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Abstract
Energy efficiency scenarios are developed in the national and 
international context to explore and evaluate different policy 
designs and visions of how energy will be generated, distrib-
uted and used in the future. However, these scenarios are of-
ten developed using conventional bottom-up modelling tools 
that, to only a limited extent, take into account decentralised 
decision-making frameworks, such as household investment 
decisions regarding energy-efficient technologies. The tools for 
modelling policy evaluation need to be improved to capture 
the factors determining the choice of technologies that affect 
household energy consumption and how these might be better 
influenced by means of energy efficiency policy instruments. 
In this paper, we present the first phase of a project analysing 
possible options to further improve microeconomic decision-
making frameworks for evaluating energy efficiency policies 
and developing more realistic energy use forecasts for the 
household sector. The objective of the paper is to identify and 
explore a wide range of determinants – beyond the narrow but 
traditional ‘rational model’ technology choice approach – af-
fecting and influencing households’ purchase/investment de-
cisions regarding energy-efficient technologies. Furthermore, 
and within the economic/engineering paradigm that dominates 
energy modelling tools, we focus on the specific, but relevant 
issue of discounting to simulate and assess household prefer-
ences regarding energy-efficient technologies. Based on an ex-
tensive literature review, we present a summary of the body of 
evidence developed in the field. The results show that capital 

and operating costs prove to have an important influence on 
technology choice. However, the evidence clearly suggests that 
a broader set of determinants need to be considered and that 
different determinants will influence households’ technology 
choice in different markets under different circumstances and 
for different technologies. Even if pure economic parameters 
are examined, there is still a gap between what ex-post analyses 
reveal and the discount rates used in ex-ante modelling exercis-
es. The results suggest that a larger representation of determi-
nants in energy modelling tools is necessary to further enhance 
our understanding of household technology choice and thus 
the feasibility of such models in policy evaluation.

Introduction
Energy (efficiency) scenarios are developed in the national and 
international context to explore and evaluate different policy 
designs and visions of the energy future. These analyses are 
often developed using conventional energy modelling tools 
that, to only a limited extent, take into account and represent 
decentralised microeconomic decision-making frameworks, 
such as household investment decisions regarding energy-
efficient technologies, solar cells and micro CHP. Driven by 
economic and engineering principles, bottom-up modelling 
tools generally use a traditional and limited ‘rational’ approach 
to reflect investment decisions and/or technology choice from 
the end-user perspective. These take into account aspects such 
as capital costs, discount rates and energy prices. In reality, mi-
croeconomic decision-making frameworks for energy-efficient 
technologies are far more complex and depend on multiple pa-
rameters rather than parameters that are purely energy-related 
or economic. Seminal work conducted by, for example, Lutzen-
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hiser (1992) found evidence that consumers lack economic ra-
tionality in deciding to forego certain obvious energy-efficient 
measures.

In fact, one can safely argue that the approach of economic 
rationality is inadequate or too limited to properly represent 
consumers’ technological preferences. As argued throughout 
this paper, investment and operating costs are relevant but 
represent only a part of a great variety of determinants that 
frame and drive consumer’s energy-related decisions regard-
ing technology choices. For instance, a combination of factors 
including design, comfort, brand, functionality, reliability and 
environmental awareness and others are likely to influence 
consumers’ decisions regarding energy-efficient equipment. In 
order to better capture all, or just the key, determinants of the 
selection criteria for energy-efficient technologies, we need to 
further enhance models for energy use scenarios. In turn, such 
models are also essential for the evaluation of potential and 
actual policy instruments for energy efficiency. In this paper, 
we present the first phase of a project analysing possible options 
for taking into account decentralised and dynamic microeco-
nomic decision-making frameworks to better evaluate energy 
efficiency policies and develop more realistic energy systems 
forecasts for the household sector.

The objective of this paper is twofold. First, we present a re-
view in which we identify and explore a wide range of deter-
minants – beyond the narrow but traditional ‘rational model’ 
approach – influencing households’ (non-)adoption of energy-
efficient technologies. The key guiding question is what deter-
minant should be taken into account when analysing future 
energy (service) demands and evaluating different energy 
policy instruments using energy forecasting/modelling tools. 
Second, and within the above-mentioned economic/engineer-
ing paradigm that dominates energy modelling tools, we also 
explore the extent to which the findings on empirically esti-
mated behavioural economic parameters correlate with deci-
sions parameters used for energy-efficient technologies in cer-
tain energy modelling efforts. Within this economic context, 
we focus on the specific, but relevant issue of discounting to 
simulate and assess household preferences for the (non-)adop-
tion of energy-efficient technologies. The paper addresses and 
compares the discount rates used in the models today and the 
implicit discount rate found in the literature.

On the whole, this paper seeks to provide a basis for the dis-
cussion and advancement of the feasibility and appropriateness 
of the energy modelling tools used to evaluate policies influenc-
ing choices of energy-efficient technologies by the household 
sector. The initial hypothesis guiding this research is that the 
economic/engineering paradigm dominating bottom-up en-
ergy modelling tools for assessing household energy use is too 
simplified. We also begin from the view that socio-economic 
and techno-behavioural aspects are numerous and complex 
and that these are not represented in the models. That is to 
say these have not been integrated into the decision-making 
criteria governing for technology adoption. However, the two 
approaches should be combined to enhance the usefulness of 
energy modelling tools in policies targeting the household sec-
tor. In general, this paper should be considered a discussion/
background study and a starting point for further research and 
analysis.

Determinants of choice in the (non-)adoption of 
energy-efficient technologies
The key determinants of technology choice generally consid-
ered by energy modelling tools are capital and operating costs. 
In many cases, investment costs are a key determinant. Due 
to high investment requirements, capital costs become a key 
barrier to investment in energy-efficient technologies. For 
the (non-)adoption of efficient household technologies, there 
is however, a difference between capital and operating costs. 
Kempton and Montgomery (1982) showed that immediate cost 
(i.e. capital cost) is ascribed a higher priority than long-term 
savings (see also Dupont, 1998; Hall and Reed, 1999; Uitdenbo-
gerd, 2007; Boonekamp, 2007). The relevance of operating costs 
is often measured as ‘low’ in studies of determinants of choice 
for the adoption of energy-efficient technologies. Several stud-
ies present the lack of knowledge and awareness that prevents 
adopters from fully comprehending or taking into account the 
importance of this determinant. For instance, DuPont (1998) 
found that most US consumers (80 percent) stated that they 
were unaware of the annual operating costs for recently pur-
chased appliances. There is compelling evidence that consum-
ers often lack knowledge regarding costs and benefits related to 
energy efficiency (see e.g. Sanstad and Howarth, 1994).

However, the literature presents numerous determinants af-
fecting investment decisions in energy (efficiency) technologies 
in the household sector beyond the usual economic/engineer-
ing factors (e.g. capital and operation costs, technology effi-
ciency, emission factors) used in bottom-up energy modelling 
tools for the household sector (see e.g. Stern, 1986; Lutzenhiser, 
1993; Wilhite et al., 2000; Uitdenbogerd, 2007). Many determi-
nants are described in terms of co-benefits or non-energy ben-
efits. These include improved comfort, noise reduction, func-
tionality, performance, quality, reliability, design, etc. (see e.g. 
Stern and Aronson, 1984; Mills and Rosenfeld, 1996; Amman, 
2006; Stoecklein and Skumatz, 2007). Other important factors 
that appear to significantly affect technology choice include 
knowledge on energy efficiency and environmental awareness. 
In fact, the literature offered numerous examples of the posi-
tive correlation between environmental awareness (and com-
mitment) and the adoption of energy-efficient technologies 
(see e.g. Palmborg, 1986; Banks, 1999; Barr et al., 2005; Darby, 
2006). Several studies have also analysed investments decisions 
for technologies in demographic terms (see e.g. Hirst, 1984; 
Wilk and Wilhite, 1985; Palmborg, 1986; Lutzenhiser, 1992; 
Abrahamse et al., 2005). Some of these studies have shown that 
income has an effect on investment decisions (see e.g. Dillman 
et al., 1983; Curtis, 1984; Black et al., 1985; Costanzo et al.,1986; 
Stern, 1986; Bartiaux et al., 2006; Herring et al., 2007). Oth-
ers have shown no, or only a low, correlation between income 
and the adoption of efficient technologies (see e.g. Ruderman, 
1987; Ürge-Vorsatz and Hauff, 2001; Barr et al., 2005). In paral-
lel, certain studies identified a correlation between education 
and investments in energy efficiency (see e.g. Ürge-Vorsatz and 
Hauff, 2001), while others did not observe the same relation 
(see e.g. Curtis et al., 1984). Besides demographic differences, 
households apply a number of determinants relating to lifestyle 
and socio-cultural issues (see e.g. Aune et al., 1995). Lifestyle 
may support both the adoption or non- adoption of energy-
efficient technologies. Several studies have shown that invest-
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ments in low-energy houses and energy-efficient appliances 
have been supported by owners in terms of perceived status, 
social recognition and pride (see e.g. Condelli et al., 1984; Wilk 
and Wilhite, 1984; Gordon and Dethman, 1990; Martinez et al., 
1998; Diamond and Moezzi, 2000; Guerin et al., 2000; Farhar, 
B. et al., 2002; Gram-Hanssen et al., 2007).

In all, the literature reviewed concludes that decisions prac-
ticed in reality for the (non-)adoption of efficient technologies 
in the household sector are complex and cannot be captured 
only by using parameters and decision rules associated with 
capital and operating costs. The relevance of different deter-
minants of household choices is presented in the sections be-
low. The examples presented cover the determinants of choice 
identified that relate to the building envelope, lighting and con-
sumer appliances.

DetermInAnts of ChoICe regArDIng Investments In energy-

effICIent buIlDIngs

Determinants of choice related to investments in the building 
are numerous. These involve investments in the building enve-
lope, including loft and wall insulation, windows, heating and 
cooling equipment and air-conditioning systems. The literature 
review reveals that determinants of technology choices in these 
areas are indeed diverse.

Looking at investments related to space-heating or insula-
tion, comfort is a very strong determinant (see e.g. Berry et al., 
1997; Fuchs et al., 2004; Herring et al., 2007). Investment cost 
and operational cost (savings) are most often secondary con-
siderations. It is also important to note the relatively strong 
determinant for non-adoption that relates to loft insulation 
and space constraints. The arguments against investing in loft 
insulation often involve the loss of storage space (see e.g. Her-
ring et al., 2007). Another argument is timing. Investments 
in space-heating or insulation should coincide with home 
refurbishment or retrofitting (see e.g. Lutzenhiser, 1993; Jaffe 
and Stavins, 1994a Wilson and Dowlatabadi, 2007). Moreo-
ver, measures related to the building envelope are associated 
with aesthetic appearance. Gram-Hanssen et al. (2007) tracked 
aesthetic considerations in Belgium and Denmark, showing 
that tastes prevented some households from making energy 
efficiency improvements, such as installing roof insulation or 
double glazing. With regard to energy-efficient windows, re-
duced cold air inflow and expected noise reduction have been 
identified as key determinants (NUTEK, 1995). The degree of 
activity with regards to insulation also depends on age, educa-
tion, and gender (see e.g. Stead, 2005).

Investments in heating, ventilation, and air-conditioning 
systems (HVAC) have been shown to be related less to operat-
ing cost than capital cost, technical performance, comfort and 
branding (see e.g. Lawrence and Jenkins, 2000; Mebane and 
Presutto, 2001; Bensch, 2005). On the other hand, investment 
in controls (timer/programmer) for central heating systems 
appear to be related more to operating cost (Herring et al., 
2007).

Based on the reviewed literature, the type and age of a build-
ing have been shown to have a significant influence on choices 
of energy-efficient technologies and systems (see e.g. Vaage, 
2000; Bartiaux et al., 2006; Herring et al., 2007). Moreover, 
it has been found that household mobility has a major effect 
on home improvement and investment strategies. According 

to Wilk and Wilhite (1984), households that move more fre-
quently are “reluctant to invest in retrofits, though they may 
compensate by seeking to buy a home which is already energy 
efficient”. In general, ownership has been shown to influence 
investments in energy efficiency. Consumers who own their 
homes are more likely to invest in energy-efficient technologies 
and systems compared to tenants (see e.g. Reid, 1982; Curtis 
et al., 1984; Black et al., 1985; Costanzo et al., 1986; Guerin 
et al., 2000; Rehdanz, 2007). In terms of the principal–agent is-
sue (whereby those who pay the energy bills are not responsible 
for decisions on energy-efficient technologies), the literature 
extensively refers to ownership as a major barrier to energy 
efficiency investment decisions (see e.g. Blumstein 1980; Jaffe 
and Stavins, 1994a, 1994b; Murtishaw and Sathaye 2006). For 
instance, Meier and Eide (2007) found that 46-48 percent of in-
vestments in energy-efficient residential space heating systems 
in the US are hampered by the principal-agent problem.

DetermInAnts of ChoICe for Investments In energy-

effICIent  lIghtIng systems

Energy-efficient lighting has attracted substantial attention in 
studies of consumer preferences. These studies attempt to un-
derstand (non-)adoption decisions. We focus on the case of 
compact fluorescent light (CFL) bulbs.

In general, the main determinants for lighting systems are 
design, style and aesthetics (Ashdown et al., 2002; Stokes et al., 
2006). For outdoor lighting systems – safety, security and dura-
bility are the most important determinants. Contrary to com-
mon wisdom, one may argue, is the fact that energy efficiency 
as such is ranked low as a determinant (see Ecos Consulting, 
2002; Oxera, 2006). However for those who have invested in 
CFL, low operating cost was found to be essential (see e.g. 
Palmer and Boardman, 1998; Herring et al., 2007). At the same 
time, barriers to choosing CFL technology are numerous and 
include design, style, aesthetics, high initial cost, unavailabil-
ity, lack of awareness, incompatibility, performance problems 
(see e.g. Palmer and Boardman: 1998; The Northwest Energy 
Efficiency Alliance, 2000; Grover and French, 2004; Sathaye 
and Murtishaw, 2004; Herring et al., 2007; Hobart and Wil-
son, 2007). Uitdenbogerd (2007) shows that from a sample of 
376 households, 38 percent did not buy CFL bulbs due to the 
high cost. Addressing the performance of CFL in the US, Ras-
mussen et al. (2007) show that the colour of light, brightness, 
and delayed lighting were critical issues preventing purchases. 
Once purchased, experience also shows that people replace 
CFLs due to perceived low performance (slow start-up, low 
light intensity) or compatibility dissatisfaction (e.g. “doesn’t fit 
to existing fixtures”) (Hobart and Wilson, 2007). Calwell et al. 
(2002) found that product size and ability to fit into existing 
fixtures were major barriers for CFLs in the US. According 
to Uitdenbogerd (2007), 62 percent of non-adopters refer to 
energy-saving bulbs being “not suitable for all fittings”. 

Studies show that the use of CFLs decreases with age (Bar-
tiaux et al., 2006). Some authors argue that ownership of CFLs 
is higher in households with higher levels of income and edu-
cation (Ürge-Vorsatz and Hauff, 2001). Others state that there 
is no difference (Bartiaux et al., 2006). An interesting study 
by Rasmussen et al. (2007) showed that awareness of CFLs is 
important for adoption. The study analysed a residential light-
ing programme in California and the Pacific North-West. It 
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showed that the awareness of CFLs was 58 percent when the 
programme was launched, and increased to 94 percent as a 
result of increased information resources. Consequently, the 
purchase rate increased from 17 percent in 1998 to 69 percent 
in 2006.

DetermInAnts of ChoICe for Investments In energy-

effICIent  Consumer ApplIAnCes

Numerous determinants of choice regarding consumer appli-
ances, such as refrigerators/freezers, dishwashers, washing ma-
chines and air-conditioners have been identified and their im-
pacts estimated (see e.g. Shorey and Eckman 2000; Fuchs et al., 
2004). In the case of refrigerators/freezers, key determinants 
of technology choice include price, technology efficiency and 
brand (see e.g. Boardman et al., 1995; Oxera, 2006). Brand is of-
ten seen as a guarantee for quality of appliances and is therefore 
an important determinant of technology choice (see e.g. Nowlis 
and Simonson 1997; Brucks et al., 2000; Ashdown et al., 2004; 
Oxera 2006; Uitdenbogerd 2007). Based on observable prod-
uct characteristics, the literature stresses that the efficiency or 
performance of a given energy-efficient technology is another 
determinant of great importance for consumers (Sanstad and 
Howarth, 1994). 

As for washing machines and dryers, important determi-
nants identified are price, product performance and size (see 
e.g. Turiel et al., 1997; Grover and Babiuch, 2000). In general, 
the studies show that the operating cost has a very week effect 
on the investment. On the other hand, energy labels reflect-
ing annual energy savings for refrigerators/freezers have been 
shown to have a considerable influence on choice in EU coun-
tries. The share of consumers who stated that energy labels on 
refrigerators/freezers influenced their purchase choices was as 
high as 56 percent in Denmark, 45 percent in the Netherlands, 
and 39 percent in Austria and Sweden (see Schiellerup et al., 
1998).

In the case of entertainment, information and leisure prod-
ucts, operating cost has a very weak effect on technology choic-
es. Drivers of choice are usually brand (including design), per-
formance and investment cost (see e.g. Oxera, 2006).

Discount rates and technology choice
Within the economic/engineering paradigm that dominates 
bottom-up energy modelling tools, we explore the extent to 
which findings on empirically estimated economic behavioural 
parameters correlate with decision-making parameters applied 
for energy-efficient technologies. Within this context, the study 
focuses on the relevant issue of discounting to assess and simu-
late household preferences for the (non-)adoption of energy-
efficient technologies.

In general, bottom-up modelling tools are based on engineer-
ing economics and forecast technology futures, corresponding 
energy use and environmental impacts as a function of (among 
other things) changes in technology efficiency, capital, opera-
tion and maintenance costs, fuel consumption, and abatement 
control equipment. Once the future costs of these factors are 
calculated and translated into present values using real (finan-
cial) discount rates, many energy-efficient technologies emerge 
as profitable and attainable under different policy scenarios. In 
other words, penetration rates for technologies are forecasted 

using the discount rates applied by consumers’ in converting 
projected lifecycle costs into the current value for each technol-
ogy. The literature review indicates that real (or normal/pri-
vate) discount rates applied in bottom-up energy models are 
in the range of 3-20 percent. For instance, the PRIMES1 model 
uses a discount rate of 17.5 percent for the household sector 
and the National Impact Tool (NIA)2 uses discount rates of 3 
and 7 percent to assess minimum energy efficiency perform-
ance standards.

Contrary to the range of discount rates mentioned above, 
there is extensive literature showing that consumers use high 
implicit discount rates for the (non-)adoption of energy-
efficient technologies. In fact, there is compelling evidence 
that consumers use high implicit discount rates (e.g. up to 
90 percent and even much higher), hindering the adoption of 
efficient technologies (see e.g. Hausman, 1979; Gately, 1980; 
Train, 1985; Ruderman et al., 1987; Lutzenhiser, 1992; Jaffe and 
Stavins, 1994a, 1994b; Metcalf, 1994; Howarth and Sanstad, 
1995). Consequently, high implicit discount rates cause greater 
financial hurdles to be set for efficient technologies than for 
conventional ones. Numerous studies have analysed implicit 
discount rates in relation to income class. Discount rates are 
often estimated based on capital costs versus savings in oper-
ating costs from alternative projects (see e.g. Hausman 1979; 
Train 1985). Table 1 below summarises the key findings.

Although not exhaustive, various causes can explain the 
identification/use of high implicit discount rates by consum-
ers. Overall, it is argued that energy-efficient technologies en-
tail longer payback periods and greater risks and uncertainties 
than conventional technologies. According to the reviewed lit-
erature, more specific causes may include a lack of information 
about cost and benefits of efficiency improvements, a lack of 
knowledge about how to use available information, uncertain-
ties about the technical performance of investments, a lack of 
sufficient capital to purchase efficient products (or capital mar-
ket imperfections), income level, high transaction costs for ob-
taining reliable information, risks associated with investments, 
etc. (e.g. Ruderman et al., 1987; Train, 1985; Suttherland, 1991; 
Gates, 1993; Metcalf, 1994). Ownership status is regarded as a 
relevant socio-economic explanation for high implicit discount 
rates (Train, 1985). Hausmann (1979) and Train (1985) also 
argue that implicit discount rates vary inversely with income 
category. Train (1985) argues that the relationship between 
low income category and high implicit discount rates can be 
explained partly by low-income households having less access 
to capital markets and less liquid capital to invest than higher-
income households. As a result, even given adequate informa-
tion on investment returns, lower-income households will still 
be unable to invest in efficient technologies unless complemen-
tary economic instruments are in place.

1.  The PRIMES Energy System Model has been developed by the National Tech-
nical University of Athens, Greece, since 1993. PRIMES simulates a market equi-
librium solution for energy supply and demand within each of the 27 EU Member 
States and another seven European countries. See E3Mlab – ICCS/NTUA (2000) 
for further details.

2.  The National Impact Analysis (NIA) is one the different analytical spread-
sheet tools used by the DOE-EIA to develop and asses minimum energy efficiency 
performance standards for specific product types (e.g. residential appliances) in 
the US. For further information visit http://www1.eere.energy.gov/buildings/appli-
ance_standards/
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The use of high implicit discount rates has been labelled as 
another form, or restatement, of the ‘energy efficiency gap’, that 
is, the slow diffusion of profitable and efficient technologies and 
their failure to achieve market success (see Jaffe and Stavins, 
1994a, 1994b). The reviewed studies show that the implicit 
discount rates related to investments in different technolo-
gies differ. For example, investments in the building envelope 
show relatively high rates, approximately 10-30 percent, and 
implicit discount rates related to appliances are even higher, 
approximately 20-300 percent. This is to be compared to the 
real or normal discount rates used in the modelling exercises 
mentioned early in this section. On the one hand, ‘real’ or ‘nor-
mal’ discount rates are usually applied in modelling studies 
through assumptions of ‘well-defined consumer preferences’ 
and ‘unbounded rationality’. Consequently, their use generates 
optimistic penetration rates for efficient technologies. On the 
other hand, it is argued that household investments in energy-
efficient appliances might correctly imply high discount rates 
because these investments are illiquid, risky, represent high 
transaction costs and have long payback periods (see e.g. Suth-
erland, 1991; Andersson and Newell, 2002). Furthermore, high 
(implicit) discount rates used to set baselines are often then 
lowered to ‘real’ rate levels to simulate or mimic household 
preferences for energy-efficient technologies in response to 
policy instruments (such as information campaigns and certi-
fication programmes). This modelling approach has been also 
criticised (see e.g. Anderson and Newell, 2002; Worrell et al., 
2004). 

Note that the results presented in this section attempt by no 
means to suggest the idea that the determinants of choice previ-
ously mentioned should be incorporated into a set of implicit 
high discount rates. The results simply show (and attempt to 
illustrate) that even if purely economic parameters are exam-
ined, there is still a gap between what ex-post analyses reveal 
and the discount rates used in ex-ante modelling exercises. At 
the risk of oversimplifying, even though high implicit discount 

rates and related causes have been the most common and fre-
quently mentioned evidence for the non-adoption of efficient 
technologies by consumers (see Huntington, 1994), the debate 
regarding the use of appropriate discount rates in modelling 
exercises continues (see Anderson and Newell, 2002). 

Concluding remarks
This paper aimed to identify and summarise determinants of 
choice influencing the (non-)adoption of energy-efficient tech-
nologies in the household sector. The question that laid the basis 
for this paper appeared to concern various dimensions. Among 
the determinants of choice, we find those supporting rational 
economic explanations, as well as benefits not related to en-
ergy efficiency. Undoubtedly, the number of factors influencing 
households’ choices regarding energy efficiency technologies 
is extensive. At the same time, the role and influence of the 
determinants can be quite case and context specific. Whereas 
economic factors are used as key determinants for technology 
choice in energy modelling tools, the review shows a variety of 
determinants that need to be taken into account when analys-
ing the process of (non-)adoption of energy-efficient technolo-
gies and those different determinants can be relevant to differ-
ent types of technologies. 

The results also highlight households’ low preference for de-
creased operating costs. This result could be interpreted as re-
flecting a market barrier regarding energy efficiency. This may 
involve a lack of information and knowledge and may reflect 
the principal-agent problem. However, it may also reflect pref-
erences for determinants related to co-benefits or non-energy 
benefits, such as improved housing comfort level, functionality, 
performance, quality, reliability and design. However, the study 
demonstrates a continued challenge in assessing the specific 
influence of certain parameter. Furthermore, some contradic-
tions were found when confronting outcomes from various 

table 1: summary of estimated implicit discount rates used by consumers for household energy-efficient technology choice

Reference Method(s) Results 

Hausmann (1979) Model addressing individual behaviour 

for the purchase and utilisation of 

energy-using durables (air 

conditioners), with a purchase equation 

based on a discrete choice model. 

The study found average implicit discount rate of 

25% for air conditioners (ranging between 5 to 

89%) 

Gately (1980) Similar to Hausmann (1979) The study estimated rather high implicit discount 

rates for efficient refrigerators, ranging from 45% 

up to 300% 

Dubin and 

McFaden (1984) 

Econometric analysis with an 

introduced discrete appliance choice 

model 

The study estimated an average discount rate of 

20% for water- and space-heating efficient 

technologies 

Train (1985)  

 

Literature review addressing, for 

instance, (i) logit/probit models, (ii) 

stated preferences, (iii) observed points 

along a continuum, and (iv) hedonic 

price analysis 

The study found that average implicit discount 

rates in household purchase decisions for efficient 

equipments range between: i) 10 to 32% for 

insulation; ii) 4 to 36% for space heating, iii) 3 to 

29% for air conditioning, and iv) 18 to 67% for 

other appliances (e.g.  water heating, cooking) 

Sutherland (1991) Literature review confronted with a 

capital asset pricing model (to test the 

validity of consumers using higher rates 

of return) 

The study notes that energy efficiency appliances 

appear to entail very high discount rates, say 50% 

or higher 
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studies, so findings are likely to be case-specific and should be 
viewed with caution. 

The literature review on discount rates surely indicates that 
more research is needed on behavioural aspects driving choic-
es about energy-efficient technologies. It is shown that even if 
economic criteria alone are scrutinised, there is still a gap be-
tween what ex-post analyses reveal and the discount rates used 
in ex-ante estimates of technology lifecycle costs and related 
market penetration rates. Among others, this aspect stresses 
the difficulties of relying purely on economic factors to repre-
sent complex socio-economic household behaviour in energy 
modes when dealing with energy-efficient technologies. It is 
found that high implicit discount rates attempt to capture or 
characterise the low preferences of consumers towards energy-
efficient technologies. However, the literature review also shows 
that much more research is needed to understand consumers’ 
decision-making processes. In turn, implicit discount rates also 
illustrate that the “economic rationality” applied by household-
ers is different for different types of measures and technologies. 
As for technology choice in the building itself, the implicit dis-
count rates seems to be lower than for appliances. These results 
are supported by the analyses of choice determinants used by 
households. The results indicate a higher relevance of capital 
and operating costs in the case of investments in the building 
envelope and heating system, whereas the review of choice de-
terminants indicate a lower relevance of capital and operating 
cost when investing in appliances. Again, findings suggest that 
results are likely to be case-specific.

At the risk of stating the obvious, these days, market bar-
riers need to be reduced or eliminated by the use of different 
policy instruments in order to increase the adoption of energy-
efficient  technologies. There is extensive literature about the 
effects of different policy instruments (e.g. tax, rebates, soft 
loans, subsidies, information and regulation) and their effects 
in terms of the adoption of energy-efficient technologies in the 
household sector. The review in this paper indicates radical 
improvements due to information programmes such as label-
ling and efficiency standards. Another strategy for increasing 
energy efficiency is to design energy-efficient products that 
meet households’ requirements and preferences in terms of 
performance, price, brand/design, etc. On the whole, we ar-
gue that modelling studies do provide useful policy insights 
and they should be complemented with other methods using a 
variety of evaluation criteria for policy design and instrument 
choice. Several modelling tools have contributed extensively to 
improving our understanding of policy instruments – provided 
that the right models are chosen to answer appropriate policy 
questions. 

To further enhance the realism of bottom-up energy model-
ling tools and their usefulness for policy design and evalua-
tion in addressing the household sector, the reviewed literature 
clearly suggest that such tools need an extended representation 
of determinants. The key question now is to what extent a better 
representation of empirically estimated determinants of choice 
is actually feasible in energy modelling tools (i.e. improvements 
of decision-making rules embedded in such models). Which 
determinants are more workable than others in improving such 
tools in practice? In addition, what can be done in order to 
bridge the gap in the debate regarding real and implicit discount 

rates? Undoubtedly, these aspects pose a challenging but neces-
sary research task, as a more realistic portrayal of decentralised 
and dynamic microeconomic decision-making frameworks is 
crucial in improving the design and evaluation of policies.3 Al-
though not covered in this paper, it is important to take into 
account the fact that technology choice will be strongly affected 
by intermediaries such as developers, construction companies, 
installation companies and vendors (see e.g. Lutzenhiser, 1993; 
Wilhite and Shove, 1998). These actors take many important 
and strategic (business) decisions – sometimes on behalf of 
end-users – influencing subsequent household energy use. 
Several studies show that intermediaries’ incentives to pursue 
energy efficiency are few, while their disincentives are many 
(see e.g. Blumstein et al., 1980; Stern and Aronson, 1984; Gor-
don and Dethman, 1990; Brown, 2001).

references
Abrahamse, W., Steg, L., Vlek, C. and Rothengatter, T. (2005). 

“A review of intervention studies aimed at household 
energy conservation.” Journal of Environmental Psychol-
ogy 25(3): 273-291.

Amann, J. T. (2006). Valuation of non-energy benefits to 
determine cost-effectiveness of whole house retrofits 
programs: a literature review. Retrieved from http://www.
aceee.org/pubs/a061.pdf.

Anderson, S. T., Newell, R., G., (2002). Information programs 
for technology adoption: The case of energy-efficiency 
audits. Discussion paper 02-58. Resources for the Future. 
Retrieved from www.rff.org/Documents/RFF-DP-02-58.
pdf

Ashdown, B. G. et al. (2002). Assessing market place meth-
odologies for understanding consumer values influencing 
product selection in building and other EERE technolo-
gies. Oak Ridge National Laboratory. Retrieved from 
http://www.ornl.gov/sci/mkt_trans/pdf/ConsumerMeth-
WhitePaper1-15-03.pdf.

Ashdown, B. G. et al. (2004). Heat Pump Water Heater 
Technology: Experiences of Residential Consumers and 
Utilities. Oak Ridge National Laboratory. Retrieved from 
http://www.ornl.gov/sci/mkt_trans/pdf/ORNL_HPWH_
fnl_7_28_04_r3.pdf.

Aune, M., Sørensen, K. H., Lysne, H. (1995). Energy concerns 
and the choice of dwelling. Summer Study, ECEEE.

Banfi, S. et al. (2008). “Willingness to pay for energy-saving 
measures in residential buildings.” Energy Economics 
30(2): 503-516.

Banks, N. (1999). Causal models of household decisions to 
choose the energy efficient alternative: the role of values, 
knowledge, attitudes and identity. Summer Study. Energy 
efficiency and CO2 reduction: the dimensions of the 
social challenge, ECEEE.

3.  The second phase of the project will review numerous bottom-up energy (ef-
ficiency) models and examine the decision-making rules to determine technology 
choice and associated energy use in the household sector. It will analyse the ap-
proaches undertaken to evaluate energy efficiency policy instruments using the 
models reviewed to date. It is expected to address key issues in advancing energy 
(efficiency) models and their policy usefulness for the household sector.

Contents Keywords Authors



PANEL 3: MONITORING & EVALUATION

 ECEEE 2009 SUMMER STUDY • ACT! INNOVATE! DELIVER! REDUCING ENERGY DEMAND SUSTAINABLY 693     

3285 NEIj ET AL

Barr, S. et al. (2005). “The household energy gap: examining 
the divide between habitual- and purchase-related con-
servation behaviours.” Energy Policy 33(11): 1425-1444.

Bartiaux, F., Vekemans, G., Gram-Hanssen, K., Maes, D., 
Cantaert, M., Spies, B. and Desmedt, J. (2006). Socio-
technical factors influencing Residential Energy Con-
sumption. SEREC. Belgian Science Policy. Retrieved from 
http://www.belspo.be/belspo/home/publ/pub_ostc/CPen/
rappCP52_en.pdf.

Bensch, I. (2005). “Wisconsin consumer perspectives of fur-
nace and air conditioner purchases.” Wisconsin Perspec-
tive (January/February): 38-44.

Berry, L. et al. (1997). Progress Report of the National Weath-
erization Assistance Program. Department of Energy, 
ORNL/CON-450. Retrieved from http://www.eere.energy.
gov/weatherization/pdfs/con450.pdf.

Black, J. S., Stern, P. C. and Elworth, J. T. (1985). “Personal 
and contextual influences on househould energy adapta-
tions.” Journal of Applied Psychology 70(1): 3-21.

Blumstein, C., Krieg, B., Schipper, L. and York, C. (1980). 
“Overcoming social and institutional barriers to energy 
conservation.” Energy 5(4): 355-371.

Boardman, B. et al. (1995). DECADE. Domestic equipment 
and carbon dioxide emissions. Second year report. Envi-
ronmental Change Unit. University of Oxford.

Boonekamp, P. G. M. (2007). “Price elasticities, policy 
measures and actual developments in household energy 
consumption - A bottom up analysis for the Netherlands.” 
Energy Economics 29(2): 133-133.

Brown, M. A. (2001). “Market failures and barriers as a basis 
for clean energy policies.” Energy Policy 29(14): 1197-
1207.

Brucks, M., Zeithaml, V. A. and Naylor, G. (2000). “Price and 
brand name as indicators of quality dimensions for con-
sumer durables.” Academy of Marketing Science. Journal 
28(3): 359-374.

Calwell, C. et al. (2002). 2001—A CFL Odyssey: What Went 
Right? Summer Study on Energy Efficiency in Buildings, 
ACEEE.

Condelli, L., Archer, D., Aronson, E, Curbow, B., McLeod, B., 
Pettigrew, T.F., White, L.T., Yates, S. (1984). “Improving 
utility conservation programs: Outcomes, interventions, 
and evaluations.” Energy 9(6): 485-494.

Costanzo, M., Archer, D., Aronson, E., Pettigrew, T.F. (1986). 
“Energy conservation behaviour: The difficult path from 
information to action.” American psychologist 41(5): 
521-528.

Curtis, F. A., Simpson-Housley, P. and Drever, S. (1984). 
“Communications on energy.” Energy Policy 12(4): 452-
456.

Darby, S. (2006). Social learning and public policy : lessons 
from an energy-conscious village. Energy Policy, 34 (17), 
2929-2940

Diamond, R. and Moezzi, M. (2000). Revealing Myths about 
People, Energy and Buildings. Summer Study on Energy 
Efficiency in Buildings, ACEEE.

Dillman, D. A., Rosa, E. A. and Dillman, J. J. (1983). “Lifestyle 
and home energy conservation in the United States: the 
poor accept lifestyle cutbacks while the wealthy invest in 

conservation.” Journal of Economic Psychology 3(3-4): 
299-315.

Dubin, J. A. And McFadden, D.L. (1984). ”An econometric 
analysis of residential Electric Appliance Holdings and 
Consumption”. Econometrica: Journal of the Econometric 
Society 52 (2): 345-362.

DuPont, P.T. (1998). Energy policy and consumer reality: the 
role of energy in the purchase of household appliances 
in the U.S. and Thailand. PhD Dissertation. Delaware. 
University of Delaware.

EcosConsulting (2002). Market Research Report. Energy 
efficient lighting in new construction. Northwest Energy 
Efficiency Alliance. Retrieved from http://www.nwalli-
ance.org/research/reports/100.pdf.

E3Mlab – ICCS/NTUA (2000). PRIMES MODEL - Version 
2 Energy System Model. Retrieved from http://www.
e3mlab.ntua.gr/.

Farhar, B., Coburn, T.C., Collins, N. (2002). Market Response 
to New Zero Energy Homes in San Diego, Califor-
nia. Summer Study on Energy Efficiency in Buildings, 
ACEEE.

Fuchs, L., Skumatz, L., Ellefsen, J. (2004). Non-Energy 
Benefits (NEBs) from ENERGY STAR®: Comprehensive 
Analysis of Appliance, Outreach, and Homes Programs. 
Summer Study on Energy Efficiency in Buildings, 
ACEEE.

Gately, D. (1980). “Individual discount rates and the purchase 
and utilization of energy-using durables: Comment.” Bell 
Journal of Economics 11(1): 373-375.

Gates, R., 1983. Investing in energy conservation. Are home-
owners passing up high yields? Energy Policy 11 (1): 
63-72.

Gordon, L. M. and Dethman, L. (1990). Efficient refrigera-
tors and water heaters: The role of third party buyers, 
Washington, DC, American Council for Energy Efficient 
Economy.

Gram-Hanssen, K., Bartiaux, F., Jensen, O. M. and Cantaert, 
M. (2007). “Do homeowners use energy labels? A com-
parison between Denmark and Belgium*.” Energy Policy 
35(5): 2879-2879.

Grover, S. and Babiuch, B. (2000). Pay Now, Save Later: Using 
Conjoint Analysis to Estimate Consumers’ Willingness 
to Pay for Energy Efficiency. Summer Study on Energy 
efficiency in buildings, ACEEE.

Grover, S. and French, E. (2004). Consumer Preferences for 
CFLs over Time: Where Are We Going? Summer Study 
on Energy Efficiency in Buildings, ACEEE.

Guerin, D. A., Yust, B., Coopet, J. (2000). “Studies Since 1975. 
Occupant Predictors of Household Energy Behaviour and 
Consumption Change as Found in Energy.” Family and 
Consumer Sciences Research Journal 29(1): 48-80.

Hall, N. and Reed, J. (1999). “Market transformation: expecta-
tions vs. reality.” Home Energy 16(4).

Hausman, J. A. (1979). “Individual discount rates and the 
purchase and utilization of energy-using durables.” Bell 
Journal of Economics 10(1): 33-55.

Herring, H., Caird, S. and Roy, R. (2007). Can consumers save 
energy? Results from surveys of consumer adoption and 

Contents Keywords Authors



3285 NEIj ET AL

694 ECEEE 2009 SUMMER STUDY • ACT! INNOVATE! DELIVER! REDUCING ENERGY DEMAND SUSTAINABLY

PANEL 3: MONITORING & EVALUATION

use of low and zero carbon technologies. ECEEE 2007 
Summer Studies, La Colle sur Loup, France, ECEEE.

Hirst, E. (1984). Household Energy Conservation: A Review 
of the Federal Residential Conservation Service. U.S. De-
partment of Energy. Retrieved from http://www.jstor.org/
cgi-bin/jstor/printpage/00333352/ap030208/03a00080/0.p
df?backcontext=page&dowhat=Acrobat&config=jstor&us
erID=82eb1366@lu.se/01c0a8487100504faf1&0.pdf.

Hobart, C. and Wilson, M. (2007). Compact fluorescent 
lightbulbs: an acceptability study. 2nd PALENC Confer-
ence and 28th AIVC Conference on Building Low Energy 
Cooling and Advanced Ventilation Technologies in the 
21st Century., Crete island, Greece.

Howarth, R. B. and Sanstad, A. H. (1995). “Discount rates and 
energy efficiency.” Contemporary Economic Policy 13(3): 
101-109.

Jaffe, A. B., and Stavins, R. N. (1994a). “The energy paradox 
and the diffusion of conservation technology”. Resource 
and Energy Economics, 16(2): 91-122.

Jaffe, A. B., and Stavins, R. N. (1994b). “The energy-efficient 
gap: What does it mean?” Energy Policy, 22(10): 804.

Jensen, H. R. (2001). “Antecedents and consequences of 
consumer value assessments: implications for marketing 
strategy and future research.” Journal of Retailing and 
Consumer Services 8(6): 299-310.

Kempton, W. and L. Montgomery. (1982). “Folk Quantifica-
tion of Energy” Energy - The International Journal, 
7(10): 817-828.

Lawrence, P. A. and Jenkins, J. C. (2000). Critical Differences 
Between Residential HVAC Customers’ and Contractors’ 
Perceptions. Summer Study, ACEEE.

Lutzenhiser, L. (1992). “A cultural model of household energy 
consumption.” Energy 17(1): 47-60.

Lutzenhiser, L. (1993). “Social and Behavioural Aspects of 
Energy use.” Annual Review of energy and the environ-
ment 18: 247-289.

Martinez, E., Polo, Y. and Flavian, C. (1998). “The accept-
ance and diffusion of new consumer durables: differences 
between first and last adopters.” The Journal of Consumer 
Marketing 15(4): 323-342.

Mebane, B. and Presutto, M. (2001). Room air conditioners: 
Consumer survey in Italy and Spain. Energy efficiency in 
household appliances and lighting. Bertoldi, P., Ricci, A. 
and Almeida, A. d., Springer.

Meier, A. and Eide, A. (2007). How many people actually see 
the price signal? Quantifying market failures in the end 
use of energy. ECEEE 2007 Summer Studies La Colle sur 
Loup, France, ECEEE.

Metcalf, G. (1994). “Economics and rational conservation 
policy”. Energy Policy 22 (10): 819-825.

Mills, E. and Rosenfeld, A. (1996). “Consumer non-energy 
benefits as a motivation for making energy-efficiency 
improvements.” Energy 21(7-8): 707-720.

Murtishaw, S. and Sathaye, J. (2006). Quantifying the Effect of 
the Principal-Agent Problem on US Residential Energy 
Use. Energy Analysis Department. Environmental Energy 
Technologies Division. Ernest Orlando Lawrence Berke-
ley National Laboratory, LBNL-59773 Rev. from http://
ies.lbl.gov/iespubs/59773Rev.pdf.

Northwest Energy Efficiency Alliance (2000). Residential 
Energy Efficient Lighting Consumer Research. Regional 
Economic Research, Inc. Retrieved from http://www.
nwalliance.org/research/reports/00051.pdf.

Nowlis, S. M. and Simonson, I. (1997). “Attribute-task com-
patibility as a determinant of consumer preference revers-
als.” JMR, Journal of Marketing Research 34(2): 205-218.

NUTEK (1995). Nya fönster uppåt väggarna - en utvärder-
ing av attityder till energieffektiva fönster [New windows 
for the walls - assessment of attitudes towards energy-
efficient windows]. R 1995:33.

Oxera (2006). Policies for energy efficiency in the UK house-
hold sector. Report prepared for DERFA. Oxera Consult-
ing Ltd. Retrieved 04 December 2007. Retrieved from 
http://www.defra.gov.uk/environment/climatechange/uk/
energy/research/pdf/oxera-report.pdf.

Palmer, J. and Boardman, B. (1998). DELight. Domestic effi-
cient lighting. Environmental Change Unit, University of 
Oxford. Retrieved from http://www.eci.ox.ac.uk/research/
energy/downloads/delight.pdf.

Palmborg, C. (1986). Social habits and energy consumer 
behaviour in single-family homes. Stockholms universitet 
reproenheten.

Rasmussen, T., Canseco, J., Rubin, R. and Teja, A. (2007). Are 
we done yet? An assessment of the remaining barriers 
to increasing compact fluorescent lamp installations and 
recommended program strategies for reducing them. 
ECEEE 2007 Summer Studies.

Rehdanz, K. (2007). “Determinants of residential space heat-
ing expenditures in Germany.” Energy Economics 29(2): 
167-167.

Reid, F. A. (1982). Differences in appliances energy efficiency 
features between home-owners and renters. Lawrence 
Berkeley Laboratory, Unpublished contractor’s report.

Ruderman, H., Levine Mark, D. and McMahon, J. (1987). 
Energy-efficiency choice in the purchase of residential 
appliances. Energy efficiency: perspectives on individual 
behaviour. Kempton, W. and Neiman, M. Berkeley, CA, 
ACEEE: 41-50.

Sanstad, A. H. and Howarth, R. B. (1994). “”Normal” mar-
kets, market imperfections and energy efficiency.” Energy 
Policy 22(10): 811-819.

Sathaye, J. and Murtishaw, S. (2004). Market failures, con-
sumer preferences, and transaction costs in energy effi-
ciency purchasing decisions. Lawrence Berkeley National 
Laboratory.

Schiellerup, P. et al. (1998). Cool labels. Environmental 
Change Unit, University of Oxford. Retrieved from http://
www.p2pays.org/ref/17/16387.pdf.

Shorey, E. and Eckman, T. (2000). Appliances and Global 
Climate Change. Increasing consumer participation in 
reducing Green House Gases. Retrieved from http://www.
pewclimate.org/docUploads/appliances.pdf.

Sutherland, R. (1991). “Market barriers to energy-efficiency 
investments.” The Energy Journal 12 (3): 15-34.

Stead, D. (2005). Shifting attitudes towards energy efficiency 
in Europe? ECEEE 2005 Summer Study. What works and 
who delivers?, ECEEE: 1211-1220.

Contents Keywords Authors



PANEL 3: MONITORING & EVALUATION

 ECEEE 2009 SUMMER STUDY • ACT! INNOVATE! DELIVER! REDUCING ENERGY DEMAND SUSTAINABLY 695     

3285 NEIj ET AL

Stern, P. C. and Aronson, E. (1984). Energy Use: The Human 
Dimension. Washington, DC, Natl. Acad. Press.

Stern, P. C., Aronson, E., Darley, J. M., Hill, D. H., Hirst, E., 
Kempton, W. and Wilbanks, T. J. (1985). The effectiveness 
of incentives for residential energy conservation. Evalua-
tion Review, Sage Publications Inc. 10: 147-176.

Stern, P. C. (1986). “Blind Spots in Policy Analysis: What Eco-
nomics Doesn’t Say about Energy Use.” Journal of Policy 
Analysis and Management 5(2): 200-227.

Stoecklein, A. and Skumatz, L. (2007). Zero and low energy 
homes in New Zealand: The value of non-energy benefits 
and their use in attracting homeowners. ECEEE 2007 
Summer Studies, La Colle sur Loup, France, ECEEE.

Stokes, M., Crosbie, T., Guy, S. (2006). Shedding light on 
domestic energy use: a cross-discipline study of lighting 
homes. COBRA. The Annual Research Conference of the 
Royal Institution of chartered surveyors., RICS.

Sutherland, R. J. (1991). Market barriers to Energy-Efficiency 
Investments”. The Energy Journal 12 (3):15-35.

Train, K. (1985) “Discount rates in consumers’ energy related 
decisions: A review of the literature”. Energy 10(12): 1243-
1253.

Turiel, I., Atkinson, B., Boghosian, S., Chan, P., Jennings, 
J., Lutz., J., McMahon, J, Pickle, S., and Rosenquist, G. 
(1997). “Advanced technologies for residential appliance 
and lighting market transformation.” Energy and Build-
ings 26(3): 241-252.

Uitdenbogerd, D. (2007). Energy and households. The accept-
ance of energy reduction options in relation to perform-
ance and organisation of household activities. Wagenin-
gen, Wageningen University. PhD dissertation.

Vaage, K. (2000). “Heating technology and energy use: A dis-
crete/continuous choice approach to Norwegian house-
hold energy demand.” Energy Economics 22(6): 649-666.

Wilhite, H. and Shove, E. (1998). Understanding Energy 
Consumption: Beyond technology and economics. Sum-
mer Study for Energy Efficiency in Buildings, Washington 
D.C., ACEEE.

Wilhite, H., Shove, E., Lutzenhiser, L. and Kempton, W. 
(2000). Twenty Years of Energy Demand Management: 
We Know More About Individual Behaviour But How 
Much Do We Really Know About Demand. ACEEE 2000 
Summer Study on Energy Efficiency in Buildings.

Wilk, R. and Wilhite, H. (1984). Household energy decision-
making in Santa Cruz County, California. Families 
and Energy: Coping with uncertainty, Michigan State 
University.

Wilk, R. R. and Wilhite, H. L. (1985). “Why don’t people 
weatherize their homes? An ethnographic solution.” 
Energy 10(5): 621-629.

Wilson, C. and Dowlatabadi, H. (2007). “Models of Decision 
Making and Residential Energy Use.” Annual Review of 
Environment and Resources 32: 169–203.

Worrell, E., Ramesohl, S., & Boyd, G. (2004). “Advances in 
energy forecasting models based on engineering econom-
ics.” Annual review of environment and resources, 29(1), 
345-381.

Ürge-Vorsatz, D. and Hauff, J. (2001). Drivers of market 
transformation in domestic lighting. Energy efficiency in 
household appliances and lighting. Bertoldi, P., Ricci, A. 
and Almeida, A. d., Springer.

Contents Keywords Authors




