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A exploitation of domestic energy storage in batteries
ABSTRACT and thermal storage heaters;

Community energy business models have become A regular feedback on the financial savings for

challenging as renewable energy subsidies are individual users and the participant group as a
withdrawn We describe the regulatory niche, whole;

operational systems and practical benefifsa novel A a sustained program of engagement aimed at
approachallowing consumers to actually consume local retaining user interest andobtaining their
generation supported by demand response technology. feedback.

INTRODUCTION THE BUSINESS MODEL

Community energy initiatives are widetgcognised as ~ The UK Balancing and Settlement Code (BSC) includes
a valid and usefuresponse to thehallenges of climate @ concept known asThs wes fACom
change, energy security, and energy affordability. The conceived to apply to situations such as an industrial

UK government published a Comnityn Energy site with distributed generation presesd multiple
Strategy in 2014, updated 205 [1], aimed at industrialconsumersilt allows the local generation to be
encouraging botrsupply and demand side gjectsin allocated to local consumption, with the aggregation of

the challenging environment of the complex UK the generation and consumption being treated as export
electricity systemHere wedescribe a business model  or import for the site as a whole. It requires half hourly

and supporting technology designed for communities ~ metering of # connections and the processing through
electricity consumersrthose common factor is that they ~ settlement of these haltiourly meter readings, which is

reside on the same segment of thealoelectricity currently not possible with
distribution network, typically the same low voltage meters.This process is described in rather legalistic

(LV) network. An assumption of the model is that there terms n the extract from the BSC af][2

is some distributed low carbon electricity generation on

the shared LV network. This can take any of the

common forms such as solahgiovoltaics (PV), wind 0.18
generation, combined heat and power (CHP) or micro 0.16
hydro. The incentivedrom the business model are 014
framed to work synergistically with the technology and 0121
community engagement to empower participants to ehwh Ot
reduce their cost of eleatity through three 0.08
mechanisms: 0.06

A adapting demand to make use of low cost local
generation wherever possible;

A avoiding use of noiocal electricity at high cost 12345678 9101112131415161718192021222324
times such as early evening; Hour of day

A reducing overall consumption of electricity

Figure 1. Time of day dependent tariff

We report resultfrom a practicaltrial of this concept . _ :
including a comprehensive combination of features and ENergy Localhas worked with metering and retail
demand response measures not previously tested in the€lectricity supply partners to devise an interpretation of

UK. These were: this process which allows a group of domestic
A a timeof-use tariff with a static baseline and a Cconsumerso take power fromone or more small scale
dayahead dynamic adjustment reflectinthe generators thashare the saméV network  The
predicted availability of local Penerated consumers  pay gpreferenhal tariff for the locally _
electricity: generated electricity that they use. The balance of their

A a webbased display of the current tariff and qonsumption is purchased. from a retail .supplier at a
consumption on userds s niggof-day dependeat tariff. Jhiy %J@pgepana@% c.

A technology to automatically schedule loads at an Payments to the generator for matched powe
optimum time with respect to the tariff; presents a consolidat bill to each consumer in the
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group This supplier als@urchases any generation that
is not taken by the consumers in the group under a
conventional power purchase agreement (PPA). The
time of day tariff employed for the trial is shown in
Fig.1

A unique feature of tls business model is that it
overcomes a legal constraint on financing local
generation by forming a community -operative. UK
financial regulation requires that the investing members
of a cooperative must either be workers in, or
corsumers of, the commercial product of the enterprise.
This is to avoid the regulatory concessions available to
co-operatives being exploited by purely speculative
investment offers. Where the whole output of a
generator is sold to an electricity supplierotgh a
power purchase agreement, under a recé&lK
regulatory clarification [Bthe investors in the generator
cannot be considered consumérhis model opens up
access to locally generated power to members of-a co
operative. The enhandevalue of the loally-consumed
power improves the investment case for generation.

The allocation of thislocal generation to local
consumers requires a suitable fair algorittumperiods
whengenerationis less than the aggregate demand. This
algorithmfindsfor each hakhoura A f i
such that for each aof consumers with demarelin the
half hour greater thah, L kWh can be considered
supplied fromthe generatiolA kWh in the half houy
and for those remainingn consumers with demang
less tharL, their demandanbe fully met fromA, with
L also satisfying:

0 ¢0B 1Q Q)
Forthe initial trial described in the next section the tariff
rates shown in Figure 1, and the rate for local generation
of 6.5p/kWh, were implemented d®irtual tariffsd to
mitigate risk and comply with UK restrictions on the
number of tariffs a supplier can offéFhe participants

were given vouchers for the supermarket chain operated thermal

by the supplier equal in value to the savings they made
on this tariff relative to their actual current tariff. This
also avoided any need for participants to change
supplier. For tB commercial trial described later,
similar tariffs were fully operational with halfour
metering and settlement in place.

THE SWELL * TRIAL

Demand response and metering system

A total of 48 households were recruited to this trial
which took place Oct 201beb 2017. Of these, 14 had
rooftop PV amounting to 45kWp providing the local
generation, while 9 that did not have PV were equipped

1 This acronym refer® the Energy Local model in the
cluster ofvillages Shrivenham, Watchfielhd Longcot,
where thdrial took place.
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with 2kWh batteriesTo execute the metering required
for this scheme and enable the participants to make best
use of the dcal generation and tirmaf-use tariffs a
ismarto metering and
househol d. Branded AHestI
display of the tariff rates omny convenientdevice
connected to the household broadband, but modified the
displayed ratesvith a dipduring the middle of the day
that reflected approximately the amount of local PV
generation predicted to be available based on the
overnight local weather forecast. It also provided
displays of electricity consumption and genematover

the last 24 hours for the household, the participant
community as a whole, the aggregaemmunity PV
generation, and the PV generation for the household for
those so equipped. To provide these displays metering
data at one minute intervals wasleoted and processed

in a central database. A simplified view of the system is
shown in Figure 2.

ILthodere v el O

Figure 2. SWELL system diagram

The Hestia control unit also performed automatic
demand response for controllable appliances as
illustrated in Figure 2Six of the participating dwellings
had space heating provided by electricilbated
storage heaters and hot water from an
immersionheated tank. Charging of these useful
thermal energy stores was controlled such that user
comfort requirements asxpressed on the Hestia user
interface were prioriged, but was otherwise optised
against a tarifdependent signal from the database
server that ensured cost effective use of local generation
and the timeof-day tariff while preventing peaks in
aggregate demand at tariff boundaries by randomizing
dispatch of loads. This sigh@g and optimization
methodolgy has been described in a previous CIRED
paper [4]. he ped&ing risk that is mitigatedhas been
identified in many gnulation studies e.g. [§6].

Al | of the participants
which the on/off status could be radiontrolled via a
user interface provided by the Hestia unit. This allowed
users to set a time window within which an appliance
powered via the smart plugheuld operate, and the
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