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Executive Summary

In October 2011 FHC applied for the approval of a feasibility study to CIC-Start
Online to explore the potential of a 10 kW-peak PV facility for one of their Fairfield-
based properties. As a result two Scottish higher education institutions were
engaged to complete the above task, i.e. Glasgow School of Art and Edinburgh
Napier University. This report presents the results of those findings.

It is worth mentioning that FHC have obtained a quote from a local PV installer,
Sidey who have offered a 41-module installed facility for a total price of £26,316,
including 5% VAT. The present study proposes a triple-string installation with 14
modules in each string. The total number of modules thus required would be 42. It
has been assumed that the Sidey price quote would remain unchanged.

Following the initial shading analysis assessment of three potential properties
located in close proximity to FHC office, it was found that the most ideal structure
was the roof of the 6greend building as it:

9 faced 10-degree west of south
1 had a roof slope with the optimally desired value of 45-degree
1 Had only one central chimney of a short height

The present study proposes a triple-string installation with 14 modules in each string.
The total number of modules thus required would be 42. It is also recommended that
three, 4kW inverters are used, one for each string. This will ensure a better handling
of the resource and also any shading issues if they arise.

Detailed modelling of the proposed PV plant indicated that:

1 The total investment of £26,316 would be returned at the end of 7 years
provided the modules are kept in a clean and pristine state. However, bearing
in mind the build-up of dust cover on the modules and any likely bird dropping
and grime build-up, it is likely that around 10 years would be needed to
effectively payback the cash investment.

1 It was also found that the embodied energy of the proposed facility will be
paid back within 7 years.

1 The carbon dioxide emissions associated with the proposed facility is
estimated as 50 grams of CO,/kWh of delivered electricity. This compares
much more favourably than the figure for UK grid with a figure of 516 grams.



1. Introduction
1.1 Photo-Voltaic technology overview

There are two basic commercial PV module technologies available on the market
today that are used by the Building Integrated Photo-voltaic (BIPV) sector:

1 Thick crystal products include solar cells made from crystalline silicon either
as single or poly-crystalline wafers.

1 Thin-film products typically incorporate very thin layers of photovoltaic active
material placed on glass or a metal substrate using vacuum-deposition
manufacturing techniques similar to those employed in the coating of
architectural glass. Like-with-like, commercial thin-film materials deliver
roughly half the output of a thick crystal PV array.

Single crystal or mono-crystalline silicon cell

The work horse of PV industry has always been the crystalline silicon cell, fabricated
from a single crystal or cast polycrystalline silicon that is sliced into wafer of about
10x10 cm in area and 350e&em thickness.
and 15% depending on the material quality and the specific cell technology.

The single crystal of silicon is defined as having a grain size greater than 10cm.
Modules made of this type of cell are the most mature on the market. Reliable
manufacturers of this type of PV module offer guarantees of up to 20i 25 years at
80% of nameplate rating.

Poly-crystalline or multi-crystalline silicon

These cells are made up of various silicon crystals formed from an ingot. They are
also sliced and then doped and etched. They demonstrate conversion efficiencies
slightly lower than those of mono-crystalline cells, generally from 13 to 15%. Reliable
manufacturers typically guarantee polycrystalline PV modules for 20 years. Multi-
crystalline and polycrystalline cells
1mm and 1mm to 10cm. Nano-crystalline cells grain size of less than 100nm.

1.2 Overview of PV module pricing, UK Feed-in Tariff and its future

Thanks to the use of Feed-in Tariff (FIT) programme and led by Germany, the rest of
the EU27 member states have very ambitiously exploited the use of BIPV. As a
result of large-scale demand of PV modules the price has dropped quite sharply as
indicated in Figure 1. Professor Brian Norton writing in the Autumn 2011 issue of
Energy and Environment al Management (p
scale in this variety of applications has led to a very significant reductions in
manufacturing costs, for example in 1992 it cost an average of about USD5.5/Wp to
manufacture a PV module; today it costs less than USDO0.5/Wp. This is because the
manufacturing capacity has increased one hundred-fold, so today a fully installed PV
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system costs about USD4/Wp including inverters, controllers, framing and structural
support. This compares with around USD12/Wp.

Feed-in Tariffs (FIT) were introduced by 15 of the EU27 countries much before the

UK Government took any action. Belatedly introduced in April 2010 for the home

owners and small-scale installations at a healthy rate of 43.3 pence/kWh the UK

Government seems to be fast back-tracking. In the 29™ October 2011 issue of The

Independent newspaper (page 19 of the ONewsd section)
above FIT rate will soon be dropped to 21 pence/kWh. Needless to say that if that

policy is adopted it will inevitably seriously hamper further PV installations as the

pay-back period will double. Further details are provided in Appendix 1.

Note that with the presently available FIT rate of 43.3 pence/kWh a £10,000
investment on a PV installation in southern UK yields a healthy 7%/annum financial
return. Before the advent of FIT in UK there were around 500 registered companies
employing 3,000 people. Soon after the FIT was introduced the latter figures had
jumped to 3,000 companies employing 25,000 people. The market forecasts were
that by the year 2020 there would be 360,000 people employed in the PV
procurement, design and installation sector. These forecasts are bound to change
with the altered government policies.

On 31% October the above-mentioned FIT reduction policy consultative document

was released (see the web-link:
http://www.utilityweek.co.uk/news/news_story.asp?id=196077&title=Feed+in+tariff+c
uts+confirmed). Titled, &overnment has confirmed cuts to the feed in tariff scheme.

Support for domestic solar photovoltaicshas been cut by more than
document reveals a dramatic shift in government policy.

Under the new policy rates will be roughly halved for all bands of solar installations
up to 50kW (to 21p/kwWh) with cuts of around a third to schemes from 50kW to
150kW (to 12.9p/kWh) and trimmed slightly for 150-250kW schemes (down 2.1p to
12.9p/kWh). The proposed new tariffs will apply to all installations accredited on or
after 12 December. The consultation also proposes that properties will also have to
meet minimum standards of energy efficiency to qualify to receive the proposed feed
in tariff rates. In this respect it is difficult to know where would the FHC property
under discussion fit, i.e. since the property is of an older stock it might not meet the
pr op os eminimuenstandards of energy efficiencyd . Onl y an applicati
the FIT scheme will ascertain the final outcome. The other way round this problem
would be to apply before the 12™ December 2011 deadline.

Firms such as the major energy companies or other companies that operate rent a
roof schemes in aggregate and claim the feed-in tariff revenue will get a reduced rate
(80 per cent of individual installations) from 1 April 2012.


http://www.utilityweek.co.uk/news/news_story.asp?id=196077&title=Feed+in+tariff+cuts+confirmed
http://www.utilityweek.co.uk/news/news_story.asp?id=196077&title=Feed+in+tariff+cuts+confirmed

There is however one consolation. Even if the FIT effect was gradually diluted, the
PV module price has shown a steady decline. The German PV industry and PV
installation sector are all predicting a further price reduction and the forecasts are
that by the year 2016 the module price would reach USD1/Wp. At that price solar
electricity will compete with fossil fuel electricity. With the closure of Nuclear power
plants in Germany this could be a real possibility.

1.3 Project overview

Fairfield Housing Co-operative (FHC) is a Registered Social Landlord based in the
city of Perth, providing affordable homes to inhabitants of Perth city.

A regeneration exemplar, FHC provides 450 homes at present with plans to build
another 50 homes over the next few years. For twenty years FHC has been a
significant actor in the provision of sustainable housing design in the context of new
build and refurbished homes, incorporating innovative features in relation to energy
and air quality. Three FHC developments are featured in the national Sustainable
Housing Design Guide, and their achievements have also been acknowledged by a
host of national and local awards.

Regeneration is at the heartof FHC6 s wor k. Foll owing the succ
of Fairfield itself, they have been working in partnership on the multi million pound

Muirton Park project in Perth, turning around the fortunes of another very deprived

area which is already showing a reverse in decline.

FHC is governed by a tenant board, which ensures a focus on high quality service
delivery with consistent customer satisfaction and excellent performance indicators.

In these austere times, FHC have expressed interest in the potential value of PV
installation on a retrofit basis. They are keen to examine the value of this to
individual tenants, or as an income generating vehicle with any potential profits being
reinvested in its properties to tackle fuel poverty.

In October 2011 FHC applied for the approval of a feasibility study to CIC-Start
Online to explore the potential of a 10kW-peak PV facility for one of their Fairfield-
based properties. As a result two Scottish higher education institutions were
engaged to complete the above task, i.e. Glasgow School of Art and Edinburgh
Napier University. This report presents the results of those findings.

It is worth mentioning that FHC have obtained a quote from a local PV installer,
Sidey who have offered a 41-module installed facility for a total price of £26,316,
including 5% VAT. The present study proposes a triple-string installation with 14
modules in each string. The total number iof modules thus required would be 42. It
has been assumed that the Sidey price quote would remain unchanged.



2. Site description, survey and assessment

In October 2011 the Glasgow School of Art (GSA) and Edinburgh Napier University

(ENU) teams visited the FHC office. A walk-about around the Fairfield estate was

conducted which revealed the scope for a number for properties that had good

potential for solar photovoltaic (PV) installations. Following discussions between

FHC management and the present feasibility study team it was agreed that a second

more in-depth survey of three properties would by undertaken and that in the first

phase of development exploration of a 10kWpeak carried out for the most ideal of

the three properties. An isometric view of the above-me nt i oned OFairfi el dao
properties is shown in Figure 2. Figure 3 shows the sun-path diagram for the estate

under discussion. Note that yien |tohwed ,s udbgsreeqeunedn
6redd buildings refer to the buildings that
and right hand side of Figure 2. Figure 4 shows an abbreviated shading assessment

for the estate. Furthermore, much more in-depth shading assessment was then

carried out for the above-me nt i oned oO6yel |l owé, O6redd and o6gr
results are respectively shown in Figures 5-7.

Following the initial shading analysis assessment indicated above it was found that
the most ideal buildingwast he mi ddl e, &égreend buil ding as

9 faced 10-degree west of south
1 had a roof slope with the optimally desired value of 45-degree
1 Had only one central chimney of a short height

On the contrary the o6yell owbdé buildimag, thoug
the 6greendé building, had multiple chimneys
modul es. Likewise, the 6redbé building is als

modules as its aspect is south-west and its roof is also at a reduced height.

Followingt he i1 denti fication of the &égreend buil d
strings, a more in-depth hourly shading assessment was carried out for the three

cardinal dates: the 21 of March (equinox), June (mid-summer) and September

(equinox). The results are shown in Figures 8-10. The results indicate that the roof

under discussion offers ideal, shade-free location for installation of PV strings. Note

that the above hourly shading analysis was not undertaken for December 21° (mid-

winter) as the highest value of solar altitude (at solar noon) on that date is only 10

degrees for Perth. Even low lying buildings and trees in the neighbourhood would

cast long shadows and the PV plant would be not very productive in mid-winter.

Figures 11-13 respectively showthe i sometri c and CAD drawn Vi i
building with proposed PV installation.

Note that shading of PV modules ought to be avoided as much as possible as even
on shaded cell within a given module can potenitally reduce the power output by up
to 50%! Likewise, one shaded module within a string can also reduce the output of



the entire string. In this repsect the reader is referred to Figures 14-15 which
demonstrate the serious impact of shading of PV modules.

3. Modelling and findings of the present study

The solar PV power output and energy generation modelling procedure followed in

the present study is shown schematically in Figures 16-17. Note that Table 1

presents the basic Perth solar radiation data that was obtained from NASA website.

The latter data are for only total (global) horizontal radiation and mean-daily

temperature. In the present study though, hourly outputs were required and as such

Muneer s European reference model for sl ope
PV module characteristics for the Schott product that has been recommended by the

local supplier, Sidey. Note that Appendix 2 provides details of the evaluation of the
Muneerods sl ope radiation model (Reference 1)
Solar Radiation Atlas task group (Reference 2). Note that Appendix 3 provides

perfomance data for Schott modules that were proposed by the installer (Sidey).

While Tables 2 and 3 provide details of the hourly, monthly and annual energy
output, Figure 18 presents the daily-averaged output for each of the 12 months.

The present study proposes a triple-string installation with 14 modules in each string.
The total number of modules thus required would be 42. It is also recommended that
three, 4kW inverters are used, one for each string. This will ensure a better handling
of the resource and also any shading issues if they arise.

It is now customery for engineering reports to provide answers to the queries

regarding the three O0Esd. i.e. Economic, Ene
respect reference is made to Table 3. It was shown therein that the total investment

of £26,316 would be returned at the end of 7 years. However, bearing in mind the

build-up of dust cover on the modules and any likely bird dropping and grime build-

up, it is likely that around 10 years would be needed to effectively payback the cash

investment (Economic payback).

With respect to the other two 6Esb6, i.e. Ene
attention is drawn to reference 3 which provides discussion on this topic in great

detail. Comparing the present results with those obtained from a six-year operating

experience of a larger (15kWp) PV power-plant at Edinburgh Napier University, it

was found that the embodied energy of the proposed facility will be paid back within

7 years. This is much longer than the figures quoted in Figure 19 which presents

some useful comparisons of life-cycle assessment for PV systems operating under

much more sunnier climates.

The Carbon (or rather the carbon dioxide) footprint associated with the proposed
facility is estimated as 50 grams of CO,/kWh of delivered electricity. This compares



much more favourably than the present UK grid with a quoted figure of 516 grams of
CO..

Note that in all of the above assessments a linear, time-dependent drop in module
efficiency was used, as quoted by the manufacturer.

4. Conclusions

A feasibility study was undertaken to investigate the performance of a 10 kWp PV
facility at Fairfield Housing Estate. The site offers exceptionally good aspect/slope
combination. The price quoted by a local installer seems to be reasonable with a
payback period of 10 years. The Carbon (or rather the carbon dioxide) footprint
associated with the proposed facility is estimated as 50 grams of CO,/kWh of
delivered electricity. This compares much more favourably than the present UK grid
with a quoted figure of 516 grams of CO..

Comparing the present results with those obtained from a six-year operating
experience of a larger (15kWp) PV power-plant at Edinburgh Napier University, it
was found that the embodied energy of the proposed facility will be paid back within
7 years.

5. Recommendations
While the management of FHC are at a liberty to take on board the present
recommendations or not, the authors felt that a few points may be worth highlighting.

These are:

1 Even though the present generous FIT rates within the UK seem to be
available only for a limited period (the new consultative policy document
released on 31 October 2011 sets this deadline to 12" December 2011), it
would be wise to move from a smaller to a larger scheme of PV electricity
generation. It is therefore recommended that the proposed 10kWp facility be
approved as soon as possible so that the present FIT rates are captured.

1 The Schott modules seem to be of a reputable quality and future installations
may benefit from the operating experience of the latter PV modules and
inverters that are presently chosen. At Edinburgh Napier University the
Fronius inverters have performed satisfactorily for the past six and half years.
It may therefore be good practise to incorporate the latter or other similar build
of inverters that offer quality perfomance.

1 Although the FIT rates in future may not be that generous, in all likelyhood the
panel price will continue its downward trend and would therefore offer hope
for the future.
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Figure 1: Historical drop in PV module price [Source: Sun and Wind Energy, September 2011].
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Figure2:1 sometric view of OFairfieldb properti es
phase of installation.

Figure 3: Annual Sun Path of Fairfield Avenue at Perth (Dundee weather file).



Shading on 21st June

Perspective Plan

Shading on 21st September

Perspective Plan

Figure4: Shading analysis for the OFairfieldd estz:



Shading on 21° December

Perspective Plan

Shading on 21° March

Perspective Plan

(Figuredcont 6d)



Building Images:

Shadow Analysis:

Perspective Shading on 21%' June Plan

Figure5: Bui |l ding i mages and Shading analysis



Perspective Shading on 21°' September Plan

Perspective Shading on 21°%' December Plan

Perspective Shading on 21°%' March Plan

(Figure 5 contéd)
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Shadow Analysis:

Perspective Shading on 21°%' June Plan

Perspective Shading on 21°' September Plan
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Perspective Shading on 21°' December Plan

Perspective Shading on 21°%' March Plan

(Figure 6 contdd)
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Perspective Shading on 21°' September Plan
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Perspective Shading on 21°%' December Plan

Perspective Shading on 21°%' March Plan

(Figure 7 contdd)



Type B (Green Block): Shading pattern on 21°' March from 5 AM to 7 PM

Perspective 5AMto 6 AM Plan

Perspective 6 AMto 7 AM Plan

Perspective 7 AMto 8 AM Plan

Figure 8: Hour Iy shading anal yMsairsc hf ®2rl sGgr een bui



Perspective 8 AMto 9 AM Plan

Perspective 9 AMto 10 AM Plan

Perspective 10 AMto 11 AM Plan

(Figure 8 contdd)



Perspective 11 AMto 12 PM Plan

Perspective 12 PMto 01 PM Plan

Perspective 01 PMto 02 PM Plan

(Figure 8 cont éd)



Perspective 02 PMto 03 PM Plan

Perspective 03 PMto 04 PM Plan

Perspective 04 PM to 05 PM Plan

(Figure 8 contdd)



Perspective 05 PMto 06 PM Plan

Perspective 06 PMto 07 PM Plan

(Figure 8 contdd)



Type B (Green Block): Shading pattern on 21%' June from 5 AM to 7 PM

Perspective 5AMto 6 AM Plan

Perspective 6 AMto 7 AM Plan

Perspective 7 AMto 8 AM Plan

Figure 9:Hour Iy shading analyJsuinse f2olrstédgr een bui



Perspective 8 AMto 9 AM Plan

Perspective 9 AMto 10 AM Plan

Perspective 10 AMto 11 AM Plan

(Figure 9 contdd)



Perspective 11 AMto 12 AM Plan

Perspective 12 PMto 01 PM Plan

Perspective 01 PMto 02 PM Plan

(Figure 9 contdd)



Perspective 02 PMto 03 PM Plan

Perspective 03 PMto 04 PM Plan

Perspective 04 PM to 05 PM Plan

(Figure 9 contdd)



Perspective 05 PM to 06 PM Plan

Perspective 06 PM to 07 PM Plan

(Figure 9 contéd)



Type B (Green Block): Shading pattern on 21°%' September from 5 AM to 7 PM

Perspective 5AMto 6 AM Plan

Perspective 6 AMto 7 AM Plan

Perspective 7 AMto 8 AM Plan

Figure 10: Hour I y s h adi nggeenauildingySeptembef 201r s t66



Perspective 8 AMto 9 AM Plan
Perspective 9 AMto 10 AM Plan

Perspective 10 AMto 11 AM Plan

(Figure 10 contdd)



Perspective 11 AMtso 12 PM Plan

Perspective 12 PMto 01 PM Plan

Perspective 01 PMto 02 PM Plan

(Figure 10 contdd)



