
Applied Energy 130 (2014) 403–418

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Elsevier - Publisher Connector 
Contents lists available at ScienceDirect

Applied Energy

journal homepage: www.elsevier .com/locate /apenergy
Investigating the importance of motivations and barriers related
to microgeneration uptake in the UK
http://dx.doi.org/10.1016/j.apenergy.2014.05.047
0306-2619/� 2014 The Authors. Published by Elsevier Ltd.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).

⇑ Corresponding author. Tel.: +44 161 275 4808; fax: +44 161 275 4812.
E-mail addresses: paul.balcombe@manchester.ac.uk (P. Balcombe), dan.rigby@

manchester.ac.uk (D. Rigby), adisa.azapagic@manchester.ac.uk (A. Azapagic).
Paul Balcombe a,b,c, Dan Rigby b,⇑, Adisa Azapagic a

a School of Chemical Engineering and Analytical Science, The University of Manchester, Manchester M13 9PL, UK
b School of Social Sciences, The University of Manchester, Manchester M13 9PL, UK
c Sustainable Consumption Institute, The University of Manchester, Manchester M13 9PL, UK

h i g h l i g h t s

� Research on factors affecting adoption of microgeneration technologies in the UK.
� Home resale value is the largest concern amongst microgeneration rejecters.
� Availability of reliable information remains a significant barrier for considerers.
� Increasing awareness of household energy self-sufficiency would boost uptake.
� Green Deal may have a limited impact on capital cost and home-resale barriers.
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a b s t r a c t

Microgeneration technologies such as solar photovoltaics, solar thermal, wind and heat pumps may be
able to contribute to meeting UK climate change and energy security targets, but their contribution to
UK domestic energy supply remains low. This research uses a best-worst scaling survey of microgener-
ation adopters, considerers and rejecters (n = 291) to determine the relative importance of different moti-
vations and barriers in microgeneration (non) adoption decisions. The most important motivations are
earning money from installation, increasing household energy independence and protecting against
future high energy costs. Results indicate that the introduction of Feed-in Tariffs has clearly encouraged
a new, more financially-motivated, group to install. Financial factors are the most important barriers and
of most importance to rejecters is the prospect of losing money if they moved home. The Green Deal was
introduced to reduce this barrier, but may instead exacerbate the problem as potential homebuyers are
put off purchasing a home with an attached Green Deal debt. The difficulty in finding trustworthy infor-
mation on microgeneration is also a major obstacle to adoption, particularly for considerers, despite
efforts by the government and microgeneration interest groups to reduce this barrier. Self-sufficiency
in energy is a more important motivation for those considering or having rejected installation than for
adopters. Provision of accessible information and greater emphasis on household self-sufficiency in
energy could help improve the uptake.
� 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/3.0/).
1. Introduction

Microgeneration is the generation of electricity and/or heat
from a low carbon source [1] at a scale suitable for households.
For example, the UK government limits microgeneration capacity
to 50 kW for electricity and 45 kW for heat. The microgeneration
technologies include solar photovoltaic (PV), micro-wind,
micro-hydro, micro-CHP, fuel cells, solar thermal and heat pumps
(air, water and ground source).

The UK government aims to increase uptake in microgeneration
in order to meet climate change and renewable energy targets [2]
and to improve energy security [3]. A number of incentive schemes
have been implemented since 2010 and uptake has increased in
particular for solar PV: from approximately 5000 installations in
2010–400,000 in July 2013 and the total number of microgenera-
tion installations was 520,000 [4,5].

However, the overall contribution of microgeneration in the
domestic sector remains low, accounting for �0.2% of the total
energy supplied to households [4]. Significant barriers to wider
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adoption exist that must be overcome if microgeneration is to
contribute to UK climate change and energy security targets, such
as high capital costs.

Recent research into the consumer perceptions of microgenera-
tion has identified many motivations and barriers in the adoption
decision (as discussed in Section 3), but their relative importance
remains unknown. Therefore, this research provides new under-
standing and knowledge of the relative importance of various
motivations and barriers and how this relative importance var-
ies between those who adopt and those who reject microgenera-
tion. This understanding allows recommendations to be made
to policymakers and the microgeneration industry that would
help increase the uptake. For these purposes, we use a sample
comprising existing adopters, those who are considering installing
and those who have rejected it. The specific aims of the research
are to:

� identify the motivations and barriers associated with the
consumer decision whether to install a microgeneration
system;
� elicit the relative importance of these motivations and barriers

and any differences between adopters, considerers and rejecters;
� identify the differentiating factors between those who adopt

and those who reject installing a microgeneration system; and
� identify improvements that could be made in policy and within

the microgeneration industry and to identify population seg-
ments that would be most affected by them.

In the next section, the paper describes the background to
this research in terms of recent policies that have impacted
on microgeneration uptake and Section 3 gives an overview of
recent research into the factors affecting consumer adoption. This
is followed in Section 4 by a description of the methodology.
Results are presented in Section 5 and a discussion which relates
the research findings to microgeneration policy appears in Sec-
tion 6. Conclusions are drawn in Section 7, including recommenda-
tions for both policy makers and microgeneration suppliers.
2. UK microgeneration policy

A number of policies have been recently implemented to
remove financial barriers to microgeneration uptake: the Feed-in
Tariff (FIT) [2], Renewable Heat Incentive (RHI) [6] and more
recently the Green Deal [7]. The Microgeneration Strategy [3] also
included a number of measures to remove non-financial barriers.
These policy measures and their impact on uptake are described
briefly below.
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Fig. 1. Feed-in Tariff (FIT) payment rates and the number of installations per month
2.1. Feed-in tariffs

The FIT scheme was introduced in April 2010 and offers a fixed
payment to households for every unit of energy they generate by
approved, electricity-generating microgeneration installations;
this is paid for by the household’s electricity supplier. Depending
on the technology, the tariffs were designed to give an annual
return on investment of 5% [8] with the payments guaranteed for
20–25 years.

Since the implementation of FITs, the global solar PV market has
grown significantly, leading to a fall in UK installation costs by
approximately 50% by 2012 [4]. Over the same period, there was
a 15% increase in the UK electricity price, further reducing payback
times. In October 2011, the UK Government launched an emer-
gency tariff review and proposed reducing the tariff for small solar
PV by half, to 21 p/kWh [9]. The short notice period given for the
tariff change, approximately 6 weeks, caused much concern within
the industry due to the expected rush to install before the deadline
and the subsequent industry redundancies after this period [10]. A
group of microgeneration suppliers contested this change at the
UK Supreme Court and the tariff change was temporarily rescinded
until April 2012 [10]. As predicted, there was a spike in the number
of installations before, and a sharp drop in installations observed
after the cut (see Fig. 1). The process by which the tariff rate was
changed may also have caused a degree of uncertainty or scepti-
cism amongst potential adopters, adding to the barriers to
adoption.
2.2. Renewable heat incentive

Renewable Heat Incentive (RHI) is an equivalent incentive to
the FIT scheme but for heat generators. However, the RHI is still
not available for the domestic sector – after many delays, it is
expected to be implemented in Spring 2014 [11,12]. While
awaiting the RHI, the Renewable Heat Premium Payment (RHPP)
has been offering a small grant since August 2011: £300 for
solar thermal systems (which typically costs £5000 to install),
£850 for air source heat pumps (costing £6000–10,000), £950
for biomass boilers (£5000–£12,000) and £1250 for ground
source heat pumps (£9000–£17,000). These grants have doubled
for each technology since May 2013 [13,14]. However, house-
holds that are connected to the central gas grid, which represent
85% of the UK housing stock [15], are only eligible for a solar
thermal system grant. This limits the potential uptake of the
scheme, reflected in the fact that since the initiation of the
grant, only 9000 new microgeneration systems have been
installed [16,17].
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2.3. Green Deal

The Green Deal, implemented in Jan 2013, facilitates loans for
the capital cost of various energy efficiency measures for resi-
dences and businesses. The loans are paid back at a fixed rate with
estimated fuel bill savings resulting from the improvements and
are automatically added to the property’s energy bill [18]. Energy
improvements such as insulation, double glazing and some forms
of microgeneration can be installed by accredited installers, paid
for with a loan from an accredited private loan company. Loan
interest rates are 7–9% and the repayment term is 10–25 years.
The improvement work must be recommended by an accredited
home energy assessor and the Green Deal stipulates that the loan
is permitted only if the monthly repayments are lower than the
predicted fuel bill savings [7].

Thus, the Green Deal seeks to address the capital cost barrier
and eliminate the risk of not recouping the investment as the
repayment is offset against fuel bill savings. However, since the
Green Deal began, uptake has been slow. The number of prelimin-
ary household assessments reached 38,000 by mid-June 2013, but
very few households subsequently applied for Green Deal finance
(245 applications by June 2013) and none had been implemented
[19].
2.4. Microgeneration strategy

The Microgeneration Strategy [3] was published in 2011 and
suggests pathways for the microgeneration industry to reduce a
number of non-financial barriers to greater uptake. Such
barriers are concerns about performance and durability and the
availability of trustworthy information and advice. In particular,
the strategy outlined the task of the Microgeneration Certification
Scheme (MCS) to ensure that technological and installation stan-
dards were met. The MCS is an accreditation scheme for installers
and technologies, which aims to ensure that any installed product
meets the required set of standards [3]. In order for a household to
receive any of the incentives described above, the microgeneration
technology and installer must be accredited.
3. Existing research on the motivations and barriers affecting
adoption

Previous research has identified a number of motivations and
barriers that affect adoption of microgeneration, including finance,
environmental concerns, self-sufficiency, uncertainty and trust,
inconvenience and impact on residence. These are reviewed briefly
next, as a way of introduction to the research carried out in this
work. For a more comprehensive review, see Balcombe et al. [4].
3.1. Finance

Capital cost has repeatedly been found to be the main barrier to
installing microgeneration [e.g. 20,21–24]. For many people, the
capital cost is either unaffordable [22] or they cannot earn enough
money from the installation to warrant the investment [25]. How-
ever, the introduction of the FITs has improved payback time and
the significant increase in solar PV uptake suggests that the chang-
ing financial landscape has further motivated people to adopt.
There is also concern that the installation will have a negative
impact on the home value: the resale value of the home would
either not increase proportionally with the capital investment, or
would put off potential homebuyers such that the home value
decreases. Currently, there is limited research into the effects of
microgeneration on house resale value [26–28].
3.2. Environmental concerns

Many people are motivated to install by the desire to improve
the environment [24,29]. However, a number of studies suggest
that there is little desire from households to pay extra for this envi-
ronmental improvement [24,30–32]. Households may be moti-
vated by the environmental motive to consider installing, but the
decision is more often based on financial or other factors than envi-
ronmental benefit [31,33,34]. One other environment-related
motivation to install is to demonstrate environmental commit-
ment to others via technologies which are visible outside the prop-
erty, such as solar panels or wind turbines [35,36].
3.3. Self-sufficiency

The motivation to increase the household’s self-sufficiency in
energy or independence from the central electricity grid is also
important to potential adopters [36–38]. The recent increases in
energy prices have also contributed to a desire to protect against
future price rises [39]. Guarding against power cuts [39] may also
be a motivation but no UK study has considered this within their
research. Recent concerns raised by the UK gas and electricity reg-
ulatory body Ofgem (Office of Gas and Electricity Markets) regard-
ing the tightening margins between the quantity of electricity
supply and demand within the next two years [40] suggest that
this motivation may become more important as the risk of power
cuts increases.
3.4. Uncertainty and trust

There are also barriers to adoption relating to uncertainty over
technological performance of a microgeneration system [35,41–
43] and the suitability of their home [3]. Fuelling this uncertainty
has been the perceived lack of reliable or trustworthy information
[20,44]. Consumers are often unaware of information and advice
centres [3,42] and there is also a lack of trust in suppliers and
installers [3], with numerous examples shared online of poor
installation experiences [e.g. 45] or aggressive product-selling
[32,46].
3.5. Inconvenience

Installing a microgeneration system often involves major mod-
ifications to the household heating or electricity system [22,47].
There may also be a change in day-to-day use of the heating/elec-
tricity system, with different technologies requiring different
modes of operation, space requirement (e.g. heat pumps, biomass)
or frequent refuelling (biomass boilers) [22]. Other barriers include
a change in maintenance requirements and complexity of the sys-
tem [48].
3.6. Impact on residence

There is a space requirement associated with retrofitting house-
holds with some technologies and is a particularly significant bar-
rier for smaller households. The zero-carbon homes initiative [49]
eliminates this barrier for new-build homes: by 2016 homes must
either have a microgeneration installation or be connected to a dis-
trict renewable energy system in order to comply [50]. However,
the barrier for the 25 million existing UK homes remains. There
is also an aesthetic impact on the house by installing a microgen-
eration system and concerns are often raised about neighbour dis-
approval [27,42].
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3.7. Differing perceptions across the UK population

The various motivations and barriers described above may
impact upon a household’s adoption decision, but the extent to
which they impact upon the decision varies considerably across
the population. Although adoption is highest amongst 45–65 year
olds [29,42,51,52], awareness is higher for under 45-year-olds
and they more frequently consider installing [53] but less fre-
quently install [42]. The correlating factors with age that affect
uptake may be the level of available income for investment, house
size or likelihood of moving house [52,54]. A number of studies
also find that there is greater adoption amongst those with higher
income and a higher level of education [25,54–57]. A higher
income may somewhat mitigate the capital cost barrier, but the
causality between adoption and education is less clear.
4. Methodology

While the studies discussed in the previous section have identi-
fied a number of factors that affect the adoption decision, they did
little to identify how important they are in the adoption decision.
This is the focus of the present research which aims to identify
the relative importance of consumer motivations and barriers
associated with the adoption decision and to identify relative dif-
ferences between adopters, considerers and rejecters across popu-
lation segments. The aim is also to suggest improvements in policy
and within the microgeneration industry that could help to
increase uptake.

4.1. Questionnaire design and data collection

To achieve the above aims, an online survey of adopters, consi-
derers and rejecters has been carried out using the questionnaire
developed as part of this research. To help design the question-
naire, first a comprehensive list of motivations and barriers was
identified through a literature review detailed in Balcombe et al.
[4] and summarised in Section 3. Semi-structured telephone inter-
views were then undertaken with a sample of 12 adopters, consi-
derers and rejecters to refine the list of motivations and barriers.
The interviews lasted approximately 20 min and participants were
asked to describe their interest in microgeneration: what moti-
vated them, what put them off and any background information
related to these factors. While these topics were followed broadly,
the open nature of semi-structured interviews also allowed for
new topics to be discussed, depending on what the interviewees
said. As a result, eight motivations and 14 barriers were identified
and included in the survey; these are listed in Table 1. The survey
was carried out using the best-worst scaling (BWS) method to help
Table 1
Motivations and barriers considered in the survey.

Motivations

1. Save or earn money from lower fuel bills and government incentives
2. Help improve the environment
3. Protect against future higher energy costs
4. Make the household more self-sufficient/less dependent on utility companies
5. Use an innovative/high-tech system
6. Protect the household against power cuts
7. Increase the value of my home
8. Show my environmental commitment to others
elicit the relative importance of the motivations and barriers in the
adoption decision; BWS is described further below.

The survey was carried out online between October 2012 and
March 2013. Recruitment was undertaken via advertisements
placed on a number of websites and microgeneration forums, as
well as to approximately 20 renewable energy showrooms in the
UK. Leaflets were also distributed in neighbourhoods where one
or more property had installed a solar panel – as these were visible
from the outside the property, they indicated clearly the adopters.
Based on the previous research, it was also possible that other
neighbours might be considerers, motivated by their adopter-
neighbours [58,59].

Respondents were asked which of the following statements
applied to them: I have bought a microgeneration system (adopt-
ers); I am currently thinking about buying a microgeneration sys-
tem (considerers); and I have thought about it and decided not to
buy a microgeneration system at this time (rejecters). They were
then asked to complete the BWS survey, which is described in
the next section. The full questionnaire can be found in Supple-
mentary material.

In total, 291 respondents completed the survey with a relatively
even split between adopters (n = 113), considerers (n = 87) and
rejecters (n = 91). Their characteristics are discussed in Section 5.
4.2. Best-worst scaling

BWS is a survey method in which respondents are asked repeat-
edly to select the best and worst options (in this case motivations
and barriers) within a set. They make repeated pairs of best/worst
choices, each set with a different combination of options shown.
The choices are analysed to reveal the relative importance or pref-
erence associated with the options, based on random utility theory
(see Section 4.3) and the assumption that the frequency of selec-
tion of an item as best or worst indicates the strength of preference
for that item [60,61].

Fig. 2 shows an example of a choice task used within the survey.
For items A, B, C and D, the selection of A as best and B as worst
suggests that A > (C & D) > B, providing preference orderings on 5
of the 6 possible pairwise comparisons [62]. Repeated choice tasks
with differing motivations or barriers allow an estimate of the
probability that, given a certain set of motivations, item x will be
selected as best and item y as worst, from which the relative
importance of each item can be inferred.

Respondents were asked to complete five choice tasks for moti-
vations, each comprising four motivations, and seven choice tasks
for barriers, each consisting of five barriers. The total number of
times each motivation and barrier should appear for each respon-
dent (the number of items per choice set multiplied by the number
Barriers

1. Costs too much to buy/install
2. Cannot earn enough/save enough money
3. Home/location not suitable
4. Lose money if I moved home
5. High maintenance costs
6. System performance or reliability not good enough
7. Energy not available when I need it
8. Environmental benefits too small
9. Take up too much space
10. Hassle of installation
11. Would not look good
12. Neighbour disapproval/annoyance
13. Disruption or hassle of operation
14. Hard to find trustworthy information/ advice



Fig. 2. An example subset of motivations taken from the best-worst scaling survey.
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of choice sets, divided by the number of items) should normally be
approximately three, in order to produce statistically significant
results [63]. Preliminary testing of the survey suggested that 12
choice sets were acceptable without resulting in respondent fati-
gue. The number of items per choice set is typically four or five
and a study by Orme [63] on the internal validity of such BWS
experiments suggests that there is little advantage in more than
five items per set. Thus, the survey was designed such that each
motivation and barrier appears approximately the same number
of times for all respondents across all the choice sets: an average
of 2.5 times per person.

As far as we are aware, this is the first time BWS has been used
to elicit consumer perceptions of microgeneration. Other studies
have used open ended interviews with qualitative analysis
[36,64], closed format questions or rating scales with descriptive
statistical [e.g. 29,41,42,65] or regression analysis [55]; environ-
mental valuation economic studies have used choice experiments
[22,32] and the contingent valuation method [24,66]. The BWS
methodology was selected over other methods for its suitability
for eliciting importance values over large sets of independent
items. Asking respondents to rank items over large sets has been
shown to prompt greater likelihood of anomalous choice behav-
iour, hence the desire to reduce the cognitive load via small sets.
The cognitive load is further reduced by only asking respondents
to make judgements at the extreme (best/worst) rather than rank-
ing all items shown [67]. BWS also forces the respondent to dis-
criminate between the different items by having to select a best
and worst option, thus respondents cannot simply rate each item
as of ‘middling’ importance, as is the case with agreement scale
methods (e.g. Likert scales). Additionally, there is no scale use bias
associated with the method as respondents do not explicitly rate
each motivation and barrier on an absolute scale which is vulner-
able to systematic differences in respondents tendency to (not) use
certain portions of the scale. BWS also avoids differences in inter-
pretation of terms such as ‘‘very’’ and ‘‘quite’’ often used as labels
in such rating scales. Finally, the random utility models estimated
on BWS data yield ratio-scaled importance scores, rather than just
a rank order, which provide more information and help to under-
stand the results better.

4.3. Data analysis

As mentioned earlier, random utility theory has been used to
reveal the relative importance of preferences. The importance of
each motivation and barrier is expressed as follows [60]:

Ux ¼ Ix þ ex ð1Þ

where Ux is the relative importance of motivation or barrier x, Ix is
the systematic element of importance (the importance level
measured within the study) and ex is the unobserved error compo-
nent, which accounts for internal inconsistencies in the choices. Ix is
estimated by making an assumption regarding the error terms
which are independent and identically distributed (iid), i.e. they
all have the same probability distribution.

The best-worst choice tasks are used to estimate the probability
of each motivation or barrier being selected as best or worst, given
a certain subset of motivations or barriers. Probabilities for the dif-
ferent pairs within the subset are then transformed into relative
importance values using the multinomial logit (MNL) rule [68]:

PðxyjCÞ ¼ eIx�Iy

PK
1 eIj�Ik

ð2Þ

where P(xy|C) is the probability that item (motivation or barrier) x is
selected as best and item y is selected as worst within subset C; j
and k are two of the non-selected items in subset C and K is the total
number of pairs of items in subset C. A relative importance value Ux

is estimated for every motivation and barrier except one, which is
the reference value by which to measure the relative importance
of the other items. In this study, the reference motivation was Show
my environmental commitment to others and the reference barrier
was Hard to find trustworthy information/advice.

A Hierarchical Bayes (HB) model was used to estimate individ-
ual-level importance scores. Individual-level importance scores
allow us to analyse the variation of importance scores across the
sample, which is an advantage over an aggregate MNL model
(which yields average importance scores over the whole sample).
The survey was designed and data collected and analysed using
Sawtooth software: Maxdiff and CBC Hierarchical Bayes [69]. The
HB model is hierarchical as it is an iterative operation between
two distinct levels of parameter estimation [70]. On the lower
level, individual-level MNL scores are estimated from each individ-
ual’s choice sets. However, there is not enough survey data to fully
estimate each parameter for each individual as this would require
more choice sets for each respondent potentially resulting in a
greater respondent drop-out rate. In order to fill in these informa-
tion gaps, importance values and covariances are taken from a set
of normal distributions from the whole sample: this is the upper
level [71]. The new estimate for the individual-level scores then
allows a new estimate for the upper-level mean importance scores
and covariance matrix. The number of iterations carried out is
specified (20,000 in this model) and the importance scores are esti-
mated by taking the average values over the iterations (after a
‘burn-in’ period of 10,000 iterations to negate the influence of
starting values of importance scores and the covariance matrix).

A number of covariates are used in the model in order to
improve estimates of the upper-level normal distribution of impor-
tance values. If a covariate has a significant effect on the model the
different covariate values significantly alter the prediction of the



Table 2
A summary of the characteristics of the sample, showing the breakdown for adopters, considerers and rejecters.

Variable Total Adopters Considerers Rejecters

Mean Standard error Mean Standard error Mean Standard error Mean Standard error

Which technology have you installed/considered? n = 291 n = 113 n = 87 n = 91
Solar PV 0.85 0.021 0.85 0.034 0.84 0.040 0.86 0.037
Solar thermal 0.44 0.029 0.27 0.042 0.58 0.053 0.52 0.053
Micro-wind 0.18 0.023 0.062 0.023 0.30 0.049 0.22 0.044
GSHPa 0.17 0.022 0.027 0.015 0.26 0.048 0.24 0.045
ASHPb 0.13 0.020 0.12 0.030 0.20 0.043 0.088 0.030
Biomass 0.13 0.020 0.062 0.023 0.23 0.045 0.11 0.033
Micro-CHP 0.048 0.013 0 0 0.10 0.033 0.055 0.024
Micro-hydro 0.024 0.009 0.018 0.012 0.057 0.025 0 0

Income n = 282 n = 106 n = 86 n = 90
<£20,000 0.25 0.026 0.24 0.04 0.28 0.049 0.24 0.046
£20,000–£30,000 0.17 0.022 0.16 0.036 0.22 0.045 0.13 0.036
£30,000–£40,000 0.15 0.021 0.11 0.031 0.16 0.040 0.17 0.040
£40,000–£50,000 0.12 0.020 0.11 0.031 0.14 0.038 0.12 0.035
£50,000–£60,000 0.071 0.015 0.094 0.029 0.035 0.020 0.078 0.028
£60,000–£80,000 0.10 0.018 0.10 0.030 0.058 0.025 0.14 0.037
£80,000–£100,000 0.050 0.013 0.066 0.024 0.047 0.023 0.033 0.019
>£100,000 0.085 0.017 0.11 0.031 0.058 0.025 0.078 0.028

Gender n = 289 n = 111 n = 87 n = 91
1 = Male, 0 = Female 0.79 0.024 0.83 0.036 0.77 0.045 0.77 0.044

Age n = 264 n = 102 n = 78 n = 84
Years 53.9 0.771 55 1.04 51.2 1.56 54.9 1.46

Occupationc n = 281 n = 108 n = 85 n = 88
Employed 0.59 0.029 0.59 0.048 0.58 0.054 0.61 0.052
Retired 0.27 0.026 0.31 0.045 0.20 0.044 0.27 0.048
Student 0.032 0.011 0 0 0.071 0.028 0.034 0.019
Unemployed 0.11 0.018 0.093 0.028 0.15 0.039 0.080 0.029

Educationd n = 291 n = 113 n = 87 n = 91
Bachelor’s degree (or equiv) 0.59 0.029 0.66 0.045 0.49 0.054 0.60 0.052
Master’s degree (or equiv) 0.31 0.027 0.35 0.045 0.24 0.046 0.33 0.050

a Ground source heat pump.
b Air source heat pump.
c Nine types of occupation were considered but only the types for which correlation was found are shown.
d Eight education groups were considered but only the groups for which correlation was found are shown.
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importance weights. Each of the 10,000 HB iterations produces an
estimate of the effect of the covariate and this may be either posi-
tive (i.e. a change in the covariate from the reference value
increases the importance weight) or negative (decreases the
importance weight). The covariate effect is significant if over 95%
of the iterations are either positive or negative [71].
5. Results

The sample characteristics are given in Table 2 for the total
sample and the three sub-groups: adopters, considerers and
rejecters. Mean responses are given alongside the standard error
of the mean as a measure of the average variance within the
group. Further detail in the responses can be found in the
Appendix.

The demographic of the aggregate sample was similar to that of
a typical adopter [4,29,42,51,52]. In comparison to the UK 2011
Census data, the sample was older (54 compared to 48 years
old1), educated to a higher level (60% had a Bachelor’s degree or
higher, compared to 27% in England and Wales) and wealthier (med-
ian income £30,000–£40,000 versus the UK average £26,500) [72].
Whilst there is little difference between the adopter and rejecter
groups, considerers are far closer to the national average with a
lower income (median of £20,000–£30,000), age (51 years old) and
1 This figure is derived from the 2011 Census statistics [72] and considering only
those aged 18 or over.
level of education than the rest of the sample (although still twice
that of the national average).

It is important to note that these three groups are not static or
necessarily homogeneous in their preferences. Adopters are an
aggregated group who have installed different technologies at dif-
ferent times and perhaps for different reasons. Fig. 3 shows the dis-
tribution of the year of installation or rejection across the sample
of adopters and rejecters indicating that over 75% of adopters
had installed since the FITs were introduced in 2010. Fig. 4 reflects
the proportion of the whole sample that considered/installed each
technology. The vast majority of adopters have installed a solar PV
system. Some have installed solar thermal (25%, normally in addi-
tion to a solar PV system) but very few other technologies have
been installed, which is consistent with the current number of
installations of different microgeneration technologies in the UK
[4].

The following sections detail the survey results for the motiva-
tion for and barriers to installing microgeneration in the UK.

5.1. Motivations for installing microgeneration

As described in Section 4.3, choice models were estimated using
an HB technique to elicit importance values for motivations and
barriers, the results of which are given in Table 3. The values
shown are the measure of relative importance given to each moti-
vation, whereby the sum of importance values for each group
always equals 100. The sample was treated in aggregate (adopters,
considerers and rejecters together) as all groups were presented
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Table 3
Estimates from the Hierarchical Bayes model of relative importance of each motivation and barrier for adopters, considerers and rejecters, with the standard error of the mean as a
measure of variance.a

Adopters Considerers Rejecters

Mean Standard error Mean Standard error Mean Standard error

Motivations
Make the household more self-sufficient/less dependent on utility companies 23.6 1.04 27.7 0.93 26.3 0.82
Save or earn money from lower fuel bills and government incentives 22.7 0.87 21.0 1.21 25.0 0.85
Protect against future higher energy costs 24.1 0.76 23.1 1.04 26.5 0.64
Help improve the environment 16.6 1.10 15.2 1.43 11.2 1.23
Increase the value of my home 3.7 0.64 2.3 0.55 3.0 0.62
Use an innovative/high-tech system 2.7 0.42 2.7 0.63 1.2 0.38
Show my environmental commitment to others 5.0 0.89 3.5 0.95 2.0 0.61
Protect the household against power cuts 1.5 0.43 4.5 0.74 4.7 0.78
Root Likelihood 0.73 0.01 0.71 0.01 0.76 0.01

Barriers
Costs too much to buy/install 14.5 0.64 18.3 0.55 15.5 0.71
Hard to find trustworthy information 11.9 0.70 13.2 0.84 8.1 0.80
System performance or reliability 10.6 0.52 10.5 0.65 8.9 0.61
Cannot earn enough/save enough money 9.4 0.60 12.1 0.77 12.1 0.78
Lose money if I moved home 11.4 1.90 5.5 1.25 18.6 2.96
Home/location not suitable 8.5 0.81 6.0 0.76 8.1 0.94
Energy not available when I need it 8.1 0.65 8.6 0.67 6.9 0.59
Hassle of installation 6.6 0.63 5.0 0.63 4.7 0.63
High maintenance costs 4.9 0.35 8.1 0.54 4.7 0.42
Environmental benefits too small 4.7 0.42 4.1 0.52 5.1 0.65
Disruption or hassle of operation 4.8 0.48 4.4 0.52 2.8 0.37
Take up too much space 1.8 0.25 1.6 0.29 2.6 0.41
Would not look good 1.3 0.30 1.6 0.43 0.9 0.25
Neighbour disapproval/annoyance 1.5 0.37 1.1 0.29 1.0 0.27
Root Likelihood 0.55 0.01 0.57 0.01 0.57 0.01

a Individual importance scores were transformed, rescaled and averaged across each adopter, consider and rejecter group. For each respondent, the raw scores were first
zero-centred (a mean score of zero across the set of parameters) by subtracting the mean value from each parameter. Each parameter was transformed using the equation

eUi

eUiþa�1
, where Ui is the zero-centred importance score and a is the number of items in each set (4 for motivations, 5 for barriers) [63]. Finally, the parameters were rescaled

such that the summation of the parameters equals 100.
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with the same motivations and barriers to adoption, in order to eli-
cit importance scores for each respondent, as shown in Table 3. The
individual level scores, as well as individual root likelihood (RLH)
estimates2 [73,74], were then averaged over the adopter, considerer
and rejecter groups to give average group scores. Fig. 5 illustrates
these importance scores of each motivation for each adopter, consi-
derer and rejecter group. The error bars on each estimate represent
the standard error of the mean importance scores (shown in Table 3).
The model fit of the HB models (0.71–0.76 for motivation models
and 0.55–0.57 for barrier models) was judged acceptable [74].
2 The root likelihood is a measure of model fit, defined as the geometric mean of the
probabilities of each respondent selecting each choice that they did, given the
estimated model. The maximum theoretical RLH value (a perfect model fit) is 1,
whilst a minimum value (with no model fit, called the null RLH) equates to the
reciprocal of the number of items per choice task [73]. A rule of thumb for acceptance
of the model is a RLH that is double the null RLH value: 0.5 for motivations [4 items
per choice set: (1/4) ⁄ 2 = 0.5] and 0.4 for barriers [5 items per choice set: (1/
5) ⁄ 2 = 0.5] [74].
The covariates used for the estimation of models on motivations
were: adopters, considerers and rejecters (3 groups); income (8
groups; see Table 2); age (continuous); level of education (3
groups: no Bachelor’s degree, Bachelor’s degree, Master’s degree
or equivalent); and technology adopted/considered/rejected (4
binary groups3 (yes/no): solar PV, solar thermal, wind and ground
source heat pumps). These covariates were found to significantly
affect importance estimates and notable differences are described
below.

As shown in Fig. 5, four motivations are found to be consis-
tently more important than the others, of which three relate to
finance and independence from power companies: saving or
earning money from the installation, increasing household inde-
pendence and to protect against future high energy costs. The
fourth top motivation, desire to help improve the environment, is
3 All technologies were tested as covariates during the analysis but only solar PV,
solar thermal, wind and ground source heat pumps had a significant impact on the
parameter estimations.
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consistently below these financial motivations, but its relative
importance to them is variable across the three groups. For reject-
ers saving money from lower fuel bills is 2.3 times as important a
motivation as improving the environment, but for adopters and
considerers, it is only 1.4 times as important.

The rest of the motivations matter little relative to the top four
factors, yet there are notable differences among the groups. Protec-
tion against power cuts is far more significant an issue for consid-
ers and rejecters than for adopters. Saving money from lower fuel
bills is 15 times more important than such protection for adopters,
but only 5 times more so for considerers and rejecters.

Adopters are more motivated by the desire to show their envi-
ronmental commitment to others, relative to both financial and
pure environmental motivations. Hence improving the environ-
ment is only 3.3 times more important than showing that commit-
ment to others for adopters, whilst for considerers and rejecters it
is 4.3 and 5.6 times more important. Saving or earning money is
4.5 times more important than exhibiting environmental commit-
ment for adopters whilst for rejecters it is 12.5 times more impor-
tant (see Fig. 5).

Considerers are less motivated to earn money from the installa-
tion, relative to the other motivations, than rejecters and adopters.
Considerers have a lower income than adopters and rejecters and
the inclusion of income group as a covariate in the model shows
that lower income groups (in particular household incomes of
<£20,000 and £30,000–£40,000) are also 16–21 times less
motivated to save or earn money from the installation; this is dis-
cussed further in Section 6.1.

Another group significantly less motivated by earning money
from the installation are adopters who installed prior to 2010,
the year in which FITs were introduced. These results are shown
in Fig. 6 which illustrates the differences in motivation importance
scores between adopters before 2010 (n = 28) and from 2010
onwards (n = 85). Saving or earning money was 1.7 times more
important than improving the environment for later adopters,
but 1.4 times less important for earlier adopters. Therefore, the
introduction of FITs has created a new group of adopters who exhi-
bit much greater financial motivations to install.

Adopters who installed prior to 2010 were also significantly
more motivated by showing their environmental commitment to
others. This motivation was twice as important compared to those
who installed since 2010. The motivation to increase the value of
their home was twice as important for the post-FIT adopters,
although still relatively unimportant in the adoption decision
(5 times less important than the top most important motivations;
see Fig. 6).

5.2. Barriers to installing microgeneration

There is a much greater variation of importance values across
the different barriers than motivations, as illustrated in Fig. 7
which shows the relative importance of each barrier to the sample
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sub-groups. The covariates used for the estimation of barriers
were: adopters, considerers and rejecters (3 groups); income (8
groups; see Table 2); age (continuous); likelihood of moving home
within five years (5 groups: very likely, fairly likely, no idea, fairly
unlikely and very unlikely); and technology adopted/considered/
rejected (6 binary variables (yes/no): solar PV, solar thermal, wind,
ASHP, biomass and CHP).

Financial barriers (high capital costs, not earning or saving
enough money and the risk of losing money if moved home) were
found to be the most important. For adopters and considerers, the
most important barrier was the high capital cost, which was 50%
more important than not earning enough money from the installa-
tion. Surprisingly, the largest barrier for rejecters was the prospect
of losing money if they moved home, 60% more important than for
adopters and 3 times more important than for considerers. The dif-
ficulty in finding trustworthy information is also a significant bar-
rier for most and is approximately as important as not earning or
saving enough money from the installation for considerers,
1.3 times more important for adopters and 1.5 times less impor-
tant for rejecters. Aspects of particularly little importance for all
groups were that the system would not look good and concerns
about neighbour disapproval and were between 10 and 17 times
less important than the capital cost barrier.

Both considerers and rejecters are significantly more put off
by not saving/earning enough money than adopters: this barrier
was 30% more important for considerers and rejecters than for



0 5 10 15 20

Neighbour disapproval/ annoyance

Would not look good

Take up too much space

Disruption or hassle of operation

Environmental benefits too small

High maintenance costs

Hassle of installation

Energy not available when I need it

Home/ location not suitable

Lose money if I moved home

Can't earn enough/ save enough money

System performance or reliability

Hard to find trustworthy information

Costs too much to buy/ install

Barrier importance score

Post 2010

Pre 2010

Fig. 8. Barrier importance scores for pre- and post 2010 adopters.

412 P. Balcombe et al. / Applied Energy 130 (2014) 403–418
adopters. This implies that the FITs and other financial incentives,
whilst having increased uptake, have not removed these barriers
from the installation decision.

Using income categories as covariates within the model shows
that the two lowest income groups (<£20,000 and £20,000–
£30,000) are 20–25% more put off by the capital cost barrier.

Another group who were significantly put off by the risk of los-
ing money if they moved home are post-2010 adopters (Fig. 8). Rel-
ative to the most important barrier to both pre- and post-2010
adopters – high capital cost – losing money if they moved home
was 4.3 times less important for pre-2010 adopters, whereas for
post-2010 adopters the two barriers are of equal importance. The
latter group were 4 times more put off by potentially losing money
if they moved home than those who installed prior to 2010 (see
Fig. 8). More recent adopters were also far more put off by not
earning or saving enough money from the installation. This is per-
haps synonymous with their greater motivation to save or earn
money, described in Section 5.1.

Adopters who installed before 2010 were far more concerned
about system performance, energy availability and had more diffi-
culty in finding trustworthy information. Relative to the capital
cost barrier, system performance and the information barrier were
approximately as important for the pre-2010 adopters, but 1.3 and
1.5 times less important for the post 2010 adopters, respectively.
The problems in purchasing the system, described by adopters
within the survey and during the telephone interviews, often con-
cerned uncertainty about the potential system performance
because of a lack of accessible or trustworthy information.
4 This figure was estimated from [6], based on the old tariff of 43.3 p/kWh. The new
tariff of 21 p/kWh gives a 4.5% annual return on investment. Payments for electricity
exported to the grid are not included in the estimate because the total contribution of
export payments is small (�3% of income from solar PV). Although this contribution
has increased with the increase of export payments from 3 to 4.5 p/kWh, their
contribution is still small.
6. Discussion

Having summarised and discussed some of the key findings on
motivations and barriers, we now discuss the impact of past and
current policies, as well as our findings’ implications for future pol-
icy and the microgeneration industry.
6.1. Motivations for installing microgeneration

The results of the survey for motivations show that improving
the environment is a far greater motivation for adopters than
rejecters (see Fig. 5). Previous research has found the environmen-
tal motive to be an initiator to investigate installing rather than
being a decisive factor in the decision (see Section 3.2). However,
this study clearly identifies it as a differentiating factor between
those who adopt and those who reject.

The FIT scheme has significantly increased the earning potential
of electricity-generating technologies, encouraging a new, more
financially-motivated, consumer group to install. As this becomes
the main motivation for some to install, other financial investment
products become the competition for microgeneration systems
rather than other electricity sources. Such investment products
include bank saving accounts, stocks, shares, bonds and property
investment [8]. However, during the period 2010–2012, Bank of
England interest rates were 0.5% [75], which in turn meant that
savings accounts had low interest rates. Similarly, the property
market [76] and the stock markets were more volatile during the
economic downturn. At the same time, the rate of return on a solar
PV investment reached approximately 10%4 [8]. Thus, aside from
perhaps an early mortgage repayment, solar PV represented a pref-
erable financial investment for many. Therefore, regardless of any
other motivations for installing microgeneration, solar panels may
have been chosen mainly for their investment potential.

In 2013, however, the UK financial landscape started to change.
Although interest rates remained low, economic growth and house
prices began to increase [76]. This suggests other assets may start
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to compete financially more strongly with microgeneration
installations.

Alongside the impacts of any improvement on rates of return on
other investments, FIT rates were reduced in 2012 (roughly by a
half) so that the FIT return fell to less than half of what it was pre-
viously for solar PV: �4.5% [8,77]. Consequently, this consumer
segment (households who regard microgeneration primarily as a
financial investment) may be lost unless the financial landscape
changes again or the appeal of microgeneration increases. For
example, rejecters are most motivated to protect against future
high energy costs and to make the household more self-sufficient
in terms of energy provision (see Fig. 5) so that uptake by this
group may increase if these aspects improved. For instance, self-
sufficiency from solar PV can be maximised using battery storage.
However, this represents an additional upfront cost, which is
already an important barrier to installing microgeneration (see
Section 5.2). Additionally, the FIT incentives offer a sell-back price
for generated electricity of 5 p/kWh, further reducing the financial
viability of battery storage. Therefore, without any incentives, the
uptake of batteries will remain low, in turn reducing the potential
of microgeneration to benefit from the self-sufficiency motivation
and by implication, from protection of future increases in energy
prices. Recognising this as an issue, the German government
implemented a scheme in May 2013 offering capital grants for
30% of the installation cost and low-interest loans for the remain-
der of the cost to increase the uptake of battery storage [78]. A sim-
ilar scheme could be introduced by the UK government, following
the successful implementation of the FITs, which were also
imported from Germany.

A further action that would help with the uptake of energy stor-
age is provision of clear, impartial information on batteries and
their potential to improve self-sufficiency and flexibility of elec-
tricity use as well as their financial viability in conjunction with
microgeneration systems. Currently, there is a lack of such infor-
mation, particularly as the incentives landscape and the related
financial benefits are very complex, including the FIT scheme and
the Green Deal. This is compounded by the complexity of electric-
ity pricing and numerous deals offered by grid electricity providers
which are very confusing to the consumer [79]. Providing simple
and clear guidance to consumers on the benefits of battery storage
should therefore be a priority for suppliers and installers, in a sim-
ilar manner in which FITs were promoted [e.g. 80,81].

Compared to rejecters, considerers were significantly less moti-
vated by earning money from the installation, although this is still
important in the decision (see Fig. 5). Perhaps as this group has a
lower income, they expect lower financial gains relative to the
higher-income groups. Considerers are thus likely to be less moti-
vated by the FIT incentives than adopters and rejecters. Therefore,
instead of FITs which offer higher gains but require a high initial
investment, the Green Deal may be more appealing as it lowers
the initial investment whilst resulting in lower financial gains
(due to the payback of the loan). The potential effectiveness of
the Green Deal is discussed further in the following section.

6.2. Barriers to installing microgeneration

The results of the survey indicate that, in spite of the numerous
financial incentives, the largest barriers are still high capital costs,
not earning enough money and the risk of losing money if they
moved home (see Fig. 7). The latter, the largest barrier for rejecters,
has appeared on some specialist websites [82,83] with a particular
concern being ‘rent a roof’ schemes [84,85], where solar panels are
owned by a third party. This is viewed as a risk to potential home-
buyers as well as mortgage lenders. However, this barrier has
received very little attention in the academic literature with find-
ings on the effect of solar PV on resale value being conflicting
and inconclusive: two studies on house sales in the USA find that
house prices increase approximately proportionally with the capi-
tal investment of solar PV [26,27], whereas one study in Oxford,
UK, finds a negligible difference in house price between those with
solar panels and those households without [28].

The UK government has attempted to address the capital cost
and house resale value barriers with the introduction of the Green
Deal. The risk of losing money if moving home is reduced by the
Green Deal loan as there is no risk associated with an initial outlay.
However, concern has been raised that the fixed loan repayments,
which stays with the home rather than the original occupants, will
put off prospective house buyers resulting in a lower house price
[86,87]. If the house-buyers were lower energy users than the pre-
vious occupants, the monthly repayment (which is fixed at the
start of the term) could be greater than the savings from the
improvement measures, saddling the house-buyers with an addi-
tional bill [88]. A survey conducted by Which? of 2000 UK resi-
dences found that half the sample of potential house buyers
would want the loan to be paid off prior to purchasing [86]. One
fifth of the sample said they would be put off purchasing a prop-
erty if it had a Green Deal attached to it. Thus, the Green Deal
may indeed exacerbate the risk of losing out financially if an adop-
ter moved home prior to the end of the payback.

The high interest loan rate of 7–9% has also been criticised for
making the deal unappealing to homeowners [89–91]. A number
of improvements to the Green Deal have been suggested by the
UK Green Building Council, including to reduce the loan interest
rates and to reduce council tax for homes that meet certain energy
efficiency requirements [89]. These would both further incentivise
the Green Deal agreement, as well as providing on-going financial
incentives for house-buyers considering purchasing a home with
an attached Green Deal.

Other barriers to adoption, particularly for pre-FIT adopters,
were system performance and energy availability concerns, as well
as the difficulty in finding trustworthy information. These barriers
were less of a concern for more recent adopters, as well as reject-
ers, which may be due to the improvement measures put in place
since 2010. The Microgeneration Certification Scheme provides
standards for installation and there are significant quantities of
technological and performance-related information from the
Department of Energy and Climate Change (DECC), the Energy Sav-
ing Trust (EST), MCS and other interest groups.

In 2011, it was reported in the Microgeneration Strategy docu-
ment that [3, page 38, paragraph 4.2].

‘‘Currently, most householders . . . struggle to identify accurate,
unbiased information. In the absence of a widely recognised source
of impartial advice, anecdotal evidence of previous grant programmes
suggests that investment decisions could be taken based on inadequate
information or even influenced by mis-selling.’’

Despite the efforts to address this (by DECC, MCS, EST, etc.) find-
ing trustworthy information was the second-most important bar-
rier faced by considerers. The barrier was 10% more important
than earning/saving enough money, 25% more important than sys-
tem performance and over twice as great as the barrier posed by
fear of losing money if they moved home. Clearly there remains
a considerable gap between the government’s intention to provide
reliable information to those considering microgeneration adop-
tion, and the experience of these considerers. Addressing this
may be one of most effective and inexpensive means of lowering
barriers to greater microgeneration uptake.

6.3. FITs and the experience of adoption

In order to investigate adopters’ experiences of their microgen-
eration system, they were asked ‘‘If you knew what you know now
at the time of deciding to install, would you do it again?’’
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(see Supplementary material). The results indicate that 90% of
adopters would either probably or definitely buy again know-
ing what they knew post-installation. However, many solar PV
adopters also experienced problems with installing. As described
in Section 2.1, the solar PV FIT rate change in 2012 brought about
a rush to install before the payments on new installations reduced.
Several respondents reported that this rush was the cause of poor
quality installation.

A high proportion of considerers and rejecters have also been
affected by the cuts to the solar PV FIT rates in 2012. Many were con-
cerned that, if they were to adopt, their FIT payment may be chan-
ged. This is a false concern: FIT rate reductions only affect systems
installed after the reduction date and FIT rates remain constant once
the installation is registered. This misinterpretation may be due to
the complicated nature of the tariffs and the uncertainty caused by
the speed and scale of the changes to the FIT rates. The regulation
regarding FIT rate degression began in 2010 as a simple annual per-
centage reduction, but has since been amended to include various
caveats: ‘corridors’, ‘triggers’ and ‘emergency adjustments’, which
are controlled by DECC [92]. In order to increase consumer confi-
dence in the incentives, the regulation framework must be stable,
consistent [20] and transparent. The relationship between changing
the FIT rates and installation costs should be made available and
updated regularly so that consumers can make informed decisions
related to the return on their investment.

Adopters were also asked ‘‘Would you do anything differently
now in terms of technology, installation or using the system?’’
Notably, six out of the seven wind turbine adopters said they
would do something different, with four of these saying they
would not install a wind turbine at all. The main problem experi-
enced by wind turbine adopters was the performance, or lack of
wind to generate from, suggesting they have been installed in an
unsuitable location. Similarly, analysis of the effect of the covari-
ates used within the HB model shows that those who installed or
considered wind turbines, as well as air source heat pumps and
biomass, were more concerned about system performance than
those who installed or considered other technologies. Those who
installed or considered a wind turbine viewed a lack of system per-
formance as equally important as the capital cost barrier, com-
pared to the sample average figure of 63% of the importance of
capital cost.

The MCS issues sets of standards for the design and installation
of microgeneration systems, in order to ensure installations oper-
ate as designed [93]. As the sample of wind installations in this
study is small (n = 7), further investigation into the experiences
of wind turbine adopters is required in order to assess the effec-
tiveness of the MCS accreditation in this instance. It has been
widely documented that the number of suitable locations for small
scale wind installations is very limited in the UK [94]. Poorly per-
forming installations cause a bad public perception as well as not
contributing to the household, let alone UK climate change and
energy security targets.
7. Conclusions

This paper has used best-worst scaling to explore the relative
importance of the motivations and barriers associated with adop-
tion of microgeneration. Of the motivations investigated, three
were consistently the most important: saving or earning money
from the installation, increasing household independence and pro-
tecting against future energy costs. Half as important in the deci-
sion was the desire to help improve the environment. However,
this motivation is far stronger for adopters than rejecters, suggest-
ing it to be a key differentiating factor between those who decide
to install and those who do not.
Financial barriers dominate the adoption decision: high capital
costs, not earning or saving enough money and the risk of losing
money if they moved home were very important to all groups.
Considerers also found the difficulty in obtaining reliable informa-
tion very important, 10% more so than not earning or saving
enough money from the installation. The microgeneration strategy,
the Microgeneration Certification Scheme and the Energy Savings
Trust have all highlighted this barrier and attempted to provide
reliable information in response, but despite this the barrier
remains a significant one and must be addressed further. Greater
provision of impartial and more transparent information and
advice may represent the most cost-effective action to help
increase microgeneration uptake.

There are differences in the experience of adoption across tech-
nologies, most notably with wind turbine owners, who often expe-
rienced operational problems such as a lack of wind. The
Microgeneration Certification Scheme is aimed at ensuring a cer-
tain level of product and installation quality to avoid miss-selling.
Further work is needed to examine the success of the scheme in
ensuring acceptable wind turbine performances.

The introduction of the feed-in Tariffs (FITs) has increased
uptake by enabling a more financially-motivated group to install.
However, the halving of solar PV FITs in 2012 reduced uptake sig-
nificantly and is likely to have impacted most upon the financially-
motivated consumer group. The sudden tariff cut also caused a
rush to install prior to its implementation, to which many adopters
attributed poor quality installations. Additionally, the complicated
nature of the FIT degression mechanism has decreased consumer
confidence and caused a misinterpretation of the incentives, with
many fearing that if they were to install, their FIT rate might
change. In order to prevent such negative consequences of tariff
degression in the future, the mechanism to regulate FIT degression
must be simpler, more transparent and regularly updated, allowing
a more informed consumer decision.

If the uptake figures since the FIT rate reduction are to be
improved, other motivations, such as the desire for energy self-
sufficiency, should be focused on and publicised more clearly.
Rejecters in particular are highly motivated to be self-sufficient
or independent from utility companies and to protect against
future energy cost increases. The recent concern over the risk of
an imminent ‘energy gap’ within the next two years may further
add to households’ motivation to be self-sufficient and to guard
against power cuts. In order to increase uptake, the government
and microgeneration industry should focus on promoting and
detailing the benefits of microgeneration in relation to these aspects,
or improving them by increasing the availability of energy when
required. For example, microgeneration suppliers could promote
the use of battery storage with solar PV and highlight the potential
benefits with respect to self-sufficiency. An incentive scheme similar
to the recent German capital grant scheme for battery storage would
increase uptake, albeit at an additional government (and taxpayers’)
cost. However, further research is required to determine the eco-
nomic and environmental impacts of battery storage.

The Green Deal is intended to deal with the installation-cost
barrier and the risk of losing money if moving home by providing
a capital cost loan. This may appeal to considerers who have a
lower income and are less motivated by earning money from
incentives as well as rejecters who are most put off by the risk of
losing money if they moved home – one of the largest barriers
identified in this research. However, the high loan interest rates
and the risk of encountering problems if the home was sold whilst
the loan is still being repaid significantly limit the consumer appeal
for the scheme, as demonstrated by the very low uptake rates of
the scheme. The Green Deal would be more appealing if loan inter-
est rates were more competitive and the potential negative effect
of Green Deal finance on house sale prices should be investigated



Table A1
Summary of answers by adopters.

Variable Participants Mean Standard error

Do you own the system?
1 = Yes, 0 = No 113 0.956 0.019

Installation year
Before 2000 113 0.018 0.012
2004 113 0.009 0.009
2005 113 0.018 0.012
2006 113 0.044 0.019
2007 113 0.062 0.023
2008 113 0.035 0.017
2009 113 0.062 0.023
2010 113 0.13 0.032
2011 113 0.37 0.046
2012 113 0.25 0.041

Those installed since FITs have been available (2010) 113 0.75 0.041
Do/Have you received incentives for the system?

No 113 0.28 0.043
Feed-in tariffs 113 0.65 0.045
ROCs (Renewable Obligation Certificates) 113 0.018 0.012
Grant (e.g. from the Low Carbon Buildings Programme) 113 0.088 0.027
Other (please describe briefly) 113 0.11 0.029

If you knew what you do now at the time of deciding to install, would you do it again?
Definitely would 113 0.71 0.043
Probably would 113 0.19 0.037
Not sure 113 0.027 0.015
Probably not 113 0.035 0.017
Definitely not 113 0.035 0.017

Would you do anything differently?
Nothing 113 0.42 0.047
Do not know 113 0.062 0.023
Yes I would change something... 113 0.52 0.047

Did you encounter any problems during the decision/installation/operation of the system?
No problems 113 0.58 0.047
Problem or difficulty when buying it 113 0.11 0.029
Problem or difficulty with installing it 113 0.14 0.033
Problem or difficulty whilst using it 113 0.19 0.037
Any other problem or difficulty 113 0.20 0.038

Table A2
Summary of answers by considerers and rejecters.

Variable Considerers Rejecters

Participants Mean Standard error Participants Mean Standard error

What year did you decide not to install?
Before 2000 N/A N/A N/A 91 0.033 0.019
2004 N/A N/A N/A 91 0.011 0.011
2007 N/A N/A N/A 91 0.033 0.019
2008 N/A N/A N/A 91 0.022 0.015
2009 N/A N/A N/A 91 0.088 0.03
2010 N/A N/A N/A 91 0.077 0.028
2011 N/A N/A N/A 91 0.286 0.048
2012 N/A N/A N/A 91 0.451 0.052

What stage of consideration have you got to?
Initial investigation 87 0.63 0.052 91 0.65 0.05
I have talked others who have installed 87 0.32 0.05 91 0.37 0.051
I have been to see a system in action 87 0.17 0.041 91 0.13 0.036
I received professional advice 87 0.18 0.042 91 0.24 0.045
I received a quote from supplier/installer 87 0.33 0.051 91 0.44 0.052
Other information 87 0.10 0.033 91 0.15 0.038

How likely are you to install?
Almost definitely will 87 0.14 0.037 N/A N/A N/A
Pretty likely 87 0.33 0.051 N/A N/A N/A
Perhaps 87 0.45 0.054 N/A N/A N/A
Pretty unlikely 87 0.069 0.027 N/A N/A N/A
Almost definitely would not 87 0.011 0.011 N/A N/A N/A

Are you familiar with the recent cuts to the solar PV FITs?
Yes 77 0.67 0.054 69 0.73 0.054
Vaguely 77 0.23 0.049 69 0.20 0.049
No 77 0.091 0.033 69 0.072 0.031

(continued on next page)
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Table A2 (continued)

Variable Considerers Rejecters

Participants Mean Standard error Participants Mean Standard error

Have these cuts put you off installing a system?
Made no difference 70 0.3 0.055 64 0.33 0.059
Put me off a little 70 0.49 0.06 64 0.28 0.057
Put me off a lot 70 0.21 0.049 64 0.19 0.049
Put me off completely N/A N/A N/A 64 0.20 0.051

If the cuts have put you off, why?
The changes make it less financially beneficial 70 0.6 0.059 64 0.44 0.063
If I bought a system I would be worried about future tariff rates changing 70 0.4 0.059 64 0.44 0.063
The change had not happened when I considered installing N/A N/A N/A 64 0.17 0.048

Other... 70 0.37 0.058 64 0.36 0.06

416 P. Balcombe et al. / Applied Energy 130 (2014) 403–418
further. If a negative effect is identified, the barrier could be
reduced by lowering council tax rates for Green Deal homes or
energy efficient homes in general as is the case with vehicle tax.
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