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ABSTRACT

Communityowned renewablesnergy projects provide
environmental benefits, increase the deployment of
decentralised generation, enhance public engagement

TECHNICAL DESIGN

An initial feasibility study for a hydroelectric installation
on a local watercourse was available, and this formed the
basis of the generation aspect of the schem&80kw
turbine was selected, which under the Higtad/low

and can also be designed to reduce fuel poverty and boost flow conditions present in this location would produce

the local economy. The regulatory and market
framework of the UK (and similarly in other countries)
was created in the era of tappwn planning and
centralised generation, and have not changed to reflect
the growth of decentralised and community owned
generation. As such thearketmay have the unintended
effect ofpenalisng novel projects in some circumstances
Uniper has been responsible for the engineering and
design of a communitgnergy project planned for the
UK, with support from the local council and community
groups, and has reached the conclusion that whilst
technically feasiblethe schemaevill struggle to form a
sustainable business cagepart due to the regulatory,
tax and charging obligations placed ortegroup.

INTRODUCTION

At the beginning of 2017, Uniper was approached by a
representative from a local council within the UK and
commissioned to work with a community group to design
and develop a Local Energy System (LES) that could
utilise the renewable potential of resources within a
village. The LES was intended to be a community owned
asset, with representatives from the g#apopulation
involved in the decisiomaking process. In addition to
this, energy produced by the scheme could be sold to
residents in the area at a discount to the market rate to
alleviate fuel poverty which is a particular problem in
many rural areas ven in the most economically
developed countries.

The local distribution network in this area is also old and
weak, with a single connection feeding a large area
through one circuit. This means the area already suffers
from voltage problems, and addit@generation is not
permitted to be connected in this location due to thermal
constraints on the network. The LES was therefore
required to be designed to work in a weak network
without introducing any additional difficulties for the
network operator, ahif possible to mitigate some of the
existing network difficulties.
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approximately 475000 kWh per yeamlistorical river
flow data from the National River Flow Archive at the
nearest measurement point was scaedmatch the
survey data, and then converted using a power curve
provided by a turbine manufacturer into a daily energy
output from the hydroelectric generator.

The targeted participation rate is 10®50 customers,
which is less than the total numberf onetered
connections in the area, but is a large enough proportion
to prove the validity of the scheme without needing the
unlikely case ofcomplete uptake. The OFGEM
Electricity Class 1 profile states a standardised annual
demand for each of these custer connections of 3100
kwh. A simplified seasonal profile was developed to
match the aggregated metered data provided by the local
network operator, with the winter demand 50% greater
than the summer demand following a roughly sinusoidal
profile. This auggests that the hydro system can supply
approximately 150 customers based on an annual energy
balance metric.

Photovoltic generation is also includ@dthis LES, but

as the project is planned for construction in a protected
environmental area there cdre no ground mounted
panels. A railway line crossing the site also restricts the
amount of connections that can be made, and this results
in a limit of 80 kWp for the PV installation.

To protect the weak network against future problems, the
system has den designed to directly match the
instantaneousutput from the generation assets with the
demand from the scheme participants. This means that
no impact will be seen on the wider network and that
customers connected into the scheme will in effect
disappear from theat import as if they were offrid.

This is achieved using a battery energy storage unit
located behind the generation meter, controlling the net
output into the system from the hydro and PV generators.
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Sizing this battery requires a balance betwadattery
Energy Storage System (BESS) large enough to cope
with periods of low generation and to cover increases in
the number of participant customers and the desire to

This integrates the generation profiles with the simulated
demand, and calculates the net ggeequired to be sunk
or sourced by the BESS each day throughout ayf@aser
performance profile based on the historic data.

reduce CAPEX by using as small a BESS as possible. It

was noted in the early conceptual design that the BESS | |

would ke a significant proportion (>60%) of the total
system cost. 90% annualself-supply by the LES was
determined to be the optimal size, corresponding to a 6
MWh (4.8 MWh usable) capacity battery.
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Figurel: Hybrid Power Plant Connection

To provide the neareattime data gathering and

communications functions required for the controller to
maintain net system balance, a customised
communication infrastructure was developed. The
addition of a separate communications device in parallel

with the customer meter removes the need for the scheme

administrator to replace meters as participants join or

leave the scheme, and allows direct transmission of

metered data without going via the centralised databases
that would be too slow for control paoses.

A mesh radio network was decided to be the most
appropriate solution for this application, considering the
local topology, existing infrastructure, technology
performance including latency and reliability, and
complexity of implementation.

PerformanceModelling

A daily energy balance modelas created to understand
the technical performance of the system and to act as a
basis for financial modelling.
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Figure2: Five-year system performance

In the figure above, the central area (coloured blue)
represents the times at which the battery system is fully
buffering the daily mismatch between supply and
demand, and no energy is being imported or exported via
the distribution network for scheme participants. The top
area (coloured green) represents ¢émergy generated in
excess of demand during periods where the battery is
already full, and this would therefore be exported to the
external system as normal for embedded generation
(assuming commercial provisions existhe lowest area
(coloured red) lsows the periods where the battery is
empty, usually during summer drought conditions, and
any demand that is not immediately supplied by the
generation must be imported from the distribution
network as is the present situation.

In the base case simulatiof 150 customers, the system
selfsupplies 88% of the annual demand, therefore
importing 12% of demand, and exports energy equivalent
to 23% of the annual demand. Climatic impact can be
seen by the prolonged period of import required during
the droughtin Q2 2010, and by the significant surplus
shown through most of the summer months in both 2012
and 2013 in this simulated dataset.

A sufficient contractual relationship with a licenced
supplier is assumed so that both import and export can be
handled atppropriate costs.

BUSINESS MODELLING

A set of commercial terms were agreed with the
community representativeso use in modelling the
financial viability of the scheme. Given that much of the
CAPEX funding was to be covered by European
development fods, this was primarily focused as an
OPEX model.
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Standing Charge 18p per day
Imported Energy 14p per kWh
Exported Energy 5p per kWh

DUoS

1.8p per kWh selsupply

Renewable Obligation

1.9p per kWh selsupply

Discount Offered

25%

Tablel: Financial Assumptions

The system was modelled for varying numbers of scheme
participants to assess the sensitivity of the business model
to uptake and interest, and to validate the discount rate

chosen by the community groupas initial target.

Revenue for different customer numbers

£80,000

£60,000

£40,000

income mmmm Value of surplus energy mmm DUGS

cost for anes

250
gy traded s ROCs obligation

Figure3: Customer Number Sensitivity

If these obligatioa were excluded the optimum number

would rise to over £50k per year.

Project revenue

Annual billed income.
v

Value of surplus energy

ROCs obligation

Figure4: 150 CustomeWaterfall Breakdown

Operating costs for this scheme are expected to be around
£20k per annum, andhis would suggest the scheme is
technically viableand able to offer the desired 25%
discount The obligations take around a third of the free

cases are dominated by eitlige sale or import of energy

and are not considered pertinent in this design.
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(Cost of deficit energy =#==Annual revenue

Tax and business rates are also not considered in this
analysis and will be discussed in the following section.

OBLIGATIONS AND CHAR GES

The first charge that any commercial eptéese will face

is business rates. These are assessed enhaoitable
operations and are based on the capital value of assets
owned by the operating companyln this case the
CAPEX is forced high by the inclusion of the BESS to
deal with the network anditions, and therefore the
business rates are expected to be very highaccurate
assessment of business rates cannot be made without

direct valuation of an

installed asset by council

representatives, but indications from other local schemes
would sugest a rates liability significantly higher than
the residual revenue in this case.

There are existing powers available to the UK and
regional governments to vary or exempt certain schemes
from business rates where thake desirable, and this
would be tle appropriate route for negotiation for
schemes like this LES in the future.

The two major obligations placed on the LES from the
utility industry side are Distribution Use of System
(DUoS)charges and the Renewables Obliga{R@) or
The optimum number of scheme participants was shown Contracts for Differenc¢CfD) thatwere consuming 30

to be 150, with a residual system revenue of £35k per 40% of the project income.

year after payment of regulated obligations.

There are significant differences in the way DUoS, RO
and GD charges operate for privatdre networks

of participants would be 200, and the residual revenue compared to public networles in this caseThis results

in a materially different cost model forgtoperation of
LES schemes and is the major reason why, with only a
small number of exceptions, such schemes do not
currently operate on the public network.

There are two key regulatory differences between
operating a ES scheme on a private netwarkmpared

to the public network:

Firstly, only a licensed supplier can supply customers
connected directly to the public network, whereas an
unlicensed supplier can supply customers in a private
network. This means that &5 scheme operator must

either kecome a licensed supplier or engage with a
licensed supplier to operate a scheme on the public

network.

Secondly, and more importantly from a cost perspective,

a private network is a singl

Asuper customer

single meterin the industry retail and estlement
arrangements. This means that only net import to / export
) ¢ from a private network is visible to these arrangemients
revenue in the most common circumstances, and the edgegng not the individual imports and exports of customers

and generators within the network.
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