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1 Executive Summary

Applecross Community Company (ACC) is planning to install a hydro power scheme in the vicinity of
the camp site. There is good generation potential as there is significant height drop in the water
course on the hill behind the village. The electricity grid connection to Applecross Village is of limited
capacity, however, and would be very costly to upgrade. As a result, in order to maximise the benefit
from the hydro scheme, a use for the electricity generated that exceeds the export limit is needed.
The potential to use this electricity to provide heat to buildings in Shore Street and Craite Barn was
investigated previously and it was found that there is a good correlation between the heat requirement
and the available supply from the hydro scheme.

In order to allow an informed decision to be made on whether to include the heat scheme with the
hydro scheme, further work has been undertaken to investigate in more detail the correlation between
the heat demand and hydro output and the findings are presented in this report.

The main difference in the approach in this report is that the analysis was carried out at an hourly
interval over a year, as opposed to the monthly period used previously. This allows the changeable
pattern of both hydro generation and heat demand to be included in the calculations. The hydro
output quickly reaches a maximum after rain fall and then diminishes steadily over a period of days or
weeks once the rain stops. Heat demand in the houses of Applecross typically has a morning peak
and an evening peak, whilst also being strongly dependent on the season. A further complication is
that many of the houses have storage heaters which are designed to work by charging overnight and
emitting heat during the day. These factors mean that the periods of hydro generation are not reliably
linked to the periods of heat demand; as a result, it is important to understand how much of the
generation can actually be used to provide heat to the community.

A number of different options were modelled at hourly time periods, to account for possible variations
in the way the heat scheme could be designed and operated. The options included a baseline case
using the predicted heat demand from thermal modelling of the buildings, combined with variations to
account for storage heater operation and also to include thermal storage. Thermal storage allows
excess generation to be stored as heat when the hydro supply exceeds the heat demand, then
subsequently released when the heat demand exceeds the available hydro generation. This would
be accomplished by using a large, well insulated hot water tank; a thermal store was considered
suitable for the Applecross Inn and the Estate House renovation.

Hydro generation information was available for two turbine sizes: 90kW and 180kW. The 90kW
turbine size was specified as this was the grid capacity available when the scheme was first
discussed with the district network operator (DNO); this scheme size also falls in the more favourable
<100kW band for the Feed In Tariff (FIT), a government scheme providing payments for the electricity
generated in addition to the electricity exported to the grid. The 180kW option was considered a
straightforward upgrade to the 90kW scheme, if additional capacity was required to meet the heat
demand.

At the time of the modelling work, the grid export capacity had been reduced to 50kW by the DNO.
This limit may increase in the future, back to the 90kW that was previously advised. The earliest date



-—
A-COM Applecross Hydro to Heat Scheme Detailed Feasibility Study

for this would be 2022 but it depends on upgrades to the grid between the Isle of Skye and Fort
Augustus that are not definite as yet.

The modelling looked at a range of factors, including the proportion of heat demand the hydro scheme
could cover, the amount of electricity exported to the grid, the amount of backup heat required when
the hydro scheme was not available and the amount of potential generation that could not be utilised,
either for heating or grid export. Financial analysis was carried out and included income from sales of
electricity to the building occupants, FIT payments and sale of electricity to the grid. Simple payback
periods were calculated based on the 50kW grid export limit. Whole life costing based on a 25 year
period was carried out for the most likely scheme variations and includes different options for the grid
export limit, including a permanent 50kW limit, an increase to 90kW in 2022 — which is the earliest
possible date — and an increase to 90kW in 2027, allowing five years for delays.

The results show that all of the options have a long term financial benefit. Simple payback periods
are typically in the range of 12-17 years, depending on the exact option. The 90kW turbine size is the
most appropriate in all cases, as it is sufficient to meet the available demand and has little — if any —
unused generation. Internal rate of return (IRR) figures are 6-8%, or up to 11% with funding.

Of the different options, the findings show that thermal storage offers an improvement in the utilisation
of the electricity generated, but not enough to be financially favourable.

The most financially beneficial scheme depends on the grid export limit. If it remains at 50kW, the
heat scheme has a better simple payback period and IRR. If the limit increases in 2022, the hydro
only scheme has a better IRR, while if the change occurs in 2027, the IRRs are similar. There is a
small amount of variation depending on the configuration of the heat scheme and the sale price for
heat customers.

If funding is available to support the installation of the heat scheme, it will improve the financial
performance of the scheme and may be a more favourable option than the hydro only scheme, even if
there is increased export to the grid from 2022.

For the building occupants the heat scheme would give lower energy costs so would be of benefit and
the table overleaf summarises the results.

It should also be noted that this study assesses the financial benefits alone; there is significant scope
for social benefits to the community through the provision of a private wire heat scheme sourced by
the hydro plant. The benefits cannot be quantified economically, but are equally as valuable to the
community of Applecross.
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No change to Grid export (50kW limit permanently)

90kW Two

sch charge 180kW 90kwW

SRSIS 90kW Two 90kW + periods + 90kW Base Base + six Turbine -
(figures except Whole Life Cost charge Thermal Thermal + six extra extra no heat
based on 50kW grid export) 90kW Base periods® Store Store houses? houses scheme
Heat demand (kWh) 279,042 279,042 279,042 279,042 279,042 339,042 339,042 0
Peak Heat Demand (kW) 76.9 76.9 104 76.9 104 109.6 109.6 76.9
% of annual heat demand
below 90kW 100 100 99.5 100 99.5 99.8 99.8 100
Heat demand met by hydro 183,174 172,717 177,305 183,942 183,234 213,955 201,771 0
% met by hydro 65.6% 61.9% 63.5% 65.9% 65.7% 63.1% 59.5% 0
Grid Export 179,562 183,508 166,108 170,426 166,730 159,043 176,918 239,168
Grid Import / oil backup 97,916 108,565 103,892 95,963 97,963 127,551 139,640 279,042
Excess Generation 19,932 230,918 37,409 7,088 11,001 9,669 208,454 143,499
Simple Payback Period

12.7 17.9 13.5 12.8 12.9 12.6 17.0 15.7

(6p sale price)
Whole Llfe' Cost 25 year IRR ( 27 6.9 6.6 79 52
(6p sale price)

! Two charge periods refers to charging the storage heaters overnight in two groups with separate 7 hour time slots, to spread the
demand while following the operating requirements of the heaters

2 Six extra houses refers to the possible additional social housing that may be built near the campsite
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Grid export limit - 2022 change from 50kW to 90kW

90kW Two

sch charge 180kW 90kwW

SREIS 90kW Two 90kW + periods + 90kW Base Base + six Turbine -
(figures except Whole Life Cost charge Thermal Thermal + six extra extra no heat
based on 50kW grid export) 90kW Base periods® Store Store houses” houses scheme
Heat demand (kWh) 279,042 279,042 279,042 279,042 279,042 339,042 339,042 0
Peak Heat Demand (kW) 76.9 76.9 104 76.9 104 109.6 109.6 76.9
% of annual heat demand
below 90kW 100 100 99.5 100 99.5 99.8 99.8 100
Heat demand met by hydro 183,174 172,717 177,305 183,942 183,234 213,955 201,771 0
% met by hydro 65.6% 61.9% 63.5% 65.9% 65.7% 63.1% 59.5% 0
Grid Export 179,562 183,508 166,108 170,426 166,730 159,043 176,918 239,168
Grid Import / oil backup 97,916 108,565 103,892 95,963 97,963 127,551 139,640 279,042
Excess Generation 19,932 230,918 37,409 7,088 11,001 9,669 208,454 143,499
Simple Payback Period

12.7 17.9 13.5 12.8 12.9 12.6 17.0 15.7

(6p sale price)
Whole Llfe' Coit 25 year IRR ( 31 74 74 33 95
(6p sale price)

® Two charge periods refers to charging the storage heaters overnight in two groups with separate 7 hour time slots, to spread the
demand while following the operating requirements of the heaters

* Six extra houses refers to the possible additional social housing that may be built near the campsite

®> Based on 50kW export for 7 years and 90kW for remaining 18 years
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Grid export limit - 2027 change from 50kW to 90kW

90kW Two

sch charge 180kW 90kwW

SRSIS 90kW Two 90kW + periods + 90kW Base Base + six Turbine -
(figures except Whole Life Cost charge Thermal Thermal + six extra extra no heat
based on 50kW grid export) 90kW Base periods® Store Store houses’ houses scheme
Heat demand (kWh) 279,042 279,042 279,042 279,042 279,042 339,042 339,042 0
Peak Heat Demand (kW) 76.9 76.9 104 76.9 104 109.6 109.6 76.9
% of annual heat demand
below 90kW 100 100 99.5 100 99.5 99.8 99.8 100
Heat demand met by hydro 183,174 172,717 177,305 183,942 183,234 213,955 201,771 0
% met by hydro 65.6% 61.9% 63.5% 65.9% 65.7% 63.1% 59.5% 0
Grid Export 179,562 183,508 166,108 170,426 166,730 159,043 176,918 239,168
Grid Import / oil backup 97,916 108,565 103,892 95,963 97,963 127,551 139,640 279,042
Excess Generation 19,932 230,918 37,409 7,088 11,001 9,669 208,454 143,499
Simple Payback Period

12.7 17.9 13.5 12.8 12.9 12.6 17.0 15.7

(6p sale price)
Whole Llfe' Cosét 25 year IRR ( 79 79 79 82 3.0
(6p sale price)

® Two charge periods refers to charging the storage heaters overnight in two groups with separate 7 hour time slots, to spread the
demand while following the operating requirements of the heaters

" Six extra houses refers to the possible additional social housing that may be built near the campsite

8 Based on 50kw export for 12 years and 90kW for remaining 13 years
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2 Introduction

AECOM was appointed by Applecross Community Company (ACC) in March 2013 to review the ways in which
excess electricity produced by the hydro scheme currently under development by ACC could be utilised. The
previous work was undertaken in two phases, an initial review followed up by a more detailed study once the
scheme appeared to be workable. The current third phase builds on the work carried out in the first two stages, by
modelling the scheme in greater detail — at hourly intervals instead of the monthly intervals used previously. The
aim of this report is to detail the findings of this modelling, to allow a final decision to be made on whether to
progress with the additional heating element of the scheme, or to pursue only the hydro element. The findings of
the previous reports are summarised in the subsequent sections.

2.1 Phase One

Phase One involved a hydro resource study of Allt Breugaireachd and a heat mapping exercise of Applecross. The
hydro study looked at a 99kW option — sized according to the grid constraint of 90kW at that time — and a 230kwW
option — based on the flow information from the water course. The remaining excess generation after export of
90kW to the grid was compared to the heat demand for buildings in Shore Street and Craite Barn on a monthly
basis. A very good correlation was found, with the hydro scheme able to supply around 90% of the heat demand,
with little remaining excess capacity after providing the heat. Different options for supplying heat to the buildings
were considered, including district heating using heat pumps and electric boilers as well as a private wire network to
provide an electrical supply to each building, utilising existing storage heaters or replacement electric boilers.

The conclusions were that the scheme was feasible and the private wire option was most favourable.

2.2 Phase Two

Phase Two involved carrying out surveys of the buildings to be included in the scheme, to assess the existing
heating and electrical equipment and the extent of works that would be required. The possible routes for the private
wire cables were also surveyed. The survey results were used to update the findings of the Phase One report with
the scheme still considered to be viable.

Discussion with the electricity grid District Network Operator (DNO) indicated that approval should be possible for
the scheme.

2.3 Phase Three — March 2014

The aim of this phase was to look in more detail at the utilisation of generation from the hydro scheme by the heat
customers. Previous work looked at consumption on a monthly basis. In this phase, hourly modelling was carried
out to give a more detailed understanding of how well heat demand and hydro generation would match. Changes to
the grid connection offer from Scottish Power meant that export would now be limited to 50kW for the foreseeable
future.

A final change to the modelling was revising the priority of end use. The initial work was based on exporting the full
90kW allowable to the grid at all times. However, for this phase, priority was shifted to the heat customers; this is
due to the heat sale price being higher than the electricity sale price achievable from the grid, together with the fact
that the purchase of this heat will result in reduced energy bills for the customers. The changes to the grid export
capacity and the priority of use led to a revision of the turbine sizing options to either 90kW or 180kW.

The 90kW turbine was selected on the basis that the Feed-in-Tariff (FIT) rate for turbines of 100kW and below is
20.76p/kWh; whereas, for turbines rated over 100kW it is 15.18p/kWh. The 180kW scheme was selected on the
basis that it is relatively cost effective to double up the generator while using the 90kW turbine to produce an output
of 180kW.
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Highland Eco carried out modelling work on the hydro generation to produce annual hourly output data for both
sizes, based on the actual flow data recorded for the scheme.

An hourly heat demand model was built to give an overall profile for all the buildings.

This demand-side model was then run with the hydro generation output profiles supplied by Highland Eco to
determine how the supply sources would cover demand (i.e. which supply source would be required and when) and
how much excess electricity would be generated for the two hydropower scheme size options over the course of a

year.

Various options were reviewed, to consider different possible private wire scheme configurations and ascertain the
most favourable. The outcomes were to decide which turbine size was preferred and to review overall viability.
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3 Hydro Resource

3.1 Allt Breugaireachd

Allt Breugaireachd is the lower reaches of a water body which includes Lochan na Teanga, Lochan Sgeirach, Loch
an Eilein, Loch na Larach, Allt na Larach and Loch a Mhulilinn and has a base level at Applecross Bay (Figure 1).

The water body is notable for having flows on both the surface and underground. This is characteristic of the area
that is underlain by Torridon Group Sandstone and Mudstone and is well known for caving.

Applecross...

Bay
45 =r

Applecross
. { 325
777577/ Ngdlh Loch an Fhemr
... 4 OCr in
44 uMlltOﬂ\\\ F' e
: ag ais 'm { \ f)Lock |na On VY
T/, . { // Larach (U d 4
. ! PR AL A/ 1 ~{/ Lochan
7 n : Y | - " Sgeirach
15- TON’ J Loch'an/T | 1 . J
Ik My | /D7) 2 ZEileip 4 £ ——79)
H-H- ‘ / veiP DL
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Figure 1: Hydro resource. The surface and below-ground flowing interconnected water bodies are characteristic of
the area.

3.2 River Gauging Survey

A river gauging survey (Figure 2) commissioned by ACC from MNV Consulting Ltd of Allt Breugaireachd produced
hourly flow data for the period 18th August 2011 to 30th September 2012.

Figure 2: River gauge

This flow data forms the basis of the hydro generation analysis carried out by Highland Eco; subsequently, it is the
foundation of the assumptions made within this report on potential generation output.
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4 Proposed Hydropower Scheme

4.1 Selection of 90kW and 180kW options

A primary outcome of this study is to determine the optimum turbine size for the Applecross scheme. To do this, two
turbine sizes of 90kW and 180kW have been compared, as suggested by Highland Eco. A preliminary FIT
application was lodged in late 2013 by Highland Eco for the 90kW size, in case of decreases in FIT rates.

The reason for selecting the 90kW turbine was the limit to the original grid capacity offer, although it is noted that
this offer has been reduced to 50kW. The 180kW turbine was selected as Highland Eco have proposed an
opportunity for straightforward modification of the 90kW turbine to run at 180kW; this enables a streamlined
approach to taking the 90kW turbine design forward, whilst retaining the option to expand the installation should the
commercial incentives be identified.

It is proposed to export excess electricity to the grid and to gain payments under the FIT, a scheme operated by the
government to encourage renewable electricity generation through the provision of subsidies. Table 1 shows the
tariff rate is more favourable for hydro schemes below 100kW. Therefore a 90kW turbine option was selected.

Table 1: Generation Tariff levels for Hydro from 01 April 2013 to 1 April 2014 for 90kW scheme as Highland Eco
registered the 90kW scheme for FIT in 2013, and for after 1 April 2014 for 100 — 500kW as this size is not
registered.9

>15 — 100kW 20.76
>100kW — 500kW 15.18

Based on the flow data obtained in the river gauging survey, Highland Eco modelled the power output of the
selected turbines using Low Flows Software at hourly intervals for the period October 2011 to September 2012. This
data has been used for all the modelling work in this report.

® Feed-in Tariffs Ltd, 2014. “Tariffs payable per kWh of electricity produced”. Accessed 11/03/14. Available online at:
http://lwww.FITariffs.co.uk/eligible/levels/
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5 Heat Demand Modelling

5.1 Previous work

Figure 3 shows the annual heat loads that were produced by the Phase Two works. These overall demand figures
were maintained in this phase.

Heat Heat

Demand Demand
Property (kWh) Property (kWh)
Estate House 22,301 4 Craite Barn
Applecross Inn 73,266 5 Craite Barn 10,000
3 Shore Street 8,166 6 Craite Barn 8,183
4 Shore Street 5,311 7 Craite Barn 8.183
5 Shore Street 5,311 8 Craite Barn 8,183
6 - 7 Shore Street 21,320 3 Craite Barn
8 Shore Street 3,623 2 Craite Barn 8.000
9 Shore Street 5,311 1 Craite Barn 9,600
1O Shore Street 9,993 Subtotal 52,149
11 - 12 Shore Street 6,523
13 Shore Street 9,784
14 Shore Street 2,313
15 Shore Street
16 Shore Street
N7 Shore Street 16,935
18 Shore Street 20,048
N9 Shore Street 20,048
Subtotal 230,251

Figure 3: Annual heat demands from previous work

ACC informed AECOM of the possibility of six additional social houses to be built close to the site of the proposed
hydro turbine house. An additional option in the modelling has considered the the effect of adding these to the
scheme. Heat demand was assumed to be similar to that of the largest Craite Barn house, as the new houses will
also have three or four bedrooms and be well insulated, and thus be similar to the largest Craite Barn house.

5.2 Hourly Heat Demand Modelling Using IES

The modelling in previous reports was based on monthly analysis. This gives a good overview but does not account
for the complexities that occur in actual operation. These include issues such as charging periods for storage
heaters and variable output from the hydro scheme, which is high after rain and reduces gradually to zero output
during periods of drought.

To better account for the variable factors, modelling was carried out using hourly data. For the buildings, dynamic
building energy models were constructed in IES software, and this gives an output of heat demand on an hourly
basis. Sample models were constructed for Shore Street, Craite Barn, Applecross Inn and the Estate House.

For Shore Street and Craite Barn, the occupancy and size information from previous reports was used to scale the
IES hourly profiles in order to match the anticipated yearly total heat demand shown in Figure 3. The annual
demands in previous reports were verified against actual consumption data from customer invoices, for the
Applecross Inn, 8 Craite Barn and 18 Shore Street, providing greater confidence in the accuracy of the data. To
account for variable occupancy in the holiday homes, an additional model of the Shore Street house was created;
this was set to an unoccupied state by adjusting the temperature set points in the rooms. Data from this model
output and the standard Shore Street model was then combined to give an overall yearly profile at the required
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occupancy level. To reflect expected use patterns, occupied data was used for summer and public holiday periods,
whilst the unoccupied data was used to a great extent in the winter.

For Applecross Inn and the Estate House, the IES model outputs were scaled to match the data from the previous
report as shown in Figure 3.

5.3 Storage Heaters

The majority of buildings have storage heaters fitted, typically in the downstairs general living areas but not in
upstairs bedrooms, where electric panel radiators are more usual (for both Shore Street and Craite Barn).

The usual mode of operation for storage heaters is a seven hour charging window, during which the charging is
operated by the electricity grid based on predicted weather. This supply is provided through the separate off-peak
meter. The heaters are charged during the night, when electricity is cheaper. The heater builds up heat in the core
of the unit, reaching the required temperature for providing heat throughout the next day. There is an input control
on the heater, which allows the residents to adjust the level of heat required the next day and this alters how much
heat is stored. There is an output control also, which typically adjusts vents to increase or reduce air flow and thus
the rate of heat output. Storage heaters are typically sized to provide 90% of the required heat from the off-peak
storage mode, with 10% coming from peak supply to give a boost in the evening. Some models in some of the
houses (e.g. Dimplex XLS) also feature a temperature sensor in the unit which adjusts charge rates.

This pattern of operation is very different to what would match the supply coming from the hydro scheme. This
hydro supply will typically be available 24 hours per day or not at all, with periods where there would be some
availability, which would be shared amongst the buildings. The base scheme for the hydro to heat system is based
on a priority order for the buildings, which changes each hour. The order is simply a list of the buildings, and each
hour the building that was at the top of the list goes to the end and the remaining buildings move up one priority
place. The available generation is shared down the list and if insufficient for all buildings, will supply as many as
possible in the order of priority within that hour. After an hour, the order is changed again and buildings switched on
and off to match availability.

If a storage heater receives a supply continually, it will charge to the level required by the input setting and then stop
receiving charge. Once it has cooled a small amount, it will charge again to the required level. This would result in
overheating and excess energy consumption if not further controlled. One possibility would be to set the input
control to the required level in the late evening and then turn it to zero in the morning; this is not considered to be a
practical solution. The simplest solution would be to install a timeclock on the hydro supply, to restrict its availability
to the overnight period to ensure that the heater is charged, whilst also preventing overheating during the day. This
would mean the occupants could leave the input control at the normal setting and operation would be as standard
for a storage heater.

Adding a thermostat to the timeclock would allow the hydro supply to an individual building to be switched on when
the house cools to a certain level, allowing the use of peak electricity to be avoided for any evening boost, provided
the hydro supply is available. It could also allow a more comfortable temperature to be maintained to match
occupation patterns.

In all cases, the grid off-peak supply would be available to supplement the hydro supply, so that the heaters charge
as required each night.

5.4 Comparison of IES Heat Demand Model and Actual Consumption Data for Shore Street

In order to check the accuracy of the method, it was intended that the IES modelled heat demand would be
compared to actual, measured consumption data. Meters were installed in four properties in March 2014, to record
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demand from the storage heating (off-peak) electricity meter and the normal (peak) electricity meter. However, due
to difficulties with the installation of the meters, only limited monitoring data was available for one Shore Street
house at the time of preparation of this report. This data has been reviewed alongside the IES model, although the
level of data available is insufficient to fully verify the IES model at this stage.

The results show that overall the IES model has a greater heating demand for the monitored period. This is shown
in figure 4 below, which shows the heat consumption through the storage heaters.

While this suggests that the IES model may overestimate the heat demand, the consumption data available is very
limited at this point and so it is difficult to draw any conclusions. The lower demand could be due to warmer
weather, heaters being switched off or a range of other reasons; as a result, further data for a greater number of
properties is required before any more definite conclusions can be drawn.

In figure 5 the IES model has a smooth profile with a slight peak in the morning and a smaller second peak in the
evening. This reflects the fact that the IES model represents the heat demand of the building, which peaks in the
morning when the occupants wake up and has a smaller peak again in the evening when the occupants return to
their house.

The monitored storage heater profile has a main peak early-morning, reflecting the charging period using off-peak
electricity. The smaller peak at around 6.30 — 8.30am could be a final top up provided from the off peak supply.
There is no power supplied to the heaters after this point until the afternoon; from 12:30pm onwards, there are a
number of smaller peaks indicating the heaters charging again to provide additional heat. These afternoon / evening
peaks would suggest that the house has a Total Heat Total Control tariff. This tariff gives the usual overnight off
peak charge and also an additional charge in the afternoon. The times of the charges are controlled by the grid
operator.

The expected performance of the storage heater is that it charges for up to seven hours then discharges emitting
heat at a steady rate over the following day. Dimplex stated that typically, the heaters are sized to provide around
90% of the heat demand from the off peak overnight charge, with the 10% additional from the peak supply expected
to be in early evening. The deviation from the expected pattern shown in figure 5 could be because of a number of
factors, including the occupants’ preference for a warm house, heaters incorrectly set up and heaters not sized
correctly. This is counter to the suggestion above (and shown in figure 4) that the monitored demand may be lower
than the modelled demand; again, this may result from a variety of factors, as presented above.
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Figure 4: Comparison of IES Boiler and monitoring data of Storage Heater Meter and Electric Meter for one Shore
Street house.
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Figure 5: Comparison of IES Boiler and monitoring data of Storage Heater Meter and Electric Meter for one Shore
Street house.
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55

Overall heat demand profiles

The hourly heat load profile for all the buildings in the scheme was created in IES to allow modelling against the
output of the hydro scheme, assessing the correlation between demand and supply. This was done in a number of
different ways, focussing on maximising use of the generation for providing heat whilst allowing for the operating
pattern of the storage heaters, which are in the majority of the housing.

The different approaches were:

Sum modelled heat demand for each hour — this gives the basic demand and assumes heat generation can
respond at any time in all the properties;

Shift daily demand in homes with storage heaters to occur during a seven hour period overnight (11pm to
6am) and then sum all demands for each hour— this more closely approximates what the actual demand is
at present;

Shift daily demand in homes with storage heaters to occur during either one of two seven hour overnight
periods (6pm to 1am or 1am to 8am), with approximately 50% of the total load in each period, and then sum
all demands — this attempts to provide an element of demand management by spreading the storage heater
charging over a fourteen hour period, whilst still allowing off-peak charging in the event of low output from
the hydro scheme;

The addition of thermal storage to properties with wet heating systems (Applecross Inn, Estate House and
the possible six new social houses) — thermal storage in the form of a large, well insulated hot water tank
allows heat to be generated and subsequently stored when supply exceeds demand, thus providing a
source of additional heat when demand exceeds supply. The benefit of a thermal store is that it acts as a
buffer between supply and demand, smoothing out the peaked demand profile to match the more constant
supply profile. In this way, generation from the hydro scheme can be used for heat supply when the there is
little or no heat demand. In order to minimise the heat loss of the store and so optimise its efficiency, they
should be designed to provide a storage function of no longer than 48 hours; ideally, storage would be
limited to 24 hours.

Note that these approaches assume minimal changes to the existing heating infrastructure present in the houses; it

may be possible to improve utilisation and control by replacing the existing storage heaters with a model that
provides greater control, such as Dimplex Quantum, or by converting to wet systems and introducing thermal
storage. There is obviously significant cost involved in upgrading the infrastructure and so this has not been

considered further at this stage; however, it could be investigated further in the future, particularly if the project is to

act as a pilot study for further similar schemes.

5.6  Grid Export

When there is generation from the hydro scheme but limited or no heat demand, the output can be exported to the

grid, up to the allowed grid connection capacity. As the sale price for the electricity will be higher to the heat

customers (expected to be in the region of 6-8p/kWh, based on a current off-peak electricity rate of 10p/kWh from

customer bills) than the grid tariff of approximately 5p/kWh, grid export is a lower priority than supplying heat
customers.

An export limit imposed by the DNO is common to both scheme size options. Previously, ACC obtained a grid
connection offer from SSE dated 15 August 2012, which included a 90kW export limit. The offer was open for
acceptance for one calendar month from the issue date. The offer has since been revised to 50kW.
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5.7 Modelling the Dupline Switching Programme

The previous report recommended that a Dupline switching programme is utilised in the proposed community
heating scheme to provide each property with a ‘fair share’ of the power available.

The Dupline control has a central switch that changes the customer priority on an hourly basis. This has been
modelled so that for the first hour (t =1), the first customer (Building 1) receives electricity first, then on the second
hour (t = 2) the last building (Building n) receives electricity first i.e.:

For time, t=1; Priority = Building 1, Building 2, ..., Building n
t=2; Priority = Building n, Building 1, ..., Building (n-1)
etc until
t=n Priority = Building 2, Building 3, ..., Building 1

t=n+1; Priority = Building 1, Building 2, ..., Building n

This rotation continues throughout the year. There are limitations with this approach, as it does not allow for
communication between heat demand and heat supply; as a result, this could lead to demand being met by backup
supplies (grid electricity / oil) for certain residences when they are at a low priority for the hydro supply. However,
the technology is robust and simple and there is a clear sharing of the hydro output, so it has been determined that
this is appropriate for use as the baseline scheme. Whenever there is any generation capacity remaining after
supplying all customers, this is exported to the grid, up to the maximum of 50kW. If there is still further excess
generation, the hydro scheme will reduce output to match the current demand.

As a broadband internet connection is available in each property, it will be possible to develop a more sophisticated
control and monitoring arrangement, based on actual consumption patterns. This will allow a fairer distribution to be
achieved, together with better utilisation of hydro output by anticipating changes in priority for the hydro generation
and thus managing the need for backup energy supplies.

5.8 Modelling without Thermal Storage

The basic model was built so that each building was heated by the hydro supply if this was available and otherwise
would use appropriate backup (grid electricity or oil dependent on existing systems). If there was remaining
generation capacity in the hydro supply, up to 50kW was exported to the grid. Any further capacity was noted as
unused excess generation.

A schematic diagram of this approach is shown in Figure 6.
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Figure 6: Schematic representation of the modelled scheme without thermal storage.

5.9 Modelling with Thermal Store

To maximise the utilisation of the generation, thermal storage was considered, as it would allow electricity to be
used when demand was low and then heat released when demand increased. Thermal storage is considered a
possibility for Applecross Inn, and perhaps the Estate House. The Applecross Inn has a wet heating system and by
far the largest heat demand and is also in use year round. Current plans for the Estate House are based on a wet
heating system and it is a larger building than the other houses. It also has space to accommodate a thermal store,
which would be difficult to accommodate in the Shore Street and Craite Barn houses. Thermal storage is a
possibility for the six additional houses that may be built. The additional components required are a large, well-
insulated hot water tank — with built in heating elements — and an electric flow boiler — which can provide heat
directly into the existing wet system without charging the thermal store, reducing heat loss. The existing / planned oil
boilers are retained to provide back up heat.

The thermal storage was modelled by shifting the affected building(s) to the lowest priority at all times in the
switching arrangement, thereby providing capacity only when all other demands had been met. Depending on the
heat demand of the building at each hour and the level of charge in the thermal store, the building would:

. Use the electric boiler to provide heat; additional hydro capacity to charge the store;
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. Discharge from the store to cover heat loads (no hydro generation availability);
. Use the electric boiler to provide heat, export up to 50kW to the grid (store full — high hydro generation
availability);
. Use the electric boiler to provide heat, export 50kW to the grid and add the remainder to the thermal store

(store close to full — high hydro generation availability).

The model was set up to discharge the store wherever possible, to reduce heat losses inherent in keeping a volume
of water at high temperature. Storage was set to provide a balancing mechanism in the short term, with losses set
at 2% per hour, which meant that the store would run down in a reasonable period if no heat was supplied and there

was no or low demand.

Figure 7 gives a schematic representation of this approach.
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Figure 7: Schematic representation of the modelled scheme with thermal storage.
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6 Results

6.1 Hydro output and date range

The previous report used the date range August 2011 to July 2012 for the hydro power output. This report has used
the range October 2011 to September 2012, as this is what was available from Highland Eco based on the most
recent river gauging data. Table 2 shows the hydro output was less for the second period. This is because there
was more rainfall in August 2011 than in August 2012. Part of the reason for the more detailed study covered by this
report was to attempt to quantify how the variable nature of the hydro output, which depends on recent rainfall,
would affect utilisation of the generated electricity for heating the buildings included in the scheme.

Table 2: Comparison of hydro output for different periods

August 2011 to July 2012 395,639 612,002
(previous report)

October 2011 to September 2012 382,667 587,143
(this report)

6.2 Heat demand based scheme sizing

The peak heat demand for different options was estimated from the hourly demand profiles, by adding the heat
demand for the option for each hour over the year and identifying the maximum value. The results are shown in
Table 3. The results show that the peak heat demand for the baseline buildings is 77kW; allowing for the operating
pattern of storage heaters, this is significantly increased to 157kW, assuming that all the heaters charge over the
same seven hour period. Having two charge periods reduces the peak to 104kW. If the six additional social houses
are added to the scheme, the peak demand increases: up to 110kW for the baseline scheme; and to 123kW and
184kW for the storage heater modelled options.

The peak demand gives an indication of what size of hydro scheme would be required to cover the heat loads for
100% of the year. If demand is greater than available capacity, the backup grid electricity / oil boilers will be required
to meet the shortfall. Thermal storage can reduce the required capacity to cover peak demand by storing heat when
demand is low to release when demand is high.

In all cases bar one — the inclusion of six extra houses with one charge period for storage heaters — around 90% or
more of the demand over a year is less than 90kW, so there is little justification for a bigger turbine.

Table 3: Peak heat demand for different modelling options

Base scheme 76.9 100 109.6 99.8

Load shift to 1 charge period for  157.2 91.7 184.0 88.9
storage heaters

Load shift to 2 charge period for  104.0 99.5 123.1 95.6
storage heaters
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6.3 Comparison of 90kW and 180kW scheme sizing using monthly data

Monthly analysis was first undertaken to investigate how a 90kW and 180kW turbine option would cover the heat
demand of Shore Street, Craite Barn, Applecross Inn and the Estate House. The changes from the previous report
include:

o Different hydro output data as described above;
o Different end use priority, with heat customers preferred to export to the grid;

o Different export limit on the grid connection (now 50kW) with the possible change to 90kW included as
options in the whole life costing;

o Different turbine sizes (now 90 and 180kW, previously 99 and 230kW).
The results are presented in Table 4, Table 5, Figure 8 and Figure 9.

It can be seen in Table 4 that the 90kW option provides 82% of the heat demand, whilst Table 5 shows that the
180kW options provides 83% of the overall heat demand — an increase of only 1%. The hydro output is limited by
the hydrological resource, which reduces below the minimum flow required to operate either scheme size over the
summer (low rainfall) months, with less availability for the larger scheme which has a higher minimum flow
requirement. Over the winter (high rainfall) months, the hydro supply is greater than the demand from the buildings
for both scheme sizes; therefore, with the sole target of meeting building heat demand, there is no additional
generation benefit over winter gained from the larger scheme. It is in the seasonal transition months of August to
September and April to May — where the hydro supply changes from being less than demand to exceeding demand
and vice versa — that the larger scheme is able to meet a greater proportion of the heat demand. This is because the
flows are such that the 180kW scheme produces more power than the 90kW scheme and the hydro supply is less
than the demand. This limited time accounts for the 1% increase.

The 180kW scheme produces a higher total annual output (587.1MWh) than the 90kW scheme (382.7MWh), which
correspondingly enables greater electricity export. However, as the export is limited to 50kW, the amount of excess
electricity that cannot be utilised is also increased, from zero for the 90kW scheme to 122MWh for the 180kW
scheme. It should also be noted that the larger scheme enables only a slight reduction of 2MWh per year in the
heating sourced from grid import or oil backup.
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Table 4: Loads for 90kW Scheme

Jan Feb Mar Apr Y Jun Jul Aug Sep Oct Nov Dec Total

Hydro Electricity 57.0 48.2 312 201 116 0.0 0.0 1.1 514 573 391 659 382
Supply (MWh) 7
Heat Demand 30.8 259 233 177 146 124 145 201 249 317 323 30.7 279

(MWh) 0
% Heat Demand 100 100 100 100 79% 0% 0% 5% 100 100 100 100 82%
covered by % % % % % % % %
Hydro
Grid Import / oil - - - - 3 12 14 19 - - - - 49

backup (MWh)

Grid Export 261 222 79 24 00 00 00 00 265 255 6.8 351 152
(MWh) 5

Excess elec 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
after export

(MWh)

% of hydro not 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
used
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Figure 8: Demand and supply profiles for 90kW scheme
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Table 5: Loads for 180kW Scheme

24

Jan Feb Mar Apr Y Jun Jul Aug Sep Oct Nov Dec Total
Hydro Electricity 94.6 715 36,5 222 135 0.0 0.0 04 738 892 659 119. 587.
Supply (MWh) 7 1
Heat Demand 30.8 259 233 177 146 124 145 201 249 317 323 30.7 279
(MWh) 0
% Heat Demand 100 100 100 100 92% 0% 0% 2% 100 100 100 100 83%
covered by % % % % % % % %
Hydro
Grid Import / oil - - - - 1 12 14 20 - - - - 48
backup (MWh)
Grid Export 37.2 336 129 43 0.0 0.0 0.0 0.0 36.0 372 332 372 231
(MWh) 6
Excess elec 266 119 0.0 0.0 0.0 0.0 0.0 0.0 129 203 0.0 51.7 123.
after export 4
(MWh)
% of hydronot 28% 17% 0% 0% 0% 0% 0% 0% 17% 23% 0% 43% 21%
used
120,000 f—
110,000 =>¢=Heat Demand /
100,000 /
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Figure 9: Demand and supply profiles for 180kW scheme
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6.4 Constraints of Monthly Analysis

While monthly analysis gives an indication of supply-side and demand-side loads, more detailed analysis on an
hourly basis gives the opportunity to compare daily profiles and to review the size of the system.

The balance of daily demand and supply for 04 February 2012 is illustrated in Figure 10 where the daily analysis
(based on averaged monthly data) (a) shows simply that the total hydro supply for the day is greater than the heat
demand. Therefore, the heat demand covered by hydro is 100%. Note the IES model data is for a typical year while
the hydro data is for that day in 2012.

The hourly analysis (b) shows that for the first half of the day, the hydro supply is less than the heat demand;
however, for the second half of the day, the supply exceeds the demand. Assessing Figure 10 (b) shows that the
heat demand covered by hydro generation for the day is approximately 40%. Note that the pattern shown is for a
single day when there was significant rainfall after a dry spell and is not representative of other days.

While this type of change in hydro production does not occur on a daily basis, it is never the less important to
understand the implications of these changes, which are not captured by a monthly analysis.
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Figure 10: Supply and demand profiles for 4" February showing (a) Monthly analysis and (b) Hourly analysis.

6.5 Hourly Analysis

The two scheme size options were assessed using the hourly model and the results from monthly and hourly
analysis compared. The results are shown in Table 6 and figure 11.

Comparing the hourly analysis to the monthly analysis, the following observations can be made:
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For both the 90kW and 180kW schemes, the hourly analysis shows less heat demand is covered by hydro.
This can be understood by considering the example day shown in Figure 10;.

From the hourly analysis, the 90kW scheme covers more of the annual demand (66%), compared to the
180kW scheme (62%). The reason for this is that the 90kW scheme is able to operate for more of the year,
due to it having a lower minimum flow requirement; in addition, when there is abundant flow, the 90kw
scheme has sufficient capacity to meet the full heat demand, so there is no opportunity for the 180kwW
turbine to provide a greater proportion of the demand.

For both the 90kW and 180kW schemes, the quantity of electricity imported from the grid is increased, with
the increase for the 180kW scheme relatively greater. This follows on from the point above, as the 180kW
scheme contributes less to the overall heat demand than the 90kW scheme, so subsequently requires
greater backup in order to meet the demand.

The electricity exported to the grid increases for the 90kW scheme, but decreases for the 180kW scheme.
For the 90kW scheme, the increase is for a similar reason to the increase in grid import: the hydro either
exceeds demand or is not available, so with the reduced ability to meet demand, due to the phasing of
generation and demand, both import and export increase. For the 180kW scheme, the total generation
occurs over fewer annual hours and so there is a large increase in unused or excess generation per hour of
operation; as a result, much of the excess generation occurs when the maximum export capacity of 50kW
has already been reached.

For both the 90kW and 180kW schemes, the excess electricity after export increases. The monthly average
data implies that excess generation will be limited; however, the hourly data demonstrates that the event of
generation being at a maximum whilst heat demand is low occurs relatively frequently (particularly for the
180kW scheme), so the 50kW limit on the grid export is quickly reached resulting in excess generation.

These findings all suggest that the 90kW scheme size is more appropriate for supplying the propose Applecross
community heating scheme. It will meet more of the heat demand over the year by operating for longer hours. The
backup requirement will be lower for the same reason and there is little increase in the amount exported to the grid.

Table 6:

90kW

180kw

Annual loads for 90kW and 180kW scheme options from hourly and monthly models

Monthly 382,667 279,042 230,146 82% 48,896 152,521 0
Hourly 382,667 279,042 183,174 66% 97,916 179,562 19,932
Monthly 587,143 279,042 231,253 83% 47,789 231,629 122,006

Hourly 587,143 279,042 172,717 62% 108,565 183,508 230,918
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Figure 11: Annual load destinations for 90kW and 180kW schemes from hourly and monthly models. Note: doesn’t
include electricity imported from grid.

6.6 Impact of additional six houses

ACC informed the study that there was a possibility of the future development of six houses near to the campsite.
The impact of adding six houses to the scheme heat demand was therefore investigated using the hourly model.
These houses were modelled based on the largest existing building, Craite Barn, which has an annual heat demand
of 10MWh, as it is expected that they will be of similar size to this house and have similar levels of insulation.

The results are presented in Table 7 and Figure 12. For both scheme sizes considered, increasing the demand by
adding six extra houses increased the quantity of heat provided by the hydro, but reduced the proportion of the
annual heat demand met by the hydro. The additional six houses also resulted in an increase in the grid import, a
decrease in the grid export and a decrease in the excess electricity after export.

As a proportion, the 90kW scheme option is able to cover more of the demand than the 180kW scheme option. This
demonstrates again the 90kW scheme is a suitable size for the proposed community heating, if trying to maximise
the proportion of heating met by the hydro.
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Table 7: Impact of six additional houses on annual loads based on hourly model

Total Total Heat Demand % Heat Excess elec
Possible Heat covered by Demand after export
Generation Demand Hydro Covered (kwh)
(kWh) () by Hydro
90kW Existing 382,667 279,042 183,174 66% 97,916 179,562 19,932
Six extra 382,667 339,042 213,955 63% 127,551 159,043 9,669
180kW  Existing 587,143 279,042 172,717 62% 108,565 183,508 230,918
Six extra 587,143 339,042 201,771 60% 139,640 176,918 208,454
600,000

500,000

400,000

I Excess elec after export

300,000
M Elec exported to Grid

Energy (kWh)

200,000

B Heat Demand covered by

100,000 Hydro

0

existing | 6 extra existing | 6 extra

90kwW

Figure 12: Impact of six additional houses on final load destinations based on hourly model. Note: doesn’t include
electricity imported from grid.

6.7 Load shifting of demand to replicate storage heaters

To account for the overnight charging pattern of standard storage heater operation, two load shift options were
investigated:

e One charging time slot: 11pm — 6am (7hours)

e Two charging time slots: 6pm — 1am; and 1am — 8am (14hours) with approximately half the storage heater
capacity charging in each slot

The intention of this option is to limit the charging period to a similar time as the grid connection would be available
to prevent continuous charging that could occur if the hydro supply was available without constraint to the storage
heaters. This could cause overheating and would lead to higher bills despite the cheaper cost of the hydro supply.
By using similar time periods, the grid supply will be available if the hydro supply is not and so at the end of the off
peak period the storage heaters will be charged for the coming day, with the bulk of the charge coming from the
hydro scheme.
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Figure 13 shows the resulting load profiles for an example day.

Table 8 shows that the off-peak load shift results in a system that performs less favourably by all the indicators. This
is because the load is shifted to a very short time period, so if the hydro resource does not coincide with this seven
hour period, almost all of the potential generation is not utilised. This means there are seventeen hours of the day
when the hydro system is unable to supply the buildings with storage heaters, reducing the benefit of the scheme.
For the option with two time slots, the available demand is slightly more spread out over the day, resulting in better
utilisation of the available generation capacity.

Table 8: Annual loads for Load shifting options based on hourly modelling using thermal store (for a 90kW scheme)

Heat Demand Electricity Excess electricity
covered by Hydro exported to Grid after export
(kwWh)
No load shift 183,942 170,426 7,088
11pm - 6am charge period 171,586 161,857 21,092

6pm - 1lam; 1am - 8am charge

periods 183,234 166,730 11,001
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Figure 13: Load Shifting of demand for an example day (4th February)
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Figure 14: Annual loads for different load shifts.

6.8 Impact of thermal storage

Thermal store provision for Applecross Inn and the Estate House was modelled according to the diagram in Figure
7.

The 90kW scheme and with two charging periods for the storage heaters was modelled. In the modelling process,
the thermal store was modelled as one 420kWh store, based on the maximum daily heat demand of the buildings.
This equates to approximately an 110kWh store for the Estate House and a 310kWh store for Applecross Inn.

The store was modelled so that the discharge set point was 350kWh, the recharge set point 25kWh and the heat
loss per hour 2% of the charge in the previous hour. The set points are required to switch the thermal store from
charging to discharging, to prevent it having a full charge at all times, which would increase heat loss. They were
chosen based on the capacity available at the thermal store after the other buildings had been provided. In an actual
thermal store the set points are based on temperatures at different parts of the store, but the result is similar.

Table 9 and Figure 15 show that including thermal storage in the community heating scheme has little effect on the
proportion of heat demand met annually by the hydro. Grid import / oil backup does not change much, as this
occurs when there is no / low generation from the hydro scheme. Grid export and excess generation are reduced
by the impact of heat loss in the thermal store, which accounts for 21,000kWh per year.
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Table 9: Impact of 420kWh storage using two time slot load shift on annual loads from hourly modelling for a 90kwW
scheme

Total Total Heat % Heat Grid Grid Excess
Generation Heat Demand Demand Import Export elec

(kwWh) Demand covered by Covered / il (kwWh) after
Hydro by Hydro  (kWh) export
(kWh) ()
Base scheme 382,667 279,042 183,174 66% 97,916 179,562 19,932

Thermal Store — Inn
& Estate House (two

0
storage heater time 382,667 279,042 183,234 66% 97,963 166,730 11,001
slots)
450,000
400,000
350,000 Grid Import
300,000
250,000 - i Excess
200,000 -
B Grid Export
150,000 -
100,000 - W Heat Demand covered by
50,000 - Hydro
O .
Demand Hydro Demand Hydro
Supply Supply
No Storage Storage

Figure 15: Impact of thermal storage (420kWh) on the scheme.

6.9 Changing size of store

A sensitivity analysis was carried out on the overall provision of thermal storage to investigate if this would increase
the benefit. The results are shown in

Table 10 and Figure 16. The analysis shows the size of the store does not make a significant difference to the
operation of the scheme and in fact the main change is the amount of excess generation is reduced as a result of
increased heat loss when the size of the store is increased. The optimal size is perhaps around 300 - 350 kWh, as
that gives the greatest grid export for lowest heat loss, with grid import reduced as far as possible.
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Table 10: Sensitivity analysis of thermal storage capacity

-75% 157.5 101,000 160,865 33,913 6,798
-50% 245 98,581 159,467 27,590 11,926
-25% 3325 97,823 164,702 16,583 16,487
-20% 350 97,951 167,222 14,014 16,829
-15% 367.5 97,883 166,762 13,323 17,731
-10% 385 97,848 167,064 12,295 18,395
-5% 402.5 97,974 166,930 11,592 19,362
0 420 97,963 166,730 11,001 20,090
+5% 437.5 98,019 166,666 10,391 20,776
+10% 455 97,772 167,385 8,861 21,381
+15% 4725 97,754 166,859 8,515 22,152
+20% 490 97,777 166,688 8,030 22,863
+25% 507.5 97,866 166,822 7,336 23,363
+50% 595 97,724 166,176 4,548 26,394
+75% 682.5 97,632 164,824 2,688 29,363
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Figure 16: System performance indicators for different sizes of thermal store
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7 Financial Analysis

7.1 Intro

An appraisal of the financial impacts of the hourly modelling work was carried out to investigate the implications on
the viability of the project. Most of the cost information is similar to the previous stage report, as there is no change
to the proposals in terms of equipment required for the heat part of the scheme. Highland Eco provided updated
costs for the hydro scheme and costs have been included for thermal storage where relevant.

One major change to the scheme since the previous report was the change in the export capacity. It was revised
down to 50kW from the original 90kW. There is a possibility it will be increased again to 90kW in the future; the
earliest date for this would be 2022. Accordingly, the whole life costing analysis was carried out for three options:

e 50kW limit for the life of the installation;
e  50kW limit to 2022, 90kW limit thereafter;
e 50kW limit to 2027, 90kW limit thereafter.

The third option was chosen to assess what would happen if there is a delay to the increase in the export limit. The
upgrade works required are not definite, so a delay beyond 2022 is a strong possibility.

The cost analysis was based on the 50kW export limit for the simple payback period calculations.

7.2 Cost Information

The cost information used in the report is shown in Table 11. The FIT rates have been updated since the previous
report and costs investigated for the thermal stores. The FIT payments are made for 20 years. For the whole life
costing, after the 20 year period it is assumed payments continue at a rate similar to the Renewable Obligation
Certificate (ROC).

The costs for the hydro to heat scheme, are referred to as the heat costs include electric private wire network
(distribution cabling, control cable, control unit) and in-house connections (meter and switching arrangement).
Electric boiler costs for the Inn and oil heated homes are also included.

The costs for the hydro generation scheme are referred to as the hydro and include all works related to the
installation of the hydro turbine that are separate from the heat element.

Note that the costs for backup / top up heat from grid electricity and oil boilers are not included in the overall
calculations as these are costs that the building occupier would be liable for and not ACC.

A cost of £1,000 per annum has been included for administration of the scheme, including billing, based on a day a
month at around £10 per hour.

Table 11: Cost information used in the report

Fuels | pRWh ]
oil ‘ 75 ‘ Estimated from Applecross Inn data

LPG ‘ 7.0 ‘ Estimated from Applecross Inn data



-
A-COM Applecross Hydro to Heat Scheme Detailed Feasibility Study 35

Grid Electricity (assumed economy 7 night tariff) 10.0 Estimated from Craite Barn 8 electricity
bill

Electricity Sale price to customers p/kwh

Main options 6 (8p/kWh also used for comparison in

certain cases)

Incentives p/kWh

Feed in Tariff (hydro; 100 — 500kW) 15.18 OFGEM (rate after 01/04/2014 as no
registration to date)

Feed in Tariff (hydro; 15 — 100kW) 20.76 OFGEM (rate before 01/04/2014 as

registered end 2013)

Assumed rate for generation tariff payments after 20 years | 4.64
(based on ROC)

Private Wire Network £

Electric boiler — 50kW (Applecross Inn) 7,000 Atlantic Boilers
Electric boiler — 15kW (oil heated houses) 1,000 Elnur

Meter (1 per building) 850 AECOM

Automatic Transfer Switch (ATS) - 1 per building 300 AECOM

Thermal Store Option £

Applecross Inn (5,0001 approximately 300kWh) 26,500 SPONS

Estate House (2,000l, approximately 100kWh) 7,000 SPONS

Hydro Costs £

90kW scheme 760,836 | Highland Eco (quote)
180kW scheme 778,841 | Highland Eco (based on cost for 90kwW

scheme plus difference in turbine costs)

7.2.1 Base scheme — 90kW and 180kW

The base scheme refers to providing the private wire network with switching between properties on an hourly
rotation. There is no charging period grouping for storage heaters or thermal storage. The results for the two turbine
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sizes are shown in Table 12 and Table 13. The 90kW option has a better overall performance. For reference Table
12 shows 6p and 8p sale price options.

Table 12: Base scheme; 90kW turbine.

6p sale price kWh Income Expenditure ‘
Captial Costs Heat £233,280
Hydro £760,836
Total £994,116
Heat Sales to ACC customers 183,174 £10,990
FIT 362,736 £75,304
Grid Export 179,562 £8,978
Costs Grid Import /Oil (top up) 97,916 £0
Servicing/Maintenance/Administration £17,000
Totals £95,272 £17,000
Annual Income £78,272
Simple Payback  (Not NPV based) 12.7
8p sale price kWh Income Expenditure
Captial Costs Heat £233,280
Hydro £760,836
Total £994,116
Heat Sales to ACC customers 183,174 £14,654
FIT 362,736 £75,304
Grid Export 179,562 £8,978
Costs Grid Import /Oil (top up) 97,916 £0
Servicing/Maintenance/Administration £8,000
Totals £98,936 £8,000
Annual Income £90,936
Simple Payback  (Not NPV based) 10.9
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kWh Income Expenditure
Captial Costs Heat £233,280
Hydro £778,841
Total £1,012,121
Heat Sales to ACC customers 172,717 £10,363
FIT 356,225 £54,075
Grid Export 183,508 £9,175
Costs Grid Import /Oil (top up) 108,565 £0
Servicing/Maintenance/Administration £17,000
Totals £73,613 £17,000
Annual Income £56,613
Simple
Payback (Not NPV based) 17.9

7.2.2 Base scheme + six additional houses — 90kW and 180kW

This considered the impact of adding the six additional social houses that may be available as customers in the
future. The results in Table 14 and

Table 15 show there is an improvement in the financial performance. This is due to the increase in heat sales,
which is greater than the reduction in grid import. Overall more of the generation capacity is utilised over the year
as would be expected. The 90kW option is still favourable, with the increase in demand is within the capacity of the
smaller turbine. In terms of payback period there is a small improvement.

Table 14: Base scheme + six additional houses; 90kW turbine

kWh Income Expenditure ‘
Captial Costs Heat £265,180
Hydro £760,836
Total £1,026,016
Heat Sales to ACC customers 213,955 £12,837
FIT 372,998 £77,434
Grid Export 159,043 £7,952
Costs Grid Import /Oil (top up) 127,551 £0
Servicing/Maintenance £17,000
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Totals £98,224 £17,000
Annual Income £81,224
Simple Payback (Not NPV based) 12.6

Table 15: Base scheme + six additional houses; 180kW turbine

kWh Income Expenditure ‘
Captial Costs Heat £265,180
Hydro £778,841
Total £1,044,021
Heat Sales to ACC customers 201,771 £12,106
FIT 378,689 £57,485
Grid Export 176,918 £8,846
Costs Grid Import /Qil (top up) 139,640 £0
Servicing/Maintenance £16,000
Totals £78,437 £16,000
Annual Income £61,437
Simple Payback (Not NPV based) 17.0

7.2.3 Load shift to reflect storage heaters, two charge periods. 90kW

This option is based on shifting the heat demand for the houses with storage heaters to charge periods, 6pm — lam
and lam - 8am. This is to reflect the typical operation of storage heaters and availability of off peak grid electricity
while spreading the demand. Comparing .

Table 16 to Table 12, the results show that the load shift to two charging periods has a slightly poorer financial
performance; this is to be expected, as the heat demand covered by the hydro scheme is reduced due to the
restricted charge period.

Table 16: Base scheme with two storage heater charge periods; 90kW turbine

kWh Income Expenditure
Captial Costs Heat £233,280
Hydro £760,836

Total £994,116
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Heat Sales to ACC customers 177,305 £10,638
FIT 345,258 £71,676
Grid Export 166,108 £8,305
Costs Grid Import /Oil (top up) 0 £0
Servicing/Maintenance £17,000
Totals £90,619 £17,000
Annual Income £74,619
Simple Payback (Not NPV based) 135

7.2.4 Thermal store — Applecross Inn and Estate House. 90kW turbine

This option is based on having thermal storage for both the Applecross Inn and the Estate House. Other factors are
as for the base scheme. The results are shown in
Table 17. Overall the scheme is slightly less favourable than the scheme without thermal storage.

Table 17: Base scheme + thermal storage; 90kW turbine

Captial Costs Heat £233,280
Hydro £760,836
Thermal Stores £33,299
Total £1,027,415

Heat Sales to ACC customers 183,942 £11,036
FIT 375,579 £77,970

Grid Export 170,426 £8,521

Costs Grid Import /Qil (top up) 95,963 £0
Servicing/Maintenance £17,000

Totals £97,528 £17,000

Annual Income £80,528

Simple Payback (Not NPV based) 12.8

7.2.5 Thermal store — Applecross Inn and Estate House (two storage heater charge periods). 90kW turbine

This option is based on the switching programme including two charging periods for the storage heaters. Thermal
storage is included for Applecross Inn and the Estate House, with a total capacity of 420kWh. Only the 90kW
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turbine is shown as the previous results indicated that the 180kW size has poorer performance. The results show
there is not a great difference in the overall performance compared to the thermal storage with full time availability to
the storage heaters and similarly the performance is slightly worse than the base scheme. Two different electricity
sale prices are shown in
Table 18 and Table 19, 6p/kWh and 8p/kWh respectively. These are expected to form the limits of the range of sale
price accounting for the competing pressures of making an acceptable return and offering a competitive price to the
customers. As would be expected, the 8p sale price improves the financial performance.

Table 18: Thermal store — Applecross Inn & Estate House; 90kW turbine; 6p sale price

kWh Income Expenditure
Captial Costs Heat £233,280
Hydro £760,836
Thermal Stores £33,299
Total £1,027,415
Heat Sales to ACC customers 183,234 £10,994
FIT 371,666 £77,158
Grid Export 166,730 £8,336
Costs Grid Import /Qil (top up) 97,963 £0
Servicing/Maintenance £17,000
Totals £96,488 £17,000
Annual Income £79,488
Simple Payback  (Not NPV based) 12.9
Table 19: Thermal store — Applecross Inn & Estate House; 90kW turbine; 8p sale
kWh Income Expenditure
Captial Costs Heat £233,280
Hydro £760,836
Thermal Stores £33,299
Total £1,027,415
Heat Sales to ACC customers 183,234 £14,659
FIT 371,666 £77,158
Grid Export 166,730 £8,336
Costs Grid Import /Qil (top up) 97,963 £0
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Servicing/Maintenance £17,000
Totals £100,153 £17,000
Annual Income £83,153
Simple Payback (Not NPV based) 12.4

7.3 Building Owner Costs

The following tables show the annual heat provision from the hydro scheme and what the costs savings would be for
each customer. This is modelled on the 90kW base option with no thermal storage, which achieves 66% of the
overall heat demand for all the buildings coming from the hydro scheme. Table 20 is based on a cost of 6p / kWh
charged to ACC customers while Table 21 shows a cost of 8 p / kWh. Note these figures are estimates and give an
indication only.

The scheme costs to ACC include the equipment required in each building and so there would be no direct cost to
the customer to participate. ACC could potentially charge a connection fee to customers to help offset initial costs.

There is a reasonable benefit for customers at both sale prices.
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Total
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73,300
8,200

5,300
5,300
21,300
3,600
5,300
10,000
6,500
9,800
2,300

16,900
20,000
20,000
22,300
9,600
8,000

10,000
8,183
8,183
8,183

282,400

48,400
5,400

3,500
3,500
14,100
2,400
3,500
6,600
4,300
6,500
1,500

11,200
13,200
13,200
14,700
6,340
5,280

6,600
5,400
5,400
5,400
186,380

6,870
820

530
500
2,130
360
530
1,000
610
980
230

2,900
320

210
210
840
140
210
400
260
390
90

2,340
280

180
170
720
120
180
340
210
330
80

Not participating in scheme

1,690
2,000
1,880
2,090
960
800

670
790
790
880
380
320

580
680
640
710
330
270

Not participating in scheme

Not participating in scheme

1,000
820
820
820

27,440

400
320
320
320
11,180

340
280
280
280
9,330

5,240
600

390
380
1,570
270
390
740
470
720
170

1,250
1,480
1,430
1,590
710
590

740
600
600
600
20,510
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220
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140
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260
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220
220
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Table 21 Building Owner Costs. Cost of heat to ACC customers 8p / kWh

73,300
8,200

5,300
5,300
21,300
3,600
5,300
10,000
6,500
9,800
2,300

16,900
20,000
20,000
22,300
9,600
8,000

10,000
8,183
8,183
8,183

Total 282,400

48,400
5,400

3,500
3,500
14,100
2,400
3,500
6,600
4,300
6,500
1,500

11,200
13,200
13,200
14,700
6,340
5,280

6,600
5,400
5,400
5,400
186,380

6,870
820

530
500
2,130
360
530
1,000
610
980
230

3,870
430

280
280
1,130
190
280
530
340
520
120

2,340
280

180
170
720
120
180
340
210
330
80

Not participating in scheme

1,690
2,000
1,880
2,090
960
800

890
1,060
1,060
1,180

510

420

580
680
640
710
330
270

Not participating in scheme

Not participating in scheme

1,000
820
820
820

27,440

530
430
430
430
14,910

340
280
280
280
9,330

6,200
710

460
450
1,850
310
460
870
550
850
200

1,470
1,740
1,700
1,890
830
690

870
710
710
710
24,240
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110
110
110
3,200
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7.4  Whole Life Cost Analysis

A whole life cost analysis was undertaken for the base 90kW scheme and for the thermal storage option with two
charging periods for the storage heaters. Three options were considered regarding the grid export limit;

e 50kW limit for the life of the installation;
e  50kW limit to 2022, 90kW limit thereafter;
e 50kW limit to 2027, 90kW limit thereafter.

The analysis used a 25 year period and was based on the total costs and benefits for the scheme options. In other
words, the costs included the hydropower civil, mechanical and electrical works, the grid connection, heating works,
planning, licensing design, construction supervision, etc. The results are shown in Table 22, below.

Table 22: Summary of Whole Life Cost Analysis (25 period)

Base 90kW scheme

50kW limit for the life of the installation £994,116 £381,098 7.7 11
50kW limit to 2022, 90kW limit thereafter £994,116 £445,375 8.1 11
50kW limit to 2027, 90kW limit thereafter £994,116 £423,229 7.9 11

90kW scheme with thermal storage and two charging periods

50kW limit for the life of the installation £1,027,415 £265,072 6.6 12
50kW limit to 2022, 90kW limit thereafter £1,027,415 £358,213 7.4 11
50kW limit to 2027, 90kW limit thereafter £1,027,415 £331,182 7.2 12
Notes: 1. Total capital cost includes hydro, heating, design, planning, etc. Hydro costs provided by Highland
eco-Design.

2. Discount rate used in net present value (NPV) analysis is 4.2%, based on Treasury discount rate for
schemes up to a 30 year period; FIT indexation and inflation rate assumed to be 2.5% over the period.

3. Export tariff assumed to be 5p
4. Estimated generation tariff, post 20 year FIT period, assumed to be 4.64p.

The results show that the scheme is profitable over the whole life period, but takes time to recover the investment
costs.
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7.5 Comparison to hydro only scheme

Using the data and assumptions in this report, a comparison has been carried out to assess whether the hydro to
heat element is a benefit or detriment to the hydro scheme as a standalone entity.

For the hydro only option, the scheme is based on the 90kW hydro scheme, exporting up to 50kW to the grid
whenever generation capacity is available. The income is from the FIT payments and export sales at 5p/kWh. The
results are shown in Table 23.

Table 23: Hydro only, no heat scheme

kWh Income Expenditure
Captial Costs Heat £0
Hydro £760,836
Total £760,836
Heat Sales to ACC customers 0 £0
FIT 239,168 £49,651
Grid Export 239,168 £11,958
Costs Grid Import /Qil (top up) 0 £0
Servicing/Maintenance £13,000
Totals £61,610 £13,000
Annual Income £48,610
Simple Payback (Not NPV based) 15.7

The 25 year whole life costing analysis results are shown in Table 24. This includes the different grid upgrade
timing options.

Table 24: Summary of Whole Life Cost Analysis (25 period), 6p and 8p sale price options.

Option  Description Total NPV over IRR Discounted

Capital 25 year Payback
Cost (1) period (2) (yrs)

50kW limit for the life of the installation

1 Base 90kW scheme (6p/kWh sale price) £994,116 £381,098 7.7 11
2 Base 90kW scheme (8p/kWh sale price) £994,116 £455.574 8.3 11
3 Hydro only scheme £760,836  £79,600 5.2 11

50kW limit to 2022, 90kW limit thereafter

Base 90kW scheme (6p/kWh sale price) £994,116 £445375 81 11
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Base 90kW scheme (8p/kWh sale price) £994,116 £519,850 8.7
Hydro only scheme £760,836 £542,362 9.5 11
50kW limit to 2027, 90kW limit thereafter

Base 90kW scheme (6p/kWh sale price) £994,116  £423,229 7.9 11
Base 90kW scheme (8p/kWh sale price) £994,116 £393,468 8.5 11
Hydro only scheme £760,836 £382,926 8.0 13

The results show that the heat scheme has a similar financial performance to the hydro only scheme, and —
depending on the option and sale price — may perform better. The grid export limit is a major factor in determining
the overall performance; the longer the upgrade is delayed, the better the performance of the heat scheme in
relation to the hydro only option. For a 6p sale price, the heat scheme gives a better performance than the hydro
only scheme if the upgrade occurs after 2027 or not at all. For the 8p sale price, the heat scheme gives a better
performance than the hydro only scheme if the upgrade occurs in 2025, with the IRR for the heat scheme 8.6% if
compared to 8.5% for hydro only.

The grid upgrade is beneficial to all options as it allows more of the potential generation to be utilised.
A final whole life cost review was carried out at Community level, including the costs for ACC as above and
including the cost of grid electricity / oil for backup heat supply in the buildings and also the savings to the

customers. The results are shown in Table 25. As above, the hydro only scheme has a slightly better long term
performance.

Table 25: Summary of Whole Life Cost Analysis (25 period), at Community level

1 Base 90kW scheme (6p/kWh sale price) £994,116 £488,323 7.0 12
2 Base 90kW scheme (8p/kWh sale price) £994,116 £562,799 7.6 11
3 Hydro only scheme £760,836 £382,926 8.0 13

7.6  Funding Implications

There may be funding available to cover some elements of the scheme and this would greatly improve the financial
performance as the income would remain similar, allowing for any adjustments to the sale price that may result.
Currently the overall scheme cost is in the region of £1,000,000 dependent on the option, with payback periods of
thirteen years and up.

Capital funding would only be available for the private wire elements of the scheme as the hydro generation part will
be claiming FIT payments, which do not allow capital funding.

As the extent of the funding is not yet known, Table 26 gives indicative results for funding levels at 25% increments
for the private wire scheme costs, based on the option with the grid export limit increasing to 90kW in 2027 and a 6p
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sale price. With full funding, the payback period is reduced to close to ten years. It is also worth noting that the
whole life costing IRR is better than for the stand alone hydro scheme if funding of 75% is achieved.

Another possibility would be to charge a connection fee to customers. At present the costs for all equipment
required for each customer is included in the costs for ACC. Any connection fee would have to be reasonable so it
did not discourage participation in the scheme. A fee of £200 per customer would be equivalent to a cost reduction
of around 2%.

Table 26: Funding implications for the costs

Fun(_jing Erivate Total Cost Paypack WLC IRR Total Cost Paypack WLC IRR
received wire cost period (%) period (%)
0%  £233,280 £994,116 12.7 7.9 £1,027,415 12.9 7.2
25%  £174,960 £935,796 12.0 8.7 £969,095 12.2 7.8
50%  £116,640 £877,476 11.2 9.4 £910,775 11.5 8.6
75%  £58,320 £819,156 10.5 10.3 £852,455 10.7 9.4
100% £- £760,836 9.7 11.3 £794,135 10.0 10.3

7.7 Implementation Considerations

There are some issues still to be resolved at the next stage of the project and during implementation, if it goes
ahead.

7.7.1 Technical Considerations

The control of the existing storage heaters will be a key issue in ensuring that the residents have comfortable homes
without a major increase in consumption of electricity. The likely solution to this will involve controlling availability of
supply to the buildings.

The availability of broadband in the buildings will allow feedback on consumption to the control system so can
ultimately give a fairer sharing of the supply and assist with controlling the operation of the storage heaters.

Dimplex have offered to provide Quantum type controllable storage heaters for a trial house. This type of heater
can accept charge at any time and only provides heat when programmed to do so, ideal for the hydro supply. Albyn
Housing Association also indicated that they may be willing to upgrade the heaters in the Craite Barn houses to
Quantum type and could potentially apply for funding to support this if required. This type of heater has a similar
benefit to including thermal storage.
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8 Conclusions and
Recommendations

This report investigated in detail the feasibility of the hydro scheme to provide community heat, by using hourly data
for hydro generation and heat demand for the buildings that are to participate in the scheme. The hourly data gives
a better indication of actual performance than the monthly approach used previously, as changes in output of the
generator and the daily cycle of heat requirement are included, rather than the overall average for the month.

As would be expected, the study has found the utilisation of the hydro output for covering heat demand is reduced,
but the scheme can still cover around 70% of the total heat requirement of the buildings over a year.

The 90kW turbine has been shown to be the more efficient size, covering more of the available demand with much
lower excess capacity.

Different options have been considered to reflect the ways in which the scheme could be operated alongside the
existing heating systems in the buildings. In particular, storage heaters add complications, as they have limited
control and are not designed to be operated from the type of supply that will be available from the hydro scheme —
which will have power available continuously when output is high. As a worst case, an option was based on having
the hydro supply to the storage heaters restricted to the standard off peak heating hours. To attempt to add
flexibility to the system, thermal storage — in the form of large, well insulated hot water tanks — was considered,
enabling heat to be stored when excess supply is available and used when demand exceeds generation, over short
time periods of a few days. The modelling found that these changes did not have a significant impact on the overall
scheme performance. The effect is noticeable, but the impact is less than 10% on the main indicators monitored;
this is due to the main excess generation occurring in winter months, when there is sufficient river flow and so the
heating demand is already met. Financially it does improve overall scheme viability, both in terms of simple
payback and whole life costing.

The changes resulting from the addition of the possible social housing near the campsite was also considered. This
was based on six houses with similar heat demand to the largest of the existing Craite Barn houses. The findings
indicate that the 90kW turbine is still sufficient and that more of the generation is used for heating, with less export
and excess generation.

The heat element accounts for 25% of the costs of the scheme, with the hydro element accounting for 75%. The
financial analysis shows that the overall scheme — including the hydro and private wire elements — is profitable in the
long term, with payback periods in the region of 12-17 years and IRRs of around 6-8%, depending on the particular
variation.

The grid export limit has a significant impact on the results. If it remains at 50kW permanently, the heat scheme will
give a better financial performance than the hydro only option as it allows more of the available generation to be
utilised. If the capacity is increased to 90kW at a later date, the timing of this determines whether the heat scheme
has an overall benefit compared to the hydro only option. If it occurs after around 2027, the heat scheme has a
better performance for a 6p sale price. If the sale price is higher, the heat scheme gives a better return than the
hydro only for an earlier grid upgrade (around 2025).

If funding can be found to cover costs for the private wire part of the scheme, then it will offer a better return than the
hydro only option — regardless of whether the grid is upgraded — depending on the extent of the funding.

It should also be noted that this study assesses the financial benefits alone; there is significant scope for social
benefits to the community through the provision of a private wire heat scheme sourced by the hydro plant. The
benefits cannot be quantified economically, but are equally as valuable to the community of Applecross.



