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Section 1: Project Summary

1.1 Project title
BRISTOL (Buildings, Renewables and Integrated Storage, with Tariffs to Overcome network Limitations)

1.2 The Lead DNO
Western Power Distribution (South West)

1.3 Project Summary

The UK's transition to a low carbon economy will require significant changes to the way we supply and use
energy. Electrification of transportation and heating, combined with dense deployments of photo-voltaic
panels, will give rise to additional constraints on electricity networks, particularly at low voltage (LV). These
constraints cannot be ignored, and will ultimately adversely affect the customer and their own low carbon

aspirations. To address this, networks can be strengthened using conventional reinforcement or by
developing novel approaches.

The BRISTOL project is an innovative combination of energy storage in customer's premises, coupled with
new variable tariffs and integrated network control to overcome generation or load related constraints at
key times of the day. It will explore the use of direct current (DC) power in customer premises in
conjunction with battery storage shared virtually between the DNO and customer, providing benefits to both
parties. Through batteries, the LV network will be operated more actively with additional capacity to
manage peak load, control voltage rise and reduce system harmonics. The techniques trialled will, through
reduction in constraints and need for network reinforcement, facilitate the connection of low carbon devices
at reduced cost at over 40 locations in a range of premise types including homes, schools and a business.

1.4 Funding

Second Tier Funding request (£k)|£2,204

DNO extra contribution (k) [£0 External Funding (£k) £280

1.5 List of Project Partners, External Funders and Project Supporters
Partners: Siemens, University of Bath (with RWE npower) and Bristol City Council.

Project Supporters: Moixa Energy

1.6 Timescale

Project Start Date 1st December 2011 Project End Date 15th January 2015

1.7 Project Manager contact details

Contact name & Job title Contact Address

Roger Hey, Energy Projects Manager Pegasus Business Park,
Herald Way,

Telephone Number Castle Donington,

Derbyshire,
DE74 2TU

02476 185 927

Email Address
roger.hey@central-networks.co.uk
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Section 2: Project Description

2.1 Aims and objectives

The UK Low Carbon Transition Plan sets out a national strategy for climate and energy, alongside
challenging environmental targets. Currently published pathways (e.g. DECC 2050) predict increasing
amounts renewable generation, with the electrification of heating and transportation. Whilst there is some
uncertainty as to the timing of large-scale deployment of Low Carbon Technologies (LCTs), it is clear that
this transition will accelerate in the run up to 2020.

The Problem

Technical constraints occurring on the Low Voltage (LV) distribution network will intensify as the UK
adoption of new LCTs accelerates. There are a humber of projects currently evaluating the impact on LV
local grids, but less work investigating the role customers, homes and businesses can play in alleviating
network constraints.

Integrating LCTs into new houses as they are built is relatively easy; however two thirds of the 2050
housing stock has already been built today. The UK faces the challenge of incorporating microgeneration,
heat pumps and electric vehicles into all types of existing housing stock and the UK Distribution Network
Operators (DNOs) must incorporate LCTs into the existing distribution network in the most cost effective
manner.

Many of these emerging technologies along with existing consumer electronics operate using Direct Current
(DC) through an AC/DC power adaptor. Generators and increasing numbers of appliances that use DC have
a detrimental effect on the network power quality, adversely influencing the power factor and increasing
voltage distortions. Homes and businesses have multiple items of equipment that require DC power. The
AC/DC power converters used can be very inefficient generating excess heat, and are a contributing factor
to consumer energy inefficiency.

An unintended consequence of promoting LCTs is the additional strain that they place on the LV distribution
network. Electric vehicles and heat pumps will draw large volumes of power, and create significant potential
increases in peak demand. Microgeneration installations can create two way power flows and change the
voltage profiles along cables. If left unmanaged, these additional effects on the network can begin to affect
the overall quality of supply for customers and in some circumstances lead to network restrictions,
constraining customer activity until the network is reinforced. There is a risk that this potential inability of
networks to fully accommodate new LCTs could impede the transition to a lower carbon economy and hinder
the attainment of government targets.

Enhancement of the LV network will increasingly be required to maintain a secure, efficient distribution
network. Conventional reinforcement (such as laying larger cables and installing greater capacity
substations) will allow greater penetration of LCTs, although such schemes can take significant amount of
time to plan and construct. Alternatively emerging smart grid solutions may offer a quicker and more cost
effective response in addressing network constraints.

Western Power Distribution (WPD) does not under present arrangements utilise smarter grid solutions such
as flexible demand to reduce peaks or to accommodate a rapid take up of generation on the LV network.
This is due to a lack of deployed suitable technology, unproven operating procedures and unknown costs.

The Methods
The BRISTOL project seeks to address the Problem by developing the following three methodologies.

- Battery Storage with Demand Response will be installed in customers' premises, and shared virtually
between WPD and the customer to limit the need to reinforce the network. It will be used through a LV
Connection Manager device to reduce the impact of LCTs on the distribution network and improve the
operation of the system.

» Direct Current Networks will be retrofitted into selected homes, schools and offices to connect PV
panels and DC appliances together. These DC networks will then be integrated via their LV Connection
Manager devices with the LV local grid through LV Network Manager device sited at distribution
substations.

« A number of Variable Tariffs will be trialled using the domestic element to incentivise customers to alter
their demand profile, flattening their demand, reducing their peaks using the automated LV Connection
Manager, battery storage, micro generation or lifestyle changes or a mixture of the four.
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The coordination of these methods will be controlled through two Siemens devices, the LV Network
Manager, located at distribution substations, and the LV Connection Manager located at customers'
premises.

Further technical details associated with these methodologies and devices will be outlined more fully in
section 2.2 and Appendix C.

A number of Trials

Bristol City Council has already secured funding for energy efficiency measures which provide an
opportunity to test the methods in a real operational scenario. Photo Voltaic (PV) panels will be connected
to homes, schools and an office through several projects including a European Regional Development Fund
scheme, Solar PV for Bristol Schools Project and through a grant from the Energy Management Unit. WPD
will work with Bristol City Council to develop a highly innovative solution to integrate this generation into
the distribution network.

The BRISTOL project is proposed to operate for 18 months and will trial the methods at 30 domestic
properties, 10 schools and an office as follows.

Domestic
« 30 homes from Bristol City Council social housing stock, all located in one area of Bristol. Homes will be
modified to include:

o Up to 4.8kWh battery storage

0 2kWe PV panels connected to the DC Network (funded by Bristol City Council out of an European
Regional Development Fund)

o Lighting converted to operate using the DC network

0 Computing converted to operate from the DC network

o0 Central Heating Pump and controller converted to operate using Direct Current

o0 Smart appliances controlled through the LV Connection Manager

o Variable Tariffs

Schools
« 10 schools all connected at Low Voltage with PV panels connected. Schools will have an ICT suite
converted to include:

0 19.2kWh battery storage

0 PV panels connected to the DC Network 3.6kWe - 10kWe (funded through Solar PV for Bristol
Schools Project with a value of £1m)

0 Up to 40kWe connected to the AC network (funded through Solar PV for Bristol Schools Project)

o Lighting converted to operate using the DC network

o Computing converted to operate from the DC network

0 Three phase balancing

Office
« A section of an Office with PV panels connected will be modifies to include:

0 19.2kWh battery storage

o0 PV panels connected to the DC Network 10kWe (funded through EMU's renewable energy funds)

o Lighting converted to operate using the DC network

o Computing converted to operate from the DC network

o Three phase balancing

0 Supplemented by a feasibility study on a large office or IT centre using the learning generated by
the BRISTOL project.

The above three demonstrations and feasibility assessment on homes, schools and office, are based on the
same technical methods, to produce learning in different environments.
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2.2 Technical description of Project

Through BRISTOL, we will investigate the concept of DC premises with Photo-voltaic generation and other
LCTs. They will be connected to the local grid and managed through LV Connection Managers and LV
Network Managers, intelligent devices, situated in the home and local substation as an alternative to
conventional network reinforcement. A comprehensive technical document has been included in
Appendix C written by our project partner, Siemens. This provides greater technical detail of the
methods being deployed and how the trial components fit together.

The LV Connection Manager is an in home energy management system device performing many functions
including monitoring the network voltage profile and battery storage with demand response. They will be
coordinated by the LV Network Manager to maintain network voltage profiles and reduce network peaks
locally while taking into account variable tariffs. The LV Connection Manager will integrate the capabilities of
the PV, battery storage and the electrical demand to minimise the financial cost of energy used, minimise
the carbon impact of energy used, actively manage the real power profile to support the distribution
network (demand response), and provide reactive power support to the network. The LV Connection
Manager will:

1. Forecast electricity demands of the home for the next day, including any LCT demands.

2. Estimate any microgeneration output for different periods of the day, storing excess energy at periods
of low demand in the customer's section of the battery.

3. Move flexible demand (Smart Appliances) to periods of microgeneration output.

4. Calculate if customers require any additional battery charging using off peak or lower carbon intensive
generation.

The LV Network Manager is a device that will be situated at distribution substations and will identify
limitations on LV feeders by monitoring system parameters including power flows, voltage and power
quality. They will identify constraint conditions within the LV network and attempt to resolve them by calling
on the capabilities of customers connected to the LV network, managed by LV Connection Managers. Key
functions include:

1. Determine if the DNO needs to charge the DNO section of the battery to reduce the voltage rise
created by solar PV during periods of low demand. Use the battery storage to meet the conditions of
the Distribution Licence, discharging during peak periods to reduce network losses.

2. Determine if the DNO needs to discharge their section of the battery storage to reduce network
peaks.

3. Continually monitor the LV network to ensure it meets the voltage and load conditions of the
Distribution Licence.

Battery Storage will be installed at trial sites with a virtual split capacity earmarked for customer and
network operation use. Customers will use battery storage as a buffer to make better use of PV generation,
only selling energy they do not need. This will minimise importing energy from the grid at peak times,
reducing their energy bills.

WPD will also utilise specific capacity in the batteries to aid network management. This will include
coordinating multiple units along a network feeder to help manage local grid constraints.

Battery storage will be used to:

 Influence network power flows using the battery storage and demand response

 Influence network voltage profiles using the battery storage and demand response, as well as using
reactive compensation from the inverter

« Operate a trial with a fixed percentage of the battery for Customers and DNOs

« Operate a trial with a variable percentage of the battery for Customers and DNOs based on the effects of
seasonal variations on distribution network assets.

0 Soak up excess PV generation during periods of low demand or voltage stress
o Transferring demand to different periods of the day by discharge during peak times
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» Provide demand response capability by retrofitting selected appliances.

« Flatten the After Diversity Maximum Demand (ADMD) profile for the properties connected to the network,
reducing the network peaks.

There is a scenario where if the battery storage is fully-charged, the PV output may have to be reduced;
however this is very unlikely with the BRISTOL solution.

Batteries will allow excess generation to be stored in batteries instead of exporting power into the network.
Forecasting and appropriate sizing will reduce the risk of the batteries being fully charged at times when PV
couldn't be exported to the network.

If this scenario did occur, the equipment would behave in the same way as conventional PV installations,
charge controllers to prevent PV from damaging the battery and the inverter will prevent power from being
exported if the voltage is at statutory limits; this is an existing technology.

Customers will not be disadvantages by having the BRISTOL solution installed.

The Variable Tariffs trialled will be aligned to the wholesale market price of energy, with an aim to
incentivise customers to reduce consumption when the price of energy is high and increase consumption
when prices fall (e.g. when the UK has a significant level of wind generation).

In particular, the effect of automation and home storage on customer flexibility and responsiveness will be
investigated, to allow more sophisticated and cost-reflective tariffs to be exercised whilst not confusing
customers or compromising their lifestyle.

The roll out of smart metering, discussed in section 4(f) Relevance and Timing, could lead to new tariffs
being developed including variable tariffs rewarding customers for flattening their ADMD profile. These
tariff changes could alter customers behaviour and either reduce or increase the strain on the distribution
network. BRISTOL will provide an insight into how battery storage with variable tariffs could be designed
and used if customers change their behaviours.

During the trial all customers will still retain their existing energy tariff which will be levied by their existing
retailer throughout the trial. A number of variable tariffs will be developed as part of the project that will be
aligned to the wholesale costs of energy; domestic customers could reduce their energy bill through
reducing their energy consumptions during peak energy periods by transferring demand to other periods of
the day. Domestic customers who reduce their energy consumption during peak energy price periods will
receive a payment, reducing their energy bills. Any changes in behaviour will be recorded through the LV
connection manager and a payment to users will be made to compensate the difference between their
actual energy bill paid by the domestic user to energy retailers and their bill had the variable tariff been
implemented.

Variable DUoS rates have been considered during the development of BRISTOL however we are not
proposing to alter the DUoS revenue from customers.

It is our aiming to replicate a tariff that may be implemented when smart meters are installed; variable
tariffs may increase the business case for domestic storage and alter customers ADMD, altering the impact
of customers and Low Carbon Technologies on the distribution network.

DC Connections & Networks: An increasing amount of DC connections are being made to the distribution
network. A DC network will be retrofitted into homes, offices and an office using the existing AC lighting
circuits and allowed to operate with a floating DC voltage. Batteries and micro generation will be connected
directly to the DC network.

The DC Networks will:

« Use the existing wiring in selected Homes, Schools and Office facilities,

« Connect equipment designed to operate using Direct Current to the network through DC sockets

» Transfer selected traditional AC appliances which are significantly more efficient and improve power quality
if operated using Direct Current, e.g. lighting, computing and heating controllers.
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« Remove redundant small, inefficient, noisy AC/DC converters
 Incorporate intermittent PV generation directly into the DC network.

New Network Applications: Utilising these Methods, enhanced network applications can be developed
including Resilience of Service for customers and Improved Power Quality.

Resilience of Service of the DC network during power outages. During AC network outages customers
are unable to operate any of their DC electrical equipment, heat their homes, even if they have gas boilers,
use their digital telephones or use their micro generation. The DC network will maintain lighting,
computing, telecommunications and potentially heating. Vulnerable customers could benefit through a
wider range of devices, e.g. dialysis, stair lifts, alarms etc.

The project will provide vital learning about battery buffer storage located on the distribution feeder. The
project will also generate new learning about DNOs sharing assets with customers. A more technical aspect
in BRISTOL is to correct the network's power factor when importing and exporting power through a four
quadrant inverter. The reactive components of the power flows through the inverter will be used to improve
the voltage profile. Through three phase balancing it may be possible to reduce network imbalance and
increase the network capacity.

During the trial, the DC network will connected to the customers' consumer unit via a four quadrant inverter
on the customer's side of the cut out. The batteries will be funded by the DNO through the LCNF. The
learning from this project will demonstrate how a customer's DC network could be integrated into the active
management of the Distribution network beyond the customer's cut out using batteries which could be joint
funded by customers and DNOs.

The Power Quality supplied through the distribution network must be maintained, within the levels
outlined in the European power quality standard EN 50160, so as not to damage customers or network
equipment through distortions. Connecting high levels of poorly performing equipment, such as AC/DC
converters, to a distribution network could breach licence conditions if not filtered.

2.3 Description of design of trials

Many local councils across the UK are currently developing large scale PV Panel installations programmes.
However assessing the network impact and reinforcement requirements of such deployments by DNOs
requires detailed network analysis on a circuit by circuit basis.

This project has been designed to attain learning relating to such schemes and develop solutions that can
be directly replicable throughout many UK Locations. Bristol is an ideal location for this trial for a number of
key reasons. The housing occupant compositions are roughly inline with national averages based on
Communities and Local Government 2008-based household projections. There is a large base of socially
rented and council owned houses that are typical of other common UK property construction types.

To ensure the right location is chosen, we will be working with Bristol City Council to indentify a
representative area with typical 3 bedroom semi-detached housing. The selected area will also require a
dense rollout of PV panels to ensure maximum opportunity to acquire learning. The trial will last for 18
months to ensure at least one winter and summer period with an additional six month overlap to aide
verification of findings. This is also seen as a suitable period to learn how effective the technical solutions
are and quantify any behavioural changes. Initial power analysis shows that thirty households will provide
sufficient information for aggregate changes in behaviour to be reliably measured.

Why BRISTOL will produce reliable data
As well as the statistical considerations of this study, we need also to ensure that meaningful data is
gathered. To achieve this a combination on quantitative and qualitative measures are proposed.

For example, for assessing behaviour (e.g., energy consumption), we will utilise direct measurements
through the LV Connection Manager. This is in contrast with relying on customers to self report results,
thereby reducing possible biases from social desirability.
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Network data generated from the LV Connection Manager and LV Network Manager will be recorded and
stored in a data archiving PC located in a distribution substation. The raw data will be analysed to generate
the DNO network learning.

Less tangible data such as attitudes, which cannot be measured physically, will be studied using existing,
validated scales. Where more subjective measures are inevitable, reliability and validity will be explicitly
considered and measured. Our approach thereby seeks to obtain high-quality - often numerical - data which
minimise the likelihood of measurement error.

We also consider it important to supplement this quantitative work with more open, qualitative work to
provide more in-depth understanding of the participants' experiences and feelings about energy use and the
LV technologies being employed. As such, interviews and focus groups will form part of the project. In order
that the data arising from these are explored carefully, we will seek to use appropriate existing analysis
methodologies.

Further information regarding our approach is detailed in Section 5, Knowledge Dissemination.

2.4 Changes since Initial Screening Process (ISP)

Western Power Distribution has continued to develop BRISTOL since the initial screening submission with
our project partners and project supporters. There have been no substantial changes since the screening
submission; other changes are outlined below.

Following the publication of the Initial Screening submission by Ofgem, we have been contacted by Moixa
Technology, a R&D company working on the development of Smart DC Energy, and have a solution to shift
DC electronics and lighting off grid and off peak. Western Power Distribution, Siemens and Moixa believe
that the Moixa smart DC power hub can be incorporated into the LV Connection Manager for the domestic
properties trial.

Project Partner
» Siemens
 University of Bath (working with RWE npower as a supplier)
* Bristol City Council

WPD has started to work with:
* Moixa Energy

The Bristol Project requires an investment of £2.20m from the LCNF, the total project costs are £2.78m.
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Section 3: Project Business Case

Background
The Low Voltage distribution network is designed to operate passively. We use an After Diversity Ma
Demand (ADMD) of connected customers to design the network to operate within statutory Ilimit
technical capabilities regardless of time of day or season.

The traditional network designs and operating practices have to date been an efficient method to
customers. However in the future with much higher distribution peaks and customers exporting gen
into the network, it may no longer be the most efficient way to design and operate more complex net
Innovation may provide improved methods.

The joint Energy Networks Association and Imperial College summary report “Benefits of Advanced
Metering for Demand Response based Control of Distribution Networks -version 2.0”, April 2010
the reinforcement of GB distribution networks with a like for like replacement strategy using conve
reinforcement will be significantly higher then using smarter network reinforcement techniques. The
highlighted the greatest potential impact of smart appliances is at HV/LV substations and on the LV
With a 50% penetration of electric vehicles and heat pumps by 2030 the predicted the scale of -
reinforcement will be £21.8bn, compared to £9.3bn using smart grid techniques.

It is therefore appropriate to look at improving voltage profiles, reducing peaks and improving the
quality of the LV network using innovative techniques that allow the connection of significantly
microgeneration and other LCTs to the distribution network without the need for conve
reinforcement.

Design Principles: Networks are designed with three main goals:

Voltage profiles: The LV network's voltage must be maintained. Customers' demand cal
enormously over the day and across the seasons which can cause the voltage to fluctuate.
future with LCTs voltage management will be even more of a challenge. For example, a distr
network with Low Carbon Technologies connected must operate during a summer's day witl
little load and PV panels exporting into the network causing the network voltage to rise. The
network must operate during the winter months with no PV and large loads (e.g. heat
increasing the demand on the network, reducing the network voltage.

Thermal Limits: The existing LV network is designed to be big enough to supply the largest ¢
demand. If the connection of LCTs increases, and the network is not reinforced, the thermal lii
distribution network could be exceeded. In the extreme, this could result in irreversible dam
the network, disconnecting customers until it is replaced.

Power Quality: The quality of power supplied through the distribution network must be mair
so as not damage customers or network equipment. DNOs use advanced engineering model
ensure the 50Hz AC waveform is “clean”, free from excess distortions and harmonics. Coni
high levels of poorly designed customer equipment, such as AC/DC converters, to a distr
network could cause the waveform to be corrupted, breaching statutory limits.

The proposed BRISTOL projects through the DC network and buffer battery will reduce the impact o
on the voltage profile, reduce the thermal peaks by transferring demand to off peak periods and |
small poorly designed customer AC/DC converters with one efficient AC/DC converter. It is propose
this will be a much quicker and cheaper solution than conventional reinforcement.

Customer LV Connections

Currently published pathways (e.g. DECC 2050) predict increasing amounts of energy coming
renewable sources, as well as a transition of heating and transport electricity. There is sigi
uncertainty around the timing of this Low Carbon Transition. However, it is evident that the low
(LV) distribution network will be affected by these changes and schemes like the new Feed-in-Tar
already having an impact.
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Small microgeneration is connected to the distribution network under the requirements of Engir
Recommendation G83. Single connections are made under stage 1; informing DNOs upto 30 days aff
connection is made. Larger and multiple connections are made under stage 2; DNOs must model the
to determine if any network reinforcement is required before the generation is connected.

When multiple stage 1 or stage 2 G83 connections are proposed at a particular location, they can
network reinforcement, the cost of which is funded by both the developer and the DNO.

« Developers are liable for shallow upfront connection costs which are apportioned relating
percentage of the increased network capacity being used for their development.
* DNOs fund the rest of network reinforcement.

Stage 1 G83 connections, where reinforcement is triggered, requires the DNO to carry out and fu
network reinforcement.

The BRISTOL solution will help customers connect LCTs quicker and at a lower cost. It will also prc
quicker and cheaper solution to help DNOs connect G83 stage 1 generators.

Alternative to BRISTOL Solution
We have a considerable number of alternatives, however not all are feasible:

1. Do nothing; this is not an option, as the networks would exceed statutory limits, damaging n
assets and reduce quality of supply to customers.

2. Conventional Network reinforcement - install bigger cables and change transformers; may not
quickest or most cost efficient method.

3. Limit / delay the number of LC technologies connected to the network until assets are replac
condition related reasons. Again, this is not possible as DNOs have an obligation to conne
technologies (providing various technical conditions are met) and new low carbon technologi
required to help the UK meet the Low Carbon Transition Plan.

4. Use a different innovative solution; these will be trialled using the LCNF in our Future Ne
Programme.

Western Power Distribution has a portfolio of projects in a strategic Future Networks Programme.
together with knowledge gained through other projects under Ofgem's LCNF and IFI schemes are de
to help our industry prepare, as the UK makes a transition to a lower carbon economy. We have a de
be able to offer customers innovative options as well as the conventional option for a range of n
scenarios. WPD believe BRISTOL could be a viable solution and should be tested.

Project Benefits
BRISTOL will have a broad range of benefits including Financial, Customer, Learning, Asset Manag
Environmental and other benefits that could be demonstrated through a LCNF trial.

Financial benefits

The network reinforcement costs for conventional reinforcement are well known. However the amo
network reinforcement needed for an installation of micro generation or other LCTs varies substi
depending on the location. Networks have a finite capacity to connect LCTs. The learning from the
project LV network templates will provide a much clearer idea to the capacity of LV networks. Wz
examples of micro generation triggering network reinforcement, however the number have been hist
low. The increasing connection of microgeneration will increase the number of locations requiring n
reinforcement.

A recent example where network reinforcement has been triggered by LCTs has resulted in a quc
£67,000 for the connection of 27kW PV over three phases.

The cost for a BRISTOL connection for this example, after the proof of concept, is expected to be
region of £18,100.

A system would include a LV Network manager, £2,400, LV connection manager and batteries £15,700.
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Customer benefits
We have identified 4 areas where customers could benefit from the proposed solution.

+ Keeping the lights on: Through the installation of the BRISTOL system, the batteries will be u
provide enhanced resilience during power outages. Lighting, computing, telecommunicatior
potentially central heating pumps will be available from the battery storage even during n
power outages.

« Lower energy billsthrough a better control of energy; a Variable Tariff rewarding custome
reducing their peak energy demand, passing on the cost savings. Clearer, more transparent
bills through the LV connection manager using energy efficiency, better use of PV

- Improved energy efficiency: Supplying DC equipment using a high quality AC/DC converter ¢
panels powering the DC network instead of a large number of inefficient AC/DC converte
reduce electricity losses.

 Quicker and cheaper connections: Conventional network reinforcement can not only be cost
also require significant scheduling; the BRISTOL solution is one that could be implemented
faster and cost effectively.

Distribution Network Operator benefits
There are nine areas where DNOs could benefit from learning as a result of the BRISTOL project.

« The project will develop a tool that could rapidly be deployed by DNOs to reduce network hi
created by the connection LCTs.

« The project will test the benefits of storage located at customer premises, rather then at subst
providing the additional LV feeder load and voltage control support.

By oversizing the battery in the customers' premises, the project will explore the business ce
DNOs operating a virtual partition of distributed storage.

« BRISTOL will test how batteries can be used with demand response by customers to take adva
of variable retail tariffs. From this DNOs will gain an insight into the residual impact of LCTs
distribution networks.

» The project will provide insight into how customers perceive innovative solutions such as the BI
solution.

« BRISTOL will create an intelligent self managing network linking together the substation with n
properties with battery storage and demand response to reduce voltage rise and reducec
demand.

« This project will use intermittent generation and battery storage when making network pl
assumptions for the connection of other customers.

« BRISTOL will explore lower harmonic distortions on the network voltage by solving the pr
reducing power quality issues

« The Project will provide better use of the existing distribution assets.

Environmental benefits
There are six environmental benefits through the integration of BRISTOL into properties as they insta
in areas with network constraints.

« BRISTOL will increase the ability of the existing distribution network, to accommodate LCTs th
be connected to the network without conventional reinforcement. Through the integration o
the UK will be better set to meet its low carbon targets.

« This project will store renewable generation and off peak lower carbon grid electricity locally f
when customers' demands increase. This will reduce the reliance on the centralised nation
connected generation at peak times.

« Avoiding conventional network reinforcement will prevent the excavation of roads and footpath
the installation of additional cables, preventing additional carbon being released into the atmosphere.

 Reduce customers' energy losses, supplying DC equipment with DC power generated locall
efficiently converting from AC/DC with one converter instead of multiple inefficient converters.
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« Reduce network losses at peak times, with customers having flatter ADMDs.
« Reduce waste heat from the lossy AC/DC converters on multiple IT devices, reducing the need for
conditioning particularly in offices.

Other energy industry benefits
Energy Suppliers can through this trial increase their knowledge of customers' behaviours and willingness
change energy patterns. It will also improve energy forecasting through the use of the in ha
intelligence, the LC connection manager.

Great Britain System Operator (GBSO) could benefit through having more flexible demand responding
energy price signals. Customers will become more self sufficient through the use of their battery stor:
and generation. Battery storage can be used to absorb excess intermittent renewable generation at peri
of low demand.

Relevance toED1
BRISTOL has a significant amount of learning that will be collected and shared before the start of ED1
2015, where possible early learning will feed into plans and regulatory discussions.

We expect BRISTOL to provide DNOs with a technical solution to increase the capacity of the distribut
network when incorporating LCT without relying purely on conventional network reinforcement. 1
solution will provide an insight into the size of battery required in customers premises, and if a DNO
operate storage with a virtual partition.

This project will provide an insight into how Customers perceive innovative solutions such as BRISTOL i
their willingness to participate in smart grid initiatives. If positive, inclusion as an option in the busin
plan could reduce the funds required to reinforce the network and be used to respond to any quick upta
in new Low Carbon Technologies.

If successful DC networks with battery storage has the potential to become part of future UK building
regulation requirements.
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Project Business Case images
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Section 4: Evaluation Criteria

a) Accelerates the development of a low carbon energy sector
The BRISTOL project is a targeted technical project looking at developing a new tool to help wi
integration of PV and other LCTs onto the LV network. If successful WPD believe the solution can b
for a substantial number of new connections. Thereby contributing to the UK Government's current si
for reducing greenhouse gas emissions through smarter grids, key areas of the electrification of bt
heating and transport to revolutionise the design and operation of networks.

Direct Current Networks & Battery Storage with Demand response
The BRISTOL methods will demonstrate the key elements of the UK smart grid as outlined in th
Carbon Transition plan, Page 70, Box 10. Through this it will facilitate a higher level of microgenerati
the connection of LCT and change the way customers use energy.

« The LV Network Manager and the LV Connection manager will communicate together in real t
improve the local network operation, maintaining the voltage profile within the statutory
reducing peaks, improving the power factor of the network, reduce network imbalance locally
battery storage to facilitate a greater level of microgeneration.

e Providing customers with better information on their electricity use through the LV coni
manager. Recording key energy consumption data, PV outputs, battery use and displayir
results in simple format allowing consumers to compare their energy demands over time.

« Feed in Tariffs have already allowed customers to sell unused PV energy back to the grid. Cus
will benefit from saving energy for use at different times, only selling the energy they don"
back to the grid and reducing their imported energy.

« Battery storage with demand response will be used to automatically improve customers demand,
PV output and off peak electricity, providing benefits to the distribution network at the same time.

The electrification of buildings heating and transport are a key part of the UK's transition to a lower
economy. These energy savings measures will increase the reliance on the distribution network, esi
at Low Voltage. High network reinforcement costs may deter energy saving plans.

Variable Tariff

Variable tariffs are likely to be implemented facilitated by the UK roll out of smart meters starting ir
and finishing by 2020. This project will provide an insight into the use of batteries, smart appliance
the network impact of LCTs, in a background of variable tariffs.

Taking the BRISTOL Solution Forward

The Low Carbon Transition Plan shows a rapid uptake of micro generation and LCTs across GB. V
innovation the distribution network may prevent or delay the uptake in microgeneration and Low
Technologies. Innovations like BRISTOL can be used in the most appropriate areas to facilitate this r
across GB.

BRISTOL could be used as a rapidly deployable tool to increase the network capacity, installed at the
time as a large uptake of LCTs in homes and workplaces. Communities and developers can be offe
alternative to conventional network reinforcement.

We think such a tool could be beneficial because customers have informed us that the conve
reinforcement costs can prevent them from connecting micro generation or heat pumps, som
changing the scale of their plans. Creating a localised smart grid instead of relying on conve
reinforcement may allow a more cost effective solution to help facilitate the Low Carbon Transition Plan.

BRISTOL could be rolled out across UK at the same time as the LCT connections. Conve
reinforcement includes excavating roads and footpaths to lay new larger cables, replacing transforme
purchasing areas of land to install new substations. BRISTOL could avoid this.

As well as avoided disruption, conventional reinforcement often requires significant planning, schedulir
installation time requiring long term scheduling with several council departments. Delays can occur
process (e.g. wayleave permissions).

The BRISTOL method can be used in all locations of UK where Low Carbon Technologies are
implemented. It is suitable when implementing intermittent microgeneration or large DC and AC loads.
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We expect the BRISTOL solution may be most suitable in areas of UK with a high penetration of Low Carbon
Technologies on the existing housing stock. These will tend to be Urban and Suburban locations with a
large housing density supplied by an electricity network with underground cables often over 400 meters
with a small cross sectional area. New build properties were considered in the development of the project,
but discounted for a number of factors. Integrating Low Carbon Technologies into new houses as they are
built is relatively easy; however two thirds of the 2050 housing stock has already been built today. It was
therefore considered that the level of learning associated with retro-fit activity would be greater and
applicable to a larger number of properties.

It has been estimated that BRISTOL could displace 1,452.3 thousand tonnes of CO2 by connecting PV
generation that would not be connected using conventional network reinforcement methods between 2015
and 2030. The detailed breakdown and calculations are shown in Appendix F. The average aggregated size
of 60kW has been derived from the estimation of 30 properties per network connected substation
connecting a level of 2kW micro-generation each, totalling 60kW.

The carbon emissions calculations are due to solar PV, the carbon emission calculations do not include
carbon savings through heat pumps, EV's or reduced road works. The carbon savings have been based on
the DEFFRA's Guidelines -GHG conversion factors document. As with the uptake of EVs and heat pumps,
there is a level of uncertainty around the future carbon intensity of the grid.

The view was taken to use the latest accurate figures, the 2008 kg CO, per kWh, which is for the final
consumer including transmission and distribution losses was 0.54160, to give, what is predicted to be,
conservative carbon savings as it is recognised that the carbon content of grid may well reduce.

(b) Has the potential to deliver net financial benefits to existing and/or future customers

We have estimated the net financial benefits using a typical Bristol substation and LV network, (Marwi
Road substation, Bristol). This is a typical substation in an area of social housing in Bristol, and ind
many parts of GB.

The voltage rise at key nodes and WinDEBUT network models for the different scenarios when the Marwood
Road feeder 5 is modeled using WinDEBUT can be viewed on page 28. These have been used to calculate
the limitations of adding LCTs to the distribution network.

The substation modelling shows connecting twenty PV panels spread equally across each phase and ec
distances on the feeder is the limit before conventional network reinforcement is required. If
connections occurred at the end of the feeder only on phase L1, three 2KWe PV panels would trig
network reinforcement.

Solution

The conventional network reinforcement tools for the integration of microgeneration and LCTs into
distribution network is LV cable overlay, new substations and replacing existing transformers.

The estimated conventional network reinforcement for integrating PV into one feeder on Marwood R
substation is £21,240 based on LV overlay and harmonic filtering.

» LV overlay 120m including - £11,240
« Harmonic Filtering - £10,000

It is envisaged in the future BRISTOL type installations would be jointly financed by customers and DI
leading to significant customer benefits with quick pay back periods. If battery storage is jointly finan
between DNOs and customers each funding 50% of the battery storage, the estimated DNO costs
£17,900 based on 10 homes having battery storage and DC networks.

« Domestic property costs -Batteries, LV Connection Manager and enclosure £1,550 per property.
» Substation costs - LV Network Manager, sensors, communications and enclosure, £2,400
substation
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Using the same assumptions as detailed in the carbon savings, if BRISTOL was used across GB, the metl
could save £36,753,000 between 2015 and 2030 compared to conventional network reinforcement. -
detailed breakdown and calculations are shown in Appendix F. It is expected that 2480 locations will h
the BRISTOL solution installed by 2030. These are a very conservative number and anticipated to be acr
the whole of the UK. This does not include the potential roll out of the solution to incorporate
connection of heat pumps or electric vehicles.

There are no costs for customers' for the BRISTOL trial. For future uses of BRISTOL it is assumed £700
customer for a 50% ownership of the 4.8kWh batteries. We believe the trends of battery storage
continue. There is significant evidence that these costs could fall to £100/kWh by 2020; reducing
customer and DNO costs considerably.

During the project the most appropriate mechanism for funding will be evaluated. This may include stor:
being funded through green deal, being treated as a registered asset and funded through customer DL
payments or being purchased outright. All other project costs including the LV Connection Manager
communications have been included within the DNO finances.

The BRISTOL solution does not require all customers to have battery storage installed. BRISTOL it is a
modular solution that will allow increasing numbers of customers to connect microgeneration and other Low
Carbon Technologies to the network when its headroom has been reached. In situations where customers
requested further connections which would cause the distribution network to operate beyond its limits, who
do not wish to have a BRISTOL solution the appropriate conventional network reinforcement would be used
to complement the network controlled battery storage on the same substation.

(c) Level of impact on the operation of the Distribution System

BRISTOL directly impacts the substation load and demand on cables. It will help DNOs in Planni
Developing and Operating of an efficient distribution system by providing the following new knowledge:

Fundamentals of DNO coordinated buffer storage

« If the voltage profile can be managed using BRISTOL methods, the existing LV cables can be utili
with large number of microgeneration and LCT demand connected.
« Can DNOs use battery storage and demand response, whilst sharing assets with customers?
« Is there evidence that Variable Tariffs, customer owned storage and changes in customer behavi
can be used to naturally smooth demand, reducing the impact on the distribution network.
Through use of LV Network Manager
» Monitor the voltage headroom and load profile of each feeder when storage is located on a LV feeder.
e Learn and predict behaviours at the distribution substation level, determining when storage is requi
and how much.
« Understand the thermal limits of the LV system
o How much peak demand can be shifted to the base load?
o How much storage is needed for differing levels of substation control?
» Understand the harmonic levels over a long period of time
o How the harmonic distortions can be reduced using the BRISTOL project and if consequel
conventional filtering can be avoided?
« If network peaks can be smoothed using BRISTOL, the existing LV cables and distribution transform
can be utilised with increased levels of demand.

Design Rules - all DNOs
« Generates new ADMD knowledge of domestic homes, schools and offices with PV and battery storage.
« How the actual performance of BRISTOL compares with the modelling software WinDEBUT anc
assumptions made are accurate.
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Others

« Will BRISTOL result in reduced customers bills using a variable tariff with storage compared
existing single rate socialised tariff with a single energy price, resulting in a business case for ¢
when used with a variable tariff?

« Does increased knowledge of customers' response behaviour improve supplier energy forecasting?

« BRISTOL will explore if customers reduce their energy demands through their installed PV and
efficiency savings.

» Can customers share integrated storage with DNOs to make better use of PV and off peak energy?

« Does BRISTOL maintain resilience of supply during short outages; is this a service cus
appreciate?

« The project will measure if a building's carbon footprint is reduced

 Can the storage support Great Britain System Operator (GBSO), (e.g. Distributed storage ab:s
excess intermittent renewable generation).

(d) Generates knowledge that can be shared amongst all DNOs

BRISTOL will generate new knowledge that will be shared with UK DNOs through out the project.
successful delivery rewards 1-7 outlined in section 9 are very closely linked to sharing incremental le
The four sections below show key areas and the incremental learning that will be shared.

1. The effect of DC network installation in schools, homes and offices

The power quality at the trial properties will be recorded. The LV feeder characteristics will be mo
before the property installations, and at different stages of testing, to measure the effects of a DC n
on the distribution network. (Particularly the network power quality and phase imbalance)

» Successful Delivery Reward Criteria 2
» Successful Delivery Reward Criteria 4
» Successful Delivery Reward Criteria 5
« Successful Delivery Reward Criteria 6

» Successful Delivery Reward Criteria 8

2. The effect of both battery storage and PV on import / export
The import and export profiles of properties will be collected. Information will be captured and analy
battery discharge rate and daily profiling; Battery charge / discharge profiles; Customer / DNO
battery; the availability of smart appliances; and the PV output profile.

» Successful Delivery Reward Criteria 2
 Successful Delivery Reward Criteria 4
 Successful Delivery Reward Criteria 7

 Successful Delivery Reward Criteria 8

3. Economics and demand side management of DC networks
The project will assess the value of battery storage for control of distribution substations (11,000V /
and LV feeder for DNOs, the availability of smart appliances for DNOs; the potential for customer ¢
when using variable tariffs and battery storage.

» Successful Delivery Reward Criteria 8
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4. Communications, Sensors and ICT
We will evaluate the communication used between the LV controller manager and the LV network manac
the sensors used at substations and the ICT used. The learning will be relevant to all DNOs.

» Successful Delivery Reward Criteria 3
« Successful Delivery Reward Criteria 5

» Successful Delivery Reward Criteria 8

(e) Involvement of other partners and external funding

Western Power Distribution and our project partners Siemens, University of Bath with RWE npower i
Bristol City Council have continued to develop the project since the Initial Screening Submission. We
now confirm individual roles and responsibilities for their involvement.

Siemens
« Siemens are a global technology provider with a strong proven record of delivering innoval
solutions.
 Project partner with UKPN in the 2010 LCNF project Low Carbon London.
« Strong knowledge of domestic home energy solution

LCN funding required £1,136,198
Contributions - £129,600

Siemens have committed to providing the LV Connection Manager and LV Network Manager and associa
equipment. If Siemens feel there is an advantage to integrating Moixa's technology into the LV Conneci
Manager they will form a contractual arrangement with Moixa. Siemens are continuing their discussi
with Moixa. Any subcontractor arrangement will be approved by WPD as outlined in the terms
conditions of the contractual arrangement with Siemens.

University of Bath

The University of Bath have already demonstrated a DC network on one floor of their campus library
power ICT. The demonstration is continuing to evolve and will feed learning into the BRISTOL project. -
University are leading the learning on Smart Tariffs and have strong links with RWE npower. The Univer
of Bath have excellent knowledge capture and dissemination history.

LCN funding required £357,500
Contributions - £150,000

The University of Bath and npower will enter into a written agreement in respect of their interaction on
BRISTOL. The variable tariffs will be developed by the University of Bath with input from npower.

Bristol City Council

« Have won £1m for installing PV in schools, funding through an ERDF bid for installing PV on dome
properties.

e Support of Low Carbon Living, partner in a €3m awarded for 3ehomes. Bristol City Council is triall
an innovative energy savings demonstration in 100 domestic properties.

« High volume of social housing stock

« Desire to reduce fuel poverty through new initiatives.

« Will work with WPD to identify 30 homes in one location, installing PV (funded through a sec
external funding source) and BRISTOL.
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(f) Relevance and timing

Developments in the Low Carbon Economy: The majority of the impacts associated with the transition
towards a low carbon economy will have a substantial impact on the LV distribution network. The
requirements to reinforce the LV distribution network will need to be factored into future price controls
(ED1) in order to maintain a safe and efficient distribution network. BRISTOL could be used to increase the
ability to connect LCTs when added to the distribution network.

« There has already been a large increase in the installation of PV panels, DNOs have evidence t
and other micro generation technologies will continue to increase during this and the nexi
control period.

e Areas of the Renewable Heat Incentive and Electric Vehicles will compound any LV network issus
early learning from this project will identify if BRISTOL can be used to improve the voltage
reduce the peak demand and reduce the network harmonics.

The UK government is planning to begin the rollout of smart meters in 2012 and complete the deplc
by 2020. The rollout will cover 27 million homes and DECC's latest impact assessment (07/10) est
that the cost will be £10bn. This introduction of smart meters will provide customers with greater v
of their energy use and thus increased control which could result in reduced customer bills. It could
competition in Britain's energy markets through development of new suppliers, services and tariffs.

The LCNF BRISTOL trial is fully independent of the smart metering rollout. Any customer taking part
BRISTOL trial will be able to switch to a smart meter if so offered by an Energy Retailer.

The LV Connection Manager has many features that could be simplified if integrated with smart meters.

BRISTOL will address Developments in the Low Carbon Economy

The existing distribution network has a finite capacity available for connecting microgeneration and
BRISTOL could use the available capacity, in an innovative manner to allow substantially more conn
to be made to the existing networks.

As there is still significant uncertainty as to which developments associated with a move to a low
economy are more likely to happen, BRISTOL will facilitate the connection of microgeneration feeding
into the distribution network, large DC and AC loads drawing power from the distribution netw
multiple combinations connected to the same distribution network.

Without an innovative, lower cost solution there is a risk that the network reinforcement costs will
customers from achieving their low carbon aspirations and the UK's move to a lower carbon economy.

The BRISTOL method can be used by DNOs in several ways:
Quick Fix tool
BRISTOL can be used to solve problems that occur very quickly, If successful WPD belie
solution can be used during DR5 as a solution to integrate LCTs into the distribution network
and efficiently.

Longer Term Planning

If successful, BRISTOL can be used as a long term planning solution to be used in ED1 when ¢
developers an alternative to conventional reinforcement when integrated microgeneration and
LCTs into the distribution network.

In both cases both DNOs and developers could jointly benefit from reduced network reinforcement
and quicker connections using innovation.

The early learning either positive or negative will be collected and analysed before the fast track DNO
deadline. The project will be completed before the non fast track DNO deadline.
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If successful BRISTOL project could be offered to customers as an alternative to conventional

reinforcement, with the aim or reducing the costs and time it takes to reinforce distribution networks for
Low Carbon Technologies.

The knowledge captured though this demonstration will highlight how likely it is that customer's and
developers will chose BRISTOL over conventional reinforcement and its inclusion in future Price controls as a
viable network reinforcement model.
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Figure 2: Overloaded feeder — L1 connected PV

Minimum Demand Figure 1 — 19 PV panels Figure 1 — 3 PV panels on
without PV across 3 phases in 4 phase L1 in 1 location
locations

Name of | Voltage |Voltage at | Voltage rise | Voltage at | Voltage Voltage at

Node Drop Node (V) (26) Node (V) Rise (%) Node (V)
(%)

37 0.33 249.2 1.22 253.05 1.10 252.75

30 0.33 249.2 122 253.05 1.10 2052385

31 Q:3 249.25 1.16 252.9 0.99 252.475

33 0.32 249.2 1.25 253.125 0.98 252.45

32 0.15 249,625 0.56 251.4 0.50 251.25

Table 1 - Feeder Voltage Profile

Evaluation Criteria Images
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|:] Put a cross in the box if the DNO does not intend to conform to the default IPR requirements

Knowledge Capture and Dissemination
The BRISTOL project will produce new knowledge about how local DC networks and battery storage s
can benefit both DNOs and Customers. It will also reveal how these technologies can be used fo
network control and how they are perceived and employed by end-users. However, new knowledge
kind is of little value unless it is properly recorded, stored and shared. In particular, the issues explc
BRISTOL concern the whole of the UK, not just the specific partners working on the project. For
reasons, it is vital that a robust plan exists, in advance, for capturing new knowledge arising frc
project, and for sharing that knowledge with interested organisations.

Knowledge capture

Because knowledge capture and dissemination are so important to this project, we recognis
importance of having a comprehensive plan for capturing new insights as they arise. Knowledge will
to be generated very shortly after the start of the project; it is therefore vital that our plans allow fo
capture.

Systems and processes for knowledge capture

The knowledge that will be captured during BRISTOL breaks down into two broad areas: Eni
knowledge, about the likely demand for and use of DC networks in the future, and knowledge abc
engineering involved. The scheduled reports and workshops are included in the Gantt chart ai
successful reward criteria.

Knowledge about the engineering of DC networks

BRISTOL will install a LV Connection Manager device in homes, schools and an office and a LV N
Manager device in substations. Knowledge will be generated during design, installation and operal
BRISTOL at both the premise and substation level.

Within homes, offices and schools we will capture knowledge from:

« Data recorded by the LV Connection Manager and its integration with smart appliances, v
tariffs / pricing signals and battery storage.

Customer use of the DC network - this can be captured through the LV Connection Manager and
back to data captured at the substation. This will be recorded graphically and will provi
engineering based assessment of potential behavioural change. This will be captured in repor
disseminated through the ENA LCNF conference and Workshops.

The battery storage discharge rate, PV output to battery and the use of battery storage by th
and the customer within the premises. This will be captured by the LV Connection Manags
through householder interviews.

In the homes only, we will capture knowledge in relation to the application of the variable tariff .
overall effect on householder bills.

At the substation level, knowledge will be captured from:

« The effect of DC network and battery storage on power flows, voltage profile, current, harmonics
thermal output, with and without battery storage through pre and post monitoring at
substations using panel meters for each different feeder.

e Frequency of data transfer and communications backhaul at the substation contributing towar
final data requirements of the DC network system.

Knowledge captured will be disseminated through technical reports, papers, workshops and presentati
the ENA LCNF conference.
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Knowledge about end-users

We need to learn more about the general public's attitudes, beliefs and preferences concerning tk
low-carbon technology of local DC networks and battery storage because these underpin the need
an engineering solution. Moreover, we need to estimate how likely the end-users of the distributiol
might be to engage with related technologies in the future.

Knowledge will be captured through:

« In-depth qualitative research to generate information on people's perceptions of their ener
and how they use it. This will be collected through workshops and questionnaire based surveys.

« A large-scale survey of relevant attitudes, perceptions and behaviours. This will be capture
questionnaires and from workshop feedback.

» Field trials of DC networks and local storage. Knowledge will captured from the LV Connection
interviews with participants and comparing / contrasting participants with control groups.

* Modelling work to combine the above findings and provide a method for estimating the extent
demand can be predicted from measurable constructs such as attitudes.

The groups to be studied in this part of the research will be householders, businesses and schc
probable that different results will be found in each of these groups; in particular it is likely tha
motives, perceptions and behaviours will be found in individual and corporate decision-makers.

Knowledge captured will be disseminated through reports, workshops through the project websi
suitable, in academic papers.

Systems and processes for customer engagement

The core recipients of Project BRISTOL's knowledge output will be DNOs and energy suppliers.
these bodies are likely to have some interest in the raw information from the knowledge captur
they are likely to have more interest in processed information, in which all our learning is r¢
concrete conclusions, recommendations and action plans. We envisage a variety of methods for
members of this audience with such outputs from BRISTOL, including:

« Regular stakeholder/team meetings

 Workshops and symposia, including an early workshop to elucidate links and learning op
between the various LCNF projects in which these partners are involved (Project FALCO
BRISTOL, other LCNF Tier 1 and 2 projects, etc.)

» The project wiki

« Technical reports

* Project Advisory Board

« Presentations at the annual ENA / LCNF conference

 Progress and final reports

« A DC Networks LinkedIn group

» Website - with technical and public faces containing audience relevant material

« Academic journal and conference papers

» Articles for in-house newsletters and magazines

« E-Newsletters

* Press releases

Other recipients of the knowledge generated by BRISTOL are the end-users of the power net
might be offered DC networks and technologies in the future (and who therefore need to underst
these are, the benefits they offer and how they can be implemented). The members of this
important as ultimately it will be their uptake of DC networks and local storage devices that ¢
carbon technologies to be implemented and better network load balancing to be achieved. We se¢
methods by which insights and messages from Project BRISTOL can be shared with these
including:

* Press releases and briefings
« Leaflets (e.g., delivered with energy bills)
« Discussions with developers and local authorities
* Notices on energy companies' customer websites
« Public face of the BRISTOL website
« A major programme of school student engagement to be run by GalloManor, a proven p
science education and engagement schemes at school level
*Teaching materials, which allow science teachers to integrate information on |
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« Teaching materials which feed into undergraduate and postgraduate education at each partic
university (especially into student research projects)

« Through the development of joint research projects related to BRISTOL such as through th
MSc in Electrical Power Systems

« The outputs of the project could be developed as course materials for use in undergr:
postgraduate and CPD teaching

» Energy Savings trust

« Green investment bank

Systems and processes to evaluate knowledge capture and customer engagement

Over the course of this project, it will be important to check that the above knowledge captut
customer engagement processes are working. This process breaks down into various areas: auditi
knowledge capture process regarding the engineering of DC networks and related technologies, an
auditing the customer engagement process for this information; plus auditing the knowledge ¢
process regarding end-users' perceptions of DC networks and auditing the customer engagement i
for this information.

Track record

The knowledge capture and dissemination will be led by the University of Bath in conjunction witl
partners. Bath is a leading research university with a long-standing track record with WPD. It is cu
participating in, and will lead, the dissemination of the 2010 LCNF Tier 2 LV Network Templates ¢
Bath is also the nominated dissemination partner for WPD's 2011 LCNF Tier 2 FALCON projec
university plans to co-ordinate dissemination across these three projects to provide a single chani
communication to stakeholders and so maximise value-for-money. Similarly, the BRISTOL proje
benefit from the stakeholder database, secure server, workshop models and the experience gained frc
dissemination activities currently underway in the LV Network Templates project. Conseq
dissemination activities for BRISTOL can be developed more efficiently and cost effectively than if <
from scratch.

As one of the UK's leading research institutions, the University of Bath has outstanding experi
gathering knowledge and sharing it with varied audiences. Bath has a long history of industry collab
and knowledge gathering that will inform this project; of particular note is the learning gained fr
many previous energy projects, not least Dr Furong Li's Ofgem-endorsed work. Bath has orc
knowledge sharing events for a wide range of stakeholders, including the power industry, academi
the broader public. Dr Ian Walker, an award winning science communicator, who will co-ordinate kno
gathering for this project and who was recently invited to mentor a knowledge capture project f
Department for Transport. He will be assisted by the university's experienced research manageme
financial oversight teams.

The other partners in this project also have established track records for knowledge capture and s
Siemens, who have also worked in the BritNed interconnector project, the ETI Joined Cities plan a
LCNF Tier 2 funded Low Carbon London project, have experience of sharing information with
audiences, both technical and public. RWE npower similarly have established and tested chann
internal and external communication, with the means to reach both industry and customer aud
Bristol City Council, who will have an important role in reaching householders, naturally have n
channels through which they can reach do this, including established websites and hard-copy publi
distributed to homes across the city. Gallomanor, who will assist with engaging the school audienc
leaders in citizen and school engagement using new media.
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Section 6: Project readiness

Requested level of protection require against cost over-runs (%). 5%

Requested level of protection against Direct Benefits that they wish to apply for (%). 0%

How Can we ensure a timely start to the project?
Senior Management Commitment

WPD directors have discussed project BRISTOL at board level and have subsequently obtained commitment
from the Directors of Pennsylvania Power and Light, WPD's owners.

Throughout the bidding phases and the run up to Project launch our partner organisations have ensured
engagement has taken place at a senior level and commitment obtained. We are confident that this level of
senior engagement and commitment will continue post bid submission and throughout the project lifecycle.
In order to ensure this level of commitment remains we have proposed a Project Forum. The Project Forum
will consist of key stakeholders and decision makers in the energy community.

To demonstrate the level of commitment of our project partners we have included letters of support from
each of our partners and supporters in Appendix H.

WPD Internal Engagement

The key internal stakeholders have been identified and engaged to ensure the project will be delivered
successfully. The WPD local delivery model has already proven our ability to deliver smart grid initiatives
and will be used when delivering this project.

Project Readiness Considerations

In planning this project ready for a timely start on the 1st December 2011, the following aspects have been
considered:

« Fully developed project scope with our partners.

« Innovation and Low Carbon Networks Department
« Learnings from 2010 projects

 Project Plan

* Risk

Fully developed project

BRISTOL has followed a structured and robust project methodology taking BRISTOL from concept, through
development to readiness for LCNF submission. The overall technical solution as developed with Siemens is
shown in Appendix C.

The BRISTOL concept was discussed with several companies and organisations before the Initial Submission
Pro-forma was submitted to Ofgem. Following the projects' acceptance to the Full submission stage, a
detailed Request For Information was sent to the companies involved in early discussions before selecting
the final partners Siemens, University of Bath and Bristol City Council.

A multi party Memorandum of Understanding is in the process of being agreed, all partners received the
first draft (27/07/11). It is planned they will be completed and contracts will be in place before the project
launch.

Within the MoU project partners have their own areas of work with lead and supporting partners defined.
There are clear boundaries between the different sections of work, the separate areas with lead project
partners is shown in Appendix D.
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Innovation and Low Carbon Networks Department

Significant resource is already in place ready to start the project on 1st December 2011. WPD have a
proven track record of delivering large smart grid projects with all milestones hit. The WPD local delivery
model has already shown our ability to deliver smart grid initiatives. WPD aims to continue developing this
project between the project submission and the LCN Fund announcement date.

A full time Project Manager was assigned to the project in May 2011, continuing to develop the project in
conjunction with our partners, Siemens, University of Bath and Bristol City Council to ensure the project has
a robust scope.

During the detailed project development and installation of equipment the project manager is likely to be
working full time on project BRISTOL. During the operation phase we have estimated the dedicated project
manager will spend two days per week working on BRISTOL.

Learnings from 2010 projects

During the detailed planning of bid, we have fed the lessons learnt from our own LCNF projects and our
partners' similar projects into the project plan.

Project Plan

The project has a comprehensive project plan, shared with all project partners. The project will be launched
internally on the 1st December 2011 with project partners joining us after the 1st January 2012.

Risk
The project is built on relatively high TRL components and the costs have been built based on quotes from
our partners, a significant amount of the project has fixed costs.

The funding for the energy saving initiatives in the City of Bristol has already been secured.

We have included potential risks highlighted from our partners into the risk register and used their expertise
in costing non conventional distribution network costs. These have been built up from off the shelf
components where available to further reduce financial risk in the delivery stage.

Both Western Power Distribution and our project partners view the risk of failing to complete contracts as a
low risk.

How will we minimise the possibility of cost overruns or shortfalls in Direct Benefits?

« The costs have been calculated using a bottom up and top down methodology.

» The project has been broken down into individual areas, to provide a detailed overview of each area.

» Costs for “off the shelf items” have been used where possible to provide a greater level of certainty.

« Our project partners built up the costs, sharing detailed planning with us for each section of the
project. We also understand the level of uncertainty within these costs. Many of the external project
costs are fixed, preventing cost over runs.

» Appendix C shows the technical design details used to develop accurate costs for the project.

The most significant DNO project benefit is the deferred conventional network reinforcement. The typical
substations reinforcement costs have been estimated using network planning software for the business case
but are very location specific. Without the project locations, it is not possible to calculate if any network
reinforcement will be required.

Management of project finances
« We asked project partners to quote fixed prices for the majority of their sections.

» The scope of the project has been clearly defined and the project partners all understand the
boundaries within each area.

« Small areas of the project with residual cost uncertainty have an appropriate level of contingency built
into the costs. This is shown transparently in our project financial plans.




Project Code/Version No

LCN Fund Page 35 of 53

Low Carbon Networks

6: Project readiness contd.

Accuracy of information

» The proposal has been written by Western Power Distribution with information being provided from the
project partners.

« We have a full time project manager preparing the bid, working with our partners.

« The BRISTOL proposal has been peer reviewed internally and sent to all project partners to ensure
accuracy.

« Information provided from partners has been reviewed by WPD to ensure accuracy.

Project Governance
» The project will be managed using PRINCE2 Methodology.

« Project will form part of the Future Networks Programme, using established governance and processes.
« A project forum made up of partners and senior stakeholders will be formed.

BRISTOL has a comprehensive project plan, risk register, mitigation plan and contingency plan as found in
the Appendix D. These documents will be used continually throughout the project to ensure successful
delivery.
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Section 7: Regulatory issues

|:| Put a cross in the box if the Project may require any derogations, consents or changes to the regulatory
i— arrangements.

We do not see a need for regulatory derogations as a result of this project. As part of this project we will
deliver new regulatory learning.

For BRISTOL, we will ask retailers to accept an uncertified DC meter rather then an AC meter for customers'
microgeneration, we expect them to request that any necessary regulatory restrictions be lifted for the
purpose of the trial. We've already spoken to OFGEM and DECC about this issue.

Domestic customers will see a variable tariff to incentivise changing their ADMD; their actual tariff will
remain the same. We propose to protect domestic customers from cost over runs; their energy bills should
not increase as a result of the technology interaction. Customers could receive up to £200 off their actual
energy bill per year as a result of changing their energy profile.
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Section 8: Customer impacts

Customer Impact

Through the BRISTOL project we will interact with customers, supported by experienced external companies
to investigate the mutual benefits of DNO's working with customers and suppliers. Battery storage, DC
networks and new variable tariffs will be trialled in domestic homes, schools and an office with the
customers fully involved in the project.

Domestic properties
« Through Bristol City Council and a trial recruitment company, customers in key areas who already have
or will have PV panels installed will be contacted:

o We will target residential locations with a high level of social housing near to the schools
involved in the BRISTOL trial. We will inform residents in these areas about the project and
ask for expressions of interest.

From the interested parties, we will sign up homes and select 30 properties in one location.

The installation of equipment and the modification to homes, schools and office will be carried
out by Bristol City Council.

o The installation team will receive training on the equipment being installed and will have
supporting technical information from Siemens and the University of Bath.

The in home equipment will be supported and maintained by Bristol City Council.

o The University of Bath will conduct appropriate interviews with home owners to capture

knowledge.

o O

@)

Bristol City Council is participating in a European commission funded project called 3ehouses, installing
energy reduction measures. Bristol City Council is identifying 300-400 social housing units where tenants
wish to work with innovative technology. Lessons learnt from this project will feed into the customer impact
plan for selecting 30 properties for BRISTOL.

Schools
« We will invite schools already receiving PV panels through the Solar PV for Bristol Schools Project to

participate in the project

o We have determined through a desktop study that 24 of the schools already selected to have
PV panels installed are appropriate for the BRISTOL project.

o These schools will be invited to a participant's workshop where the project will be explained.

o The installation of equipment and modification to schools will be carried out by Bristol City
Council.

o Equipment will be installed and decommissioned during school holidays to minimise the
disruption to children and teachers.

o The installation team will be trained on the equipment being installed before visiting site, and
will be supported by Siemens and the University of Bath.

o The school equipment will be supported and maintained by Bristol City Council.

o Each school will take part in our outreach program. Children will be taught about energy and
why the BRISTOL project is happening.

Customer engagement and key aspects
Through this trial, we will:
* Not interfere with any smart meter roll-out in the area,
* Not change customers primary electricity meters,
» Look to use a new DC meter for PV whilst the customer inverter is not being used.
« Write to all customers' energy suppliers to let them know their customers have requested to be part of
the trial and sort out a FIT arrangement.
» Allow customers to change energy supplier freely at any time,
« Obtain prior written consent from customers and the council before installing equipment in homes,
schools and the office.
« Submit a customer engagement plan to OFGEM at least 2 calendar months before any contact is made
with customers.
« Ensure that customers have clear information on the project, what will be installed, how long for and
when it will be decommissioned.
« Continually engage with customers throughout the project.
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 Rigorously enforce the data protection act. Including a customer data projection plan for dealing with
personal data that will be submitted to Ofgem at least two calendar months before collecting any
personal data.

Customer Safety
All aspects of the BRISTOL Project will be designed with safety as the first priority. Off the shelf

technologies will be employed wherever possible. Siemens will Factory Acceptance Test their devices prior
installation

e The LV connection manager will undergo testing during the one year development and procurement
phase to ensure a fully functioning unit is rigorously tested before being installed in customers'
properties.

« We are using a reliable, well tested battery technology, already used safely in off-grid, domestic PV
installations.

« Our partners Bristol City Council will provide expert advice during the design stage and support
customers, including training them then how to use any equipment.

Protecting customers from power cuts

As part of the trial WPD will ask selected domestic properties to test the energy security section of the
project. To facilitate this we will ask selected customers to operate without AC power for a planned two hour
period to gain better understating of the security of supply benefits the project provides. This technique will
also be tested in the unlikely event of a network power failure.

Customers will be in full control of this section of the trial and will have the opportunity to opt out the
planned domestic outage at any time. The knowledge captured by this section of the trial will indicate:
« How much value customers place on security of supply for short outages
» Seek to understand the hierarchy of needs for customers, including lighting, heating, communications,
and entertainment.
« How much battery demand is required for short periods
« The operation of the PV panels during the loss of AC mains.

The focus of the power outage test is the DC network, batteries and customer behaviour during the outage.
The operation of the PV panels may influence customers behaviours, however the test is not specifically
focussed on the performance of the PV panels.

The LV Connection Manager will record the output from the PV, displaying the information to customers.

The trials will be scheduled at different times of the day with different weather conditions and battery
capacities to maximise the learning. Selected customers will be asked to undergo this test once during the
trial.

Equipment to be installed

It is envisaged that the equipment being installed in domestic homes will be located in the roof space next
to the FIT inverter equipment. The equipment will be approximately 0.25 m3 (e.g. 1m x 0.5m x 0.5m
enclosure) and weigh about 250kg. Equipment being installed in schools and offices will be approximately 1
m3 and weigh 1000kg located in the roof space next to the FIT inverter.

Bristol City Council will ensure customers fully understand the trial and educate them in how to gain the
most from the equipment installed in their homes, schools and businesses.
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Decommissioning phase

At the end of the trial equipment will be decommissioned and the homes, schools and office will be returned
to their original state. Funds have been included for full decommissioning of the trial.

If the participants and the council wish to take ownership of the equipment and continue to operate a DC
network, they will receive a briefing pack detailing ongoing maintenance and disposal arrangements they

agree to comply with. The trial equipment will be legally signed over to the Council. Any decommissioning
funds not spent will be reported and returned to customers.
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Section 9: Succesful Delivery Reward Criteria

Criterion (9.1)
Successful initial engagement with customers: This criterion corresponds to successfully holding a ‘

workshop with Bristol City Council, potential trial participants and interested parties before 30t April 2012.
Through the workshop and customer engagement activities for the 30 domestic customers, 10 schools and
an office will be recruited before 14th May 2012.

Holding the workshop on or before this date will demonstrate the project is on schedule to recruit and select
trial participants' inline with the project plan. Prior to the workshop the customer communication plan will
have been submitted and accepted by Ofgem. WPD will work with our partner, Bristol City Council and the
trial participant recruitment specialist to engage with target domestic audiences and the selected schools
from the Solar PV for schools scheme.

The workshop will be used to explain the purpose of the project, provide a guide to the installations, detail
the project timeline and gather customer feedback. It will be an opportunity for customers to learn more
about the project first hand and ask any questions they may have.

recorded.

« Minutes and notes captured from the customer workshop will be stored for future use during
knowledge dissemination outputs. Feedback from the event and recruitment process will be gathered
through a post event questionnaire where any outstanding questions can be collated.

» The details of customers recruited to the project will be captured; high level information will be
included in the first BRISTOL six monthly report.

« An overview of the workshop and feedback will be posted on the BRISTOL website for interested

Evidence (9.1)
« The recruitment plan, copies of material used to recruit trial participants and locations targeted will be
parties within a month of the event.

Criterion (9.2)

Confirmation of the BRISTOL design: This criterion corresponds to signing off the design of the
installations by 30t September 2012 for homes, schools and office after the trial participants and locations
have been confirmed. The design will confirm the capability of the equipment being installed; details which
equipment will be connected to the DC network, how the equipment will be connected together and the
location of equipment in a typical home, school and the selected office.

The design will be developed with our partners, Siemens and the University of Bath. It will build upon the
Technical Overview outlined in Appendix C and use the outputs from the detailed survey and planning,
participants wiring and structural reviews. The final design will be published through the BRISTOL website.
The designs will be reviewed and modelled to predict the performance of the solution, customer benefits
and distribution network benefits of the final design.

Evidence (9.2)

» Regular meetings will be held between WPD, Siemens and the University of Bath to develop the
BRISTOL design. Summaries of the meetings and design decisions will be captured and recorded.

» The results of the surveys, inspections and reviews will be recorded and stored by the University of
Bath

« The predicted performance and benefits will be recorded and stored. The predicted performance will be
compared against the actual performance.

 The final design will be signed of by WPD senior engineering managers and subsequently shared
through the BRISTOL website.
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Criterion (9.3)

Installation and commissioning of equipment: This criterion corresponds to installing and
commissioning equipment in 30 domestic properties before 30t April 2013, 10 schools before 31st August
2013 and an office before 30w April 2013.

Prior to the installations WPD and our partners will Factory Acceptance Test the BRISTOL solution, provide
training for the installation team, form method statements for installation, risk assessments for installation
and operation, an appointment booking process, re-booking process, complaints procedure and operation

guide.

Evidence (9.3)

« A test specification will be completed prior to the factory acceptant test and the commissioning of
equipment; this will be signed off by the WPD project manager. The results from the factory
acceptance tests will be analysed by Siemens and the University of Bath with final acceptance by
WPD.

* Project documents will be peer reviewed by the WPD Project Manager before they are issued. Copies of
the project documentation will be stored by the University of Bath.

» Regular installation progress reports will be posted on the BRISTOL website for interested parties to
view.

« A review of the installation and commissioning activities will be carried out, capturing any lessons
learnt. If required, the method statements and other related documentation will be updated and
stored.

Criterion (9.4)

Early Operational Performance of BRISTOL: This criterion corresponds to successfully operating an
integrated DC network with storage in homes, schools and an office. The operational performance from the
data captured through the LV Connection Manager will be analysed to provide an early snapshot of the
BRISTOL performance since commissioning.

We will capture and share the early learning from deploying and running DC networks and battery storage
in customer premises. Data will be captured up to 30t November 2013; the learning will be released by
31st December 2013. No customer sensitive data will be released, and any data relating to customers will
be completely anonymous.

A review of the early learning will be undertaken to determine if any changes are required in the operation
of the LV Connection Manager, including the battery use and charging algorithms to improve the future
performance of the BRISTOL solution.

Evidence (9.4)

 An operations report will be produced and shared through the BRISTOL website, Stakeholder
Dissemination symposia, and the project advisory board.

« The actual data will be collected and stored by the University of Bath. The performance data including
system availability, battery usage, battery losses and data rates will be analysed and compared to
the pre installation predictions.

« If required, the method statements and other related documentation will be updated and stored.

* Notes from the project meetings discussing operational performance in homes, schools and the office
will be recorded and stored.
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Criterion (9.5)

Measured the impact on the LV network: This criterion corresponds to measuring the impact of the
BRISTOL solution on the trial distribution substations operation, compared to the operation prior to the
installation and commissioning of equipment in homes, schools and the office.

The long term operation of the distribution network will be captured through the LV Network Manager
located in distribution substations, the data recorded will be analysed to monitor any changes in the voltage
profile, load profile and power quality of the network as a result of the installation in homes, schools and the
office. In substations with BRISTOL installed on one LV feeder, another similar LV feeder will also be
monitored and used as a reference.

Through this criterion we will be capturing and sharing the early learning, measuring the network benefits of
the BRISTOL solution, sharing the analysis before 31st May 2014.

Evidence (9.5)

Findings shall be shared through a summary report published through the BRISTOL website by 31st May
2014.

Notes from the project meetings discussing operational performance (changes to the LV voltage profiles,
feeder demand profiles and power quality) will be recorded and stored.

The actual data will be collected and stored by the University of Bath. The performance data recorded by
the LV Network Manager will be analysed and compared to the pre installation predictions.

If required, the method statements and other related documentation will be updated and stored.

Criterion (9.6)

Customer Opinion: This criterion relates to learning about customer acceptance of a BRISTOL solution. We
will specifically report on how they feel about virtual asset sharing, taking up space in their home, the
energy savings, how disruptive the equipment has been, how easy it is to operate and if there opinion of
the BRISTOL solution has changed over time.

WPD will work with the trial participant recruitment specialist and the University of Bath to design a process
and subsequently capture customers' feelings on the project inline with the customer communication plan.
The assessments will be completed before 30th June 2012 to capture customers' opinions before the trial
starts, before 30th June 2013 to capture customers' opinions during the trial and before 31st November
2014 to capture customers' opinions after the trial.

Evidence (9.6)

» The Customer Communication Plan, detailing customer contact will be on the website

« Knowledge will be captured using a mixture of questionnaires and interviews with results published two
months after each assessment is completed.

« Any customer complaints will be resolved within 14 days and the responses will be stored.

« Analysis will be shared with all trial participants, Bristol City Council and GB DNOs through the
BRISTOL website. The learning from the customer opinion will be used to update the customer
communication plan.
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Criterion (9.7)

Keeping the lights on during power outages: This criterion corresponds to testing the domestic
BRISTOL solution during an AC power outage. WPD will ask selected domestic customers to test the energy
security section provided by the battery storage between 1st October 2013 and 1st October 2014.

The performance of the DC network and batteries will be monitored, through the LV Connection Manager.
Customers' behaviour and use of energy during the short outage will also be captured through the LV
Connection Manager and a survey. This test will inform us of the capability of the BRISTOL system during a
power outage and the potential value to customers.

The trials will be scheduled at different times of the day with different weather conditions and battery
capacities to maximise the learning. Selected customers will be invited to undergo this test only once during
the trial.

Evidence (9.7)

The data from the LV Connection Manager and responses from the domestic questionnaire will be stored by
the University of Bath.

The power outage test plan and communication methods used will be designed and stored by the University
of Bath and will be signed off by the WPD Project Manager.

The learning generated by analysing the data will be shared with all stakeholders and interested parties
through the end of project report on 15th January 2015.

Customers energy demands during the short power outage test will feed into the battery size review at the
end of the project (SDRC 9.8 (5)).

Criterion (9.8)

Suitability of solution for mainstream adoption: This criterion corresponds to writing a comprehensive
end of project report summarising the project findings. The report will contain sufficient information to
advise other UK DNOs: (1)If the BRISTOL trial demonstrates solar PV can be integrated into the distribution
network using battery storage and DC networks. (2)How the measured results compared to the predictions
made in the set up and development period (SDRC 9.2). (3)How the solution could be used to incorporate
other LCTs into the distribution network (4)What customer benefits where recorded throughout the trial.
(5)How efficient the batteries operated, the costs of battery procurement for DNO and Customer versus the
financial benefits. (6)The significant lessons learnt during the trial, how these would be reflected in a future
roll out of the BRISTOL solution if used as an alternative to conventional network reinforcement. (7Z)Which
policies and standards would need to be modified to allow a BRISTOL solution and (8)What impact the
inclusion of BRISTOL will have on DNO business plans. The report will also contain an appendix with all the
early learning reports from previous milestones and a feasibility study for installing a BRISTOL solution in an
office using the learning generated from the trial.

Evidence (9.8)

The end of project report will review the detail knowledge generated from the design and operation of the
BRISTOL project. The report will include the appendices from the key areas of learning highlighted in the
other Successful Delivery Reward Criteria. The report containing the information above will be published by
15th January 2015.

The results from this milestone will determine if the solution can be adopted into mainstream. If limiting
factors are present, preventing the inclusion into mainstream adoption at the end of the project, the report
will recommend areas that need to be monitored (e.g. the future cost of energy storage, deployment of
smart meters ...) which may facilitate the future inclusion as a network reinforcement technique.
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