is breached, the overall change upon the demand profile is likely to be
small. We therefore think little will be lost fromm this simplification and there
will be benefits in terms of keeping the model transparent and usable.
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Annexe A - literature review

We have reviewed a range of documents in order to develop our understanding
of the issues involved in attempting to define the costs and benefits of smart grid
investment. Two previous reports (by ENSG and EPRI) are particularly
applicable to this work, and we summarise the CBA methodology they use in
Table 12 below.

In the sections that follow, we summarise the conclusions of prior work
regarding:

® the technologies that may be involved in the smart grid;
® the costs and benefits of these developments;

® the factors which are likely to affect the extent to which these benefits are
realised; and

® how demand-side response (DSR) can be deployed and modelled.
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Table 12. Comparison of the ENSG and EPRI CBAs

Scope and methodology

Outcomes®

Geographic scope

ENSG (2010)

GB

EPRI (2011)

us

Period covered

Investments in the period
2010 - 2030

NPV calculated out to 2050

2010 - 2030

Period
subdivided?

Phase 1 (2010 — 2020)
Phase 2 (2020 — 2030)

No

Treatment of
uncertainty

High/low estimates for
phase 1

Recognition of high levels
of uncertainty for phase 2

High/low estimates
provided for costs and
benefits

Treatment of
optionality / “lock-

in

It is recognised that “the
phase 1 investments...
provide the foundations for
future optionality”

No

Connection and
use of low-carbon
technologies

Carbon benefits not
included (included within
assumed electricity price).

Includes reduced
environmental impact
from facilitating low-
carbon generation and
transport

Maintenance of
network standards

Includes benefit of reduced
outages

Includes benefits from
increased reliability and
security of supply

81

In particular, we consider those outcomes that are held constant. As an example, the smart grid may
make it more cost-effective to introduce various low-carbon technologies. One way of dealing with
this is to value the resulting carbon benefits (versus business-as-usual) directly. Alternatively, carbon
emissions can be fixed and the alternative means of accommodating the low-carbon technologies

can be costed.
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Demand-side Included Included
response

Smart meters Not included® Included
Distributed Not included® Integration costs
generation included
Distributed Not included® Includes integration of
storage V2G
Distribution Included Included
network

sensing/control
(e.g. automated
voltage control)

” Not included®®

Dynamic thermal Not included
ratings on
distribution

network

0
Z
o
o
o
c
<
o
[
=
-
—
@®©
=
(%]
=
[
k=
E
o
c

Transmission Not included®’ Included
network

technologies (e.g.

FACTS)

Bulk Not included Included
(transmission-
level) storage

82 Costs and benefits are incremental to those for smart meters in isolation.

83 Considered as a value driver

84 V2G considered as a value driver

85 Dynamic line rating is discussed as a possible smart technology, but does not appear to have been

incorporated into the CBA.

86 Dynamic thermal rating is only included on the transmission network.
87 While these technologies are briefly discussed, the CBA itself concentrates on the distribution
network.
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Final results Phase 1 NPV of between NPV of +$1.294bn -
+£1bn and -£0.17bn out to +$2,028 out to 2030
2050 (benefit-to-cost ratio
Corresponds to a

88
0f 0.97 - 1.18) benefit-to-cost ratio of
Phase 2 NPV of +£2.7bn 2.8-6.0
(highly uncertain) out to
2050 (benefit-to-cost ratio
of approximately 2.59)

Results

Source: Frontier Economics

Technologies involved in the smart grid

The various studies identify a wide range of technologies that can be seen as part
of the smart grid. Below, we briefly outline the different types of solution that
have been considered.

7.1.1 Demand-side response

Demand-side response is included as a “smart” technology in virtually all of the
literature we have reviewed, although the scope of which costs appear in the
CBA varies. In particular, the ENSG CBA includes the costs of smart
appliances. By contrast, the ERPI study argues that the increased presence in
microprocessors in such appliances already means that they could be made
“smart” at little incremental cost.

7.1.2 Smart meters

There are many interdependencies between the installation of smart meters, and
the smart grid. Cost-benefit analyses may differ in which of the costs and
benefits of smart meters are included (as, if the rollout of smart meters is taken as
given, any costs or benefits they accrue in themselves will not differ between the
“business-as-usual” and smart grid worlds).

In order for the DNO to make use of data from smart meters, a communications
infrastructure is required. The ENSG CBA notes that there may be scope to link
the communications required for smart meters and the rest of the smart grid,
reducing the overall cost. However, it adds that some smart grid functionality
may have very different communications requirements. The approach taken is to
estimate the additional cost (on top of those stated in the May 2009 Smart Meter
CBA) required to install a communications system for both smart meters and the
smart grid.

88 Constructed using NPV and discounted benefit figures.

Annexe A — literature review



November 2011 | Frontier Economics 143

By contrast, the EPRI CBA includes the costs and benefits that are directly
attributable to smart meters, without separating these from the wider benefits of
the smart grid.

7.1.3 Distributed generation and storage

The studies that consider distributed generation typically do not consider the
costs of distributed generation technologies (such as solar cells) themselves as
part of the smart grid, but rather as a value driver (see below). However, the
ERPI study does include the costs of integrating micro-generation into the grid,
including the inverters used within micro photovoltaic installations.

EVs with vehicle-to-grid (V2G) capabilities provide a form of distributed storage,
which is generally assumed to be controlled through DSR. In a similar way to its
treatment of micro PV, the ERPI study only includes integration costs, rather
than the EVs themselves. The ESNG CBA assumes that a high penetration of
V2G will only be feasible from 2040 onwards.

7.1.4 Distribution network developments

The ENSG CBA incorporates benefits from voltage optimisation, in addition to
enhanced substation sensing, control and communications equipment. Similarly,
the EPRI study considers a variety of interventions on the distribution network,
such as greater automation of feeders and intelligent universal transformers.

Dynamic thermal ratings are described as a smart grid technology in the ENSG
study (the Skegness 132kV scheme is mentioned), although they do not appear to
be incorporated in the actual CBA.

7.1.5 Transmission network developments

The EPRI CBA includes costs and benefits relating to the transmission network,
including:

9 dynamic-thermal circuit rating;

O substation and transmission line sensors;

O transmission short-circuit current limiters;

5 FACTS (Flexible AC Transmission System) devices;
O communications infrastructure;

©  phasor measurement units;

o intelligent electronics devices; and

B additional cyber security measures.
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The ENSG CBA generally concentrates on possible developments within the
distribution network, rather than the transmission network. FACTS is
mentioned as a technology which could form part of a smart grid, however the
costs and benefits relating to this do not appear to be contained within the CBA
itself.

7.1.6 Bulk (transmission-level) storage

Like demand response, the use of bulk storage (for example, pumped storage
facilities) facilitates the balancing of electricity supply and demand. The ERPI
CBA includes the cost of adding compressed air energy storage (CAES) to the
transmission network.

The ENSG CBA does not include any costs or benefits arising from the
installation of additional bulk storage capacity.

Costs and benefits arising from a smart grid

The smart grid technologies above may lead to a number of different types of
benefits — below, we summarise some of the themes found within the literature.

7.2.1 Reduced distribution network capex

The literature generally indicates that smart grids will be capable of delivering (at
least) the same outcomes on the distribution network, with lower levels of capital
expenditure. One reason for this is that technologies such as DSR, dynamic
thermal ratings and simply better monitoring may reduce (or delay) the need to
reinforce the distribution network. The ENSG CBA considers the latter two
features, while both the 2010 Poyry study and Strbac et al (2010) examine in
more detail the effect that DSR could have on required reinforcement.

In addition, the ENSG CBA indicates that the improved monitoring and control
capabilities on the distribution network may lead to a reduced asset failure rate.
7.2.2 Avoided generation costs

Dispatch of demand response and distributed generation may enable demand to
be shifted to periods with the lowest marginal costs of generation (these costs
may include any carbon emissions). This is included as a benefit in both the
ESNG and ERPI studies, while the DSR reports discussed below (for example,
Ofgem’s 2010 discussion paper) also examine this issue.

7.2.3 Facilitating the connection of low-carbon technologies

If the smart grid enables technologies such as electric vehicles, heatpumps and
renewable generation to be integrated into the network in a more cost-effective
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fashion, it may be appropriate to include the environmental impact of this in the
CBA. This is the approach taken by the ERPI CBA.

By contrast, the ENSG CBA treats the penetration of such technologies as fixed
value drivers (see the following section).

7.2.4 Maintenance of network standards

Both the ENSG and ERPI CBAs include as a benefit the reduced outages that
are assumed to arise from a system with better distribution network monitoring.
The latter includes a wider variety of benefits, such as an improved ability for the
network to deal with attack and natural disaster.

Smart grid value drivers

The literature that we have reviewed consider a variety of different factors which
could affect the benefits that accrue from smart grid investment. Below, we
summarise some of these key value drivers (excluding those which simply relate
to the performance of a given smart technology, such as how effective voltage
optimisation may be in practice).

7.3.1 Availability of DSR (including penetration of EVs and HPS)

The amount of peak power consumption that can be shifted with DSR forms a
key assumption for many of the reports (see below for further information). As
indicated in the ENSG CBA, this will be driven by both levels of customer
engagement, as well as technological developments (such as the availability of
vehicle-to-grid charging for electric vehicles). Factors such as typical driving and
charging patterns for EVs (considered by Strbac et al (2010)) will also affect the
overall benefits gained from DSR.

7.3.2 Pumped storage and interconnection

Increasing levels of transmission-level storage or interconnection provide another
way of reshaping demand, which may decrease the incremental benefits to be
gained from demand-side management®.

The 2011 follow-on to Poyry’s study into DSR for DECC examines these issues.
It is noted that DSR and pumped storage may to some extent be substitutes:
pumped storage rates of return are likely to be lower in a world with DSR (due to
the flattening of prices and redistribution of demand that occurs with DSR). By

89 Specifically, the benefits obtained from better utilisation of cheaper forms of generation (such as wind).
Storage and interconnection on the transmission network is unlikely to affect the benefits of DSR
on the distribution networks, where it may postpone the need for reinforcement.
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contrast, it is noted that interconnection (especially to Norway) may play a
complementary role to DSR. In the modelled scenarios, DSR tends to increase
exports over this interconnector.

As described above, the ERPI report includes some forms of transmission-level
storage as a smart solution itself, rather than as a value driver.

7.3.3 Availability of distributed generation

The penetration of distributed generation (DG) can affect the value from smart
grid solutions in two significant ways. Firstly, the smart grid may enable the
dispatch of DG in order to overcome issues such as renewable intermittency.
The increased usage of DG will lead to higher benefits in these areas, as
recognised in the ENSG CBA and the Pacific Northwest report.

In addition, forms of DG such as photovoltaic cells can lead to voltage control
issues on the distribution network, which can be mitigated with smart solutions.
The extent of the benefits that can be delivered by the smart solutions will
depend on the penetration of such generation on individual feeders (clustering is
a particular important phenomenon here). The 2010 Pacific Northwest report
explores this issue further.

7.3.4 Generation mix

To the extent that the smart grid can facilitate the connection (and utilisation) of
intermittent renewable energy, the amount of energy supplied by such sources
will drive some of the benefits. This point is made by the 2010 Pacific
Northwest report, which notes how distributed generation, distributed storage
and demand response can reduce the capacity of traditional generation required
for services such as spinning reserve.

Studies such as Poéyry’s 2010 DSR work incorporate the generation mix
(including wind intermittency) as an input to determine the benefits that can
accrue, although in many instances the generation mix is not itself varied across
multiple scenarios. For example, this report utilises the generation mix from
DECC’s Pathway Alpha, while Ofgem’s 2010 discussion paper on DSR uses the
2020 “Green Transition” scenario for generation costs.

Modelling of demand-side response

As seen above, demand-side response (DSR) is one of the key elements of the
smart grid. It is also one of the most challenging elements to model fully: a full
optimisation of DSR would require taking into account the different technical
constraints upon the vast number of appliances which can be remotely

dispatched.
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Where previous studies have modelled DSR, they have handled these
assumptions in different ways. Some of them make relatively high-level

assumptions (for example regarding the proportion of demand which can be

shifted from peak to the night). This permits a very transparent approach, but

means that the model cannot easily assess the impact of varying assumptions (for

example, changing penetrations of electric vehicles and heatpumps). By contrast,

some studies take a “bottom up” approach that considers the technical

constraints of each type of appliance, within an optimising dispatch model.

Ofgem’s 2010 discussion paper on demand-side response makes the
high-level assumption that between 5% and 15% of peak domestic demand
can be shifted from the peak to later in the evening (similar assumptions are
made for other sectors). This is based upon the Global Insight 2009 study
“Demand Side Market Participation Report”.

The ENSG (2009) CBA also appears to rely upon basic assumptions
regarding peak demand levels; it is assumed that take-up of demand-side-
response varies from 12% in the base case, to 2% in the low case. However,
it is not entirely clear from the material we have how the benefits themselves
were derived.

Where LCNF submissions place a value upon the benefits from DSR, this
generally involves a “top-down” approach, which makes assumptions
regarding the percentage of demand that can be shifted. For example, the
Demand Side Management of Electric Storage Heating submission
makes the assumption that 5% of UK demand is capable of being shifted
from the peak (consistent with the Ofgem report). Benefits are calculated
on the basis that this demand, previously associated with high marginal
costs, will take place during periods of average generation cost.

The original Thames Valley Vision proposal assumes that DSR will enable
peak demand from 15:00 to 20:00 to be re-allocated to the off-peak period
00:00 to 05:00. In order to calculate the potential carbon savings from DSR,
representative half-hourly demand profiles are provided for March, June,
September and December 2010. Emissions intensities can be calculated for
these profiles, and for a DSR profile where demand has been shifted away
from the peak.

The 2010 Poyry report applies a bottom-up modelling of DSR. Demand is
split between “inflexible” demand, and “flexible” demand, which consists of
three categories of appliance: residential washing units, heating and electric
vehicles. These are characterised by their:

5 daily demand profile;
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B charging rate;

o availability for charging/use;

B minimum “on’ time;

B storage capacity;

B minimum storage levels;

B rate of energy loss in storage;

B fuel switching capability; and

B capability to return energy to the grid.

An assumption is also made regarding the proportion of these units which
can be subject to DSR.

These DSR-capable units can then be dispatched by an optimising model (it
is assumed that consumers have no control over the dispatch) to either
minimise generation costs, or reduce peak demand. The model has an
houtly resolution, and covers a year.

Strbac et al (2010) similarly considers three categories of flexible demand:
electric vehicles, heat pumps, and smart domestic appliances (washing
machines, tumble driers, and combined washer-driers). The model
optimises the usage of these appliances in order to flatten demand (based
around houtly demand in a representative winter day, with various
constraints upon DSR).

This paper does highlight the interactions between the optimised demand
responses of different sectors. For example, with heat pumps only, it is
optimal to shift a much heat-related load to the night (despite the associate
energy losses). By contrast, if electric vehicles are also available (and
charging at night), heat pumps can be used with less storage requirements.
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