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Abstract

Shifting to renewable sources of electricity is imperative in achieving global reductions in carbon
emissions and ensuring future energy security. One technology, solar photovoltaics (PV), has begun
to generate a noticeable contribution to the electricity mix in numerous countries. However, the
upper limits of this contribution have not been explored in a way that combines both building-by-
building solar resource appraisals with the city-scale socio-economic contexts that dictate PV uptake.
This paper presents such a method, whereby a ‘Solar City Indicator’ is calculated and used to rank
cities by their capacity to generate electricity from roof-mounted PV. Seven major UK cities were
chosen for analysis based on available data; Dundee, Derby, Edinburgh, Glasgow, Leicester,
Nottingham and Sheffield. The physical capacity of each city was established using a GIS-based
methodology, exploiting digital surface models and LiDAR data, with distinct methodologies for large
and small properties. Socio-economic factors (income, education, environmental consciousness,
building stock and ownership) were chosen based on existing literature and correlation with current
levels of PV installations. These factors were enumerated using data that was readily available across
each city. Results show that Derby has the greatest potential of all the cities analysed, as it offers
both good physical and socio-economic potential. In terms of physical capacity it was seen that over
a 15 year payback period there are two plateaus, showing a marked difference in viability between
small and large PV arrays. It was found that both the physical and socio-economic potential of a city
are strongly influenced by the nature of the local building stock. This study also identifies areas
where policy needs to be focused in order to encourage uptake and highlights factors limiting
maximum PV uptake. While this methodology has been demonstrated using UK cities, it is equally

applicable to any country where city data is available.
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1. Introduction

With an increased effort to reduce global CO, emissions, as well as ensuring countries become more
energy secure, solar PV technology is seeing increasing growth worldwide. In some cases this has
taken the form of large scale solar farms; however in many countries the focus has been on a more
decentralised microgeneration approach. One such country is the UK, which forms the focus for this

particular study.

Microgeneration has the potential to become a significant contributor to the UK’s energy mix and
could form an important part of meeting the UK’s 15% renewable energy target by 2020 set by the
European Commission. Of all the microgeneration technologies available, solar photovoltaics (PV)
has shown the most potential to meet energy demand to date. By the end of August 2012 solar PV
represented over 90% of the 1.4GW of microgeneration capacity installed under the UK Feed-in-

Tariff (FiT) scheme accounting for over 370,000 installations (DECC, 2012a).

In the past the Government has supported the solar PV industry through grant support, such as the
UK PV Domestic Field Trials and the Major Photovoltaic Demonstration Programme (Jardine and
Bergman, 2009). In April 2010 the Government moved away from such schemes and opted for a
Feed-in Tariff (FiT) system, which had already seen success in a number of other countries,
particularly Germany. Such a mechanism results in the generator receiving a payment for each kWh
of electricity from their PV installation (Table 1) whether exported to the grid or used on the
property. The result has been a trebling in the number of UK PV installations in the past year (see
Figure 1). However, the FiT scheme has seen some significant changes since December 2011 under a
three stage consultation by the UK government. The changes to the rates of FiT for solar PV as a

result of this consultation can be seen in

Table 1. In addition to these rate changes, a new degression mechanism has also been implemented
from 1 November 2012, which has introduced new tariff rates more frequently at three month

intervals and is determined by the rate of deployment from a baseline of 3.5% (DECC, 2012c).
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Figure 1: Installed capacity of solar PV under the FiT scheme between June 2011 and October 2012 (DECC, 2012a)

Table 1: Changes to FiT rates for solar PV - all rates are p/kWh (DECC, 2012b)

Band Rate Rate 3 FiT rates from 1 August 2012
priorto3 | Marchto1 standard Multi L —
March August 2012 tan a.r . u t|: o.w.er tariff (i 'energy
2012 generation installation efficiency requirement
tariff tariff not met)
4kW (new build) 37.8 21.0 16.0 14.4 7.1
4kW (retrofit) 433 21.0 16.0 14.4 7.1
>4-10kW 37.8 16.8 14.5 13.05 7.1
>10-50kW 329 15.2 13.5 12.15 7.1
>50-100kW 19.0 12.9 11.5 10.35 7.1
>100-150kW 19.0 12.9 11.5 10.35 7.1
>150-250 kW 15.0 12.9 11.0 9.9 7.1
>250kW-5MW 8.5 8.5 7.1 N/A N/A
Stand-alone 8.5 8.5 7.1 N/A N/A

It is clear, from a simple inspection of Figure 1, that FiT rates are an important factor in the
deployment of solar PV, but there are also a number of other factors that are equally important. The
significant increase in uptake of solar PV over the last two years has also highlighted the growth in
acceptance of the technology by consumers, with impending FiT changes causing peaks in
installation. Critics have asked whether we have the physical capacity i.e. usable roof space,
appropriate weather conditions as well as the desire and ability for individuals to install such

technology. Without answering these questions it is hard to gauge the impact that this technology




can realistically achieve. A mid-range estimate from the United Kingdom Energy Research Council
(UKERC) states that this could be in the region of 16GWp of installed capacity by 2030 (Infield, 2007),
although the UK Government has an aim of an extra 22GWp of solar PV by 2020 (Bennet, 2012).

Numerous authors have attempted to quantify rooftop PV potential across different regions, using a
variety of techniques (Bergamasco and Asinari, 2011; lzquierdo et al., 2011; Kabir et al., 2010).
Methods employed have largely depended upon three factors: the magnitude of the region being
assessed; the availability of input data; and the studies’ intended outcomes. In all cases authors
have strived to quantify or compensate for key factors, such as available roof area, insolation and
shading. The most rudimentary studies exploit relationships between population, building densities
and suitable roof areas to calculate capacities across large areas (e.g. lzquierdo et al., 2008). These
studies assume a group of simple representative buildings classifications and associated values.
From this, global values can be extrapolated based upon readily available data. Whilst these studies
can be useful in terms of alerting national policy makers to the potential of solar PV, the results
produced are too broad to be of much use to individuals, regional policy makers and other key
stakeholders. Improved methodologies, which are based on GIS-based studies or analysis of
orthorectified satellite imagery (a geometrically corrected aerial photograph with uniform scale),

have been able to yield more accurate results (Bergamasco & Asinari, 2011).

The increasing availability of high resolution datasets has led to a surge in solar potential mapping.
Consequently there are now numerous publically available mapping tools, such as IMBY (National
Renewable Energy Laboratory, 2010), SEES (Seftigen, 2011) and SUN-AREA (SUN-AREA, 2011). These
tools were quickly adopted by cities such as Boston, San Francisco, and Salt Lake City who produced
publically available online maps to spur on potential installers (San Francisco Department of the
Environment, 2007; City of Boston, 2008; Salt Lake City, 2010). The UK released its first online solar
map for Bristol in 2012, produced by SUN-AREA in 2011, though this has received little public
attention (Bristol City Council, 2012). An accompanying increase in the local marketing of resource
assessments by UK companies, such as Geolnformation Group, is no doubt useful in helping
individual and small groups of customers to make investment decisions in regard to installation of
solar PV. However, it provides only a patchy picture of each area, which is insufficient in terms of

policy making or cross-regional comparison.

Existing research into the socio-economic factors that determine uptake levels of solar PV also
proves to be limited. Studies to date have only extended as far as survey and interview based
experiments that are limited in terms of their scope. It is hard to gain a completely coherent view of

the importance of individual socio-economic factors due to the wide range of aims amongst these



studies. However, consensus found among a number of studies for influencing factors can be seen in
Table 2. In addition, all of these studies stated that upfront costs represent a major barrier to the
installation of solar PV. Two studies, Scarpa and Willis (2010) and Claudy et al. (2011) found that
willingness-to-pay for a residential (2-4kWh) solar PV system was £2831 and £3635 respectively.
However, the actual cost of installation is generally closer to £6,000 for a 3kWp solar PV unit
(solarcentury, 2012). It has also been found that consumers expect payback periods to be between
three and five years, whereas in reality the time horizon is more likely to be 10-15 years (Scarpa and

Willis, 2010), as Government initiatives aim to provide a return of only 5% on investment (DECC,

2012c¢).

Table 2: Influencing socio-economic factors identified from the literature for the uptake of solar PV
Influencing Socio-economic Factor Reference
Social Influences Claudy et al., 2011; Jager, 2006
Level of education Claudy et al., 2011; Sauter and Watson, 2007
Level of grant support Keirstead, 2006; Candelise et al., 2010; Faiers and Neame, 2006
Age Willis et al., 2011; Faiers and Neame, 2006; Elison, 2004
Environmental consciousness Sauter and Watson, 2007; Jager, 2006
Knowledge of the technology Elison, 2004; Sauter and Watson, 2007; Candelise et al., 2010
Social class Elison, 2004; Caird et al., 2008

Overall social acceptance is essential for the adoption of technologies such as solar PV, particularly in
terms of microgeneration. Whilst the public may only be interested in the passive consent of large
scale deployment of energy technologies,
microgeneration requires active acceptance (Sauter and
Watson, 2007). Therefore, it is necessary to understand
) the impact that socio-economic factors can have on the

uptake of solar PV in order to inform policy in this area.

This article reports recent work to develop a methodology
that integrates both physical capabilities and socio-
A economic influences for the seven cities seen in Figure 2

in order to determine the realistic capacity that can be

;)'
\Shefieldg utilised. The cities chosen were a result of available data

Noﬂinéﬁam
Derbye ® 0 . . . . )
®loicester | at the time of writing. A Solar City Indicator (SCl) is

calculated, which enables a ranking based on these
factors, as well as an indication of each city’s electricity

demand that could potentially be met through the

installation of solar PV. This data will be of use in

assessing the effectiveness of UK policy regarding this

Figure 2: Location of seven cities analysed



technology and shows whether there are discrepancies in terms of regional variations.

2. Methodology
2.1. Physical Capacity

The physical capacity of each city was established using a GIS based methodology, employing ESRI’s
Solar Radiation Toolset (Environmental Systems Research Institute 2009), which exploits digital
surface models (DSM) generated from Light Detection and Ranging (LiDAR) data. The DSM and a set
of building footprint data were sourced for each city from Landmap®.The DSM for each city was
matched with the building footprints, allowing the slope, aspect and annual incident insolation to be
assessed for each rooftop. During this process a series of physical limits were imposed to restrict the

evaluated insolation to areas where it would be feasible to install PV. These included:

e limiting the suitable area to the south facing component of roofs (i.e. aspect sits between 90
and 270°)

e removing areas where insolation was less than 850 kWh/m?, as these were never likely to
prove economic under conceivable tariffs or electricity prices

o 10% of rooftop area was removed to allow for chimneys, aerials and other rooftop
obstructions that LiDAR data is too coarse to consistently capture

e limiting the suitable area to regions with slopes below 60°

The restriction on slope was partly included to limit inclusion of crests, areas where transitions
between two levels were encountered (which would likely be shaded), and sharp curvatures. The
analysis also made an underlying assumption that roofs displaying a low and consistent slope were

flat planes and not curved surfaces.

The ArcGIS Area Solar Radiation tool employed “accounts for atmospheric effects, site latitude and
elevation, steepness (slope) and compass direction (aspect), daily and seasonal shifts of the sun
angle, and effects of shadows cast by surrounding topography” (Environmental Systems Research
Institute 2009). However, the toolset does not account for weather and temperature. Fortunately,
whilst regional temperature variations across the UK do exist, they are insufficient to cause a
significant change in output, and can reasonably be ignored. The influence of weather was
accounted for using a straightforward correction. A weather factor for each location was computed

based upon Met Office data regarding the hours of direct sunlight received by each city (see

! Landmap is funded by the Joint Information Systems Committee (JISC) and provides geospatial data for use in

academic research (Landmap, 2012).



supplementary information). The resulting factor was applied to the GIS outputs, and results for a
random selection of properties were compared with outputs from the European Union Joint
Research Council (EU-JRC) model. The results showed relatively good agreement, with maximum
differences in output of less than 10% and differences generally below 5%. Some difference is to be
expected owing to the variances in the morphological data of each city. The final output was a

matrix of insolation incident on exploitable areas of each rooftop across each city.

For roofs of less than 200m? an alternative methodology was devised to tackle digital representation
inaccuracies that result from the insufficient number of incident data points on smaller roofs. The
methodology for smaller properties centred on extrapolating values typical to larger properties of
the same building class in the same study area. Building classifications followed National Building
Database criteria which categorise buildings based on age and structure type (The Geolnformation

Group, 2010).

The potential output from small properties was estimated using the EU-JRC PVGIS model which
required three inputs related to the buildings in the study areas, namely: the area of roof space

available; the angle of the roof space; and the orientation of that roof space (EU-JRC, 2012).

Angles of slope for small property rooftops were estimated by identifying a characteristic slope for
each building class from trends observed in large properties. The calculation of small property
orientation distribution was again approximated using trends observed amongst different large
property building classes. It was assumed that small properties would be arranged with a similar
distribution of orientations to large properties, as both would be subject to the effects of defining
features such as major rivers, motorways or coastlines. Finally the calculation of small property
rooftop area suitable for a PV array was performed using building footprint data from Landmap. This
figure was then corrected for the typical roof being only half south-facing and for the presence of
chimneys, skylights and other roof obstacles with 10% of remaining roof space removed following
Bergamasco and Asinari (2011). The EU-JRC PVGIS model tool takes into account insolation, weather
patterns, topological shading, and system losses. An estimated correction for non-topography
shading based on values suggested in Izquierdo et al. (2008) of 16% was applied to represent the

impact of near-by trees and buildings.

The resultant outputs for large and small properties were used to determine the financial viability of
available sites. This was done by computing the likely payback period based upon potential energy
bill savings and subsidies. The energy bill savings were calculated using the average consumption of

domestic properties in each city. This was added to the income from the export tariff and FiT. The



cost of installation for each array was then divided by the annual income achieved by the array to
provide a payback time in years.

Cinstallation

Payback = .
EBSAnnual + ETI Annual + FlTAnnual

Where Cinsuanation Fepresents the cost of the installation, EBSa,na the annual electricity bill saving,
ETlannuat the annual export tariff income and FiTaua the annual FiT income. The results were
constructed to show viable generation for one year increments in payback period up to 25 years,

which was the FiT payments lifetime at the time of writing.

Installation costs were adapted from quotes provided by the sources provided in the supplementary

information section which were correct as of 09/11/2012:

Mid-ranging values were used for the kWp rating categories. Prices for larger installations were
based upon rough estimates per kWp (listed below) obtained from communication with Anesco, a
prominent UK-based energy services provider. Additional values for intermediary installation sizes

were obtained by interpolation.

2.2. Socio-economic Potential

The first step in assessing the socio-economic potential was to determine which of the factors from
the literature (Table 2) could be quantified for each city. Education levels of 4/5 (degree level),
environmental consciousness (represented by recycling rates) and higher social class all showed
significant correlations with current solar PV installations per household, across twenty UK cities (p =
0.005, p < 0.01 and p = 0.001 respectively). However, a strong correlation was found between social
class and education level, and therefore, it was decided to remove social class from the analysis to

prevent double counting.

Education level and environmental consciousness are considered to be factors that determine the
desire of individuals to install solar PV. In addition, three ability factors were also included; mean
income, proportion of houses/bungalows to flats and owner occupation. Income did not show a
significant correlation with installed PV levels, however, this can be explained by the fact that under
the FiT scheme prior to December 2011, a large number of “rent-a-roof schemes” were promoted.
With favourable FiT rates it was profitable for companies to offer free solar panels and installation to
customers in return for the resultant FiT payments. However, since the FiT rates have decreased
these schemes have become less popular, and therefore it was decided that mean income should be

included in the analysis.



Data was collected (.

Table 3) from the following sources for the most recent year where full data was available:

e Education level, owner occupation, proportion houses/bungalows: Census 2001 (ONS, 2011;
SCROL, 2011).
e Income: Survey of Personal Incomes 2007-2008 (ONS, 2010)

e Environmental consciousness, represented by percentage of household waste recycled: Local
authority collection data 08-09 (Defra, 2011) and Waste Data Digest 11: 2009 (SEPA, 2011).

Table 3: Data obtained for socio-economic factors for each city

ABILITY DESIRE
Mean % Houses/ | % Owner Occupied % Household % Adult Population
Income (£) Bungalows Households Waste Recycled with min Education
Level 4/5

Derby 22400 87.33 69.24 40.6 17.73
Dundee 20300 47.40 53.62 33.0 17.53
Edinburgh 30400 40.88 68.57 27.1 32.84
Glasgow 22400 47.40 48.54 18.1 17.94
Leicester 19800 82.68 57.93 335 16.76
Nottingham 20600 78.89 69.44 29.0 17.62
Sheffield 22300 81.32 60.15 27.3 18.83

The data for each factor was then normalised by assigning a value between 0 and 1, using the below
equation, to allow comparison between cities. The overall socio-economic indicator value is the

result of the sum of the individual factors for each city.

(Factor Value — Minimum Value)

Dif ference between Max and Min

Validation was provided through comparing values for the capacity of existing PV installations on a
per capita basis for each city under the FiT scheme (ofgem, 2013), with the overall socio-economic
indicator value. There is correlation between these values although it is not significant (p = 0.1). The
reason for this is that Edinburgh has a low installed capacity for a high indicator value. If Edinburgh is
removed then the correlation is highly significant (p = 0.01). It can be seen that the socio-economic
indicator value clearly gives a good indication of likely uptake of solar PV in these cities, but cannot
give a definitive answer as to whether cities will do so, as there may be underlying factors that

cannot be accounted for, as is likely to be the case with Edinburgh.

It is acknowledged that quantifying socio-economic influences brings inherent complexities due to

the interlinking of different factors and in some cases it is simply not possible to put a value on




certain factors that may be important in overall decision making. Therefore the five factors analysed
in this study had to be treated as dependent factors, although analysis looks at them separately in
order to discover whether there are stand-out influences. This methodology serves as a baseline for

assessing multiple areas.
2.3. Solar City Indicator Calculation

The SCI was calculated by multiplying financially viable output per capita estimations by the
corresponding socio-economic indicator value for each city. Prior to this, the financially viable output
was normalised by the relevant city’s population to create a ‘per capita’ physical output calculation.
This was performed to allow comparison of the physical solar resource and final SCI value across the
different sized cities. This then permitted more detailed analysis of the impact of socio-economic

effects on the overall results.
3. Analysis

The results for the physical and social sides of the study will first be presented separately and then

brought together to form the SCI.
3.1. Physical

In all cities the maximum output that could be achieved under a 25-year payback condition would
meet a sizeable portion of the cities’ energy demands (Figure 3). This figure ranged from 14 to 27%
but even under more realistic payback time criteria, of ten years for example, between 5 and 11% of

electricity demand could be met (excluding Glasgow).

30% of city’s electricity demand met by viable rooftop PV

25%
S Derby
20% =—=Dundee
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0 v

5 10 15 20 25
Acceptable Payback Period (years)

Figure 3: Percentage of electricity demand that can be met by financially viable rooftop PV



Referring to Figure 4, which shows the data of Figure 3 normalised by population, under the shortest
payback criteria Nottingham was the strongest performer although this only applied to payback
criteria of four and five years. When the payback condition was between six and fifteen years
Dundee performed strongest whilst under a payback criterion of 15 years or above Nottingham was
again the best performing city. The Dundee building stock contains a number of very large
warehouse properties, in proportion to its population; a reflection of its dockland heritage. Indeed,
the dockland buildings are also aligned to the banks of the Firth of Tay meaning there are a number
of very large south-facing roof slopes with exposure to significant solar radiation, which are not

interrupted by obstructions or topographical features to the south.

1400 kWh per person per annum from viable rooftop PV
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Figure 4: Predicted kWh output per person per annum from financially viable rooftop PV

Whilst Derby failed to rank highest in terms of output per capita for any payback criterion, the city
was the second highest for payback periods ranging from 6 to 25 years. This shows that in the

context of both large and small properties, the city is well-suited to PV technology.

Glasgow had the lowest viable output per capita until the payback criteria increased to 18 years with
a burst in viability at 14 to 20 years payback period. The principal reason for this was Glasgow’s high
latitude and poor weather, which reduced available insolation at all properties. This results in few
small scale properties achieving financial viability within an acceptable payback time. Larger
properties can take advantage of certain economies of scale but still struggle to achieve acceptable

payback periods.

The appearance of two plateaus in Figure 3 and Figure 4 stems from the differences in FiT rates and

costs between small and large arrays. All small properties remain unviable until four years and their



maximum viability is reached by eight years. This same pattern is repeated for large properties with
little viability prior to 13 years and then a sudden increase in viability approaching 20 years. The
exception to this range of payback periods was Glasgow where small arrays became viable after 9 to
18 years. Hence for small properties, the timescales calculated in this study fall within those
described by Claudy et al. (2011) as acceptable to property owners (nine years) although they fall

outside the 3 to 5 year payback requirement described in Scarpa and Willis (2010).
3.2. Socio-economic

It is evident from the results seen in Table 4 that it is Edinburgh, closely followed by Derby, which
has the best potential for uptake of solar PV in terms of socio-economics. It is clear that Glasgow has
a significantly lower potential than the other cities analysed. It is also apparent that there is not one
factor that clearly contributes above the others, with each city having a differing mix of contributing
factors.

Table 4: Socio-economic factors (normalised) with the overall socio-economic indicator value showing the sum of each

factor for each city.

Socio-
City Enviro.nmental Education Mean Proportion Owner eco.nomic
Consciousness Level Income Houses Occupation Indicator
Value
Derby 1.00 0.06 0.25 1.00 0.99 3.30
Dundee 0.66 0.05 0.05 0.14 0.24 1.14
Edinburgh 0.40 1.00 1.00 0.00 0.96 3.36
Glasgow 0.00 0.07 0.25 0.14 0.00 0.46
Leicester 0.68 0.00 0.00 0.90 0.45 2.03
Nottingham 0.49 0.05 0.08 0.82 1.00 2.43
Sheffield 0.41 0.13 0.24 0.87 0.56 0.60

Edinburgh benefits from high levels of education, mean income and owner occupation of homes,
whilst Derby shows strong environmental consciousness, proportion of houses and owner
occupation. The middling cities consist of Sheffield, Nottingham and Leicester. Generally three
factors make up the potential for these cities; proportion of houses, environmental consciousness
and owner occupation. Dundee has a lower potential, performing well on environmental
consciousness but falling down on other factors, especially mean income and education level.
Glasgow shows the weakest potential of the cities due to poor performance in all areas but

particularly in environmental consciousness and owner occupation.

If the stages of innovation take place for solar PV as described by Rogers (2003) then some socio-

economic factors should become less important over time. The stages of innovation are as follows:



e Innovators, who understand the complexity of the technology as well as having the financial
ability to invest in it.

e Early adopters, who are the group with the most leadership in terms of roll out of new
technology.

e Early majority, who make up a third of the system

e Late majority, who also make up about a third of the system but are dependent on the wider
economic need and/or peer pressure.

e laggards, who are suspicious of new technology and are often in a precarious economic

position.

It is clear that we have now overcome the innovation stage, and with preferable FiT rates the early
adoption stage seemed to progress rapidly towards the early majority. However, this has certainly
slowed since the reduction in FiT rates. Moving into an early majority stage, decisions are based less
on opinion leadership and therefore environmental consciousness is likely to become less important.
Moving into the next stages where economic need dominates decision making, we can begin to see
limiting factors. At this point it is likely that the ability factors will dominate decision making. In
terms of income, Nottingham, Leicester and Dundee will be more constrained than most, with the
lowest income levels. It is hoped by this point that the cost of installing PV will have reduced
significantly to a more affordable rate, with the current trend of a 5% drop in residential system
price (including installation costs) and a 7% drop in commercial and industrial system prices between
March 2011 and March 2012 (solarbuzz, 2012) supporting this assumption. If this continues to
happen then the two limiting factors will be owner occupation and proportion of houses to flats. In
terms of owner occupation the cities of Dundee, Glasgow and Leicester will suffer the most.
Hopefully, this will also be less of a problem in the future with more encouragement for landlords to
install solar PV. Therefore, the only truly limiting factor will be the proportion of houses to flats. The
proportion of houses to flats is the factor that is most difficult to change in terms of policy. It is clear
that the Scottish cites are severely hampered here compared to the English cities, with the worst
performing English city significantly outperforming the best Scottish city. This is a result of the large

number of tenement buildings present in these cities.

It should be noted that the later stages of innovation will only be achieved when almost all
uncertainty is removed; therefore there is an important part for policy to play here. There is also
potential for the laggards to be dealt with early, especially in the case of those that are in a

precarious economic position through the use of PV on social housing as discussed later.



It is important to remember that there are only seven cities analysed here and results are relative to
each other. Whilst, generally the English cities sit around average for most of the factors analysed, it
is the Scottish cities that show the most extreme difference to the British average. Both Dundee and
Glasgow fall below average for all factors, significantly for proportion of houses and owner
occupation with Glasgow also showing a particularly low result for environmental consciousness.
Edinburgh also has significantly below average results for proportion of houses as well as
environmental consciousness but to a lesser extent. However, Edinburgh performs significantly

above average for education level and mean income.
3.3. Solar City Indicator Results

Because of the design of the methodology, when physical and socio-economic results are combined
it is clear that socio-economic factors have a strong influence on the potential of each city (Figure 5).
Due to Derby’s strong physical capacity, as well as its very strong socio-economic potential; it has the
highest SCI value across all payback periods greater than five years. Edinburgh has the second or
third highest SCI across the payback periods even though it was towards the bottom in terms of
physical capacity amongst the other cities. It is also evident that there is a significant drop in SCI for

Glasgow and Dundee, which is unsurprising given their poor socio-economic performance.
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Figure 5: Solar City Indicator results with physical and socio-economic potential combined



1.0 Normalised Physical Indicator Values
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Figure 6: Normalised results for physical capacity

It is clear when the SCI (Figure 5) and normalised physical indicator values (Figure 6) are compared
that the effect of the socio-economic results is to create a much larger spread of cities. This indicates

that socio-economic effects strongly determine the uptake of solar PV across cities in general.
4. Discussion

The results show that a sizable percentage of all cities’ electricity demand can be met by solar PV
microgeneration. The results also show that despite changes to the FiT, there are a large number of

viable sites across all cities that meet acceptable payback criteria.

The appearance of two plateaus in Figure 3 and Figure 4 for physical capacity stems from the
differences in FiT rates and array costs between small and large arrays with small arrays contributing
to the physical output figure over a shorter timescale than large arrays. This suggests that the FiT is
now significantly skewed to aid investors in small PV installations rather than large. Whilst this shift
could lead toward a more precisely targeted subsidy mechanism for small-scale PV microgeneration,
it is also important to note the contribution of large properties in the present study roughly doubled
the electricity generated in all cities. Whilst a key reason for the promotion of microgeneration is to
affect a shift in behaviour and attitudes to energy, which may be best implemented by increasing the
number of small arrays, the actual impact of PV in reducing carbon emissions and increasing energy

security would be better served by a mechanism that could promote all scales of PV installations.

Whilst this study has shown that the FiT scheme may not be optimum in terms of exploiting the full
benefits that could be seen for solar PV, there is one element of the FiT changes that has been

shown to be correct. As part of consultation 2B it was decided to reduce the payment period from



25 years to 20 years. In this analysis it has been found that all installations viable under 25 year

payback criteria were already viable within a 20 year payback period.

The assessment of economically viable physical capacity in the analysed cities has highlighted the
importance of the FiT. However, there is a risk that there is no additional encouragement for the
uptake of solar PV outside of the FiT. This study has shown the importance of socio-economic
factors, with significant changes in the cities’ potential and ranking. Before people even decide
whether they can afford solar PV, they need to have the desire to install it in the first place. Whilst
the desire factors that could be quantified in this analysis are limited, they do show that there are
potentially large differences in a city’s likelihood to install solar PV on the whole. For example, if just
desire factors are taken into account, Edinburgh is significantly more likely to install PV than

Glasgow.

The Government’s Microgeneration Strategy (DECC, 2011) acknowledges that there are also a
number of non-financial barriers that need to be addressed in order for technologies, such as solar
PV, to be adopted by consumers. They put forward a number of actions with regard to both
increasing the desire for uptake and making the process easier for people who wish to install.
However, this study has highlighted that factors affecting uptake decisions can vary considerably
among cities, and therefore a more localised approach is more likely to succeed in increasing uptake

levels compared to nation-wide schemes.

Even when individuals do have a desire to install PV, there are a number of factors that will
determine their ability to install. Firstly, people living in flats or businesses that do not own the roof
space above are unlikely to be able to install solar panels. In this study it has been found that the
four English cities are best placed in this respect with a higher than average proportion of
houses/bungalows compared to flats. However, there is also the issue of whether people own their
properties. Although there is the possibility of landlords installing solar PV on rented homes, it is
more unlikely than for owner occupation. Edinburgh, Derby and Nottingham are the best placed
cities for this analysis in this respect. The exception to this is where councils decide to install solar PV
on social housing. For example, Nottingham City Council, in partnership with e.on, installed solar
panels on 600 council owned homes (e.on, 2011). However, similar schemes from at least six local
councils were put on hold when changes to the FiT were announced suggesting that such schemes

are unlikely to continue in the future (Click Green, 2011).

Income also needs to be considered. Whilst FiT may provide a favourable rate of return, this is
irrelevant to individuals who are unable to cover the upfront costs of installation. Under the FiT

scheme prior to December 2011, rates were extremely favourable, which led to a large increase in



the number of companies offering rent-a-roof schemes. This eliminated the need for individuals to
cover the upfront costs of solar panels but still receive the benefits in terms of reduction in the cost
of their electricity. With the new lower rates, it is less favourable for companies to offer such
schemes and therefore, income has become a more important factor in determining uptake levels.
From the cities that were analysed, there is likely to be some limitations in terms of income as all are
below the British mean income. The exception to this is Edinburgh, which shows the greatest

potential in terms of being able to cover these upfront costs.

Overall, the results show that there is not the regional difference that may be expected, particularly
in terms of the physical capacity. As already mentioned, Dundee, the most northern city analysed,
showed a fairly strong physical capacity due to a number of very large unshaded south-facing
properties as a result of its dockland heritage. The importance of the type of buildings that are
contained within a city was also highlighted in the socio-economic results. Whilst there was no clear
regional divide between cities when all socio-economic factors are taken into account, there is a very
clear divide between the Scottish cities and English cities when just proportion of houses/bungalows
to flats is looked at. This can be attributed to a decision that dates back to the 19" and early 20"
century when Scottish cities decided to build tenements, whereas in England back-to-back terraces
were the preferred option (National Trust for Scotland, n.d.), which are more suitable for installation

of PV on a per capita basis.

This study has also shown that current FiT rates discourage investment in large PV arrays in
comparison to previous rates and those available in other countries, particularly Germany. In an
attempt to make large scale installations financially viable alternative financing arrangements, such

as power purchasing agreements with nearby industries, are becoming increasingly commonplace.
5. Conclusion

It is clear from this study that there is significant potential for solar PV microgeneration in the UK.
However, the present research shows that the current FiT results in a double-plateaued chart of
maximum output for payback criteria of 25 years and under, which represents the favouring of small
over large arrays. Whilst this shows that the maximum viable output is reached by eight years for
small properties, which is within the acceptable payback period for consumers according to the
literature, it is clear that the FiT is significantly skewed to aid investment in these arrays rather than
large arrays. With large installations showing roughly double the electricity generated in all cities
analysed, this could be an oversight in terms of the potential for carbon reductions and energy

security that these arrays could provide.



This study has also demonstrated that policy should not just be limited to providing favourable FiT
rates to capitalise on the available physical capacity but a focus must also be placed on the influence
of a range of socio-economic factors. It is evident that a number of factors contribute to public

ability and desire to install solar PV, which will also need to be addressed.

However, the most limiting factor found in both the socio-economic and physical analysis was the
building stock of a city. It represents a factor that cannot be easily addressed by policy. For example,
Dundee shows excellent potential to meet a significant proportion of its electricity demand due to
the high number of large properties resulting from its dockland heritage and orientation to the Firth
of Tay. However, Scottish cities on the whole are hampered by the preference for tenements,
meaning there is a smaller potential output per person of solar PV generation. By comparison, Derby
benefitted from socio-economic conditions more conducive to higher PV uptake as well as a top-

performing physical solar resource.

The methodology presented can easily be applied to other locations using commonly available data
and manageable computational requirements. The comparative nature of the method means that its
application to a greater range of socio-economic contexts would enrich future studies as the overall
understanding of social and physical factors develops. Interesting comparisons could then be made

between countries and the macro-effects of their respective solar PV policies.
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