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Executive summary
This report is based on the findings of a two year study, funded by the Eaga Charitable
Trust, into the role that micro-generation technologies can play in alleviating fuel poverty
in the UK. The term ‘fuel poverty’ is used in this report to describe the situation where a
household has to spend ten percent or more of its income on energy to maintain a warm
home. The most recent available government figures suggest that 5.5 million UK
households – one in five households - were fuel poor in 2009 - an increase of 1 million
from 2008.
Three different types of micro-generation technology (solar photovoltaic (PV) systems,
ground source heat pumps (GSHPs), and solar thermal hot water (STHW) systems) were
evaluated across three different case study schemes in South Yorkshire and the West
Midlands. Evaluation of the technologies involved monitoring their performance,
interviewing residents, collecting longitudinal household energy consumption data and
modelling the financial payback of the systems. The key findings from the evaluations are
as follows:

Solar thermal hot water systems


STHW systems are not a cost-effective measure for alleviating fuel poverty, based on
the data from our case studies. Although they are relatively cheap to purchase and
install (at around £3,500 each), the net financial savings generated from STHW
systems are relatively small (approximately £50 per year), particularly for underperforming systems. Even a STHW system performing to its design specification will
have a payback period in excess of 60 years.



STHW systems will become more cost-effective under the government’s proposed
Renewable Heat Incentive (RHI) scheme, which will provide guaranteed payments for
heat generated from renewable sources. Under the RHI, STHW systems performing to
their design specification will have an estimated payback period of 16 years. However,
even under the RHI, the net financial benefits for residents are likely to remain small,
since social housing providers are likely to use RHI payments to fund the capital cost
of installing STHW systems.



There was a wide variation in the performance of the STHW systems monitored in this
study, even when taking account of differences in system design and hours of
operation. System under-performance can have a significant impact on the financial
benefits received by residents (and hence the impact that the systems have on fuel
poverty) and the cost-effectiveness of the systems. Based on our analysis, every 10
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percent decrease in STHW system performance resulted in a 9 year increase in the
estimated payback period.


The performance of STHW systems is highly dependent on household hot water
demand and consumption patterns. Low levels of hot water demand will result in less
cost-effective STHW systems. The cost-effectiveness of STHW systems will also
depend on residents adjusting their water consumption patterns and water heating
regimes in order to take advantage of the energy generated from their STHW system,
which in turn will depend on providing residents with appropriate guidance and advice
on how to derive maximum benefit from the systems.



Other factors that can impact on the cost-effectiveness of STHW systems include the
cost of the energy being displaced by the STHW system, the type of washing machine
that is used by residents, the type of shower installed in the property (cold feed
washing machines and electric showers reduce hot water demand) and the
specification of the STHW system (some of the systems in our case studies appeared
to be under-sized). These factors should be taken into account when installing STHW
systems in new and existing properties.

Solar photovoltaic systems


Solar PV systems are a more effective measure for helping to alleviating poverty, in
that systems performing to their design specifications can generate estimated savings
of between £340 and £420 per year (through avoided electricity costs and income from
exported electricity). However, solar PV systems can only have an indirect impact on
fuel poverty – generally they do not contribute to space heating, but they will help to
reduce the proportion of household income spent on energy costs and help protect
residents against future rises in energy prices.



Solar PV systems have only become cost-effective since the introduction of feed-in
tariffs, which guarantee payments for electricity generated from renewable sources.
The estimated payback period for PV systems (that are performing to their design
specifications) that benefit from feed-in tariffs range from 15-17 years, depending on
the proportion of PV generated electricity that is used on-site by residents. Prior to the
introduction of feed-in tariffs, the payback period for the same PV systems would have
been over 60 years.



There was a wide variation in the performance of the solar PV systems monitored in
this study, even when taking account of differences in the size of the systems, shading
and roof pitch. System under-performance can have a significant impact on the
financial benefits received by residents (and hence the impact that the systems have
on fuel poverty) and the cost-effectiveness of the systems. Based on our analysis,
!
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every 10 percent decrease in solar PV system performance resulted in a 7.5 year
increase in the estimated payback period.


The impact and cost-effectiveness of solar PV systems are both very sensitive to the
proportion of PV generated electricity used on-site by residents. The more electricity
that residents use on-site, the greater the financial savings that residents will achieve
and the greater the cost-effectiveness of the systems. However, the proportion of PV
generated electricity that residents will use on-site will depend on their electricity
consumption patterns, which means that residents may need to change their
household routines in order to maximise benefit from the systems.



It is important that residents understand how to benefit from solar PV systems, for
instance by using high-demand and long-cycle electrical appliances when the PV
systems are operating at their peak output. However, this will only occur if residents
are provided with appropriate guidance and advice on how to work with the systems
(many residents in our case study said that the information provided to them was
difficult to understand) and ensuring that residents can monitor the performance of the
systems in real-time (the display units provided were not very intuitive or user friendly).

Ground source heat pumps


GSHPs are a more effective measure for alleviating fuel poverty, based on the data in
our case study. The properties in our case study were not connected to the gas
network and had previously been fitted with coal-fired central heating systems. The net
annual financial saving for one of these properties (in the 12 months since the GSHP
was installed) was approximately £800, even accounting for a rise in electricity
consumption over that period (due to the electricity required to operate the GSHP).



Although the GSHPs in our case study were generating financial savings, the systems
did not appear to be functioning correctly (for reasons that have yet to be established).
The elderly residents of the case study properties reported that their homes had felt
cold during a cold spell and that they had had to resort to adopting coping
mechanisms, such as wearing warmer clothes or using their electric fires as an
additional heating source.



Previous research suggests that GSHPs can provide comfortable indoor temperatures
and satisfy a high proportion of household space heating and hot water requirements.
However, it also suggests that the coefficient of performance can vary significantly
between systems, due to differences in the quality of installation, the specification of
the GSHP and the way in which residents use the systems. This latter issue underlines
the importance of providing residents with appropriate guidance and advice.
!
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GSHPs will become even more cost-effective under the forthcoming RHI scheme. This
will make it easier for social housing providers to fund the installation of GSHPs, which
are still relatively expensive to purchase and install. Our data suggests that GSHPs
are already a cost-effective alternative to solid fuel heating systems, but the
introduction of the RHI, together with rising domestic gas prices, will mean that GSHPs
may become an increasingly viable alternative to gas-fired central heating systems.

Other findings


Micro-generation technologies often have a range of non-financial impacts that can be
difficult to quantify. For instance, many residents claimed that their solar panels had
made them more conscious of how they use energy and water, and raised their
awareness of other issues, such as waste recycling. Some residents suggested that it
had made them think more carefully about which appliances to buy. If enduring, such
attitudes and behaviours are likely to give rise to a reduction in energy demand.



Social housing providers have often adopted a ‘fit and forget’ approach to the
installation of micro-generation technologies, which has resulted in under-performing
systems and diminished financial savings for residents. Such an approach is not
sustainable and is a symptom of the way that schemes have been funded in the past –
often through grant funding – and which means that there has been no provision for
ongoing performance monitoring and system maintenance.



The use of feed-in tariffs and the RHI scheme to fund the installation of microgeneration technologies will give social housing providers a financial incentive to adopt
a more long-term attitude toward their schemes and ensure that they are performing to
their design specifications. Under-performing and malfunctioning micro-generation
technologies will result in a reduction in income for social housing providers and
undermine the economics of schemes.



Micro-generation technologies are most effective when deployed in conjunction with
other energy efficiency measures and should not be used in isolation. Even when
benefiting from feed-in tariffs and the RHI scheme, the payback period for microgeneration technologies still exceed those of other energy efficiency measures, such
as cavity wall insulation and draught-proofing. Reducing demand for energy should,
therefore, be seen as a prerequisite to using micro-generation technologies to alleviate
fuel poverty.
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1. Introduction
This report explores the role that micro-generation technologies that generate energy from
renewable sources can play in alleviating fuel poverty in the United Kingdom (UK). The
term ‘fuel poverty’ is used in this report to describe the situation where “… a household
has to spend 10% or more of its income on energy to maintain a warm home”1. In 2002
the UK government committed to eradicate fuel poverty in vulnerable households2 by
2010 and in all households by 2016. However, the most recent available government
figures suggest that 5.5 million UK households were fuel poor in 2009 - an increase of 1
million households from 2008 – 4.5 million of which were vulnerable households (Figure 1).
More than one in five UK households were therefore fuel poor in 2009, a figure that is
likely to have increased since then due to, amongst other things, rising domestic energy
prices.
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Figure 1: Number of households in fuel poverty in the UK3

Fuel poverty has been found to have a wide range of negative outcomes. Households that
are in fuel poverty are more likely to live in homes that have lower indoor temperatures
and suffer from condensation, damp and mould, which in turn can lead to physical
ailments such as asthma and wheezing4. Fuel poverty has been associated with poor
nutrition, depressed growth and increased hospital admission rates amongst young
children5, and an excess of winter deaths amongst the elderly6. Moreover, households
!
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that cannot afford to maintain their homes at a comfortable temperature are also more
likely to suffer from mental health problems, such as anxiety and depression 7 . The
economic and social costs of fuel poverty are, therefore, far reaching and include
increasing levels of indebtedness, reduced life expectancies, increased health care costs
and under-achievement in schools8.
Over the last decade, the UK Government has implemented a number of initiatives to
combat fuel poverty, including Winter Fuel Payments for the elderly and the Warm Front
energy efficiency scheme. The latter has provided households with grants to help improve
the energy efficiency of their homes by contributing funds towards the installation of new
central heating systems, draught-proofing, and loft and cavity wall insulation. Between
2005 and 2008 a total of 635,000 households received financial assistance through the
Warm Front Scheme at a cost of £852 million9. To date, micro-generation technologies
have not formed part of Warm Front, however, a number of social housing providers and
local authorities have installed micro-generation technologies on a smaller scale as part of
their efforts to tackle fuel poverty and improve the energy efficiency of their housing stock.
This report examines the effectiveness of some of these initiatives.

2. About this report
This report is based on the findings of a two-year study funded by the Eaga Charitable
Trust and undertaken by researchers at Sheffield Hallam University. The aims of the study
were to:
1. evaluate the extent to which the installation of micro-generation technologies into
homes can help to alleviate fuel poverty;
2. determine which micro-generation technologies offer the most cost-effective
means of alleviating fuel poverty; and
3. identify the factors that influence the effectiveness of such technologies in order to
enable the optimum design of future fuel poverty alleviating schemes.
To achieve these aims, we undertook a review of existing research into the application of
micro-generation technologies in domestic settings, the findings from which are
summarised in Section 3. We also evaluated a number of case study micro-generation
schemes in the West Midlands and South Yorkshire, which involved face-to-face
interviews with residents and an analysis of energy generation and consumption data.
Further information about the case studies, the data collection methods employed and the
results of the evaluations can be found in Section 4. This report concludes in Section 5 by
discussing the costs and benefits of using micro-generation technologies to alleviate fuel

!

!
2

!

!
poverty and making recommendations as to how such technologies can be deployed most
effectively.

3. Review of previous research
Fuel poverty is considered to be a function of three different factors: energy prices,
household incomes and energy efficiency10. In the UK, much of the recent research into
fuel poverty has focused on evaluating the impact of interventions aimed at improving
energy efficiency in homes, such as retrofitting new central heating systems and cavity
wall insulation. One of the most extensive studies was undertaken by the Warm Front
Study Group, which evaluated the impact of energy efficiency improvements undertaken
as part of the Warm Front Scheme. Surveys of participating households revealed
appreciable improvements in both physical and mental wellbeing following energy
efficiency interventions11, findings that are consistent with those in other countries, such
as New Zealand12. The energy efficiency interventions were also found to have led to
substantial improvements in average indoor temperatures in many homes, although some
residents nevertheless continued to keep their homes at lower temperatures13.
Despite the success of the Warm Front Scheme in improving energy efficiency and
reducing demand for energy in the home, high domestic energy prices mean that the
incidence of fuel poverty in the UK has increased significantly in recent years, a problem
that has been exacerbated by the negative impact of the economic downturn on
household incomes and the rising cost of living. Micro-generation technologies have,
therefore, been proposed as a means of alleviating fuel poverty by reducing households’
dependence on energy supplied by utility companies14. Table 1 provides descriptions of
the main micro-generation technologies available in the UK market. Some of the
technologies, such as biomass boilers and heat pumps, are designed to provide space
heating and could, therefore, have a direct impact on reducing fuel poverty by making it
cheaper for households to heat their homes; other technologies, such as STHW systems
and solar PV, are designed to generate hot water or electricity, and could, therefore, have
an indirect impact on fuel poverty by reducing household energy bills.
Over the last decade there has been growing interest in the use of micro-generation
technologies in a domestic setting in the UK. This interest has been stimulated by a
number of factors, including increases in energy prices, concerns about energy security
and government commitments to reduce carbon dioxide (CO2) emissions. The UK
government has sought to encourage the uptake of micro-generation technologies by
introducing feed-in tariffs that provide guaranteed payments for electricity generated from
renewable sources. Over 42MW of renewable electricity generating capacity was installed
in Britain in the first six months since the introduction of the feed-in tariffs in April 2010, the
!
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majority of which was from solar PV systems in the residential sector (Table 2). The
introduction of the Renewable Heat Incentive by the UK Government in July 2011
provides fixed payments for heat generated from renewable sources, such as heat pumps,
STHW systems and biomass boilers. However, the Renewable Heat Incentive will not be
introduced in the residential sector until 2012.

Table 1: Descriptions of main micro-renewable energy technologies in the UK15
Type of technology

Description

Solar photovoltaic
(PV)

Sunlight is converted to electrical energy by thin layers of semiconductor material.
The output is determined by the intensity of natural light available and
by the area and efficiency of the panels.

Combined heat and
power (micro CHP)

Heat and electricity are generated from the chemical energy of oxidation
of a fuel (usually natural gas).
Output is usually controlled to meet the building’s heating and / or hot
water requirements, with electricity available to meet household needs
as a by-product.

Micro wind

The wind’s kinetic energy is converted to electrical energy through a
turbine that is either roof-mounted or pole-mounted.

Solar thermal

Sunlight is converted to heat (mostly to heat water).
Output is constrained by the level of sunlight available, panel efficiency
and area.

Biomass boilers and
pellet stoves

Chemical energy, usually from the combustion of wood chips or wood
pellets, is used to meet space heating and hot water needs.

Heat pumps

Electrical energy is used to pump renewable heat energy from the
environment, mostly to meet space heating requirements.
The two main alternatives are ground source heat pumps and air source
heat pumps.

Micro-hydro

Kinetic energy from moving water is converted to electricity.
Output is determined by turbine and site characteristics.

However, despite the increasing popularity of micro-generation technologies in the
residential sector in the UK, there have been very few published studies of how such
technologies perform in a domestic setting. Consequently, little is known about what
impact micro-generation technologies can have on fuel poverty. Many of the existing
studies of micro-generation technologies are based on theoretical or experimental data,
rather than data from systems that are installed in peoples’ homes, and do not, therefore,
necessarily reflect how the technologies perform in everyday use. As part of our research,
we reviewed a range of in-situ studies of micro-generation schemes in the UK residential
!
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sector, summaries of which are provided in Appendix A. Three types of micro-generation
technologies were covered by these studies: heat pumps, STHW systems and solar PV
systems. Two of the studies16 were designed specifically to evaluate the impact of microgeneration technologies on fuel poverty; the remaining studies, whilst not focussing on
fuel poverty, nevertheless provide interesting insights into how micro-generation
technologies perform in use and that impact that they can have on household energy
demand.

Table 2: Renewable energy installations registered between 01/04/2010-29/09/201017
Technology

Residential

Non-residential

Total

Qty

MW

Qty

MW

Qty

MW

Anaerobic digestion

0

0

0

0

0

0

Hydro

86

1.029

20

6.034

106

7.062

10,242

25.229

87

0.569

10,329

25.798

598

4.095

64

5.439

662

9.534

5

0.005

0

0

5

0.005

10,931

30.357

171

12.042

11,102

42.399

Solar photovoltaic
Wind
Micro-CHP
Totals

3.1

Heat pumps

Heat pumps work by transferring low grade heat from the air or ground and upgrading it to
a useful temperature using an electrical compressor, typically generating between 2.5-4.5
units of energy for every unit of electricity consumed (the coefficient of performance)18. In
2008 the Scottish Executive published the findings of a two year pilot scheme that
involved using heat pumps to tackle fuel poverty in ‘hard to treat’ properties (Appendix A,
study no.3)19. As part of the scheme, 83 ‘off-the-grid’ houses (comprising a mix of rented
and privately owned properties) across Scotland were retrofitted with central heating
systems based on ground source heat pumps or air source heat pumps. Traditionally, the
relatively high cost of purchasing and installing heat pumps has meant that their use in
domestic settings has been limited. For instance, the average cost of retrofitting air source
heat pump central heat systems in the Scottish pilot scheme was £10,500, while the
average cost of retrofitting a ground source heat pump central heating system was
£17,240 (due to the additional cost of ground works). While these costs are clearly higher
than the costs of retrofitting a conventional gas-based central heating system, the houses
in the pilot scheme were not connected to the gas network, so the costs of the heat
pumps were compared instead with oil-fired and electric storage central heating systems.
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Table 3 provides details of this comparison and suggests that although the capital costs of
retrofitting heat pumps are higher than the costs of retrofitting oil-fired or electric storage
heating systems, the lower running costs of heat pumps mean that they will bring a higher
proportion of people out of fuel poverty. Based on these figures, air source heat pumps
were the most effective measure for removing people from fuel poverty for every £1
million spent (n=43 households), followed by electric storage heating systems (n=37) and
ground source heat pumps (n=29). However, it is important to view these figures with
caution because the cost savings are based on estimates (derived from National Home
Energy Rating (NHER) software). As will become evident below, heat pumps (and other
types of micro-renewables) do not always operate to their design performance, which
means that the figures in Table 3 may over estimate the proportion of households
removed from fuel poverty. Nevertheless, as the figures in Table 3 indicate, heat pumps
will become a more cost-effective measure as installation costs fall in the future (due to
economies of scale, amongst other things) and the cost of carbon is increasingly factored
into energy prices, through schemes such as the Renewable Heat Incentive.

Table 3: Estimated number of households lifted out of fuel poverty per £1 million,
based on actual and estimated installation costs from the Scottish pilot scheme20
System type

Oil

Electric

ASHP

GSHP

Current

Future

Current

Future

Installation cost per system

£6,890

£2,850

£10,500

£9,000

£17,240

£14,500

Number of systems installed
per £1 million spend

145

351

95

111

58

69

Households removed from fuel
poverty per £1 million spend

19

37

43

50

29

35

Percentage of households
removed from fuel poverty

13%

10%

45%

45%

51%

51%

Carbon value (versus electric
storage)

£1,400

£0

£2,300

£2,300

£2,400

£2,400

Installation cost per system
(net of carbon value)

£5,490

£2,850

£8,200

£6,700

£14,840

£12,100

Number of systems installed
per £1 million spend

182

351

122

149

67

83

Households removed from fuel
poverty per £1 million spend

24

37

55

67

34

42

In addition to modelling the potential cost savings from the heat pumps, the authors of the
Scottish Executive study also monitored indoor temperatures and surveyed residents to
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find out how satisfied they were with their new heating systems. Indoor temperatures in
the properties were monitored, on average, for 5 months pre-installation and 12 months
post-installation. This revealed that the number of living rooms with a mean temperature
below 18oC fell from 22 to 6, while the number of bedrooms with a mean temperature
below 18oC fell from 36 to 14. Moreover, the data from the monitoring indicated greater
indoor temperature stability, that is to say a reduction in the variation between the highest
and lowest temperatures, after the installation of the heat pumps. These findings were
reflected in the feedback from residents, some of whom reported that their homes felt
warmer and more comfortable following the retrofitting, although it is not clear how many
residents reported this. Some of the improvement in indoor temperatures can undoubtedly
be attributed to the other energy efficiency measures (such as insulation and draughtproofing) that were also installed in properties as part of the retrofitting. Moreover, a small
minority of residents felt that the temperatures in their homes were lower than previous, a
finding that was attributed to the fact that the heat output from heat pumps is less
localised than that from solid fuel heating systems.
A number of residents also complained about the quality of the manuals provided to them
and the lack of an after-care service. This underlined the importance of providing
appropriate guidance, advice and support to residents of homes fitted with heat pumps, so
that they know how to use their central heating systems cost-effectively. For instance,
some residents were not signed up to appropriate electricity tariffs, which meant that the
economic benefits of the heat pumps were not being maximised. As will become apparent,
the failure to provide appropriate advice and support to residents has been a recurring
problem in micro-renewable energy schemes in the UK and means that the costeffectiveness of such schemes can be undermined.
One of the methodological weaknesses of the Scottish pilot study was that it assumed that
all of the heat pumps were operating at the same co-efficient of performance and that the
cost savings would therefore be consistent across the sample of properties. However, a
recent study published by the Energy Saving Trust (EST) suggests that this is unlikely to
have been the case (Appendix A, study no.5)21. The EST study involved monitoring 83
heat pumps (29 air source, 54 ground source) installed in homes across the UK in order to
compare their coefficients of performance and establish the reasons for any differences in
system efficiency. The monitoring revealed a wide range of coefficients of performance
across the sample of air source and ground source heat pump installations (Figure 2).
Only 13 percent of heat pump installations achieved a co-efficient of performance of 3.0 or
above, the level of performance of a well-performing heat pump. Clearly, underperforming heat pumps will be less cost-effective at alleviating fuel poverty. The authors of
the report attributed the variation in performance to a number of factors, including:
!
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differences in the quality of system design and installation;



differences in the nature of the existing central heating systems installed in peoples’
homes; and



differences in the behaviour of residents, in terms of how they use the heat pumps.

In some cases these factors were found to be inter-related. For instance, poorly designed
system controls meant that residents were less likely to use the heat pumps correctly, a
problem that was exacerbated by the poor quality of information and advice provided to
residents.
10!
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Figure 2: Coefficient of performance of heat pumps monitored in the EST field trial22

An earlier EST study (Appendix A, study no.7)23 published in 2000 also highlighted some
of the system design factors that can impact on the performance of GSHPs. The study
monitored the performance of one GSHP (installed in an ‘off-the-grid’ property) over a 12
month period (March 1998 to February 1999) and found that it had a co-efficient of
performance of 3.16, supplying 92 percent of the household’s space heating needs and
55 percent hot water demand over the monitoring period. As in the Scottish pilot study
referred to above, the running costs of the GSHP were estimated to be less than an
electric storage heating system but higher than an oil-fired heating system. However, the
authors of the report suggested that the GSHP’s co-efficient of performance could be
improved by eliminating the unnecessary running of the integral distribution pump, which
ran almost continuously, and by ensuring that the controller was optimised to operate with
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an Economy 7 tariff. It was estimated that both of these measures would result in
significant cost savings and improve the cost-effectiveness of the GSHP relative to electric
storage heating systems and oil-fired boilers.

3.2

Solar thermal hot water systems

Solar thermal hot water systems use energy from the sun to generate hot water. The main
component of a solar thermal hot water system is the solar collector array that absorbs
solar irradiation and converts it into heat. This heat is then absorbed by a heat transfer
fluid, such as glycol, that passes through the collector. In solar water heating systems,
potable water can either be heated directly in the collector (direct systems) or indirectly by
a heat transfer fluid that is heated in the collector and passes through a heat exchanger to
transfer its heat to the domestic or service water (indirect systems). The heat transfer fluid
is transported either naturally (passive systems) or by forced circulation (active systems).
In passive systems circulation occurs by natural convection (thermosyphoning), whereas
in active systems electrical pumps or fans are used to circulate the heat transfer fluid24.
Solar thermal systems operate and produce hot water when hot water is draw-off by
residents, which means that system performance is influenced by residents’ water
consumption patterns.
In 2009 National Energy Action (NEA) published the findings of a study into the potential
for using solar thermal hot water systems to alleviate fuel poverty (Appendix A, study
no.4)25. The study involved surveying residents of 109 homes across the UK that had
been retrofitted with solar thermal hot water systems as part of a Warm Front funded trial.
Residents were asked, amongst other things, about their satisfaction with the systems and
their understanding of how to use the systems efficiently. The potential financial savings to
be derived from solar thermal systems are dependent on residents making small changes
to their behaviour in the home, for instance by switching off the immersion heater at
particular times during summer months or by using hot water at particular times of the day.
However, the survey revealed that only 36 percent of residents understood how to use
their solar thermal hot water systems effectively, highlighting the need to provide residents
with better guidance and advice. In some cases the lack of behavioural change was
attributed to the fact that households had not made a personal financial investment in the
solar thermal systems, having had them installed for free through Warm Front.
The NEA study also highlighted a number of other problems with the scheme. For
instance, solar thermal systems had been installed in homes with low-levels of hot water
demand, including properties occupied by just one or two (mostly elderly) people, which
reduced the effectiveness of the systems. Moreover, many properties had electric
showers (in 67 percent of cases) and/or cold feed washing machines (in 54 percent of
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cases), which further reduced demand for hot water. The interviews revealed that many
residents had not been provided with adequate information about servicing or
maintenance of the systems, and that the control/display units that were installed with the
systems were not very user friendly. These units are critical to helping residents to
understand how the solar thermal systems are performing on any given day, so that they
can then adjust their behaviour accordingly. The positive impact that feedback
mechanisms, such as smart meters and energy display units, can have on household
energy consumption behaviour has been highlighted elsewhere26.
The comparatively simple design of solar thermal hot water systems means that they have
traditionally tended to cost less to install than other types of micro-generation technologies,
such as heat pumps and solar PV, and have therefore been used more widely in the UK,
albeit still in relatively small numbers. In the scheme evaluated by NEA the average cost
of installing solar thermal hot water systems was £4,246 per property. The authors of the
study cited manufacturers’ claims that solar thermal hot water systems can supply
between 50 percent and 70 percent of household hot water demands and generate
savings of up to £150 per year. Solar fractions of this magnitude were evident in an earlier
monitoring study of four STHW systems that was published by the Department of Trade
and Industry in 2001 (Appendix A, study no. 9)27. However, the NEA found that financial
savings of this magnitude were only achievable in the minority of households that relied
on solid fuel back-boilers and on-peak electricity immersion heaters for hot water. The
authors of the study therefore concluded that, in the majority of cases, solar thermal hot
water systems are not a cost-effective measure for reducing fuel poverty and
recommended that it not be used as a measure under Warm Front.
The NEA’s conclusions are supported by the findings from a previous study published in
2001 by the EST (Appendix A, study no.6)28. The EST study involved monitoring, over a
12 month period, eight STHW systems installed (at a cost of around £1,400 each) in a
new build social housing scheme in Wales. The results of only three systems were
reported due to problems with the monitoring. The monitoring revealed that the average
solar fraction for the three properties was 55 percent, that is to say over half of household
hot water demand was being met by the STHW systems. However, all three properties
had below average hot water demand of around 1,000kWh per year, which suggests that
the solar fractions would have been lower in higher demand households. Based on an
estimated average annual energy saving of 816kWh, the average cost saving was
estimated to be just £16 per year in a property with a gas hot water heating system (based
on a gas price of 1.49p/kWh) and £67 per year in a property with an electric hot water
heating system (based on an electricity price of 8.13p/kWh). Moreover, the average
parasitic electricity (the energy required to operate the STHW system) cost was estimated
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to be £7 per year, which further reduced the net savings from the system. The payback
periods for the systems varied significantly, depending on the magnitude of the solar
fraction and the type of energy being displaced by the STHW system.
In 2008 the BRE published the findings of its monitoring of six STHW systems installed on
new build properties in Sheffield and Suffolk, which it had undertaken on behalf of Viridian
Solar (a manufacturer of STHW systems) (Appendix A, study no 8) 29. The 12 month study
revealed a wide variation in solar fractions across the six installations, the lowest being 26
percent and highest 70 percent, the average being 50 percent. The energy saved over
this period varied between 832kWh and 1,440kWh, the average being 1,178kWh. The
authors of the study attributed this variation in STHW system performance to differences
in household hot water consumption loads and profiles, but also to differences in
household behaviour. For instance, better performing households were found to be
manually firing their boilers when hot water temperatures were too low, whereas poorer
performing households were firing their boilers before the STHW had chance to operate.
The authors therefore recommended a greater emphasis on educating residents of homes
fitted with STHW systems.

3.3

Solar photovoltaic systems

Solar PV systems generate renewable energy by converting energy from the sun into
direct current (DC) electricity, which is then converted by an inverter to alternating current
(AC) electricity. Many solar PV systems are grid-connected, which means that the surplus
electricity generated is exported back to the grid. The capital costs of solar PV systems
have traditionally been higher than those of other micro-generation technologies, such as
solar thermal hot water and micro-wind, which has meant that the uptake of solar PV
systems has been more limited in the UK residential sector, due to longer payback
periods. However, as noted above (Table 2), the introduction of feed-in-tariffs has
transformed the economics of solar PV in the UK and installations in the residential sector
have since become more prevalent.
The most extensive study of solar PV systems in the UK residential sector was
undertaken between 2000 and 2007, prior to the introduction of feed-in-tariffs. The UK
Photovoltaic Field Trial evaluated 28 solar PV projects, which collectively comprised 474
individual systems of varied designs and specifications 30 . Both new build and retrofit
schemes were evaluated and the dwellings were a mix of rented and privately owned
properties. The study involved: monitoring the performance of the solar PV systems; a
questionnaire survey of residents to establish their views on the technology; and a
questionnaire survey of the developers of the projects to find out what lessons they had
learnt. This revealed a number of issues, not least the importance of good communication
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between project stakeholders: poor communication was found to have resulted in poor
system design and installation in some projects, which in turn gave rise to reliability and
performance issues. It also contributed to a lack of understanding amongst residents
about how to get the most out of the PV systems: only a quarter of the households
surveyed reported that they had changed their electricity consumption behaviour after the
installation of the systems, for instance by using high demand appliances during the
daytime.
Analysis of the monitoring data for 17 sites (274 individual PV systems) revealed a widevariation in the performance of the PV systems, expressed as a ratio of the actual and
theoretically possible annual outputs. Anything above 0.80 is considered to be a highperforming system; a performance ratio of 1.00 would be highly unlikely, due to normal
systems losses, such as those arising from the conversion of DC to AC electricity. Only 28
percent of the PV systems had performance ratios above 0.75 and approximately 90
systems were in the 0.65-0.70 range. The under performance of the PV systems was
attributed to a number of factors, including inverter outages and shading of the solar
panels. The authors of the study estimated that a 0.10 loss in performance was equivalent
to three years of lost output from the PV systems over their 25 year service lives. Such
findings are important for schemes designed to combat fuel poverty, because underperforming solar PV systems will have longer payback periods and less impact on
household energy bills. The results of the study also underline the danger of assuming
that PV systems are performing to their design specifications.
Monitoring data for 15 sites (230 individual solar PV systems) were used to calculate the
proportion of annual household electricity loads that were being met by the solar PV
systems, referred to as the solar fraction. Solar fractions across the dataset varied widely,
although the majority of values were between 20 and 80 percent. The variation in solar
fractions can be explained by differences in the performance of individual systems, but
also by differences in household energy demand. The average solar fraction across the
dataset was 51 percent; in other words, on average, around half of annual household
electricity demand was being met by the solar PV systems. However, when asked if they
had noticed any difference in their electricity bills since the installation of the solar PV
systems, only 33 percent of the 239 residents surveyed said that they had seen a
reduction in their bills and only 12% of residents were able to quantify the difference.
The authors of the study also calculated the unit cost of the electricity generated from the
solar PV systems, over a 25 year period, based on the cost of purchasing and installing
them. As would be expected, given the differences in performance described above, the
cost per kWh varied significantly, between 20.9p/kWh and 184.7p/kWh. The average cost
of electricity generated from the solar PV systems was 47.5p/kWh, which, although much
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higher than electricity prices at the time of the study, is comparable to the income received
for generating electricity through the feed-in-tariffs scheme (currently 36.1p/kWh for new
builds and 41.3p/kWh for retrofits, for systems below 4kW). However, it is not clear
whether the figures reported in the study reflected the true costs of the solar PV systems
over their estimated 25 year service lives, for instance by factoring in the net present
value of future income streams and the cost of likely future maintenance or component
replacement. Moreover, the efficiency of solar PV systems has been shown to degrade
over time, which would have led to a progressive reduction in income received for
exported electricity.
A smaller, but more detailed study of solar PV systems was published in 2007 by
researchers at the University of Southampton. The researchers evaluated the
performance of solar PV systems installed in nine new ‘low energy’ homes developed by a
social housing provider in the south of England31, using funding from the Government’s
Major PV Demonstration Programme. The study involved monitoring the electricity
generated, consumed and exported from the homes between April 2004 and March 2005.
Six of the homes were of identical design and orientation and therefore provided a useful
basis for comparison. On average, the solar PV systems generated 1,235kWh of
electricity over a 12 month period, with less than a 1 percent variation in the monthly
energy yield of the six houses. However, there were significant differences in the monthly
energy consumption of the properties, which in turn led to differences in solar fractions
and the proportion of electricity exported back to the grid. The latter was also a function of
the load profile of the homes, that is to say the profile of electricity demand during the
course of a day. For instance, in one particular month, two of the homes consumed and
generated roughly the same amount of electricity (450kWh and 145 kWh, respectively),
but one home exported 49 percent of electricity generated while the other exported 28
percent.
The authors of the study suggested that changes in household behaviour could enable
‘load shifting’ to optimise the financial benefits from the solar PV systems, for instance by
using high-demand and long-cycle electrical appliances (such as washing machines)
when the PV systems were operating at their peak output. Interestingly, the evaluation
revealed that household electricity consumption in eight of the nine homes had increased
over the monitoring period, a finding that the authors attributed to a lack of energy
awareness amongst residents but also the growing number of consumer electronic
devices and appliances in peoples’ homes, including ones with ‘standby’ modes, a trend
that has been documented elsewhere32. Other studies have pointed to a ‘take-back’ or
‘rebound’ effect following energy efficiency improvements33, the notion being that such
improvements can themselves lead to an increase in energy consumption. To date, there
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is no evidence of a direct or indirect rebound effect from solar PV systems, however it is
not unreasonable to surmise that some residents might react to the provision of ‘free’
energy by being less careful about the way that they use energy in the home. The authors
of the evaluation concluded that “… on-going education and re-enforcement of the energy
message must be undertaken to achieve long-term demand reduction”.34

3.4

Key themes

The studies referred to above provide a mixed picture of the impact that micro-generation
technologies can have on fuel poverty in the UK. None of the studies provide conclusive
evidence as to whether or not micro-renewables can alleviate fuel poverty, partly because
of the lack of robust energy consumption and cost data, but also because of the difficulty
of differentiating between the impact of micro-generation technologies and other energy
efficiency measures, such as cavity wall insulation. Nevertheless, the studies do highlight
a number of issues, including:


the danger of assuming that micro-generation technologies are performing to their
design specifications, an important factor when considering their cost-effectiveness
compared with other fuel poverty interventions;



the significant influence that residents’ behaviour and energy consumption patterns
can have on the performance and cost-effectiveness of domestic micro-generation
technologies;



the importance of providing clear guidance and feedback to residents, so that they
know how to use the micro-generation cost-effectively and can understand how they
are performing; and



the importance of targeting micro-generational technologies at households that will
derive the most benefit from them and ensuring that some financial provision is made
for system after-care and maintenance.

In the next section of this report we present a series of case studies in which we
investigate these and others issues in further detail, and address some of the gaps in the
existing body of knowledge on the impact of micro-generation technologies on fuel poverty.

4. Case studies
4.1

Case study selection

In order to explore in more detail the impact that micro-generation technologies can have
on fuel poverty, we evaluated a series of case study schemes in the South Yorkshire and
West Midlands regions of the UK. The case studies were selected on the basis that we
would be able to access the data required to evaluate the micro-generation technologies.
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The case studies were a mix of retrofit and new build housing schemes that comprised
different combinations of micro-generation technologies, details of which are provided in
Table 4. Evaluation of the schemes took place between May 2009 and May 2011,
although the evaluations of case study 2 commenced prior to this date, for reasons
explained below. The methods used to evaluate the micro-generation technologies varied
from case study to case study (Table 4), due to practical constraints and the nature of the
technologies in question. The findings from each of the case studies are discussed below.

Table 4: Summary of case studies and evaluation methods
No.

Description

Evaluation method(s)

1

36 Victorian terraced properties in the
West Midlands (low-income owneroccupiers), each of which have been
2
retrofitted with up to 4m of solar thermal
panels for generating hot water. The
majority of properties were also provided
with new boilers.

Analysis of pre- and post-installation utility
bills for a sub-set of properties, periodic
meter readings and face-to-face interviews
with residents. Remote monitoring of one
property.

2

23 new build properties in South Yorkshire,
2
each fitted with 4.67m solar thermal
panels and 3.02 kWp or 3.75 kWp solar
PV systems.

Remote monitoring of two properties over
a three year period, periodic meter
readings and face-to-face interviews with
residents.

3

Three off-the-grid properties in South
Yorkshire, each of which were retrofitted
with ground source heat pumps.

Interviews with residents and analysis of
longitudinal energy consumption data for
one property.

4.2
4.2.1

Case study 1
About the scheme

Case study 1 is located in the West Midlands and comprises 36 low-income, owneroccupier Victorian terraced houses that have been retrofitted with STHW systems (Figure
3). The retrofitting scheme was grant funded by a housing market renewal pathfinder and
was part of a wider ‘eco neighbourhood’ programme delivered by a local housing
association. The grant provider requested that STHW systems be installed ahead of other
micro-generation technologies and that old boilers were to be replaced with energy
efficient ones. The retrofitting was undertaken in two phases: 26 properties were
retrofitted between February and March 2009; and a further 10 properties were retrofitted
between August and September 2009.
The majority of the 36 properties were retrofitted with 4m2 of solar thermal panels and the
majority of homes also received new boilers, however some properties had 2m2 of solar
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panels installed. Residents were provided with face-to-face coaching on the operation of
the STHW systems, which was provided by a resident liaison officer from the housing
association. Follow-up visits were conducted if additional queries arose and any technical
issues were passed onto the installers for consideration. All householders were informed
in writing that they would be responsible for having a service conducted on their system
12 months after installation. Residents also received free energy efficiency advice as part
of the scheme. Households that were eligible to participate in the scheme had a total
annual income of less than £21,000 or were spending more than ten percent of their
income on energy bills. The final selection of participating households was made by an
independent panel.

Figure 3: Properties in case study 1 retrofitted with solar thermal panels
Evaluation of the scheme involved:


collecting periodic gas, electricity and solar meter readings from the retrofitted
properties in order to track the performance of the solar thermal hot water systems;



installing independent monitoring equipment in one of the properties in order to
validate the readings from the solar controllers;



analysing longitudinal energy consumption data for a sub-sample of properties in order
to determine the impact that the STHW systems had on household fuel bills; and



undertaking interviews with residents after the retrofitting of the STHW systems - a
total of 35 residents were interviewed in July 2009 and November 2010.

We report below on the performance of the STHW systems, the impact of the solar
thermal systems on household fuel bills and the residents’ perceptions of the retrofitting.
4.2.2

Solar thermal system performance
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The performance of the STHW systems in case study 1 is shown in Figure 4. These data
were manually obtained from the solar controllers within each property. The performance
is based on approximately one year’s worth of data. Due to the difficulties associated with
gaining access to all of the properties around the time of the anniversary of the installation,
data are presented for 25 of the 36 properties included within Phase 1 and 2 installations.
All properties in Figure 4 benefitted from the installation of 4m2 of solar thermal hot water
panels except Properties BB and CC, which were both fitted with 2m2. The orientation of
the solar panels on the roofs is also indicated (S, W or E).
Referring to Figure 4, Properties II and BB appear to exhibit the best performance of the
systems under consideration, with energy generation of 5602 kWh and 3153 kWh.
However, it is very unlikely that these readings reflect the true performance of the STHW
systems, as energy generation of this magnitude is practically impossible from the size of
the system installed. The remaining properties apparently show performances ranging
from 1541kWh (Property Q) to 23 kWh (Property AA). Due to the range of variations in the
measured performances, further investigation is required to confirm the validity of the
output from the solar controllers.
One property in case study 1, Property O, was selected for a detailed analysis of energy
consumption and generation, along with determining the level of thermal comfort in the
property. This involved installing sensors and a data logger with web access to monitor
conditions within the property. An independent heat meter was installed in the return pipe
of the glycol loop (Figure 5). This enabled the live flow volume and return and flow
temperatures to be recorded and translated to energy transferred, in kWh, via a controller
(Figure 6). In addition, the radiant and room temperatures, along with relative humidity,
were also recorded along with the external air temperature and gas and electricity
consumption. These sensors and meters were either hard wired to a logging system
(Figure 7) or connected via radio transmission.
The key output from the data analysis relates to the performance of the STHW system.
Every STHW system fitted to the properties is controlled by a solar controller which not
only manages the flow of the glycol around the system by automatically switching on and
off the pump but also records the quantity of energy generated through flow and return
temperatures and volume of flow. Normally, the temperature differential is taken between
the temperature of the glycol flowing from the solar collector and the return temperature
from the thermal store. Volume of flow is not normally measured but estimated as a
variable that is inputted to the solar controller. A typical factory setting is 6 l/min. Other
parameters that require setting normally include type and percentage of antifreeze in the
system.
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Figure 4: Solar thermal energy generation in case study 1 (from the solar controller)
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However, this method of balancing heat quantity may lead to errors in the output, for
example, it does not consider heat losses in the flow temperatures and the flow rate is
estimated. An independent heat meter was therefore inserted in the return pipe near the
cylinder in order to check its accuracy (Figure 5).

Figure 5: Heat meter installed in case
study 1

Figure 6: Heat meter display (top) with
the solar controller (bottom) in case
study 1

Figure 7: Data logging system with
wireless receiver (left) in case study 1

The heat meter was calibrated for the type of glycol used and calculates live flow rates as
the liquid passes through it. The flow and return temperatures were measured via PT100
temperatures sensors attached to the copper pipework and fully insulated from the
surrounding environment. The comparison in apparent solar energy generated is given in
Figure 8, which shows the apparent solar energy generated from March 2010 to January
2011. There is a steep rise in solar energy being generated over the spring, summer and
autumn months before exhibiting static behaviour over the winter months. However, there
is clearly a difference in the recorded solar energy measured: the solar controller records
a quantity of 706 kWh whereas the independent heat meter records 497 kWh over the
same period. Further analysis of these performances is outside the scope of this report
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because uncertainty over the accuracy of the readings from the solar controllers meant
that that we were unable to draw meaningful conclusions about the relative performance
of the different STHW systems shown in Figure 4. We focus instead on analysing the
impact that the STHWs had household fuel bills.

Figure 8: Comparison of solar energy measured in Property O in case study 1

4.2.3

Impact on household fuel bills

In order to determine whether household fuel bills had changed following the retrofitting of
the solar thermal hot water systems, it was necessary to analyse household energy
consumption data from before and after the installation. However, the difficulties of
obtaining accurate historic energy consumption data for the sample properties meant that
data were available for only 10 of the 36 properties. The data were sourced directly from
the resident or the utility company with the written consent of the bill payer in question.
The method used to analyse the data is described below and illustrated with reference to
one of the ten properties (Property O).
The energy consumption data for Property O are given in Table 5. Two years of energy
consumption data pre-installation (2007-08, 2008-09) and one year of consumption data
post-installation (2009-10) are given col. 1. Gas meter readings, from actual bills, are
given in col. 2 and relate to quarterly bills from approximately March, June, September
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and December each year. The meter readings are given in col. 3 and are actual imperial
readings unless stated (supplied by the resident or taken by a meter reader). These
readings are translated to energy usage in kWh (col. 4) and annual gas consumption for
the period March to March (col. 5), which corresponds to the installation date of the solar
thermal hot water systems.
The actual bill corresponding to this usage (including VAT and discounts) is given in col. 6
and the annual gas bills (March-March) are given in col. 7. These show that the gas bill for
Property O decreased by £164.36 (£776.95 - £612.59) between 2010 and 2009, but
increased by £33.92 (£578.67 - £612.59) between 2008 and 2010. However, the resident
was paying 3.946p plus VAT for the first 463 kWh and 2.009p plus VAT for every kWh
consumed above this in 2007. The latest gas bill for this property shows that for the first
1,102 kWh of usage gas was charged at 4.511p plus VAT and that usage beyond this was
charged at 2.736p per kWh plus VAT. Hence, since the price and the tariff threshold
changed quite considerably during the analysis period, analysing changes in the cost of
energy is not a good way of measuring the impact of the refrofit. Instead, the best
comparator is the energy consumption given in col. 4.
A similar analysis is conducted for the electricity consumption (cols. 8-12), with annual
electricity costs given in col. 12. Col. 13 gives the total imported energy usage over the
three years in question and can be used to compare consumption within this period.
However, the analysis does not take into account variances in weather from year to year,
which can have a significant effect on energy consumption. To account for this, a degree
day analysis was conducted to allow a more meaningful comparison of historic energy
consumption.
When energy is used for space heating, demand will tend to vary according to how cold
the weather is. In the UK, for example, it is possible for one November to be ‘twice as cold’
as another, and hence for heating fuel demand to vary by a factor of two between
corresponding months. When the outside air is above a certain temperature the building
will not require heating. This is called the 'base temperature'; in the UK it's common to
assume a value of 15.5 Celsius. If the average outside air temperature on a given day is
below this base temperature, heating is required; and the heat requirement that day will
be in proportion to the temperature deficit in degrees. Add up the daily temperature
deficits over a month, and cumulative degree-days are obtained (degrees multiplied by
days). These cumulative degree days are, by definition, proportional to cumulative heat
requirements over the same period. Thus a month in which 360 degree-days are
registered is 'twice as cold' as one with a total of 180 degree-days. Space-heating
demand is proportional to the regional degree-day value for the month in question35.
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Table 5: Energy consumption data for Property O in case study 1
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Historical degree day data is measured in 18 locations across the UK and is available
online. The degree day data for the Midlands region is given in Table 6 for the period 2007
to 2010. The 20 year average for the region is also given and this was used to standardise
the data emanating from the ten properties and account for variances in temperature in
different years.
The degree day analysis for Property O is given in Table 7. Col. 1 gives the date of the
bills which were issued approximately every quarter. Col. 2 gives the degree day for this
period of time. For example, the number of degree days between 19/3/07 to 30/5/07 are
obtained (443) for the same period from Table 6 (incomplete months are obtained on a
pro-rata basis). Col. 3, Table 7 gives the actual gas consumption per quarter for the
property as shown in Table 5. However, there is a proportion of the gas consumption per
quarter that is not weather related (baseload) and this has to be established in the
analysis. This is achieved by plotting the degree day data (Table 7, col. 2) against the
quarterly gas consumption for Property O as shown in Figure 9. This gives a clear
relationship between gas consumption and degree day (R2 = 0.88). The y-axis intercept
(624 kWh) is the baseload per quarter and is present irrespective of weather conditions.
This value is tabulated in Table 7, col. 4. and is subtracted from the quarterly gas use in
col. 3 to give the weather related consumption in col. 5. The weather related gas
consumption per degree day is given in col. 6 (col. 5 / col. 2).

Table 6: Degree days for Midlands, 15.5 deg. C36
Month

2007

2008

2009

2010

20 year average

Jan

336

333

378

440

345

Feb

299

298

300

348

306

Mar

269

270

270

292

274

Apr

213

214

208

205

206

May

130

129

130

164

132

Jun

64

63

63

64

62

Jul

34

33

33

23

32

Aug

33

31

31

48

32

Sep

69

68

69

69

68

Oct

158

158

158

173

161

Nov

257

253

249

323

252

Dec

335

341

344

508

351
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Table 7: Degree day analysis and standardised data for Property O in case study 1
1

2

3

4

5

6

7

8

9

10

Date

Degree Days

Quarter Gas

Baseload

Weather
related

Gas kWh/DD

Standard
Degree Day

Standardised
use

Standardised use
plus baseload

Standard Year

kWh

kWh

kWh

kWh

kWh

kWh

19/3/07
30/5/07

443

4067

624

3443

7.77

440

3419

4043

17/9/07

160

2810

624

2186

13.66

155

2116

2740

10/12/07

553

5971

624

5347

9.67

556

5373

5997

11/3/08

954

10841

624

10217

10.71

986

10563

11187

11/6/08

540

6385

624

5761

10.66

538

5731

6355

18/9/08

145

2534

624

1910

13.20

144

1902

2526

18/12/08

638

7672

624

7048

11.04

646

7134

7758

18/3/09

978

11170

624

10546

10.79

957

10325

10949

10/6/09

472

3719

624

3095

6.55

474

3104

3728

10/9/09

129

1468

624

844

6.54

128

837

1461

11/12/09

575

4601

624

3977

6.92

583

4031

4655

9/3/10

1095

9131

624

8507

7.77

957

7437

8061
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27588

17905
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Figure 9: Quarterly gas consumption against degree day for Property O in case
study 1
Table 7 also shows the standardised data for Property O. The standard degree day values
in col. 7 are calculated for each quarter and obtained from Table 6 (20 year averages,
incomplete months are obtained on a pro-rata basis). The standardised usage (col. 8) is
obtained from multiplying the standard degree days (col. 2) with the actual gas
consumption/degree day from Table 5, col. 6. The standardised use is then added to the
baseload (Table 7, col. 4) to give the total standardised quarterly consumption (col. 9).
The yearly standardised consumption is given in col. 10 and enables data from different
years to be compared on a like-for-like basis. The standardised gas consumption for
Property O for 2008 through to 2010 was 23967, 27588 and 17905 kWh (Table 7, col. 10)
compared to actual usage of 23658, 28198 and 18917 kWh (Table 5, col. 5).
The degree day analysis described above for Property O was conducted on nine other
properties where accurate energy consumption data were available. The results of this
analysis are given in Table 8. The phase number, property ID and date of solar thermal
installation are given in cols. 1-3. The gross area of the solar panels, where available, are
given in col. 4. The solar energy generated by the solar thermal hot water systems, where
applicable, is given in col. 5 (data are incomplete due to the inability to gain access to the
properties at the time of the anniversary of the installation). The billing year is given in col.
6 and is dependant upon when the solar thermal hot water system was installed (March
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for phase 1 and September for phase 2). Since the installation of the solar thermal hot
water system displaces gas energy, the actual gas consumption is given for two years for
six properties prior to the installation of the solar thermal hot water system and for only
one year for four properties (col. 7). One year of energy consumption data post-installation
is given for the year 2009-10 for all properties. The standardised gas consumption using
degree day analysis is given in col. 8 for a 15.5° baseline. The comparison between
standard energy consumption both pre- and post-installation is given in col. 9.
Referring to col. 9, Properties O, AA, P and BB show some savings in gas consumption
between 09/10 and 08/09 although properties P and BB show an increase when
compared to 07/08 figures. Property L exhibits the highest consumption of the properties
under investigation and again shows increased consumption post-installation. The energy
consumption for this property is approximately double the national average of 20,500 kWh.
Properties R, JJ and DD all exhibit higher standardised post-installation gas consumption
whereas property N shows an increase against 08/09 figures but a saving against 07/08
figures. Six properties also benefitted from the installation of a new boiler. Three of the
four properties which exhibit pre versus post savings (properties O, AA and BB) were
included in this six (Figure 8, col. 10) but properties L, R, and N also showed varying
increases despite the installation of a new boiler, property N being the worst performer.
Table 8: Standardised energy consumption data for ten properties in case study 1

a

from solar controller

The impact of the STHW intervention on fuel poverty is given in Table 9. Referring to
Table 9, the property ID is given in col. 1. The actual annual fuel bill (consisting of both
gas and electrical consumption) is given in Table 9, col. 2. Since the fuel bills presented in
col. 2 span three years, the impact of price changes needs to be accounted for in the
analysis. However, this information was not available to us and further research is
!
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required to index the energy charges. The total actual annual fuel bill is given in col. 3.
The household income for the year of installation (08/09) is given in col. 4 (supplied by the
scheme administrators) and the resultant levels of fuel poverty are given in cols. 5 and 6
(fuel bill for 08/09 and 09/10 divided by household income, assumed as constant for both
years as 09/10 household income figures were unavailable). Table 9, cols. 5 and 6 show
that properties O, L, JJ and DD are outside the 10% fuel poverty threshold but only
properties O and JJ reduced their fuel poverty level (although the change in col. 7 may be
marginally higher if 09/10 income levels were used as opposed to 08/09 income levels for
calculating fuel poverty levels in col. 6). The data in Table 9 therefore tend to support the
findings of the NEA study37 referred to earlier in this report, which concluded that STHW
systems are not a cost-effective measure for reducing fuel poverty.

Table 9: Impact of STHW installation on fuel poverty in case study 1

4.2.4

Feedback from residents

Residents were asked a range of questions about the STHW systems installed in their
homes, including the reasons why they had participated in the STHW retrofitting scheme,
whether they had noticed any difference in their energy bills after the installation of the
STHW systems and their level of understanding of how to use the STHW systems
efficiently. The key themes from the interviews, together with supporting quotations from
residents, (interviewee identifiers are provided in parenthesis), are discussed below.
The majority of residents said that they participated in the scheme in order to try to reduce
their fuel bills, which for many households had increased significantly in recent years:
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“Basically ‘cause the gas bill was just rocketing at the moment, and when this
chap came around and discussed it with us we thought it might be a good idea
just to put it in and see if it does reduce the gas bills, ‘cause we tend to do a
lot of cooking and stuff in the house and as part of that every day we turn the
water on” (CS1-002)
“Cause they told us that you can save a lot of energy on your bill, you know,
so that’s why we really had it installed” (CS1-008)
“Well because we heard that it helps with the bills and everything, so that’s
why” (CS1-019)
“My father’s a pensioner and my mum, and what it was, in terms of, you know,
the gas bills and stuff like that, were quite astronomical… And we’ve heard
about solar panels, and all the rest of it, you know the energy saving things,
but they just come through the TV, the adverts and stuff... and I thought it was
a good opportunity ‘cause it wasn’t going to cost us anything to do, and it’s
worth trying. If it means saving money when you ain’t got much as it is, I think
it’s worthwhile… Considering my father prays five times a day, so he needs
the heating on and hot water day and, kind of, night, so we were paying
probably a quarter for the gas was probably about £500” (CS1-021)
The fact that the STHW systems were provided free under the retrofit scheme was
another motivating factor for residents, many of whom were on low incomes and would
not have been in a position to pay for the systems themselves:
“Yes, you know if they get it free… I couldn’t afford it if it wasn’t free, you
know, how much? Three or four thousand, five thousand? It is quite good for
the money, but if I had to pay for it I couldn’t afford it… Even it was £1,000 or
£500, you know, I couldn’t afford it. Because it was free I was able to get it,
you know what I mean?” (CS1-013)
However, when asked if they had noticed any change in their energy bills after the retrofit,
the majority of residents had not noticed any difference. In some cases this was because
many of the interviews were undertaken too soon after the retrofit (the retrofit took place in
February and March 2009 and the interviews in November 2009):
“We’ve not had a huge difference in the bill yet” (CS1-002)
“But it’s a bit early to tell yet because you’ve got the gas and electric’s gone
up… So, it’s going to be a bit hard to work out at the moment. Until it’s been
!

!
28

!

!
in a while, you’re not going to – until we’ve had, you know, like three or four
quarters...you’re not going to be able to tell. When we get those in then we
can compare them to what we have been paying” (CS1-011)
A few residents did report a reduction in their energy bills following the retrofit, although
they were not able to say by how much or provide supporting evidence:
“We have, yeah. They’re not as high. I don’t know whether the weather wise or
anything, but they’re not as high as we usually get in… Yeah, so there’s quite
a bit of a drop” (CS1-019)
Nevertheless, many residents did report that they had noticed a change in their water
heating regimes after the retrofit, in that they tended to use their boilers for heating water
less frequently during sunny periods. In many cases this was aided by the fact that
residents had switched their boilers off their timers and instead used the ‘advance’ button
when they needed additional hot water:
“Yeah, I mean, since we’ve had the sunny period, I’ve just completely
switched it [the boiler] off… And then what I do is have it on for two hours in
the morning... if we’ve got no sun, and then two hours in the evening as well…
I have it on the timer… But manually I’ll just switch it off. If I know we’ve got a
sunny week I’ll just turn it all off” (CS1-009)
“When it’s a hotter day we don’t have to switch it on… We find it useful to do a
lot of washing up and stuff” (CS1-012)
“It was on the timer a couple of months back, but now ‘cause it’s summer now
it’s just basically off” (CS1-010)
“So, in the bathroom that’s only solar, so we kept the hot water off from the
boiler, so we get enough hot water from the solar to provide in the bathroom.
So, the switch is mostly off from the boiler really, so to save some energy we
switch it off. At the moment it’s also off” (CS1-013)
“The week before last when we had all the hot weather... We never switched
the hot water on at all. We’d got enough hot water to wash up and do
whatever we’d got to do all day… It was very good… And I was at home
decorating and I was washing me hands every five minutes, and what have
you, so – and the water was hot all day… So it’s got to save you money in that
respect. ” (CS1-011)
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This change in water heating regimes resulted in an expectation of future financial savings
amongst many residents :
“I paid 400 and something pounds last year for my gas bill in January, so next
January I’m hoping at least it should be 10, 20% cheaper than that, shouldn’t
it?” (CS1-002)
“Yeah, we’re going to actually see if it actually does work because our bills do
come up quite a lot. Our electricity and gas bills comes up to £300, so we want
to see if it does actually go down by having this system” (CS1-024)
As well as making changes to their water heating regimes, a number of residents also
said that they had made other changes to their lifestyle in order to maximise the benefits
from their STHW system. For instance:
“We’re having a shower put in... And instead of having an electric shower
we’re having a mixer shower, which will use the hot water from the solar as
well… So that’ll save money as well” (CS1-011)
Other residents reported greater awareness of their energy consumption behaviour
following the installation of the STHW system in their home:
“Yeah, it does, it just makes people more aware. It’s made me think about
wasting certain things, I’ll be honest with you, so anything that saves money
I’m up for it, especially when it comes to these big companies who take the
money, the gas companies and that, they charge you a bomb…” (CS1-021)
“Yeah, I’ve just got one of those things where you can plug in to see how
much electricity’s been used, so I’m just setting it up at the moment” (CS1010)
“I kind of respect the water now, ‘cause, like, it’s just running for no reason half
the time and now you know you need to switch it on and that’s when it’s going
to be hot, otherwise it’s just running and you let – it’s all going to waste really”
(CS1-007)
Such changes are likely to have a positive impact on reducing energy consumption in the
home.
Overall, the majority of residents were very satisfied with the retrofit process and the
quality of service provided to them by the installers. They were also, for the most part,
happy with the information and advice provided to them about their STHW water systems:
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“It is, it’s quite useful, it’s just what are you looking at, you know, digesting all
that information, you know, understanding it that’s the only problem that I
have. I’m going to have to get used to it, I suppose” (CS1-023)
“They told us how to use the monitors and stuff and how to use the – how to
get the warm water and we talked about the tank upstairs, about the hot water
inside, what’s the normal temperature’s supposed to be, and everything all
about that basically” (CS1-024)
“Yeah, yeah, it was a brief discussion basically on how it works and that kind
of thing” (CS1-002)
“He [the installer] actually talked to my father to ask him about what times he
needed the hot water and what time the prayers were, and stuff like that, and it
was quite complicated to begin with, but he, kind of, broke it down simply that
when do you want the water? If you want to turn it off. He showed us the
whole system, like, you know, even though it’s running on a timer and stuff, he
was saying if it gets too warm, or whatever, there’s a switch, a thermometer,
whatever it is, just turn it down and switches the whole system off and you’ve
still got hot water at the end of it” (CS1-021)
Nevertheless, some residents did admit that they had not really understood the
information and advice provided to them, which suggests that follow-up visits might be
required in order to ensure that the STHW systems are being used effectively. The one
issue that was repeatedly raised by residents related to the maintenance and servicing of
the STHW systems, around which there was considerable uncertainty and concern:
“I think the question’s going to be if it does develop a fault where do we go and
how do we resolve that, ‘cause I know there’s a guarantee form or warranty
form that’s been given to us already, but that only covers it for a year, I think…
And then after that what is the – there’s no mention of after the 12 months,
what do we do and that kind of thing?” (CS1-002)
“Yeah, well, they did tell us it’s going to be serviced yearly or – sorry, I forgot
how many – they just said something, yearly or two years they just said, but I
didn’t really ask them that. They did provide information about that, yes” (CS1013)
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“Well, they’ve given an information pack and there’s numbers to ring on the
boiler… but the solar I’m not too sure about the numbers for the solar people”
(CS1-010)
This feedback highlights the importance of developing a robust maintenance strategy in
micro-generation schemes such as this one and ensuring that residents buy into it.
The retrofit scheme was undoubtedly better targeted than the STHW scheme evaluated in
the NEA study described in Section 3.2, in that many of the properties had four or five
people living in them, including families with young children. Their household hot water
consumption will, therefore, have been relatively high. However, as in the NEA study
many of the properties had cold-feed washing machines and electric showers, which will
have reduced hot water demand and, therefore, the effectiveness of the STHW systems.
Again, this finding underlines the need to ensure that STHW retrofit schemes include the
necessary funds required to replace electric showers with mixer showers, where
appropriate. This issue is discussed further in Section 5.

4.3

Case study 2

4.3.1

About the case study

Case study 2 (Figure 10) is a new-build social housing scheme in South Yorkshire that
was completed in September 2007 by a housing association. The scheme consists of 23
super-insulated three bedroom properties: five detached and eighteen semi-detached.
The homes are a mix of rented and shared ownership properties. Each property is fitted
with a roof integrated solar PV system and solar thermal hot water system, further details
of which are provided below.
The evaluation of case study 2 involved:


Monitoring the solar thermal and solar PV systems in two of the homes over a two
year period, together with prevailing weather conditions, such as solar radiation, air
temperature and wind speed. Local influences such as pitch of the roof and shading
were also investigated.



The collection of energy generation and consumption data from the meters fitted to all
23 properties and energy bills provided by households. Meter readings were taken
intermittently.



Semi-structured face-to-face interviews with residents in order to examine, amongst
other things, the usability of the micro-generation technologies, whether residents felt
“better off” living in the homes and whether living in homes fitted with micro-generation
technologies had affected residents’ attitudes and behaviour towards energy
consumption in the home. A total of 16 interviews were undertaken.
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We report below on the performance of the solar PV and STHW systems over a two year
period, the payback analyses for the solar PV and STHW systems, and the findings from
the interviews with residents.

Figure 10: Properties in case study 2 fitted with solar PV and solar thermal roof tiles
4.3.2

Solar PV performance

Case study 2 comprises three different design configurations: properties ‘A’ were fitted
with a 3.02 kWp photovoltaic system (fifty eight PV tiles) on a roof pitch of 40°; properties
‘B’ had a similar photovoltaic design except the roof pitch was 27°; and property type ‘C’
were supplied with a 3.75 kWp photovoltaic system (seventy two PV tiles) on a 27° pitch.
The solar tiles are linked together to form a circuit back to an inverter. The inverter
converts the solar DC electricity to AC and is mounted in the loft space. An AC cable
connects the inverter to the main distribution board via an isolator and kWh meter. Each
property was also supplied with a display unit which had a wireless connection to the
inverter meaning that each resident could monitor, for example, daily or yearly energy
generation. The energy generated from the photovoltaic panels was manually monitored
using both the display unit and the electricity meter. Electricity meter datum readings were
taken upon commissioning the systems in August or September 2007. Intermittent
readings were taken throughout the two year period with final readings taken as close as
possible to the second anniversary of the commissioning two years later. Meters readings
on occasions also tied in with the interviews which were conducted with the residents.
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Table 10 gives details of the solar systems and energy generated over the two year
monitoring period. The property identification is given in col. 1. Two readings are given for
the majority of the twenty-three properties - one from the electricity meter (col. 2, Table 1)
and one from the display unit (col. 3), except properties A, I, S and U where the display
units were either not working or missing from the property. The ratio of the two readings
(col. 2/col. 3) is given in col. 4. Two roof pitches were used in the design of the properties
(27° and 40°) and these are shown in col. 5. Col. 6 shows if the roofs were subjected to
shading. The monitoring duration for each property is given in col. 7 and varies slightly
due to the inability to gain access to some properties for the second anniversary readings.
Comments on the performance of the systems are given in col.8.
Referring to Table 10, col. 2 (electricity meter readings), the best performing PV system
generated 5717 kWh during the monitoring period whereas the worst system generated
only 1481 kWh. It is clear that there is quite a considerable variation between the various
properties and possible reasons will be investigated in the following sections. In addition,
the meter readings are, on average, 8% lower than the reading from the display unit and
further investigation is required to establish the cause.
The key data tabulated in Table 10 (cols. 1, 2, 5, 6) are illustrated in Figure 11. The
plotted data are from the electricity meters (col. 2, Table 10), which is available for all
properties. In addition, the manufacturers state that when determining the energy
generated by the PV arrays, only the readings from a calibrated meter should be used.
Referring to Figure 11, five of the 3.75 kWp systems (I, Q, K, R, L) performed reasonably
well in relation to the other properties and occupy five of the top eight positions in Figure
11. However, system U is also a 3.75 kWp array and performs less well, but other reasons
are responsible for its poor performance, as described below. The 3.75 kWp arrays were
designed to provide, on average, 3000 kWh of energy per annum (6000 kWh over two
years), however, none of 3.75 kWp systems met this specification.
The 40° roof pitches are all fitted with 3.02 kWp systems and are shade free. However,
their performance varies considerably, property F having the third best performing system
and was the only array to exceed the design specification (4927 kWh over two years as
opposed to the design specification of 4800 kWh). However, six of the nine properties
which were categorized by the designer as being shade affected exhibited a performance
at the lower end of the graph, occupying six of the lowest nine positions in Figure 11.
These properties also exhibit a 27° roof pitch. Shade affected properties T, O and P
performed better (also 27° roof pitch). Properties H, C, U, V and B all suffered operational
problems within the final quarter of monitoring (Table 10, col.11) and unsurprisingly,
occupy the last four positions in Figure 11.
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Table 10: PV monitoring data for case study 2
1

2

3

4

5

6

7

8

Prop.
ID

Energy (kWh)
Electricity
meter

Energy
(kWh)
Display unit

Ratio

Roof Pitch
(°)

Shading

Monitoring duration
(years)

Comments

A

4649

NA

NA

40

no

2.15

B

1515

1655

0.92

40

no

2.04

Not operational Jan-Aug 09, PV switched off

C

3177

3402

0.93

40

no

2.03

Encountered grid power supply switched off,
15/7/09

D

3163

3368

0.94

40

no

2.04

E

2436

2627

0.93

40

no

2.03

F

4927

5230

0.94

40

no

2.08

G

2541

2702

0.94

40

no

2.03

H

3206

3547

0.90

40

no

2.02

I*

5717

NA

-

27

no

2.04

J

2427

2628

0.92

27

some

2.04

K*

4852

5163

0.94

27

no

2.04

L*

3718

3994

0.93

27

no

2.04

M

1512

1660

0.91

27

some

2.04
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Not operational Mar-Jul 09, vandalism to power
supply

Switched on but not operational, Jul-Aug 09

!
1

2

3

4

5

6

7

N

2535

2827

0.90

27

some

2.04

O

3228

3627

0.89

27

some

2.04

P

3191

3560

0.90

27

some

2.04

Q*

5367

5766

0.93

27

no

2.03

R*

4318

4416

0.98

27

no

2.03

S

2244

NA

-

27

some

2.03

T

4275

4674

0.91

27

some

2.03

U*

1815

NA

NA

27

no

2.07

Encountered PV switched off, 15/7/09

V

1785

1956

0.91

27

some

2.03

Encountered PV switched off, 8/4/09

W

1827

1961

0.93

27

some

2.03

* indicates 3.75 kWp array, otherwise 3.02 kWp
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Figure 11 PV output from case study 2

For example, the PV arrays in properties U, V and B were inexplicably switched off for an
unknown length of time within the final seven months of monitoring, with the residents not
knowing why this had happened. The external power supply to unoccupied property C
was switched off for a period of time. This was also the case for unoccupied property H,
due to vandalism of the mains power supply. Property M did not exhibit an increase in
meter readings in the final month of monitoring. These operational issues had a bearing
on the output from the PV arrays and obviously influenced their performance.
In case study 2, the focus of the quantitative data analysis will be on exploring the
payback periods for the PV systems, as this is an issue about which there is currently little
information in the public domain.
4.3.3

Solar PV payback analysis

Solar PV performance data for two of the of the above properties (N and L) were used to
undertake a payback analysis. These two properties were selected on the basis that they
were neither the best or worst performing systems. The purpose of the payback analysis
was to:


determine how long it would take for the PV systems to pay for themselves under
different economic conditions;
!
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compare the payback periods based on assumed and actual performance data, so as
to determine the financial cost of system under-performance; and



estimate the amount by which the solar PV systems would reduce residents’ annual
electricity bills.

The first stage of the payback analysis involved constructing a discounted cashflow model
using assumed annual PV performance data, that is to say the electricity that would be
generated by the solar PV systems if they were operating to their design specifications.
For the 3.02kWp system (property N) the assumed annual output was 2,416kWh and for
the 3.75kWp system (property L) the assumed annual output was 3,000kWh. The main
assumptions included in the model were as follows:


Avoided electricity cost: 14p/kWh



Export electricity tariff: 14p/kWh



PV performance degradation rate: 0.5%/year



Increase in electricity prices p.a.: 5%



Interest/discount rate p.a.: 5%



Increase in export tariff income p.a.: 0%



The replacement of an inverter every 10 years: £450

An excerpt from the payback model using assumed data for Property L is shown in Table
11 (covering the first seven years). The payback model comprises:


The annual output of 3,000 kWh for PV system in Property L, which was estimated to
degrade by 0.5% per year37 (Table 11, Row A)



The avoided electricity costs to the residents, that is to say the cost of the electricity
that the residents would have drawn from the grid if they were not using electricity from
the solar PV system. Given that it is unlikely that residents would use all of the PV
generated electricity, we devised three different scenarios in which residents either
used 25, 50 or 75 percent of the electricity generated. The cost of electricity was
estimated to be 14p/kWh and this was increased annually by an inflation factor of 5
percent. The example in Table 11 assumes 50% was used in the home (Table 11,
Row B)



The export income generated by the solar PV system, based on an assumed export
tariff of 14p/kWh and modelled using the three different scenarios described above.
The export income was not subject to an annual inflation factor, however, we will
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discuss below what impact changes in the export tariff can have on the payback
periods of the solar PV systems (Table 11, Row C).


Both the avoided electricity costs and export income were adjusted to account for
degradation of the solar PV performance over time (Table 11, Rows D and E)



Maintenance costs are assumed to be 0 (except for replacing the inverter every 10
years, Table 11, Row F).



The capital cost of buying and installing the solar PV systems (£18,010 for the
3.02kWp system, £21,582 for the 3.75kWp system). Since the PV systems were roof
integrated, the avoided capital of a standard roof covering (estimated to be £3,500)
was subtracted from the installation cost, to give a final installation cost of £14,510 and
£18,082 respectively (Table 11, Rows G and H).



Annual net cashflows were calculated by subtracting the total annual expenditure from
the total annual income (Table 11, Row I.) The present value of each annual net
cashflow was then calculated using Equation 138 (Table 11, Row J), in order to reflect
the time value of money.

Equation 1

Where:
PV = net present value
CF = is the net cash flow (annual income – expenditure) at time t
r is the discount (or interest) rate
t is the time of the cash flow (i.e. year 1, year 2 etc…)



The net present value (i.e. the present worth of all the cashflows) at 100 years (Table
11, Row K) was calculated by taking the sum of all the annual discounted cashflows
and subtracting the capital cost of the solar PV system.



The cumulative discounted cashflow (Table 11, Row L) was calculated by adding each
successive discounted cashflow over the analysis period (100 years). The capital cost
of the solar PV system was then subtracted from the cumulative discounted cashflow
in each year of the analysis period, in order to determine the payback on the initial
capital investment (Table 11, Row M).
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Table 11: Excerpt from the solar PV payback analysis for property L based on assumed performance data and 50% export scenario
Year
0

1

2

3

4

5

6

7

0

3000

2985

2970

2955

2940

2926

2911

Annual output
A

PV output (kWh) (adjusted for degradation at
0.5% pa)
Income

B

Avoided electricity costs (50% export)

£0

£210

£221

£232

£243

£255

£268

£281

C

Export income (at 14p/kWh)

£0

£210

£210

£210

£210

£210

£210

£210

D

Avoided costs (adjusted for degradation)

£0

£210

£219

£229

£239

£250

£261

£273

E

Export income (adjusted for degradation)

£0

£210

£209

£208

£207

£206

£205

£204

Expenditure
F

Maintenance costs

£0

£0

£0

£0

£0

£0

£0

£0

G

Installation cost

-£21,582

£0

£0

£0

£0

£0

£0

£0

H

Installation cost - avoided cost of standard
roof

-£18,082

£0

£0

£0

£0

£0

£0

£0

-£18,082

£420

£428

£437

£446

£456

£466

£477

£400

£389

£378

£367

£357

£348

£339

£400

£789

£1,166

£1,533

£1,891

£2,239

£2,577

-£17,682

-£17,294

-£16,916

-£16,549

-£16,192

-£15,844

-£15,505

Calculations
I

Net cashflow

J

Discounted cash flow

K

Net present value @ 100 years

L

Cumulative discounted cashflow

M

Installation cost + cumulative discounted
cashflow

£777

-£18,082
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Figure 12 shows the estimated payback period for the solar PV system in property N,
based on the above assumptions and working at its design specification. The cumulative
discounted cashflows for the three different scenarios suggest that the solar PV system
has a very long payback period, although the time taken to break-even (when the
cumulative cashflow becomes positive) on the initial investment varies depending on what
proportion of PV generated electricity is used on-site or exported to the grid. For instance,
the payback period is 67 years when 75 percent of the PV electricity is used on-site, but in
excess of 100 years when only 25 percent of PV electricity is used on-site. However, even
when a 5 percent inflation factor is applied to the export tariff, the payback period is still 54
years in all three electricity consumption scenarios, which is clearly longer than the
design-service life of the PV system.
Figure 12 also shows the payback period of the solar PV system in property N based on
its actual performance over the two year evaluation period. The annual output of the
system (based on its average performance over two years) was 1268kWh, which means
that the system was performing at 52 percent of its design performance. The cumulative
cashflows for all three electricity consumption scenarios indicate payback periods in
excess of 100 years. Even when the export tariff is inflated by 5 percent per year, the
payback period under all three scenarios remains in excess of 90 years. This highlights
that impact that under-performance can have on the cost-effectiveness of solar PV
systems. Indeed, even when the export tariff is inflated by 5 percent per year, every 10
percent decrease in system performance results in a 7.5 year increase in the estimated
payback period.
The payback periods based on the assumed and actual performance of the solar PV
system in property L (a higher output and better performing solar PV system) are shown in
Figure 13. When the PV system is assumed to be operating at its design performance and
75 percent of PV electricity is consumed on-site, the payback period is 67 years, although
this falls to 53 years when the export tariff is inflated by 5 percent per year. However,
when the PV systems actual annual output (1859kWh or 62 percent of its design
performance) is input into the model, the payback period increases to 94 years, even
though there is a 5 percent inflation factor on the export tariff. Under these conditions, the
PV system would generate a net financial saving of £260 in the first year of operation and
cumulative net savings of £5,393 (net present value) in the first 25 years of operation. By
contrast the smaller capacity and poorer performing PV system in property N would
generate a net financial saving of £177 in the first year of operation and cumulative
savings of £3,535 (net present value) in the first 25 years of operation. However, if the PV
system in property N had been operating to its design specification, the financial savings
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in year one would have been £338 and cumulative savings over 25 years would have
amounted to £7,142 (net present value).
The scheme in case study 2 was conceived before the introduction of feed-in-tariffs,
hence the payback analysis described above reflects the economic conditions that were
present at the time it was designed and constructed. However, we developed a variant of
the payback model to see what impact feed-in-tariffs would have on the economics of the
scheme. The feed-in generation tariff, which is based on the electricity generated by the
solar PV system (regardless of whether it is used or exported), was set at 37.8p/kWh39
and was subject to a 2 percent annual inflation factor over the 25 year period that the tariff
is receivable. The export tariff was set at 3.1p/kWh and was also subject to a 2 percent
annual inflation factor. The results of the payback analysis for properties N and L are
shown in Figure 14 and Figure 15, respectively.
When using the assumed output data, the shortest payback period for properties N and L
is 16 years and 14 years, respectively, under a scenario where 75 percent of the energy
generated by the PV system is used on-site by the residents. The lower the percentage of
PV electricity consumed on-site, the longer the payback period. For property N, the net
financial savings in the first year of operation (with 75 percent of PV electricity used onsite) amounted to £1,186 and cumulative financial savings over the first 25 years of
operation amounted to £20,449 (net present value). For property L, these savings
amounted to £1,472 and £29,710, respectively. However, when the actual output data are
used in the analysis (under the same consumption scenario), the payback periods for
properties N and L increase to 66 and 21 years, respectively. For property N, the financial
savings in the first year of operation amount to £622 and over the first 25 years of
operation amount to £10,516 (net present value). These figures again underline the
impact that under-performing PV systems can have on payback periods. A summary of
the different analysis scenarios is provided in Table 12.
Increasingly, social housing providers are looking to use some or all of the feed-in-tariff as
a means of funding the capital cost of installing micro-generation technologies in their
housing schemes, although the proposed reduction in tariff levels are likely to inhibit this40.
In cases where all of the feed-in-tariff goes to the social housing provider, residents will
only benefit from the avoided costs and possibly the export tariff, the magnitude of which
will depend on how residents use electricity in their homes. For property N (using actual
output data) the avoided costs and export tariff amount to £143 in the first year of
operation, based on the assumption that residents used 75 percent of the electricity
generated in their home. However, if the PV system was operating at its design output,
the financial savings to the residents would have been £272.
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Figure 12: Solar PV payback periods for property N (3.02 kWp) based on assumed and actual performance and different electricity
consumption scenarios
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Figure 13: Solar PV payback periods for property L (3.75kWp) based on assumed and actual performance and different electricity
consumption scenarios
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Figure 14: Solar PV payback periods for property N (3.02 kWp) based on assumed and actual performance, different electricity
consumption scenarios and feed-in-tariffs
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Figure 15: Solar PV payback periods for property L (3.75kWp) based on assumed and actual performance, different electricity
consumption scenarios and feed-in-tariffs
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Table 12: Summary of the Solar PV payback analysis for properties N and L
Assumptions

Property N
Assumed

Property L

Actual

Assumed

Actual

Without feed-in tariff
Capital cost of system*
Annual solar PV output

£14,510
2,416kWh

£18,082

1,268 kWh

3,000kWh

Electricity tariff (5% inflation)

14p/kWh

Export tariff (0% inflation)

14p/kWh

PV output degradation

1,859 kWh

0.5% per year

Net present value at 25 years:
25% used / 75% exported

-£9,648

-£12,171

-£11,937

-£14,444

50% used / 50% exported

-£8,888

-£11,772

-£10,993

-£13,859

75% used / 25% exported

-£8,128

-£11,374

-£10,050

-£13,274

25% used / 75% exported

>100 years

>100 years

>100 years

>100 years

50% used / 50% exported

95 years

>100 years

94 years

>100 years

75% used / 25% exported

67 years

>100 years

66 years

>100 years

Payback period:

With feed-in tariff
Electricity tariff (5% inflation)

14p/kWh

Export tariff (2% inflation)

3.1p/kWh

Feed-in tariff (2% inflation)

37.8p/kWh

Net present value at 25 years:
25% used / 75% exported

£2,755

-£5,664

£7,675

£137

50% used / 50% exported

£4,347

-£4,829

£9,651

£1,361

75% used / 25% exported

£5,939

-£3,994

£11,627

£2,586

25% used / 75% exported

20 years

>100 years

16 years

25 years

50% used / 50% exported

18 years

>100 years

15 years

23 years

75% used / 25% exported

16 years

66 years

14 years

21 years

Payback period:

*minus cost of standard roof

The question of who should benefit financially from the feed-in-tariff is a difficult one to
answer: if residents receive some or all of the benefits, solar PV systems would make a
significant impact on fuel poverty; however, if social housing providers do not benefit from
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the feed-in-tariff, its unlikely that they will be able to afford to install solar PV systems and
residents will receive no financial benefit. This issue is discussed further in Section 5.
4.3.4

Solar thermal performance

The same properties as described in Section 4.3.2 were also fitted with solar thermal hot
water (STHW) panels (gross area: 4.67m2, 4.12m2 based on aperture area). Eight
properties with a roof pitch of 40° were included in the design whereas fifteen properties
had the STHW panels on a roof pitch of 27°. The systems used in case study 2 are
indirect, using a heat transfer fluid (glycol), and active (forced circulation via a pump). The
pump in the system is programmed to switch on when a temperature differential of 5°C is
sensed between the lower store temperature in the bottom of the cylinder and
temperature of the glycol in the solar panel. Full specification details for the solar panels
are given in Table 13.

Table 13: Solar panel specification in case study 2
Property

Remarks

Aperture area

0.343m²

Absorber area

0.224m²

Absorber type

Flat Plate

Absorber material

0.5mm aluminium sheet Alanod Microtherm Sunselect

Absorber coating

94%

Solar absorption (AM1.5)

5%

Thermal emission (100˚C)
Fluid volume

0.09L

Insulation type

Aspen Aerogel Pyrogel Blanket

Thermal conductivity of insulation

0.013W/mK

Covering

Toughened solar glass

Light transmission

91.2%

Solar Efficiency (EN 12975)
Absorber Area

(η0 - 0.847 ) ( a1 - 6.778 )

Aperture Area

(η0 - 0.57 ) ( a1 - 4.556 )

The solar energy, in kWh, was manually recorded from a Resol Deltasol BS Plus solar
controller in the pump station kit in each property. The design specification included a
temperature sensor on the return pipe near the cylinder, with the flow temperature sensor
installed near the solar collector. All pipework was fully insulated to minimise heat losses.
For a combined cylinder system (i.e. water is pre-heated in the bottom of the cylinder
before being heated to the required delivery temperature by an auxiliary boiler), the most
!

!
48

!

!
accurate method of calculating the solar energy is to consider the collector heat output in
kWh41. However, standing and pre-heat losses may occur in the cylinder and these are
ignored in our calculations. As it is difficult to measure the pre-heat losses in a combined
cylinder system42, the measured solar energy figures presented here are higher than is
actually the case, but these losses are estimated when calculating energy savings.
Solar energy datum readings were taken upon commissioning the systems in August or
September 2007. Intermittent readings were taken within the two year period with final
solar energy readings taken as close as possible to the second anniversary of the
commissioning date two years later. Solar energy readings on occasions also tied in with
interviews which were conducted with the residents to gauge their response to living in the
homes. These readings were validated via independent sensors which were installed on
solar thermal hot water systems in two properties. Financial limitations meant that only
two properties could be independently monitored - the cost of remotely monitoring the
solar controller in each property was prohibitive and therefore not achievable in this study.
Table 14 gives details of the solar systems, energy outputs and energy consumption over
the two year monitoring period for properties with high occupancy levels. The property
identification is given in col. 1. The solar energy output from the solar controller is given in
col. 2. Two roof pitches were used in the design of the properties (27° and 40°) and these
are shown in col. 3. The monitoring duration for each property is given in col. 4 and varies
slightly due to the inability to gain access to some properties on the date of the second
anniversary. The occupancy dates are given in col. 5 and relates to when at least one
person was living in the property. The occupancy dates are converted to percentage
occupancy in col. 6. For simplicity, the number and type of occupant is not considered, nor
is the time of the year to which the occupancy relates. A more accurate calculation would
prove to be very difficult since some properties are rented and the number and type of
occupant can change on a regular basis. The cylinder hot water temperature from a
typical winter's day in November/December 2008 are given in col. 7 and will be used to
explain differences in performance later in this section. Gas and electricity consumption in
kWh are given in cols. 8 and 9 respectively. The electricity consumption was taken from
the calibrated household electricity meters in kWhs but units of gas consumed were
recorded in m3 from the calibrated household gas meters and converted to kWhs using a
standard procedure as shown in Equation 2.

Gas (kWh) = Gas units x vol. conversion factor x calorific value ÷ kWh
conversion factor
Equation 2
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Table 14: Solar thermal hot water monitoring data for case study 2
1

2

3

4

5

6

7

8

9

10

Prop.
ID

Solar
energy
output
(kWh)

Roof
Pitch
(°)

Monitoring
duration
(years)

Occupancy dates

Occupancy
(%)

Cylinder
hot
water
temp.
(°C)

Gas
usage
(kWh)

Electric
usage
(kWh)

Comments

B

961

40

2.04

15/10/07 – end

92

45.0

18517

NA

Pre-pay electric meter
installed

F

549

40

2.08

1/11/07 – end

90

49.7

14904

12710

I

677

27

2.04

15/10/07 - 13/11/08; 15/12/08 - end

87

42.7

13881

6081

K

495

27

2.15

15/10/07 – end

87

50.2

12867

8166

O

200

27

2.11

15/10/07 – end

88

58.4

8729

4734

P

947

27

2.04

20/11/07 – end

87

35.5

10366

4353

R

1166

27

1.99

27/10/07 – end

92

42.9

9948

3137

S

437

27

2.03

15/10/07 – 24/05/2009; 1/06/09 end

91

58.4

15901

6851

T

476

27

1.99

15/10/07 – end

94

64.9

16097

6470

V

1990

27

2.02

15/10/07 – end

95

24.5

6371

5230

Av:

790

12758

6414

90
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The volume conversion factor (1.0226400) and kWh conversion factor (3.6) are constants
but the calorific value varies slightly from quarter to quarter. It was taken as 31.3241 in
this study as this was the value obtained from the average of several gas bills from one of
the residents. Comments on the performance of the systems are given in col. 10. The key
data tabulated in Table 14 (cols. 1-3, 6) are illustrated in Figure 16. Referring to Figure 16,
the solar energy from the STHW systems is presented according to the roof pitch on
which it is installed, either 27° or 40°. An indication of the percentage occupancy over the
two year monitoring period is also given.
There is a significant difference between the best and worst performing STHW systems
for high occupancy properties (Figure 16). The best performing STHW system generated
1990 kWh during the monitoring period whereas the worst system generated only 200
kWh. It is also obvious in Figure 16 that none of the STHW systems exceeded the design
specification of 2,128 kWh of solar energy (1,064 kWh/year - design calculations were not
available from the developer to check this specification).

Figure 16: STHW output for case study 2

The performance of STHW systems is very much dependant upon sufficient usage of hot
water from the cylinder. Allen et al 43 report that while the volume of hot water used by the
households is known to vary widely, even between otherwise similar households 44, an
Energy Saving Trust study 45 confirmed that it STHW performance is primarily dependent
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on the number of occupants. Hot water is stored at the top of the cylinder and when this is
used, it is replaced by water from the bottom of the cylinder which in turn is replaced by
mains water. If the addition of cooler water leads to a temperature differential of 5°C
between the lower store temperature and the temperature of the glycol in the solar
collector on the roof, the pump will activate to circulate the warmer glycol around the loop.
Therefore, if some properties have higher occupancy levels and a higher number of
residents, they are likely to use more hot water, since the heat transfer cycle is repeated
more often, assuming of course their is sufficient heat in the collector from solar gain.
However, a key reason for none of the STHW systems meeting the design specification is
that each property is fitted with an electric shower, meaning hot water usage from the
cylinder is significantly reduced compared to estimated water usage.
The variation in individual performance is mainly due to householders working with their
solar hot water systems and using their boilers in partnership with the system. It was
shown that householders who do not alter their boiler timings or patterns of hot water
demand will have a lower performance whereas properly timed and controlled input from
the subsidiary heating system will lead to enhanced performances46. To complement the
above theory, Figure 17 provides a relationship between the measured solar energy over
the two year monitoring period (Table 15, col. 2) and the cylinder hot water temperature
on an arbitrary winters day in November/December 2008 (Table 14, col. 7). The cylinder
hot water temperature for an afternoon at this time of the year was chosen as it is unlikely
that the STHW system will provide sufficient energy to heat the water to a usable
temperature, hence auxiliary boiler input will be required. Referring to Figure 17, the
properties with higher solar energy outputs appear to have a lower cylinder hot water
temperature and it is likely that these households alter the boiler timings to provide hot
water as and when required as opposed to continuously maintaining the water at a high
temperature. This would enable the STHW system to work at every opportunity. The
properties with highest cylinder hot water temperatures generally exhibit lowest solar
energy outputs and these can be considered as households where the boiler timings are
not altered and the STHW system is competing with limited success against the auxiliary
heater.
Due to the above reasons, it is not clear which roof slope is more conducive to solar
performance as shown in Figure 16. Besides, only two of the ten high occupancy
properties have 40° roof pitches and the results are inconclusive.

!

!
52

!

!

Figure 17: Measured solar energy versus cylinder hot water temperature

The solar irradiation available to a STHW collector varies with its azimuth47, pitch and
geographical location43. The location of the STHW panels in South Yorkshire in the UK
would mean annual global irradiation of approximately 950 kWh/m2 of panel on a
horizontal surface, assuming no shading48. For a typical UK roof pitch of 15–50°, and for
SE to SW facing installations, the energy available will be increased by approximately 10–
15% from these values44, meaning at least 1,045 kWh of global irradiation per m2 of panel.
This value also corresponds to 20 years of solar irradiation data proposed by Page and
Lebens49. Therefore, the annual gross solar resource available to the 4.67m2 collectors
was estimated as 4,880 kWh/year. The best performing system (Property V) generated
1,990 kWh over two years (on average 20% gross efficiency per annum), the worst
performing system (Property O) generated only 200 kWh over the same time period (on
average 2% gross efficient per annum). The average efficiency was only 8%. The gross
efficiency in case study 2 therefore compares unfavourably to a previous study, where it
ranged between 22-39% (average: 32%)50.
The gross area provides less favourable results for collectors when used to calculate
efficiency50. However, to enable comparisons to be made with other studies, the gross
collector area was used as opposed to the aperture or absorber area to calculate
performance data. In one previous study51, it was observed that there was a striking
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variation in the parameters monitored in each STHW system - some organisations were
not necessarily aware of what parameters should be monitored and why they should be
monitored. Performance data based on gross area were available for all studies and,
hence, were used to compare performances here.
4.3.4.1 Comparison with other studies
A comparison with other field studies both in the UK and Europe is given in Table 15.
Studies 1 (present study) and 2 are field trials in actual domestic properties in the UK (ten
and six properties respectively) whereas Studies 3 and 4 are simulated studies; the
results presented are based on the average performance of six different flat plate
collectors. Studies 5-8 provides information from a total of 171 systems in Denmark,
Germany, the Netherlands and Sweden51.The solar energy output is given in Row A and
the annual irradiation in the plane of the collector is given in Row B. The key comparative
data is given in Row C which normalises the solar energy output to 1,000kWh/m2/yr. The
solar fraction, where available, is given in Row D and is normalised to 1,000kWh/m2/yr in
Row E.
Since it is not possible to calculate accurately the pre-heat losses, the solar fraction is
based on the energy delivered to the storage cylinder in Table 15. However, an analysis
of the likely pre-heat losses was undertaken previously and these were estimated at
20%52 but these losses are ignored in Table 15 for comparative purposes. In extreme
cases, system losses can reach 60%51. Referring to Table 15, Row C, the normalised
solar energy for the current study (81 kWh/m2/yr) is well below the other UK based studies
of 290-296 kWh/m2/yr (cols. 2-4). Despite Study 2 being a field study and Studies 3-4
being simulated studies, the solar energy outputs are remarkably similar. Likewise, the
lowest normalised solar energy output on the continent is the German study (279
kWh/m2/yr, col. 6), but still much higher than in case study 2. The highest performing
study in terms of solar energy output is that from the Netherlands, 594 kWh/m 2/yr, over
seven times greater than in case study 2. The normalised solar fraction for the present
study is only 20% (Row E, Table 15), normalised to 100% occupancy. The next lowest
being the Dutch study (39%) with the remainder between 49-69%.
The results presented here give a snapshot of the performance of the STHW systems
over the two year monitoring period. This under-performance can be attributed to:


System design issues, such as the use of an electric shower and cold feed washing
machine; and



Behavioural issues, in terms of the way in which residents operate the system and
consumer hot water in their home.
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Table 15: Comparison with other STHW systems (based on gross area)
2

6

7

8

d

997

1,073

1,073

1,223

1,009

1,083

1,082

81

295

290

296

321

279

594

306

69

NA

NA

61

49

39

50

69

NA

NA

50

49

36

46

18.8

13.2

25.6

10.5

B

Annual irradiation
in plane of collector
2
(kWh/m /yr)

C

Solar energy
normalised to
irradiation levels of
2
1000kWh/m /yr

D

Solar fraction (%)

21

E

Solar fraction
normalised to
irradiation levels of
2
1000kWh/m /yr (%)

20

1,045

f

Col tank / storage
tank vol (m-1)

Sweden
331

Netherlands
643

Germany
282

Denmark
392

85

UK (South Wales)

318

UK (South Yorks)

31

Solar energy output
2
(kWh/m /yr)

a

5

UK (Bedfordshire)
c
split run-off

4

294

A

e

3
UK (Bedfordshire)
b
single run off

a

1

d

present study
estimated from [44,48,49]
e
single draw-off of 150 litres at 6pm daily
based on average energy delivered to storage cylinder
c
f
split draw-off of 60 litres at 7am, 30 litres at 12 noon and 60 litres at 5pm
normalised to 100% occupancy
b

4.3.5

Validation of data

Two properties had additional monitoring equipment installed to independently monitor the
performance of the STHW system. However, these properties were rental properties and
remained unoccupied for a substantial part of the two year monitoring period and are,
therefore, excluded from Figure 16 (low occupancy levels). The intermittent data collected
during times of occupancy was used to validate the readings from the solar controllers.
This involved installing two brass body paddle wheel flow meters (Burkert S030) on the
flow and return pipes to measure the quantity of glycol passing through the system. These
were accompanied by a pulsed output flow transmitter (Burkert 8035) which enabled the
flow to be logged by a data logger (model R-Log GPRS). Settings were based on the pipe
size and material of the flow meter, with a K factor of 49.03 being used to signify 49.03
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pulses being recorded for every litre of glycol circulating around the system. The flow and
return temperatures were also monitored using two PT100 temperature sensors. The
logger was programmed to continuously monitor at two minute intervals and send the data
on a daily basis at midnight via GPRS.
However, the data logging system did not perform as expected and there were time
periods when the data were not sent via GPRS. Despite many attempts to rectify the
problem in conjunction with the suppliers, both data loggers in the properties were
eventually changed but this only partially solved the problem; the logging system in one
property became more reliable but that in the second property continued to malfunction. In
addition, it was noticed over time that the paddle wheel flow meter also exhibited signs of
malfunction and a possible reason for this is that tiny fragments in the glycol (e.g. burrs
from the copper pipework during installation or other contaminants from storage vessels)
accumulated at the paddle wheel causing it to stick; this was also evident in other similar
flow meters being used in other studies elsewhere. Since manual readings were taken on
a random basis from the solar controllers, the aim was to match time periods where both
manual and logged data were available to enable a comparison to be made for verification
purposes. A three week period in July 2008 was selected for this from one of the
properties when manual and logged data periods corresponded and the paddle wheel
meter was working freely.
The logged data (vol. of flow, flow and return temperatures) were analysed using a Heat
Transfer Analysis method. Data were analysed to determine the quantity of energy
transferred to the water in the cylinder and Equation 3 was used for this purpose:
Q = (ρ)(V)(Cp)(ΔT)
Equation 3
where ρ = density of the glycol, kg/m3
V = volume of flow, m3, obtained from the number of pulses recorded by the data
logger (49.03 pulses per litre)
Cp = Circulating fluid coefficient, J/kgK

ΔT = Difference in flow and return temperatures, K, recorded via temperature
sensors

A full detailed analysis of this procedure is outside the scope of this report. Referring to
Table 16, the two types of readings are given in col. 1 followed by the solar energy
outputs under consideration in cols. 2 and 3 from the manual data. Col. 4 shows the
difference in solar energy output during the three week period, 175 kWh for the manual
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readings (col. 3 - col. 2) and 189 kWh for the heat transfer analysis. This gives a
difference of 14 kWh or 8% between the two. It can, therefore, be considered that the
manual data presented in this report reflects fairly accurately the performance of the solar
thermal hot water systems being monitored as a difference of 8% is within normal
research error parameters.

Table 16: Validation of solar thermal hot water monitoring data for case study 2
1

Manual readings*

2

3

4

5

Reading 1

Reading 2

Difference

4/7/08

25/7/08

Solar
energy

kWh

kWh

kWh

%

427

602

175

8

Heat Transfer Analysis**

189

* from the solar controller ** from independent flow meters and temperature sensors

4.3.6

Useful energy savings (energy displaced)

An estimate of the energy savings due to the performance of the STHW systems is given
in Table 17. Referring to Table 17, the property ID is given in col. 1 and the solar energy
output is given in col. 2. The primary circuit losses avoided (pipe losses) are given in col. 3
and are based on the fact that the boiler operates less frequently and runs for less time to
heat the solar pre-heated water. Heat losses from the pipework connecting the boiler to
the cylinder are, therefore, avoided and are added to the energy benefit of having the
solar heating system53. In this analysis, an allowance of 5% for pipe losses is made54. The
excess cylinder losses are given in Table 17, col. 4 and are based on not all solar energy
input to the cylinder being useful. Higher heat losses are evident from the cylinder due to
the solar system holding the cylinder at a higher temperature for more of the time during
the summer months than a conventional heating system would53. In this analysis, the
excess cylinder losses are estimated at 20% 55 although a more complicated analysis
based on U values was conducted elsewhere56. In reality, the solar energy input to the
cylinder that is not used, for example when the properties are unoccupied during holidays,
should not be counted towards energy savings53, but due to the complexity of monitoring
this, it is excluded from the analysis.
The useful solar energy benefit is shown in col. 5 (col. 2 + col. 3 - col. 4). In addition, the
boilers fitted to each property will have an efficiency of less than 100% but since they are
new boilers, they are assumed to have an efficiency of 90% for the purpose of calculation.
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The useful solar energy benefit in col. 5 is corrected for the boiler efficiency giving the gas
energy saved in col. 653. However, the solar controller and pump use electricity to circulate
the heat transfer fluid around the loop. In previous studies, this averaged 4%53 and 3.5%57,
so an average of 3.75% is used. This parasitic electricity is shown in col. 7, Table 17 and
is subtracted from gas energy saved (col. 6) to give the energy displaced in col. 8. The
average fuel energy displaced from the ten high occupancy properties is 359 kWh/year
(col. 8). However, a 4.67m2 STHW system generating on average only 395 kWh per
annum (Table 17, col. 2) has a gross efficiency of approximately 8%.

Table 17: Displaced energy due to the STHW system in case study 2
1

2

3

4

5

6

7

8

Prop. ID

Solar
energy
output

Primary
circuit
losses
a
avoided

Excess
cylinder
b
losses

Useful
solar
energy
benefit

Gas
energy
saved

Parasitic
c
electricity

Energy
displaced

(kWh)

(kWh)

(kWh)

(kWh)

(kWh)

(kWh)

B

961

48

(192)

817

908

(34)

874

F

549

27

(110)

467

519

(19)

499

I

677

34

(135)

575

639

(24)

615

K

495

25

(99)

421

468

(18)

450

O

200

10

(40)

170

189

(7)

182

P

947

47

(189)

805

894

(34)

861

R

1166

58

(233)

991

1101

(41)

1060

S

437

22

(87)

371

413

(15)

397

T

476

24

(95)

405

450

(17)

433

V

1990

100

(398)

1692

1879

(70)

1809

Av:

790
(395/yr)

a
b

(kWh)

estimated at 5% from [54]
estimated at 20% from [52]

4.3.7

c

746

718

(373/yr)

(359/yr)

estimated as 3.75% of gas energy saved from [53,57]

Impact of STHW systems on household load

The average gas consumption in the Yorkshire and Humber region of the UK is 18,500
kWh per annum (2007 figures)58 and 3,300 kWh per annum for electricity for a medium
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sized house, Table 18, cols. 1 and 2 59 . Referring to Table 14, the average gas
consumption for the ten properties with occupancy levels greater than 87% is, on average,
6,379 kWh per annum (12,758 kWh over two years). Since the occupancy levels varies for
these properties from 87% to 95%, an estimation of gas usage assuming 100%
occupancy can be made by simply uplifting each individual property's usage on a pro-rata
basis for the purpose of comparison. This would give an average gas consumption of
7,079 kWh (14,158 kWh over two years, Table 18, col. 3). However, the STHW system,
on average, has displaced only 359 kWh per annum for, on average, 90% occupancy
(Table 17, col. 8). Again, for the purpose of comparison in Table 18, this figure is uplifted
to 399 kWh on a pro-rata basis if normalised to 100% occupancy (Table 18, col. 4), and if
it is assumed that gas is used to meet the hot water and space heating needs in these
properties, the total average energy demand is 7,478 kWh (7,079 + 399 kWh, Table 18,
col. 5). This is 60% below the regional average (Table 18, col. 6). The average energy
displaced (399 kWh) equates to only 5% of the gas energy demand for space and water
heating as shown in Table 18, col. 7.
Applying a similar analysis to the electricity usage for comparison, the average
consumption of grid supplied electricity per annum of nine properties under consideration
(one property had a pre-pay meter so cannot be included) is 3,207 kWh, or 3,570 kWh if
normalised to 100% occupancy on a pro rata basis (Table 18, col. 3). In addition, the ten
properties generated, on average, 3,605 kWh of electricity through the photovoltaic
system over the two years (the photovoltaic systems were switched on continuously in
these properties so were unaffected by occupancy), or, on average, 1,803 kWh per
annum. It is assumed that 50% of the electricity generated through the photovoltaics was
used in the home and 50% was exported to the grid - some residents received payments
from the energy supplier based on this assumption (the scheme only included generation
and import meters, an export meter was not installed and in addition, this agreement was
prior to feed-in-tariffs being introduced). The average household consumption for the
photovoltaic generated electricity is, therefore, 902 kWh (1803 kWh x 50%, Table 18, col.
4). This gives a total household electricity consumption of 4,472 kWh (Table 18, col. 5), or
36% above the national average of 3,300 kWh (Table 18, col. 6). The average electricity
displaced by the PV generation is 20% (Table 18, col. 7).
The analysis, therefore, shows that the properties clearly benefit from being superinsulated as gas consumption is well below the regional average (60%) but electricity
consumption is over a third higher than the national average, due to the installation of the
electric shower and perhaps due to the use of the auxiliary electric immersion heater on
occasions. However, the total average energy demand for the properties is 11,950 kWh
(Table 18, col. 5), or 55% of the average use of 21,800 kWh (Table 18, col. 2)
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Table 18: Energy displaced per annum by renewable energy technologies
1

2

3

4

5

6

Average use

Average
imported
a
energy

Average
energy
b
displaced

Average
energy
demand

Regional/
national
comparison

kWh

kWh

kWh

kWh

%

Gas/STHW

18,500

7,079

399

7,478

- 60

Electricity/PV

3,300

3,570

902

4,472

+ 36

Totals

21,800

Energy

c

11,950

Table 18: Energy displaced per annum by renewable energy technologies (cont'd)
7

8

9

10

11

12

Average
energy
b
displaced

Hot water
demand

Solar
fraction
(incl.
losses)

Total
renewable
d
energy

Total
renewable
energy

Renewable
energy as
specified

%

kWh

%

kWh

%

%

Gas/STHW

5

2,091

19
2,203

18

29

Electricity/PV

20

-

-

Energy

Totals
a

based on 100% occupancy for ten properties for gas, nine for electricity
based on ten properties and gas assumed for water and space heating, 100% occupancy
c
assumed as 50% of PV energy used in the home and 50% exported to the grid
d
assumes 100% of average PV energy generation (1,804 kWh)
b

Hot water accounts for around 15% to 20% of a typical household's annual energy bill60.
Since the average energy consumption for these properties was 11,950 kWh, hot water
demand equates to 2,091 kWh (assuming 17.5% of the consumption is due to hot water
needs, Table 18, col. 8). Therefore, in this study, the STHW systems provided, on
average, a solar fraction of only 19% of the hot water needs of the properties per annum
(based on fuel energy saved and 100% occupancy, Table 18, col. 9, the solar fraction is
21% if based on the solar energy delivered to the cylinder and normalised to 100%
accuracy). The STHW suppliers estimated that 4.67m2 of solar panels should meet up to
60% of the household hot water demand per annum. However, excluding the present
study, the remaining studies in Table 15 had an average solar fraction (excluding losses)
of 54% and Studies 2 (UK) and 5 (Denmark) were the only studies with a solar fraction
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exceeding 60%. In addition, the roof tile collectors have an absorber:aperture ratio of only
0.65 (Table 13). Flat plate collectors normally have ratios much greater than this (>95%).
It appears that these solar collectors are undersized at a gross area of 4.67m2 each,
because of the low absorber area, thereby contributing to a low solar fraction.
4.3.8

STHW as a renewable energy source

It was shown above that the average energy demand of the properties under
consideration was 11,950 kWh (Table 18, col. 5). Since the renewable energy systems
had the potential of displacing 2,203 kWh of energy (399 kWh for the STHW and 1,804
kWh for the photovoltaic systems using 100% of total generation and 100% occupancy,
Table 18, col. 10), the proportion of renewable energy generated by these properties was
18% of the total energy demand (Table 18, col.11). For the purpose of comparison, if the
STHW systems provided their full specified 1064 kWh (taken as fuel energy saved as
opposed to solar energy output), in addition to the 3.02 kWp photovoltaic system
generating its specified 2,400 kWh of electricity, then approximately 29% of the energy
needs of these properties would be, on average, provided by renewable sources (Table
18, col. 12). This highlights the needs for these micro-generation technologies to be fully
functional to ensure the best possible chance of alleviating fuel poverty. The financial
impact of the under-performance of the STHW systems in this case study will be
determined by applying the payback analysis presented in section 4.3.9 to the average
system performance presented here.
4.3.9

Solar thermal payback analysis

The payback analysis for the solar thermal hot water system was undertaken using both
the assumed annual energy output (i.e. its design output) and the actual annual output for
one of the properties in Figure 16 (property R). The design output of the solar thermal
systems was 1,064kWh per annum and the actual annual output from property R was 583
kWh (based on an average its two year performance), 55 percent of its design output. The
payback analysis for property R comprised the following assumptions:


Avoided gas cost: 5.5p/kWh



Increase in gas prices p.a.: 5%



Electricity cost: 14p/kWh



Increase in electricity prices p.a.: 5%



Interest/discount rate p.a.: 5%

An excerpt from the payback model using assumed data for property R is shown in Table
11 (covering the first seven years). The payback mode comprises:
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The annual output of 1,064 kWh for the solar thermal system in property R (Table 11,
Row A), all assumed as useful energy



The avoided gas costs to the residents, that is to say the cost of the gas that the
residents would have drawn from the grid if they were not using hot water from the
solar thermal system. The cost of gas was estimated to be 5.5p/kWh and this was
increased annually by an inflation factor of 5 percent (Table 11, Row B).



Maintenance of the systems every five years, at an estimated cost of £100 (Table 11,
Row C).



The costs of the parasitic electricity used by the solar thermal system. The cost of the
electricity was estimated to be 14p/kWh and this was increased annually by an
inflation factor of 5 percent (Table 11, Row D)



The capital cost of buying and installing the solar thermal systems (£3,500). Since the
solar thermal systems were roof integrated, the avoided capital of a standard roof
covering (estimated to be £500) was subtracted from the installation cost, to give a
final installation cost of £3,000 (Table 11, Rows E and F).



Annual net cashflows were calculated by subtracting the total annual expenditure from
the total annual savings (Table 11, Row G) The present value of each annual net
cashflow was then calculated using Equation 461 (Table 11, Row H), in order to reflect
the time value of money:

Equation 4

Where:
PV = net present value
CF = is the net cash flow (annual income – expenditure) at time t
r is the discount (or interest) rate
t is the time of the cash flow (i.e. year 1, year 2 etc…)



The net present value (i.e. the present worth of all the cashflows) at 100 years (Table
11, Row I) was calculated by taking the sum of all the annual discounted cashflows
and subtracting the capital cost of the solar thermal system.
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The cumulative discounted cashflow (Table 11, Row J) was calculated by adding each
successive discounted cashflow over the analysis period (100 years). The capital cost
of the STHW system was then subtracted from the cumulative discounted cashflow in
each year of the analysis period, in order to determine the payback on the initial capital
investment (Table 11, Row K).

Figure 18 shows the estimated payback period for the solar PV system in property R,
based on the above assumptions. The cumulative discounted cashflows based on the
assumed output suggests a payback period (i.e. the time taken for the cumulative
cashflow to become positive) of 66 years (NPV at 25 years = -£1,987). However, when the
actual performance data is used in the analysis, the payback period is well in excess of
100 years (NPV at 25 years = -£2,602), which underlines the negative impact that system
under-performance can have on the economics of solar thermal systems. Indeed, every
10 percent decrease in system performance resulted in a 9 year increase in the payback
period.
The Renewable Heat Incentive (RHI) has yet to be implemented in the residential sector,
however, to see what impact the scheme might have on the payback model we analysed
the solar thermal output data based on an assumed RHI income tariff of 18p/kWh over a
20 year period (derived from figures quoted in the government’s RHI consultation
document62). Figure 18 illustrates the impact that this has on the payback periods of solar
thermal systems: when the assumed output data are used, the payback period is 16 years
(NPV at 25 years = £1,071); however, when the actual output data for property R are used
in the model, the payback period increases (NPV at 25 years = -£927) to 64 years. This
suggests that, even with the RHI in place, the financial viability of solar thermal systems
will be heavily dependent on them performing to their design specifications.
In terms of the impact that the STHW systems have on household fuel bills, based on an
assumed annual output of 1,064kWh per year (but without the RHI income), the net
financial savings to the resident (displaced gas costs minus parasitic electricity costs) in
the first year of operation were estimated to be £53. However, when the actual output data
were used for property R, the savings reduced to £27 in the first year of operation. Under
the RHI, the assumed output of 1,064kWh would generate an estimated first year saving
of £245, although this falls to £132 when the actual output data for property R are used
instead. Clearly the potential financial savings from a high performing solar thermal
system, under a scheme such as the RHI, would have a significant impact on reducing
household fuel bills and, in turn, fuel poverty. Nevertheless, this is based on the
assumption that residents would keep all (or part) of the RHI income, which might not be
the case if the landlord (or other provider) are using the RHI income to fund the purchase
and installation of the systems.
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Table 19: Excerpt from the solar thermal payback analysis for property R based on assumed performance data
Year
0

1

2

3

4

5

6

7

0

1064

1064

1064

1064

1064

1064

1064

£0

£58.52

£61.45

£64.52

£67.74

£71.13

£74.69

£78.42

Annual output
A

ST output (kWh)
Income

B

Avoided gas costs
Expenditure

C

Maintenance costs

£0

£0.00

£0.00

£0.00

£0.00

-£100.00

£0.00

£0.00

D

Parasitic electricity costs

£0

-£5.24

-£5.50

-£5.78

-£6.07

-£6.37

-£6.69

-£7.02

E

Installation cost

-£3,500.00

£0.00

£0.00

£0.00

£0.00

£0.00

£0.00

£0.00

F

Installation cost - avoided cost
of standard roof

-£3,000.00

£0.00

£0.00

£0.00

£0.00

£0.00

£0.00

£0.00

-£3,000.00

£53.28

£55.94

£58.74

£61.68

-£35.24

£68.00

£71.40

£50.74

£50.74

£50.74

£50.74

-£27.61

£50.74

£50.74

£50.74

£101.49

£152.23

£202.97

£175.36

£226.10

£276.85

-£2,949.26

-£2,898.51

-£2,847.77

-£2,797.03

-£2,824.64

-£2,773.90

-£2,723.15

Calculations
G

Net cashflow

H

Discounted cash flow

I

Net present value @ 100 years

J

Cumulative discounted
cashflow

K

Installation cost + cumulative
discounted cashflow

£1,715.09

-£3,000.00
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Figure 18: Solar thermal payback periods for property R, based on assumed and actual performance and estimated Renewable Heat
Incentive income
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This issue is discussed further in Section 5. Moreover, the payback analyses for the PV
and solar thermal systems both focused on the financial costs and benefits of microgeneration technologies. However, they did not account for non-financial costs and
benefits, such as changes to residents’ attitudes and behaviour towards energy
consumption in the home. These issues were explored through interviews with residents,
the findings from which are explored below.
4.3.10 Feedback from residents
As in case study 1, the interviews focused on a range of issues, including residents’
opinions of their homes, their understanding and awareness of how to use and benefit
from the micro-generation technologies, and their attitudes towards energy consumption
in the home.
On the whole, the majority of residents were very positive about the quality of their homes.
A number of those interviewed had previously lived in poor quality private rented or social
housing and therefore found their new homes to be a significant improvement, in terms of
providing a better quality of life and higher levels of thermal comfort:
“No, I think – I mean, we have said us standard of life certainly has improved
since we’ve been up here… because, for a start, we don’t have to have the
heating on as much, so you’re not getting bunged up as much” (CS2-011)
“It’s just everything’s like efficient and that’s the only word I can use for it. Like,
it’s a warm house. I mean, when it’s cold it is cold, you have to bang heating
on, but it don’t take long for it to get warm… In the other house you’d be, like,
putting layers and layers of clothes on… You’d be sat in the living room and
you’d be freezing with that gas fire on, plus heating, which was not efficient at
all… Gas fires they’re just a nightmare for fuel bills and, like, we had to have
that on. It were an absolute nightmare in the other house” (CS2-004)
For some residents, this improvement had manifested itself in terms of lower energy costs:
“Well, obviously the cost of living... is not as high… I mean, we find that we
don’t have to put the heating on. No, because it’s very well insulated… So it
keeps it heat in, but, you know, so obviously from a cost of living point of view
that’s the major benefit” (CS2-009)
“At the moment… me electric’s £20 a month… And gas is £30 a month. Now
compare that, I mean, I were paying 40 in other house… So it’s, like, £10
more for both, and in other house I were paying 40 for one... And gas is 30
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and gas in other house we were paying bill quarterly and when bills were
coming in it were, like, £300 a quarter… So you’re talking about nearly £100,
and we were really cutting back. We were, like, really being careful… It were,
like, as soon as you’d turn that boiler on it were just – you may as well have
just got some notes and burned them it were that bad. And, like, everything in
here it’s, like, you put hot water on and, like, five minutes it’s warm” (CS2-004)
“I have, yeah. I’ve had bills for the electric, water and gas… Water is a little bit
different and I think it’s a little bit normal than the other one, but there’s a
significant difference in gas and electricity… I think it was only £20 for the
three months” (CS2-012)
“Cheaper, we’re finding it cheaper to live here… Yes… Everything, all us
bills… We’ve just got us first payment from [the energy supplier] for solar
panels; that’s 60 odd pound… Yeah, that’s for, you know, so... April to
October… Yeah… Very pleased with that” (CS2-011)
For other residents (who had only recently moved into their homes) there was an
expectation of lower energy costs in the future due to the fact they were using their
heating systems less frequently than they had in their previous homes, as the properties
were better insulated:
“Yeah, being here six weeks not too sure… We’re assuming there will be
because the – well, the place we were in before was an older terrace house,
so it was a nice place, but at the end of the day it was an older house and it
did take a little bit more to heat up in winter and things like that, so yeah, we’re
assuming there will be benefits and just little things like not using the lights
and that” (CS2-010)
“Right, yeah, but from the bills point of view, like, ‘cause as I say, we haven’t
had a bill, but I would imagine that we’re going to be better off” (CS2-001)
Most residents also indicated that living in a ‘low-energy- home had made them more
conscious about how they use energy and water in the home:
“I think it did make us change some of our ways in, like, buying eco friendly
stuff and... Yeah, but even down to turning computers off at night and things
like that we’ve definitely changed” (CS2-008)
“Oh, yeah, it has made us conscious of using water, electricity, gas,
everything” (CS2-011)
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“But, sort of, like, with the children, you know, it’s helped them because, you
know... we explain to them that we’ve got solar power and I’ll say to them, you
know, like, not for them to waste water, and things like that, so... Yeah,
probably. Well, they’re just much more aware of it really, yeah… ‘Cause, you
know, it wouldn’t come in – if you were in a normal house I don’t think the
conversations would come in as much, would they? You’re just very conscious
about it, you know” (CS2-009)
“Yeah, you change the way, your mindset’s different, and you – I wouldn’t say
you’re more conscious, you just do it. In the other place you just hoped for the
best, you know, you’d try and cut down on the amount of heating you’re using,
but you don’t care about how eco friendly it is or what you’re doing to the earth
or anything, you just try and cut down just because you want to lower your
bills. This is different because in this, sort of – in the area that we’re living in
this bit I think people are a bit more aware of – because it’s here and it’s set
and it’s done for you, you’re kind of aware of it more, what you’re doing on the
impact of the environment and things, whereas everywhere else you’re just
not concerned” (CS2-012)
For some residents this had also had an influence on their decision-making when
purchasing appliances:
“We’ve gone for the better energy efficient appliances” (CS2-008)
“I want a bigger – one of those huge American fridge freezer things with the
ice things, yeah, but I’d be looking at the green, the eco friendliness of it, so to
speak, and the power of it to coincide, sort of, with the solar panels and things,
yeah. I’d look more on that, and if it was too much of it I probably wouldn’t get
the fridge… But I wouldn’t normally do that… I’d normally just go and buy the
nicest fridge. I wouldn’t even look at power or how efficient it was, I’d just go
and buy it just ‘cause it looks nice” (CS2-012)
Some residents had adjusted their lifestyles and daily routines in order to take advantage
of the micro-generation technologies fitted to their homes, for instance:
“Yeah, washing and things we generally do more in day… Whereas before I’d
have done it at night’ (CS2-008)
“Yeah, yeah, I’ve noticed now from – nobody showed us about that grey box
until you showed me and showed which buttons to press and which ones...
But what I use is the daily, sort of, wattage that I know, like now the sun’s out
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when I checked it, every morning I check it, and I think it was about 800 and
it’s gone to 1,000 now, so I know I start to put things on that I normally
wouldn’t use until the evening… So I’m starting to watch a little bit more on
what I’m using at what times I’m using” (CS2-012)
However, the interviews also highlighted a number of problems with the scheme, most
notably the lack of guidance and advice about how to use and benefit from the microgeneration technologies:
“We had a lot of advice about what to do and things to do, I think first thing
were on energy light bulbs … we didn’t really know much about solar panels, I
were trying to find all that out myself” (CS2-004)
“It [the information provided] was very basic… When we came to look at the
houses the lady that were showing us round the houses, you know, just, sort
of, gave us an idea that we could look at that and see how much energy we’ve
used or that we’ve produced and, you know, but I don’t think – they didn’t
know that... Oh, I definitely could have more [information] about the system,
you know, PV system” (CS2-009)
In many cases, it was the nature of the information provided that was seen as being the
issue, in that it was seen to be too technical and difficult to understand:
“It’s a bit hard getting through it [the guidance] when you’re not very technical”
(CS2-015)
“Oh yeah, we got us packs and what have you... To tell you the truth, like, I
didn’t read through them that much” (CS2-001)
“Well I’ve got whole books and... No. I mean, I haven’t really read through.
I’ve just skimmed through stuff and that, but, I mean, I were busy when I first
moved in trying to get everything right” (CS2-002)
Some residents suggested that they would have behaved differently if they had been
provided with better information and advice about how to use the micro-generation
technologies:
“We’ve got a solar panel book, I’ve got a solar panel book, but it’s just the
maintenance and manual thing, it doesn’t tell us anything. And I believe a lot
more people on the street would be more conscious of what they’re doing if
we knew how it’s working and what we’re reducing” (CS2-012)
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“Yeah, I’m home during the week so I put the washing on… Yeah, when it
needs to be done… I normally do it on a mid morning… And we would have
no problem adjusting our washing schedule to suit that. It is just a matter of,
you know, knowing about it and...” (CS2-010)
“We got the stuff for the solar panel, like, a few months after… after we
moved… We could have done with more information, yeah, well, after
realising we’d had immersion heater on the whole [time], we could have done
with some more information… Somebody to come and tell us, ‘cause even
though they gave us a folder we didn’t really… It’s like looking at a manual,
isn’t it, a bit really [laughs]?... Nobody showed us how to do that. I still don’t
really know how to use it, to be honest.” (CS2-008)
In some cases, the lack of understanding was compounded by the fact that some of the
homes are rented, which means that tenancies can change over time. However, some
new tenants had not been provided with information and guidance about the microgeneration technologies:
“I guess it’s partly because we are – we’re here for six months, maybe a little
bit longer, so it’s also our own... temporary, yeah, temporary nature...and, you
know, it would be really good to find out about it, but [his partner] is really busy
at work and I’m trying to get some things done as well and it’s good intentions,
and all that sort of thing” (CS2-010)
Other residents raised questions about the frequency and cost of maintaining and
servicing the micro-generation technologies:
“I was just wondering what services, well, how often do you have to have
panels serviced or cleaned or anything like that?... (CS2-001)
Examples were also provided of where maintenance staff had come to work on the homes,
but had not understood how to deal with the micro-generation technologies, which created
problems for residents. In some cases, residents had been left with their PV systems
switched off or with their immersion heater switched on at a very high temperature:
“Yeah, what happened was they came to fit – refit all the lights and they
switched the main switch off for the solar power that’s in the... Yeah, and I
didn’t realise they’d switched it off... and then not put it back on… So, for a few
months... and it was only when you came round and they came to take to
measurements and we realised that it’s... So I don’t – we’re not sure if it’s
made an effect on the solar power.” (CS2-009)
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Many of the residents did not understand how to use the digital display units that were
provided as part of the PV system. These display units were provided in order to help
residents to understand how the PV systems were performing in use. However, in some
cases the display unit, which many residents found difficult to use, had been misplaced or
was simply not used:
“It would be nice to know how to use it [the display unit], yeah… Just because
so we can monitor how much we’re saving and... Yeah, we know what it’s
there for. We can, sort of, guess...what the numbers mean” (CS2-008)
“I don’t think we were really explained to enough about how the solar panels
work. Because you have this device that you have to have plugged in that tells
you how much you’ve used and stuff, well, we don’t know how to use it to be
honest…” (CS2-005)
Case study 2 was conceived before the introduction of feed-in-tariffs and therefore the
most frequently cited problem in the scheme concerned the difficulties that residents
experienced in setting up their export tariffs with their energy supply companies:
“You’re supposed to get so much back from the National Grid every year, and
we’ve not really heard anything about that. … I wouldn’t know where to start
because I’ve never done anything like that before.” (CS2-005)
“It’s taken us two years… Yeah… No, we have lost two years... money…
Because nobody knew how the system worked… nobody told us we have got
to go to [their energy supplier] and join… Nobody had told us that at all… Well,
we’ve had a right do… We kept ringing them up. They kept sending us forms,
then they were telling us to send forms to this certain place, but envelope was
addressed to these other people at [their energy supplier]… And what
annoyed us most was that somebody on here moved in and within a month
he’d got £60 rebate” (CS2-011)
“I think as well with people getting, sort of, fed up with trying to get this money
and find out what they’re actually using is then starting to slip out the way a bit
of watching what they’re doing. ‘Cause they’re thinking – a lot of them think
that the electricity that’s generated that’s going back to the grid they’re just
thinking, well, they’re taking the money for it why should I bother, you know,
trying to conserve energy? And they’re just slipping out that way, and I’ve
gone that way a little bit as well. I think, well I’m not bothering, you know, I
forget about the solar panels, forget about everything, you know, it’s – I’m not
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getting not enough benefit from it now. Yeah, you do see your bills reduced,
but you’re not getting that money back or anything so you just give up” (CS2012)
For some residents, the process of setting up an export tariff had proven to be both costly
and frustrating. However, in many respects this problem was symptomatic of the lack of
guidance and support provided to residents of the scheme. The question of how address
such problem is explored further in Section 5.

4.4
4.4.1

Case study 3
Background to scheme

Case study 3 is a retrofit of GSHPs to three existing properties in South Yorkshire that
were part of a significant refurbishment programme completed in March 2010 (Figure 19).
These properties were originally built as Airey properties, a type of prefabricated house
built in Great Britain following World War II. They feature a frame of prefabricated
concrete columns reinforced with tubing recycled from the frames of military vehicles. A
series of ship-lap style concrete panels, tied back to the columns, form the external
envelope63. These properties were off the gas network and space heating was provided
by solid fuel (coal) with a back boiler for water heating.

Figure 19: Refurbished Airey properties in case study 3
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Evaluation of the scheme involved:


Analysing longitudinal energy consumption data for one of the properties in the
scheme in order to determine the impact that the ground source heat pumps (GSHP)
had on household fuel bills.



Undertaking interviews with residents during the first heating season after installation.
A total of two interviews were undertaken in January 2011.

We report below on the impact of the GSHP on household fuel bills and the residents’
perceptions of the retrofitting.
4.4.2

Impact of GSHPS on household fuel bills

Since heat pumps require electricity to operate, the project team requested access to the
historic electric bills of the properties under consideration. Two of the three residents
provided consent to the project team to analyse their electricity consumption data both
before and after installation of the GSHPs. This involved the resident providing historic
bills to the research team and also allowing the research team to contact their energy
supplier on their behalf to enable gaps to be filled. However, despite repeated requests to
the energy suppliers, information was not forthcoming. It transpired that one of the
residents had a full set of electricity bills dating back to 2005 and it was these data that
enabled the impact of the GSHP on household fuel bills to be determined. The property in
question contains three bedrooms and occupied by an elderly gentleman on pension
support. Efforts are continuing to gather more historic energy data to complement the data
presented here.
The cumulative electricity consumption from 2005 to one year after installation of the
GSHP is given for Property A in Figure 20. The historic electricity consumption consists
mainly of actual meter readings although some are estimated readings. Prior to the
installation of the GSHP in March 2010, property A had a fairly constant consumption of
energy from 2005 to 2010. However, following the commissioning of the GSHP in March
2010, the electricity consumption increased as shown in Figure 20, the increase in the
winter months (Nov-Feb) showing, as is to be expected, a higher rate of increase than in
the Spring/Summer months (April-July). This is not unexpected, since electricity is
required to operate the GSHP. The following section will analyse this increase in electricity
consumption and determine its overall impact on the household fuel bill.
The cumulative expenditure on electricity for the same period (2005-2011) for Property A
is given in Figure 21. These figures include VAT at the prevailing rate at the time of
payment and any discounts applied to the account. The figures are not standardised
(indexed) for inflation. In a similar manner to the consumption presented in Figure 20, the
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expenditure in the period up to the commissioning of the GSHP exhibits a fairly linear
profile. However, post installation, the expenditure increases at a different rate. The data
presented in Figure 21 are broadly summarised in Table 20.
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Figure 20: Cumulative electricity consumption before and after GSHP installation

Table 20: Approximate annual electricity expenditure 2005-2011 for Property A
4
5
1
2
3
Annual
Annual electric
Solid fuel
Total energy
Date
electric use
cost
cost
bill
kWh
incl. VAT & disc.
03/02/05
NA
NA
12/01/06
2548
£220.11
NA
NA
29/12/06
1657
£288.94
NA
NA
15/01/08
1411
£176.24
NA
NA
22/01/09
1338
£251.99
~£1,200
~£1,440
19/01/10
1478
£239.47
£0
£611
01/02/11
4879
£611.32

Referring to Table 20, the year is roughly based on a calendar year but since the issue of
the electricity bills can vary across the year, the datum date for the year is given in col. 1.
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The annual usage in kWh between the dates provided is given along with the annual cost
for this usage within these periods. Col. 2, Table 20 shows that electricity consumption
between 2005-2010 ranged between 1338-2548kWh (average: 1686kWh). In the year
after installation, electricity consumption jumped to 4879kWh, almost three times the preinstallation annual average (1686 kWh). The influence on cost of this increase in usage is
shown in col. 3, Table 20. The electricity bill for the year after installation of the GSHP
increased to £611, up from £239 the previous year (unindexed). The occupant has
informed the research team that his most recent expenditure on solid fuel (coal) was
approximately £1,200 (col. 4) per annum meaning his total energy bill in the year prior to
the installation of the GSHP was approximately £1,440 (Table 20, col. 5). Since the
installation of the GSHP has negated the need for solid fuel, the occupant has therefore
seen his energy bill, for the one year where data are available, decrease to £611, a saving
of approximately £829.

Figure 21: Cumulative electricity expenditure before and after GSHP installation

As the occupant is on pension support, an annual energy bill of approximately £611 would
mean an annual income of ten times this (£6,110) or greater would mean the occupant is
outside of the fuel poverty threshold. Actual income figures were not obtained. However,
prior to the installation of the GSHP, his annual energy bill of £1,440 would have meant he
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was in severe fuel poverty, hence the installation of the GSHP has had a remarkable
impact on removing this individual from fuel poverty. However, the above analysis is
based on only one household due to the unavailability of historic bills from the other
households. Further data are required to support the analysis of Property A but early signs
are very encouraging that heat pumps can help alleviate fuel poverty, especially in
properties that are off the gas network.
4.4.3

Feedback from residents

Interviews were undertaken with the residents of the two case study properties and
focused on exploring how the GSHPs had performed in their first year of operation and
during the recent cold spell in the winter of 2010-2011. In addition to the installation of
GSHP central heating systems, all three properties had benefited from the installation of
new windows, exterior doors and cavity wall and roof insulation. These improvements
were paid for by the local authority (the residents are council tenants) as part of its Decent
Homes retrofitting programme, and had clearly had a positive impact on the thermal
performance of the properties. However, both residents reported that their GSHP central
heating systems had not performed as they would have hoped during the very cold
weather and that they had experienced colder indoor temperatures than they would have
liked:
“We think the system out there is affected by the cold weather… It has been
adverse, we understand that. But in that severe spell, like I say, we couldn’t
even get 20 degrees in here” (CS3-001)
“I would say a normal winter, it might be okay” (CS3- 001)
Visitors to their homes had also noticed that the properties were colder than they should
have been:
“They [his son and daughter] have noticed its not very warm. And when I go to
their places, they have it set to 22, 23 and I can feel the difference when I go
in” (CS3-001)
“At first I though it was just me because I am nesh, I always have been, even
when I was younger. I’ve always had cold hands and feet… But me niece
came one day and she didn’t take her coat off and she’s one of these people
that, even when I’m muffled up, she’s, you know, too hot and she went home
and said to her mother – me sister told me when I went – she said you know it
was cold in my aunty [interviewee’s] today. So I thought, well its not me” (CS3002)
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Both residents are elderly and had resorted to adopting measures to cope with the cold,
for instance by wearing warmer clothes indoors or by using an electric fire as an additional
heating source, something which will clearly increase their electricity costs:
“In the winter time when its really cold you need 21, 22 really. So we’ve had to
compensate by putting the fleece on or… Don’t get me, I’m not saying we’ve
been really cold, but we’ve had to put a fleece on, just round the shoulders, for
the evening and I’ve been using the oil radiator, only on about number 1, to lift
it up to about 22” (CS3-001)
“It can’t cope with the really cold weather. I’ve had to use an oil-filled radiator.
And I’ve had that as a back-up. In that severe cold that we’re just had, it was
only reaching 17 degrees in here [the lounge]” (CS3-001)
“But I’ve got a stool there, so what I do in the evening when I settle down to
watch telly, I put me feet up on stool on a cushion and if I’m cold I’ve got a
shawl, well I’ve got everything handy [laughs]. I got a shawl to put round me
shoulders. I can’t say I’ve been absolutely frozen, just not warm enough... But
this last week or so its been alright” (CS3-002)
“I mean, when you’re cold there’s nothing much you can do is there, you keep
making a hot drink. You see I’ve already been, well up to last few years, active
and I used to have a dog you know, we used to go out for a couple of hours
every afternoon and well I used to go out first thing in the morning with her for
an hour and, you know, but I can’t do it now you see. So I suppose, in a way,
because I’m not as active, that’s why I’m feeling cold. By time I’m ready for
bed, wrapped up and everything, I’m quite cosy. And I’ve been warm enough
in bed, I’ve never been cold during the night” (CS3-002)
“And you know the fire’s alright, but for one thing it gets on your nerves, you
know the noise of it, because it you’ve got heating on its noisier than if you’ve
just got it lit up. And you can’t feel it, you know when I used to sit here and I’d
got me coal fire, I could feel it round me legs and that. But this, if I stand up to
it I can feel it, but it seems to… I put it [the electric fire] on as soon as I get up
and some days its never been off, when it was really cold, you know” (CS3002)
Neither resident felt that the their new heating system was as effective as their previous
coal-fired central heating system:
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“The solid fuel system was very good. Although it was an open fire, it was very
good” (CS3-001)
“I mean when we first came down here, there were no central heating there
was just a coal fire. They were cold then in winter. Since then, they did put a
central heating in with the coal fire, and I no problems with that at all. It was
smashing” (CS3- 002)
“Well, I mean it were a lot of work, coal fire, you know. Although I knew I
should miss it because I’ve never known any different. Yeah, although that
[the electric fire] shows red and that, its not the same, its noisy, with it being a
fan” (CS3- 002)
“They [the new radiators] take that long to warm up… They take about an hour
to warm up… So you’ve got to think ahead” (CS3- 001)
However, both residents had an expectation that they would save money with their new
heating system, although they were concerned that these savings might be at the
expense of their comfort:
“I feel myself that is has [made a difference to her energy bills]. Especially this
year, because I mean its gone up. My sister still has coal and it were £12 a
bag when I had it and I think she said its £13 this year. So I know electricity
has gone up as well, so I don’t know. But I was pleasantly surprised when I’ve
had a my bill and if you notice my summer bill is round about same as its
always been for summer. But its also got me hot water. ‘Cause I didn’t always
have a fire, if it were warm, I used to use my immersion heater but I’m not
saying I used to use it [the immersion heater] on a regular thing, because, with
me being nesh, I often used to light me fire and let it go out” (CS3-002)
“We were concerned about was it efficient. We were told that it was cheaper
than solid fuel by quite a good margin. But we don’t know yet because I
haven’t really had a bill since November 4” (CS3-001)
“Well it is a lot of money, a £1000 a year [for the solid fuel]. You know, not
working. I’m a senior citizen… And it’s a big chunk out of your income” (CS3001)
“I think myself, I mean I’ve not sat down and added everything up, but I feel
that its not as expensive but its not as good, because I’ve found when its been
– I know its been exceptionally cold – its not good enough. You can turn that
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thermostat up to 30, which I have done, and radiators get no warmer and
they’re only warm. Well, I’ve bought a couple of fleeces – sleeveless fleeces –
to wear and I’ve got me shawl round me and I’ve got me feet up on a stool and
me legs covered up. And in evening – I’m not so bad when I’m knocking
about, you know during day – but if I come to sit down, which I do a lot of
these days” (CS3- 002)
Both residents also cited a number of positives aspects to their new central heating
systems and the retrofit process, including:
“Well I mean, don’t miss making it [the coal fire] in a morning and when it was
really bad with snow, I was glad I hadn’t got to go out fetching coal in and all
that, so I’m not grumbling about that, its just that I’d thought it would have
been warmer than it is. Although as I say, days like this I’m okay… I know it
was exceptionally cold… I’m trying to find excuses for it like” (CS3- 002)
“I’ve never had any problems with that [the hot water], its always hot” (CS3002)
“They were very good, plumbers and electricians. I more or less sat in a chair,
they moved everything, they were very helpful. And they were all nice,
pleasant. In fact, plumbers, I were first one they’d done, I were guinea pig. But
they were really nice and helpful, you know. I couldn’t have had better
workmen. And electricians were same” (CS3- 002)
Nevertheless, one resident raised concerns about the level of understanding and
competence of some of the installation staff:
“He [the electrician] came with the thermostat and the first thing he said was
‘Oh dear, where does this go?’… He looked at it [the GSHP] and said ‘God,
what’s this, where does this go’?.. The lads don’t know the system. They need
some type of tuition or course on it” (CS3- 001)
The local authority had been made aware of the problems that the residents were
experiencing with their new central heating systems and were in contract with the GSHP
supplier in order to have the problems resolved:
“He did ring up because one of ‘em [someone from the local authority) did
want to know how we were going on and he said he was going to get [the
GSHP supplier] to come and check them out” (CS3- 001)
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However, at the time of writing it is not known what was causing the system underperformance or whether the GSHP central heating systems are now functioning to their
design specifications.

5. Conclusions and recommendations
Micro-generation technologies are still relatively uncommon in the UK residential sector
and, until comparatively recently, were considered to be mainly the preserve of ‘active’
adopters, that is to say households with an interest in energy conservation issues and the
financial means to purchase such technologies64. The introduction of feed-in tariffs and
the impending implementation of the Renewable Heat Incentive (RHI) mean that this
situation has started to change. However, there is still a very limited understanding of how
such technologies perform in use, particularly in homes occupied by ‘passive’ adopters –
households that have had micro-generation technologies installed in their homes for free
or have moved into a home already fitted with micro-generation technologies.
Our review of the existing body of research into the in-situ performance of microgeneration technologies in the UK (Section 3 and Appendix A) highlighted a range of
issues concerning the use of such technologies in the residential sector, not least the
danger of assuming that systems are operating to their design performance (many do not)
and the significant impact that residents’ behaviour can have on system performance.
However, despite this existing research, there is very little robust evidence about the
impact that micro-generation technologies can have on household fuel bills or the degree
to which they represent value for money. Such evidence is essential if policymakers and
social landlords are to make more informed decisions about the use of micro-generation
technologies as a measure for alleviating fuel poverty.
In this study we therefore set out to determine: whether micro-renewable energy
technologies can be used to alleviate fuel poverty; which micro-renewable energy
technologies offer the most cost-effective means of alleviating fuel poverty; and the factors
that influence the cost-effectiveness of such technologies. In doing so we focused on
three types of technology: GSHPs, STHW systems and solar PV systems. Case studies of
three micro-generation schemes focused on monitoring the performance of the
technologies and, where possible, collecting historical energy bills in order to evaluate the
financial impact of the technologies. In addition to this, we also undertook interviews with
residents in all three schemes in order to find out what they thought of the microgeneration technologies installed in their homes. The key conclusions arising from these
case studies are discussed below.
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5.1

Can micro-generation technologies be used to alleviate fuel poverty?

Households in fuel poverty spend more than ten percent of their income on adequately
heating their home. The rationale behind using micro-generation technologies to alleviate
fuel poverty is based on the fact that they are designed to displace conventional sources
of energy from utility companies, which in turn should mean that households need to
spend less money on their energy bills, as a proportion of total household income. The
money saved can therefore be used by residents to maintain a more comfortable space
heating regime – with the consequent benefits in terms of health and wellbeing – or to
improve their quality of life in other ways, for instance by enabling a better diet. However,
the evidence from our case studies provides a mixed picture of the impact that microgeneration technologies can have on fuel poverty in the UK.
The magnitude of the financial savings generated by the STHW systems in case studies 1
and 2 suggest that this type of micro-generation technology will have a minimal impact on
alleviating fuel poverty, a finding that concurs with the conclusions of a recent study
undertaken by National Energy Action (Appendix A, study no. 4). For instance, in case
study 2 a STHW system performing to its design specification would only generate
estimated net financial savings for the household of around £50 per year, based on the
assumptions in our financial model. Although the validity of these assumptions can be
debated, the financial benefits to residents are still likely to be relatively small, a finding
that substantiates the results of an earlier study by the Energy Saving Trust (Appendix A,
study no. 6). This is not to say that STHW systems are not a useful renewable energy
resource; it is simply that they appear to have a marginal impact on fuel poverty. Moreover,
the limited impact that they do have on fuel poverty is an indirect one, as they do not
contribute to space heating, and hot water demand accounts for only about 15-20%60 of a
household’s total energy bill.
One could argue that STHW systems will have a more significant impact on fuel poverty
under the Government’s forthcoming RHI scheme. Based on our analysis for case study 2,
under the RHI a STHW system performing to its design specification would generate
annual savings of approximately £240 per year. Nevertheless, experience from the solar
PV market suggests that the RHI income would be used by social housing providers to
fund the costs of purchasing, installing and maintaining the STHW systems, which means
that that residents would only benefit financially from the avoided costs. The net impact on
residents’ energy bills would, therefore, be the same as if the RHI was not in operation.
Based on the evidence from case study 3, GSHPs appear to be an effective measure for
alleviating fuel poverty, particularly in homes that are not connected to the gas network
and therefore rely on solid fuel heating systems. The annual net financial savings in one of
the case study properties were in excess of £800, which will clearly have a significant
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impact on reducing the proportion of household income spent on fuel. However, case
study 3 also highlighted the importance of ensuring that GSHPs are operating to their
design specifications. The GSHPs in case study 3 were clearly not functioning as they
were designed to do (for reasons that have yet to be established) which meant that the
residents of the properties were not able to maintain an adequate heating regime during
the recent cold spell. Nevertheless, evidence from other studies (Appendix studies no. 3
and no. 7) suggest that, when adequately sized and functioning properly, GSHPs can
provide adequate levels of warmth and are capable of supplying a large proportion of a
household’s space heating requirements.
Solar PV systems can have an indirect impact on helping to alleviate fuel poverty:
although they cannot be used for space heating, they can give rise to a reduction in
household energy bills and provide residents with some protection against future
increases in energy prices. The financial savings that solar PV systems generate could
enable residents to offset a significant proportion of their space heating costs and thereby
maintain a more comfortable space heating regime. Based on the assumption that the
solar PV systems in case study 2 were operating to their design specifications, our
financial models (based on a scenario prior to the introduction of feed-in tariffs) suggest
that each system could generate financial savings of between £340 and £420 per annum,
depending on the specification of the system. Such savings would clearly make a
significant difference to household energy bills. However, many of the solar PV systems in
case study 2 were not performing to their design specification, which means that these
savings were not being realised by residents.
So far our conclusions have been concerned primarily with the financial impact of microgeneration technologies. However, micro-generation technologies can also provide
households with non-financial benefits, many of which are difficult to quantify and include
in financial models. For instance, many of the residents in case studies 1 and 2 claimed
that living in a property fitted with solar panels had made them more conscious of how
they use energy and water in the home, and raised their awareness of other issues, such
as waste recycling. Some residents suggested that it had influenced their purchasing
decisions, for example when buying new electrical appliances for their homes. If enduring,
such changes in attitudes and behaviours are likely to give rise to a reduction in energy
demand and household energy bills.

5.2

Which micro-generation technologies are most cost-effective?

The cost-effectiveness of micro-generation technologies is a function of the capital cost of
purchasing, installing and maintaining the systems on the one hand, and the savings
generated by the systems on the other hand. For instance, the STHW systems in case
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study 2 cost £3,000 each to install, but the financial savings generated were
approximately £50 per annum (based on their design performance). The time taken for
these systems to pay for themselves was therefore in excess of 60 years. For underperforming systems, the payback period was in excess of 100 years, which suggests that
STHW systems are not a very cost-effective measure for alleviating fuel poverty: the
money invested would have been better spent on other energy efficiency measures or
other types of micro-generation technologies. However, the cost-effectiveness of STHW
systems would improve if they are included in the RHI scheme. Our analysis of case study
2 suggests that, under the RHI, the payback period for a STHW systems performing to
their design specification would decrease to 16 years, although under-performing systems
would still not be cost-effective.
The introduction of feed-in tariffs in the UK has clearly transformed the economics of solar
PV systems and, in doing so, made them a much more cost-effective measure for
alleviating fuel poverty. Based on the evidence from case study 2, a 3.75kWp solar PV
system performing to its design specification would have a payback period of just 15 years,
under a scenario where the household is using half of the electricity generated on-site.
However, without the feed-in tariff, the same system would have an estimated payback
period of 94 years. Again though, the analysis for case study 2 underlines the importance
of ensuring that solar PV systems are functioning properly; even with feed-in tariff income,
the payback period for under-performing solar PV systems increases significantly, to the
extent that systems are no longer cost-effective measures for reducing fuel poverty.
The magnitude of the savings generated in case study 3 suggest that GSHPs are a costeffective measure for alleviating fuel poverty. Although the GSHP central heating system
in case study 3 cost approximately £8,000 to purchase and install (other systems can cost
much more than this), it generated over £800 of financial savings in its first year of
operation. In case study 3, the GSHP displaced a solid fuel heating system, with running
costs of £1,200 per year. However, with gas prices increasing and average household gas
bills in the UK moving upwards of £800 per year65, GSHPs might, despite their higher
initial costs, eventually become a cost-effective alternative to gas-fired central heating
systems. Moreover, the savings generated by the GSHPs in case study 3 are likely to
have been greater if the system had been functioning properly, since residents had
resorted to using their electric fires as an additional heating source, which will have lead to
an increase in their electricity bills. The economics of GSHPs are likely to become even
more favourable under the RHI scheme, which will make it more viable for social landlords
to invest in such technologies. Our conclusions therefore support those of the Scottish
heat pump pilot study referred to in Section 3 (Appendix A, study no. 3).
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5.3

What factors influence the cost-effectiveness of micro-generation
technologies?

The cost-effectiveness of micro-generation technologies can be influenced by a wide
range of factors, including system design, the quality of installation, household energy
consumption patterns, user behaviour and system maintenance. However, it can also be
affected by changes in the cost of the energy that the technologies are displacing – an
increase in energy prices will give rise to an increase in avoided costs – and the price paid
for the energy that they generate, through schemes such as the RHI and feed-in tariffs.
The latter point was illustrated in case study 2, where the payback periods for the solar PV
systems benefiting from feed-in tariffs were estimated to be as low as 15 years.
Our review of the existing research on STHW systems (Section 3 and Appendix A)
suggested that their cost-effectiveness is highly dependent on household hot water
demand and consumption patterns, a findings that was confirmed in case study 2. STHW
systems perform less effectively in smaller households with low levels of hot water
demand, a problem that can be exacerbated by the use of electric showers and the
proliferation of cold-fill washing machines. However, even in households with high levels
of hot water demand, the cost-effectiveness of STHW systems will depend on when
residents use hot water and when they fire their boiler. In case study 1, some residents
had adjusted their daily routines to take advantage of the hot water generated by their
STHW system and had turned their boiler off during summer months. However, such
changes in behaviour are dependent on residents having an understanding of how the
systems work, which in turn dependent on the quality of the guidance and advice provided
to them post-installation.
The specification of STHW systems will also have an impact on their cost-effectiveness –
the STHW systems in case study 2 appeared to be under-sized for the size of the
properties that they were installed in – as will the servicing and maintenance regime
employed. For instance, in case studies 1 and 2 there were instances of residents being
uncertain as to how often their STHW system would need servicing and who was
responsible arranging and paying for this - despite the residents in case study 1 being
informed in writing at the time of installation that they would be responsible for a service
12 months after installation. Most of the residents in question were on low incomes, so
there is a risk that if residents are unable to meet the costs of servicing and maintenance,
systems will eventually stop functioning. In case study 2, a lack of understanding amongst
maintenance staff had lead to STHW systems and solar PV systems malfunctioning, for
instance because of cylinder thermostats being set too high or isolating switches being
turned off. This undermined the financial benefits to residents and underlines the need for
social housing providers to develop a coherent maintenance strategy for micro-generation
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schemes. The introduction of the RHI scheme will help in this regard, since social housing
providers that are using it to fund micro-generation schemes will be keen to ensure that
systems continue to function to their design specifications.
The cost-effectiveness of solar PV systems was found to be highly dependent on the
proportion of PV generated electricity that households use on-site. The higher the
proportion of electricity used on-site, the more cost-effective the systems. For instance,
before the introduction of feed-in tariffs a 3.75kWp solar PV system performing to its
design specification had an estimated payback period of 94 years when 50 percent of PV
generated was used on-site. However, the same system had an estimated payback period
of 67 years when 75 percent of PV generated electricity was used on-site. Households
should therefore use high-demand and long-cycle electrical appliances at times when their
solar PV systems are operating at peak-output. Nevertheless, such a change in behaviour
depends on residents having a good understanding of how to maximise the benefit from
their PV systems and ensuring that residents can monitor the performance of the systems
in real-time. In case study 2, many residents had not been provided with appropriate
guidance about their PV systems and the display units that they had been given were not
very intuitive or user friendly.
As is the case with solar PV systems and STHW systems, performance problems will
have a negative impact on the cost-effectiveness of GSHPs. The GSHPs in case study 3
were both malfunctioning and were therefore unable to achieve the indoor temperatures
required by residents. Residents therefore resorted to using their electrical fires as an
additional heating source, which will have lead to an increase in their electricity bills.
Performance problems with GSHPs have been reported elsewhere (Appendix A, study no.
5) and were attributed to differences in installation practices and the way in which
residents used the systems. Such examples highlight the importance of ensuring that, on
the one hand, systems are installed by experienced tradesmen and that, on the other
hand, residents of properties fitted with GSHPs know how to use the systems efficiently. It
also underlines the need for system performance to be monitored so that any issues can
be identified and resolved.
The impact of the GSHP in case study 3 underlines the fact that micro-generation
technologies are most effective when deployed in conjunction with other energy efficiency
measures and should not therefore be used in isolation. Even when benefiting from feedin tariffs and the RHI scheme, the payback period for micro-generation technologies still
exceed those of other energy efficiency measures, such as cavity wall insulation and
draught-proofing. Reducing demand for energy by improving energy efficiency should,
therefore, be seen as a prerequisite to using micro-generation technologies to alleviate
fuel poverty in the UK.
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Notes
1

From Department of Trade and Industry (2007; p76)

2

Vulnerable households are those containing children, elderly, sick or disabled people.

3

From Department of Energy and Climate Change (2011a; p.9)

4

Gilbertson et al. (2006)

5

Liddell and Morris (2010)

6

For example, see Rudge and Gilchrist (2007)

7

Green and Gilbertson (2008)

8

Howden-Chapman et al. (2008)

9

National Audit Office (2009)

10

Sefton (2002)

11

Gilbertson et al. (2006)

12

Howden-Chapman et al. (2009)

13

Critchley et al. (2007)

14

Walker (2008)

15

From Purple Market Research (2010, p.40)

16

National Energy Action (2009) and Clear Plan UK and Logan Project Management
(2008)
17

From Ownergy (2010, p.2)

18

Ochsner (2007)

19

Clear Plan UK and Logan Project Management (2008)

20

Ibid, p.22.

21

Energy Saving Trust (2010)

22

ibid, p.15.

23

Energy Saving Trust (2000)

24

Kalogirou (2004)

25

National Energy Action (2009)

26

For example, see Darby (2006), Fischer (2008), Ueno et al. (2006) or Wood and
Newborough (2003)
27

Martin and Watson (2001)

28

Energy Saving Trust (2001)

29

BRE (2009)

30

Munzinger et al. (2006)

31

Bahaj and James (2007)

32

For example, see Energy Saving Trust (2006), Firth et al. (2008) or Mansouri et al.
(1996).
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33

For example, see Greening et al. (2000), Sorrell (2007), Roy (2000) or Haas and
Biermayr (2000)
34

Bahaj and James (2007, p.2136)

35

A practical guide to degree day analysis is provided in Carbon Trust (2010)

36

From Carbon Trust (2011, p.2)

37

For a discussion of PV performance degradation, see Dunlop and Halton (2006)

38

From Banks, E. (2010, p.398)

39

See www.decc.gov.uk

40

See Department of Energy and Climate (2011b)

41

Energy Saving Trust (2001)

42

ibid

43

Allen et al. (2010)

44

BSI (1989)

45

Energy Saving Trust (2008)

46

Powell and Monahan (2009)

47

see http://en.wikipedia.org/wiki/Azimuth

48

Suri et al. (2007)

49

Page and Lebens (1984)

50

Martin and Watson (2001)

51

Bates et al. (1999)

52

Energy Saving Trust (2001)

53

BRE (2009)

54

Energy Saving Trust (2003)

55

Energy Saving Trust (2001)

56

Cruickshank and Harrison (2010)

57

BRE (2009)

58

Department of Energy and Climate Change (2009)

59

Lynas (2008)

60

EST on behalf of BC Watchdog

61

From Banks (2010, p.398.)

62

Department of Energy and Climate Change (2010, p.46)

63

McArthur (1993)

64

Dobbyn and Thomas (2005)

65

Ofgem (2009)
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Appendix A: Summary of in-situ studies of micro-generation technologies in the UK
No.

Authors

Technology

Methodology

Key findings

1

Munzinger et al.
(2006)

Solar photovoltaic
(n=474)

Evaluation of 28 separate sites (474 PV
systems), involving monitoring of energy
generation/consumption and a questionnaire
surveys of developers and residents.

Wide variation in the performance of different PV systems only a minority performed well. Underperformance was
attributed to technical issues such as inverter failures and
shading. Solar fractions varied between 20 percent and 80
percent, the average being 51 percent. Electricity generated
from the systems was expensive, the average being
47.5p/kWh, due to the high installation costs.

2

Bahaj and
James (2007)

Solar photovoltaic
(n=9)

Evaluation of nine new build homes in
Hampshire, including monitoring of energy
generation and consumption, and follow-up
discussions with residents.

On average the solar PV systems generated 1,235kWh of
electricity over a 12 month period. Although there was very
little variation between the performance of the different
systems, solar fractions varied significantly due to different
household electricity load profiles. Energy consumption in
the majority of properties increased during the monitoring
period.

3

Clear Plan UK
and Logan
Project
Management
(2008)

Ground source air
pumps (n=27)

Pilot scheme comprising 83 ‘off-the-grid’ homes
in Scotland. Interview and questionnaire surveys
of residents, collection of household income
data, monitoring of indoor room temperatures
and modelling of financial and CO2 savings
using National Home Energy Rating (NHER)
software.

Increase in mean indoor temperatures and greater
temperature stability. Some residents felt warmer and more
comfortable. Heat pumps were more expensive to install
than alternative systems (oil and electric storage), however
lower running costs mean that they were more cost
effective than oil-based heating systems. Residents require
enhanced levels of advice and support in order to get the
most out of the systems.

Air source heat
pumps (n=56)
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No.

Authors

Technology

Methodology

Key findings

4

National Energy
Action (2009)

Solar thermal hot
water (n=125)

Standardised questionnaire survey of 109
households across England that had received a
solar thermal hot water system.

Majority of residents did not understand how to use the
solar thermal hot water systems effectively, which
underlined the need for better support and guidance.
System performance was undermined by low hot water
demand due to properties having electric showers, cold-fill
washing machines and small numbers of occupants.

5

Energy Saving
Trust (2010)

Ground source air
pumps (n=54)

Monitoring of 83 heat pump systems across the
UK and a survey of residents to find out their
experience of using the systems.

There was a wide variation in the coefficients of
performance of different heat pump installations. Only 13
percent of heat pumps performed well. Reasons included
poor design/installation practices and the ways in which
residents used the systems.

Air source heat
pumps (n=29)
6

Energy Saving
Trust (2001)

Solar thermal hot
water systems
(n=8)

Monitoring of eight solar thermal hot water
2
systems (4m aperture) on a new build social
housing development over a 12 month period.
The results for three systems are reported.

The average solar fraction for the three properties was 55
percent and the average annual estimated energy savings
were 816kWh. Annual displace gas cost savings were £16
and annual average parasitic electricity costs were
estimated to be £7. The average unit cost of energy
generated by the systems was 27p/kWh. Payback periods
decreased as the solar fraction increased.

7

Energy Saving
Trust (2000)

Ground source
heat pump (n=1)

Monitoring of a ground source heat pump in an
‘off-the-grid’ property over a 12 month (March
1998 – February 1999) period, including logging
of indoor and outdoor temperatures .

The heat pump supplied 15,255kWh of energy for space
heating and 3,425kWh for domestic water heating.
10,855kWh of this energy was from the ground, a coefficient of performance of 3.16. The heat pump met 91.7
percent of space heating demand and 55.3 percent of hot
water heating demand. Annual running costs were
estimated to be 10 percent higher than a gas condensing
boiler, 20 percent higher than an oil fired boiler but at least
30 percent cheaper than electric storage heating.
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Technology

Methodology
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8

BRE (2008)

Solar thermal hot
water systems
(n=6)

Monitoring over a 12 month period of six solar
2
thermal hot water systems (3.05m aperture)
installed in new build properties in Sheffield and
Suffolk.

Solar fractions varied between 26 percent and 70 percent,
due to differences in household behaviour and under-sized
solar stores/cylinders. Average energy savings were
1,178kWh per year and average parasitic electricity
consumption was 41kWh per year.

9

Energy
Monitoring
Company Ltd
(2001)

Solar thermal hot
water systems
(n=4)

Monitoring over a 24 month period of four solar
thermal hot water systems in England and
Scotland.

Solar fractions varied between 55 percent and 76 percent
across the four sites.
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