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Departing from the concept of rational use of energy, the paper outlines the microeconomics of end-use

energy saving as a result of frugality or efficiency measures. Frugality refers to the behaviour that is

aimed at energy conservation, and with efficiency we refer to the technical ratio between energy input

and output services that can be modified with technical improvements (e.g. technology substitution).

Changing behaviour from one side and technology from the other are key issues for public energy policy.

In this paper, we attempt to identify the effects of parameters that determine energy saving behaviour

with the use of the microeconomic theory. The role of these parameters is crucial and can determine the

outcome of energy efficiency policies; therefore policymakers should properly address them when

designing policies.

& 2009 Elsevier Ltd. All rights reserved.
1. Introduction

Energy efficiency is a term widely used, often with different
meanings in public policy making. A clear distinction between
energy efficiency and energy conservation is that the former refers
to adoption of a specific technology that reduces overall energy
consumption without changing the relevant behaviour, while the
latter implies merely a change in consumers’ behaviour. In
psychology, this has been labelled as efficiency and curtailment
behaviour (Gardner and Stern, 2002). Many aspects and influen-
cing parameters on the total outcome of an energy system, from
the demand and the supply side, have to be taken into
consideration, hence energy efficiency improvement estimation
demands analytical processes. In this respect, economic literature
has frequently taken as given the microeconomic parameters
affecting energy efficiency and energy conservation (Howarth and
Andersson, 1993; Sanstad and Howarth, 1994; IEA, 1997; Mintel
International Group Ltd., 1997; Howarth et al., 2000; Clinch et al.,
2000; Poortinga et al., 2003; Sorrell, 2004; Bor, 2008). Never-
theless, actual practice demonstrates that economic and techno-
logical assumptions (of perfect information and absence of
transaction costs) on these parameters do not necessarily hold
in the market, which shifts energy efficiency patterns (Jaffe and
Stavins, 1994). Policymakers often decide on specific policies and
instruments on the ground of standardized assumptions of energy
use and energy saving behaviour of end-users.
ll rights reserved.
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In many policy cases, energy efficiency improvement is set as
an environmental target with strong assumptions on the
rationality of end-users and their responsiveness to price signals,
while such ex-ante assumptions should be verified with ex-post
data, already appearing in the literature. Naturally, rationality of
energy behaviour can be related to more parameters, as for
instance effort, status, income, and many others. Energy efficiency
policy instruments are mostly designed based on a normative
perspective of market behaviour of economic actors, which are
assumed to receive the market signals and act on the grounds of
their own rationality. Still, the economic rationality in energy use
and energy saving behaviours is an often entangled topic and
depends on various parameters.

The purpose of this paper is to identify the relationships
between various economic variables that determine the behaviour
towards energy efficiency. More specifically, departing from the
microeconomic theory, we attempt to unveil some parameters
that should be taken into account by social planners, when
designing policies for energy efficiency improvement.

The structure of this paper is as follows. In Section 2, we
provide some basic definitions of somehow overlapping concepts
of energy savings and energy efficiency. Section 3 refers to a
microeconomic analysis of energy saving, rational use of energy,
energy services, and the effects of time into energy savings.
Furthermore, Section 4 deals solely with microeconomics
of energy efficiency, incorporating concepts of rebound effects,
real and shadow energy demand, the effects of time dimension
in energy efficiency. Section 5 provides a discussion on energy
saving and energy efficiency components as economic value
reservoirs. Finally, in Section 6, we wrap up our theoretical
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analysis and come up with some recommendations for policy
making.
2. Definitions

In this section, we provide a general overview of the terms met
in the literature of energy efficiency, which can often overlap and
create confusion. Consumer behaviour and lifestyle choices are
strongly related to the concept of the rational use of energy, the
end-use (final) energy saving and the end-use energy efficiency.
Energy savings and energy efficiency refer to two microeconomic
situations, which deserve to be differentiated. Energy efficiency
concerns the technical ratio between the quantity of primary or
final energy consumed and the maximum quantity of energy
services obtainable (heating, lighting, cooling, mobility, and
others), whilst end-use energy saving addresses the reduction of
final energy consumption, through energy efficiency improve-
ment or behavioural change.

In many studies, the energy conservation concept refers to the
reduction of energy consumption associated with a frugal lifestyle
that includes a form of regulation (i.e. speed limitations, reduced
domestic heating, and so on) or spontaneous changes in
consumers’ preferences resulting in behavioural changes. This
concept often implies a more moral aspect of behaviour rather
than a strictly economic one, since effort is required from the end-
users side in order to engage in energy saving. An extensive
literature review on the matter of ‘sufficiency’ can be found in
Alcott (2008) and on sustainable consumption in Jackson (2007).
Nevertheless, energy conservation can be enhanced via changes in
the context (including regulations and energy price increases) and
changes in motivations of people (including environmental
concerns, and feelings of moral obligation to reduce energy
consumption). An exhaustive literature survey on the matter can
be found in Herring (2004) and Steg (2008). Policies in this aspect
can target either investments towards energy-efficient goods (as
for instance subsidies) or behavioural changes (feed-in tariffs for
energy savings, see Bertoldi et al. (2009)), or both.

In this study, strictly confined to the field of end-use energy
demand, the two concepts of energy savings and energy efficiency
are used in a specific and distinct way. In some cases, never-
theless, the energy saving concept is also used with its general and
widespread meaning such as the reduction of energy consump-
tion. As mentioned above, in this paper, strictly energy end-uses
are considered: complex efficiency implications in the upstream
phases of transformation, transmission, and distribution are
beyond the scope of this paper.
1 Rational information deficit model supposes that energy savings can be

promoted by informing people about the need to do so as well as ways and means

to achieve that. The main assumption here is that a lack of knowledge prevents
3. Microeconomics of energy saving

In this section, we present the basic microeconomic variables
and functions of energy saving, which describe the parameters
influencing positively or negatively energy saving trends. These
functions are built upon energy services, energy savings, and the
effect of time horizon on energy efficiency.

3.1. Energy services

In order to analyze energy savings and energy efficiency, we
start from a very basic model on energy services expressed in the
following function:

Qs ¼ f ðQeÞ (1)

where Qs is the required energy services (measured in GJ) and Qe

the final consumption of energy (measured in GJ).
The function f corresponds to an overall set of technology
transformation processes and to the related boundary conditions
in which these processes develop in order to accomplish energy
end-uses in defined environments (houses, offices, etc.). One can
omit the formalization of the relationship between these
processes, the conditions of the defined environments and
services produced, because investigating technology transforma-
tion functions, is out of the scope of the paper that is instead
focused on the combined effect of energy conservation and energy
efficiency actions.

At a second step, we express the final consumption as a
function of energy services (Eq. (1))

Qe ¼ f�1
ðQsÞ (2)

The same function, with the strong assumption of linearity, can
be expressed as

Qe ¼ bQs (3)

where b is the technical parameter expressing the conversion
efficiency of technologies in which we can add a disturbance
factor, thus enabling us to take human behaviour into considera-
tion

Qe ¼ bQsþ u (4)

where u is the exogenous variable related to human behaviour and
to organisational processes (measured in GJ of energy used).

Eq. (4) practically implies that final energy end-use is
dependent on demand for energy services but forecasting its
evolution must take into account social parameters. In particular,
it can be noted that the linear relationship expressed with the
parameter b, between the quantity of end-use energy consumed
and the quantity of services obtained, is reasonable if we consider
non-linear relationships as linearized (i.e. linear approximations):
the first derivative of the linear approximation is a multiple-step
function where the base of each step is the linearization range
that has to be defined accordingly to each technology transforma-
tion. As stated before, the in-depth investigation of the technology
transformation is out of the scope of the paper, but it may indeed
represent an interesting development for further research, for
instance focused on a specific sector like household appliances.

In the short-term, with given domestic technologies, para-
meter b is exogenous. Nevertheless, as shown later, it is affected
by investments in energy efficiency and endogenized in the
model. Moreover, this parameter depends on the considered
sector (heating, lighting, cooling, mobility, and others). Hence, a
family of sectoral parameters can be imagined: ba, bb, bc, bd,y,bn.

Subsets of parameters in the same sector can be expressed as
follows: ba1, ba2, ba3,y,bam (for example, different kinds of lamps
in the lighting sector).

The exogenous term u expresses the effect of human behaviour
and the organisational practices on end-use energy. For instance,
the attention paid to switch off lights left carelessly on, the
regulation of heating or cooling, the personal driving style, the
usage of a certain device, the habit of managing indoor air comfort
conditions with outdoor air (opening doors and windows). This
parameter gains significant attention by policymakers and should
be always targeted by policy instruments. The values of this
parameter are quite hard to quantify and they depend on the
types of services (for instance, in cheaper technologies where
energy saving is not very obvious, this parameter is expected
much higher than in more expensive technologies). Here, we
make use of a typical ‘rationalist information deficit model1‘
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(Burgess et al., 1998) in order to explain this behaviour, but we
also acknowledge and take into account, at a very small extent,
parameters that determine the behaviour, beyond market failures:
awareness, trust, and commitment, moral obligation, cultural
norms, routine practices, and habits, social networks and fashion
(Owens and Driffill, 2008). In other words, Eq. (4) demonstrates
that the energy services obtained Qs are not equal to those
maximum obtainable using a given quantity of final energy Qe,
because a part of this energy savings is wasted through careless or
thoughtless behaviour.2 This behaviour still could be explained by
the social dilemma theory,3 since reducing effort can be an
individual benefit but not a collective one. To this end, if costs of
individual benefits are lower than collective ones, maybe in a
normative aspect, people can choose for the former, and this can
lead to negative externalities as social costs are not incorporated
in private costs’ decisions. Policies based on this principle fall are
mostly information campaigns, as imposing a cost on individual
behaviours does not necessarily lead to common action, while
internalizing the common benefit by proper information in
individual decisions concerning energy use can indeed lead to
energy savings in the long-run. Alternative policies that can target
at a certain extent this social dilemma could involve a form of
market trading, where negotiations in the form of price arrange-
ment for energy saving take place, as for instance, in case of White
Certificates (WhC). As shown later, energy saving affects final
energy consumption through this factor (u), whilst energy
efficiency acts upon the parameter b. To this respect, our analysis
focuses on the concept of final energy savings and parameters that
influence them. In the next section, we explain more in-depth
how the exogenous variable u manifests and produces its effects.
3.2. Energy saving

We already specified that energy saving reduces the unneces-
sary final energy consumption which does not correspond to the
production of utility and services. The fact that this unnecessary
consumption emerges as a by-product of the required consump-
tion is not completely new in the economic theory of rational
behaviour. In fact, levelling the energy consumption to the exact
minimum quantity necessary in order to obtain the desired
energy services is not a costless activity. On the contrary, it
requires a noticeable effort in terms of resources and information.
As a result, an end-user can simply not desire to undertake this
effort, even at the cost of consuming more energy than necessary.

The drivers behind the motivation of a consumer towards
saving energy from a psychological perspective are explained in a
study by Abrahamse (2007), which employs the theory of planned
behaviour and the value-belief-norm theory. The theory of
planned behaviour assumes that attitudes, subjective norms and
perceived behavioural control determine intentions, which can
predict behaviour (Ajzen, 1985; Ajzen and Fishbein, 1980). In
(footnote continued)

people from acting pro-environmentally. Nevertheless, we acknowledge that many

studies have revealed increasing knowledge is not sufficient to promote energy

savings, so this model is not validated in several studies.
2 An important clarification is that the exogenous term u should not be

confused with the much documented rebound effect, which is exclusively

dependent on income and substitution effects.
3 The social dilemma theory explains situations in which private interests are

at odds (e.g. comfort and convenience) with collective ones (e.g. environmental

quality). Social dilemmas are defined by two properties: (a) each person has an

individual rational strategy with a best pay-off, when not cooperating, at least in

the short-term. However, if everyone acts at their own interest, collective interests

will be seriously harmed. To this end, the second property (b) assumes that if all

individuals pursue this strategy it results in a deficient collective outcome, hence

everybody would be better off if they had cooperated.
terms of energy use, this theory takes as granted that people make
planned, rational decisions (based on a typical cost-benefit
rationality approach) and that behavioural choices are motivated
by self-interest (in terms of hassle, time, and social approval). An
alternative explanation is provided by the value-belief-norm
theory (Stern, 2000) stating the general values of people
determine environmentally oriented behaviour. Such values are
categorized in egoistic (concern for own self), altruistic (concern
for others), and biospheric (concern for the biosphere). Based on
this theory, energy saving measures are accepted by the public
when they have strong altruistic and biospheric values (Poortinga
et al., 2004; De Groot and Steg, 2008). More specifically, values
influence awareness of energy problems and the extent to which
individuals feel responsible for these problems, which in turn
influence feelings of moral obligation to do something about it
and increase the acceptability of energy policies (Steg et al., 2005).

In our model, the variable u in Eq. (4) is tied up to costs that an
end-user must sustain in order to eliminate unnecessary con-
sumption. In this paper, we group together these costs in a
variable that we name ‘‘effort’’ (s). This variable represents the
disutility associated with ‘‘virtuous behaviours’’ of energy saving,
essentially in terms of opportunity cost of time (the time
necessary to acquire information and apply it to individual
behaviours and organisational practices), as well as costs of effort,
discomfort, and reduced status. It can be measured in ‘utils’
originating from cardinal utility in quantifiable terms (Varian,
2003).

As with all forms of disutility, an end-user can be disposed of
sustaining a certain level of effort s in exchange for compensation.
The compensation that best fits our case is represented by the
return in terms of income (Y) (expressed in h), which is the main
reward (in terms of monetary savings in energy bill) for those who
save energy. Nevertheless, we acknowledge that more psycholo-
gical compensation parameters beyond the financial one trigger
energy saving effort (for instance, feeling proud or being praised
for doing the correct thing). The compensation can be stimulated
furthermore by policy, when a direct reward for the energy saved
on a short-term basis takes place (e.g. monthly) in order to
provide the correct stimulation of longer-term energy saving
behaviour and adaptation of energy needs (otherwise, if the
financial reward is applied on a yearly for instance basis, end-
users miss the insight of their actual daily consumption and
cannot easily adapt their behaviour in the following period). Fig. 1
represents the indifference curves (u1, u2, u3) between effort and
return. These curves demonstrate that the higher the bill
reduction, the higher the willingness to invest in energy saving
effort in order to achieve this reduction.

Economic theory dictates that on any indifference curve the
utility of the consumer does not vary; hence the slope of the
indifference curve indicates the incremental return that is able to
compensate an end-user for an incremental effort of energy
saving, maintaining the constant overall utility. The linearity of
the functions is justified with the hypothesis that, in return,
interval values defined by the possibility of saving energy, the
marginal preferences do not change. The arrow indicates the
preference direction with increased levels of utility.

One more intuitive way of representing the indifference curves
between effort and monetary compensation is to take into
account the overall energy bill rather than the return

B ¼ QePe

where B is the total energy bill for end-user, also incorporating the
avoided income return (expressed in h); Pe the end-use electricity
price.

Fig. 2 shows how an energy end-user exchanges incremental
efforts with the reduction in energy bills, the slope being the
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Fig. 1. Indifference curves between effort of energy savings (s) and income (Y).

Fig. 2. Indifference curves between the effort of energy saving (s) and energy bill

(B).

Fig. 3. Technical function of energy saving.
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marginal rate of substitution, here given as a constant due to the
relative little impact of energy bill saving on income and
preferences. Fig. 2 also represents an interesting case of
indifference curves between two ‘‘bads’’, instead of the usual
representation between two ‘‘goods’’. In other words, the end-
user faces the trade-off of reducing energy bill and putting in
effort for saving energy, where, based on these curves there are
indifference points because of the small impact of bill saving on
preferences.
So far, we defined the preferences of an end-user with respect
to the disutility of the effort and the utility of energy bill
reduction, and the moral happiness of reducing a collective
environmental and energy problem. However, it is necessary to
examine how the effort of energy saving influences its effective
energy consumption. In other words, to investigate the function of
the production of energy saving, expressed by the technical
relationship between the effort (the time dedicated to the
acquisition of information and to its application in generating ES
behaviours) and the result, i.e. the reduction of final energy
consumption.

A technical function, represented in Fig. 3, expresses the
relationship between the effort of saving energy (s) made by
subjects with virtuous behaviour, and the results in terms of
monetary savings in energy bills (B), with energy services being
equal. In other words, it unveils the opportunity cost of investing
in a new energy saving technology to paying a higher bill for
energy consumption. The values of both costs can be compared
when discounted, since the upfront cost of an energy saving
technology does not entail any immediate profit in the short-run.
If the relationship is linear then for each h decrease of the energy
bill a sacrifice of one util is required (increased effort, which can
also be translated as a h increase of the investments in energy
saving technologies).

The profile of the curve reminds us, intuitively, that when we
start from a situation in which no care is taken in energy
consumption, thus ending with a maximum energy bill (Bmax),
interesting marginal energy savings can be obtained with little
effort. In this case, the marginal cost of saving energy increases.
This is the standard rule with marginal abatement costs, where
under no effort cheaper abatement options are present and
these costs increase along the marginal abatement cost curve
(Tietenberg, 2000). In other words, the results of the effort of
energy saving continuously decrease, until they become insignif-
icant (levelling of the technical function) and approach the
technically minimum possible level of final energy consumption,
the required energy services being equal, which corresponds to
the minimum energy bill (Bmin). To enhance energy savings below
the intersection, as to change the optimal levels of energy savings,
specific incentive policies are required, targeting at reducing the
sunk costs of an investment.
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Combining indifference curves between return and effort and
the technical function enables us to represent the optimal choices
of energy saving, which is found at the point of the curves’
intersections.

In Fig. 4, the three linear functions represent three profiles of
an indifference curve. The three profiles correspond to three
hypothetical subject groups, characterized by different
preferences, represented by different substitution rates between
effort and return. Every group makes more of an effort in ES until
the point of equilibrium, where the marginal cost of the effort is
equal to the marginal benefit.

To this respect, different levels of energy saving correspond to
different structures of end-users’ preferences. The group with the
greater substitution rate between return and effort, for example,
manifests little effort, equal to s3 , which is completely reasonable
when taking into account that this group associates a high cost to
the effort (indifference curve with a bigger slope); on the contrary,
the group with a lower substitution rate between return and effort
will manifest a higher effort level, equal to s1, justified by the
relatively low cost that this group associates with the effort
(indifference curve with a small slope).

Based on this reasoning, we form Eq. (4), which shows that
different levels of s generate different levels of energy bills and
thus of energy saving, when incorporating the value of the
exogenous variable u.

ES ¼ ðBmax � BnÞ=Pe (5)

An important point with this respect is derived from the goal-
framing theory (Lindenberg and Steg, 2007). Because energy
savings generally imply that people have to give up personal
advantages (e.g. comfort) in order to reach a collective goal
(security of energy supply and reduction of GHG emissions), it is
unlikely that people will be triggered to save energy solely based
on individual benefit discounting. However, people do not only
strive for maximising individual benefits. The goal-framing theory
proposes that three goals govern behaviour: hedonic goals ‘‘to feel
better right now’’, a gain goal-frame ‘‘to guard and improve one’s
resources’’, and a normative goal-frame ‘‘to act appropriately’’.
This implies that people not only consider comfort and costs of
energy savings, but also moral aspects such as environmental
quality and future generations. The substitution rates indicated in
Fig. 4 are likely to vary with goal strength, that is, when normative
goals are strongest, substitution rates are likely to be lower as
compared to situations in which gain or hedonic goals are
strongest. In many cases people are tempted to act on the grounds
of personal interest, while collective interests play a less
important role. However, some people do take into account moral
considerations and thus collective objectives. Energy savings will
generally follow such collective concerns (since the benefits in
energy bills are generally low) and this can be explained as moral
normative behaviour. Similar concerns on moral social concerns
and pro-environmental behaviour (including energy savings) are
raised by De Groot and Steg (2008). A study of Abrahamse (2007)
unveiled that household energy use is related to socio-demo-
graphic variables (Brandon and Lewis, 1999; Gatersleben et al.,
2002), which are completely different from the drivers of energy
savings. For instance, households with higher incomes or larger in
size often use more energy, while psychological variables are less
adequate to explain energy consumption patterns, since the latter
are determined by socioeconomic barriers and opportunities.
Nevertheless, from a different angle, households with higher
income can relatively promote easier energy saving measures (e.g.
purchasing-efficient technologies or installing insulation domes-
tically). Results for intention to conserve energy detect a direct
association with psychological factors, whereas socio-demo-
graphic characteristics do hardly come into play. Especially,
attitudes towards energy conservation and perceived behavioural
control could explain the variance in intention to conserve energy.
To this end, higher levels of perceived behavioural control and
positive attitudes towards energy conservation can drive towards
greater energy savings. Behavioural control and attitude change
can also be triggered by policies of self-monitoring, such as
introduction of smart metering in the market, where end-users
can be aware of their actual energy behaviour and in the medium
long-run get adapted to modifying this behaviour or reducing
unnecessary energy use.
3.3. Energy saving and time

Based on the definition used for the choices of energy saving in
this paper and considering the typical approach of cost-benefit
analyses, the cost of the effort and the benefit in terms of financial
savings through reduced bills can be considered like two
instantaneous flows (the time lapse between the two flows
can be measured in a few weeks, indeed a negligible lapse of time
for actualization purposes). Thus, the cost of time can be
disregarded as one can imagine that the subject does not apply
to the end-user’s own choices by any actualization of the cost and
benefit flows. The same does not apply to energy efficiency as a
result of investment in new equipments with a life cycle of several
years and corresponding financial returns in terms of reduced
bills.
4. Microeconomics of energy efficiency

In this section, we deal exclusively with issues concerning
energy efficiency, differentiating from the background of energy
savings. More specifically, we refer to the relationship between
energy efficiency and the rebound effect, the real and shadow
energy demand, and on the influence of time horizon on energy
efficiency. Similar to the Section 3, we identify variables and
functions that determine the behaviour towards energy efficiency
improvement.
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4.1. Energy efficiency and rebound effects

In principle, end-use energy efficiency concerns the technical
relationship between the maximum quantity of obtainable
services (for instance, heating, lighting, cooling, mobility, etc.)
and behavioural changes (for instance, people purchase an
efficient technology that has to be used appropriately) and the
quantity of end-use energy consumed. This relationship depends
on all conversion processes, which transform end-use energy in
services and on the boundary conditions of the processes and of
the end-uses. In other words, similar to Eq. (3), end-use energy
efficiency can be defined as

Xn

i¼1

Qei ¼
Xn

i¼1

biQsi

where
P

i ¼ 1
n Qei is the total amount of end-use energy consumed

from all services and
P

i ¼ 1
n biQsi the total quantity of energy

services with all relevant conversion efficiencies.
Every improvement in energy efficiency is reflected in a

decrease in the relative unit price of energy services (hence, in
the price of energy services in relation to the prices of other
goods), when investment costs for end-users can have a relatively
short payback period (e.g. 5 years for energy saving technologies).
For instance, mobility and cooling have been strongly influenced
by the decrease in the relative price of end-use energy for unit of
consumption (km and GJ). The economic literature refers to this
reaction as the direct rebound effect, a similar concept of
substitution effect in microeconomics (Ruzzenenti and Basosi,
2008; Binswanger, 2001; Greening et al., 2000; Haas and
Biermayr, 2000; Milne and Boardman, 2000; Bentzen, 2004;
Hertwich, 2003, Herring, 2004; Brannlund et al., 2007). The
rebound effect could be explained from the following causal
chain: an increase in energy efficiency tends to lower the marginal
costs of using an energy service4 (Quirion, 2004).

The rebound effect in quantifiable terms can be defined as the
ratio of energy savings after the installation of the energy-efficient
appliances/energy savings without the new energy-efficient
devices. Greening et al. (2000) distinguished the rebound effect
between the following:
�

wat

nee

me
Direct rebound effects: The direct effects are the microeconomic
price effects that consist of the substitution and income effect.
The substitution effect refers to the increase of demand for the
use of an energy service when its price decreases, as an
effect of energy efficiency, given the same utility. The income
effect occurs when the available income increases as a
result of the reduced price of the energy service that leads to
expenses towards other energy-consuming appliances or uses.
(Hertwich, 2005). Gatersleben et al. (2002) and Steg (1999)
found that income is one of the predictors of household energy
use, indicating that indeed people tend to spend more money
on energy as soon as they can afford it.

�
 Secondary effects: From the producer’s side, increased energy

efficiency measures can result in the reduction of the
production costs, which in turn can lead to reduction of the
price of the energy service and an increase in their total
quantity supplied. In the following equilibrium, the market
demand for this energy service will increase reducing, hence
the expected effects from the policy-induced energy savings.
However, this market procedure depends on other parameters,
4 Energy services could be defined as a commodity that is demanded, i.e. hot

er, refrigeration, heat, etc. In order to produce this commodity energy is

ded, alongside with other production factors, like capital, labor and manage-

nt. tion
i.e. the decrease of the price of the energy service cannot be
predetermined, since the price of the other factors of produc-
tion might increase (Quirion, 2004).

�
 Economy wide effects: Market clearance adjustments (espe-

cially in fuel markets). These effects consist of the change of
the market equilibrium in energy supply and demand relation-
ships (and all the factors that they entail, i.e. consumer
preferences) as a result of the shift of the determinants
affecting one energy efficient good.

�
 Transformational effects: Changes in technology may also

change the consumers’ preferences and introduce new produc-
tion techniques that transform the organization of production.
These effects could result in a change in energy consumption
from the consumers or producers.
Most studies cover in principle the substitution and income
effects, since the other effects are difficult to isolate (Hertwich,
2005). Table 1 presents some indicative aggregate rebound effect
results from several studies and Table 2, some results of
disaggregated energy efficiency measures that could be taken
into account for the effect of measures implemented due to
energy efficiency policies.

Greening and Greene (1998) present a review of 75 estimates
of the rebound in the existing literature. These estimates stem
from econometric analysis and direct measurements and are
measured in terms of fuel efficiency of specific energy measure
rather than energy consumption. The key findings are presented
in Table 2.5

The inelastic short-term demand nature of energy use can
increase the use of the energy service that raises the energy
demanded; hence no actual savings are generated. A practical
example can be with a user that exchanges his/her boiler for one
with improved efficiency. As a result, the price of one unit of heat
will decrease with respect to the price of the other goods. For the
substitution effect and the income effect this could increase the
demand for heating (and thus end-use energy), with a paradoxical
result i.e. an increase in consumption caused by an improvement
in efficiency (although a saturation point exists, which is
depending on the energy service at stake). The rebound effect in
quantifiable terms can be defined as the ratio of energy savings
after the installation of the energy-efficient appliances to the
autonomous energy savings without the new energy-efficient
devices. In general, the relative decrease in end-use energy price
also has an income effect: higher real spending capacity can push
for higher consumption in several energy-consuming goods
and services, which is frequently called as indirect rebound
effect. Furthermore, when energy efficiency is encompassed in
pervasive new technologies, in particular, in production processes,
the rebound effect can became backfire effect, resulting in an
increase of energy consumption due to efficiency (the so-called
Khazzoom–Brookes effect). As a whole, substitution and income
effects have been estimated in the range 10–30% of the estimated
energy saving through energy efficiency improvement (UK Energy
Research Center, 2007).

In Fig. 5, an improvement in energy efficiency is represented by
a shift down and to the left of the technical function that links
effort to energy bills. When energy efficiency improves, the effort
being equal, one can obtain considerably greater results in terms
of energy consumption. Trivially, one can imagine an end-user
who produces an effort s1 to switch off lights in areas where light
is not needed, thus obtaining a monetary reduction up to B1 (in
the point where the marginal cost of effort is equal to the
5 All these rebound effect estimates assume a 10% increase in fuel-consump-

efficiency.
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Table 2
Overview of 75 studies on the rebound effect according to sectors and energy

services.

Sector Energy service Rebound effect estimate (%)

Consumers

Space heating 10–30

Space cooling 0–50

Water heating 10–40

Residential lighting 5–12

Appliances ‘‘white goods’’ 0

Firms

Process uses (short-run) 0–20

Lighting (short-run) 0–2

Long-run aggregate impacts

Economy wide effects

Change in total output growth 0.48

Source: (Greening et al., 2000).

σσσ

Fig. 5. Energy saving and energy efficiency.

Table 1
Empirical studies presenting aggregate rebound effects.

Study Content Results

Khazoom (1986) Electricity-heated homes in Sacramento, CA Long-run REf of 65%

Dubin et al. (1986) Households participating in a program of improving the efficiency of home heating REf between 8% and 13%

Dinan (1987) Households whose dwellings were weatherized REf small but statistically

significant

Hirst (1987) Evaluation of Residential Weatherization program throughout the Pacific NW, comparison

of the behavior of participants with non-participants

REf between 5% and 25%

Bentzen (2004) US manufacturing energy consumption REf around 24%

Laitner (2000) US REf around 2–3%

Davis (2004) Evidence from field trials of a front loading clothes washer for 104 households REf around 5.6%

Schipper and Grubb (2000) Reviewing of studies covering 80–90% of energy use in OECD countries REf between 5% and 15%

Berkhout et al. (2000) Studies estimating the effect of energy taxes in the Netherlands REf between 0% and 15%

Haas and Biermayr (2000) Space heating in Austria REf between 20% and 30%

Sorrell et al. (2009) Personal transport in Europe REf around 10%

Schwarz and Taylor (1995) Heating in households in US REf between 1.4% and 3.4%

Douthitt (1986) Heating in households in Canada Long-run REf 35–60%

Haas et al. (1998) Heating in households in Austria REf around 15–48%

Guertin et al. (2003) Heating in households in Canada REf around 29–47%

Nesbakken (2001) Heating households in Norway REf around 21%

Klein (1987) Heating households in US REf between 25% and 29%

Dubin et al. (1986) Space cooling in households in US REf between 1% and 26%

Source: adapted from Binswanger (2001) and Sorrell et al. (2009).
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marginal benefit in terms of monetary reduction of electricity
bills). By installing fluorescent lights which are considerably more
efficient, the same subject with the same effort s1 could obtain a
reduction in bills to the level B3. However, in the new conditions, it
is better for an end-user to reduce the effort level to s2 (in the new
point where the marginal cost of effort is equal to the marginal
benefit in terms of the reduction in energy bills), thus obtaining
an electricity bill equal to B2 lower than the initial one, a fact that
precisely recalls the rebound effect. The increase in efficiency
therefore allows, in a certain way, a double dividend for the
consumer: less effort in energy saving and, simultaneously, less
money spent on energy bills. The trade-off between effort and
energy bill saving, when an increase in efficiency is present
at-work, will depend on the profile of the indifference curves:
consumers who attribute a very high disutility to the effort will
reduce it substantially, and vice versa, consumers with a marginal
utility of income relatively high with respect to the effort, will
choose to limit their bills further. Especially,. people with strong
hedonic goals will be tempted to reduce their efforts to conserve
energy (as this makes them feel good), while people with strong
normative goals are more likely to keep on putting effort in energy
conservation actions, because this is still the right thing to do.
Even if the theory suggests relating the first category to high
income and the second category to lower income end-users,
intuitively the reality appears rather more complex.
4.2. Real and shadow energy demand

End-use energy demand is a function of the price of energy,
given the technology used and end-user’s preferences. This
relationship is explained in Eq. (6).
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Fig. 6. Real and shadow energy demand and energy efficiency.
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De ¼ f ðPeÞ (6)

where De is the end-use energy demand.
Consumers are interested in energy services (Qs) that end-use

energy can supply (heating, lighting, cooling, mobility, other);
these services are connected to the quantity of end-use energy by
a previously introduced technical parameter (Eq. (1)).

Fig. 6 outlines the relationship between end-use energy
demand, the energy services and the shadow end-use energy
demand, throughout the effects of improvement in efficiency.
Given the demand curve D and the price p1, the quantity Qe1 of
requested final energy is related to the quantity Qs1 of energy
services obtained, according to the technical function with
parameter b1. With an improvement in efficiency, represented
by the rotation of the technical function in an anti-clockwise
direction (b2), the same quantity Qs1 of energy services can be
obtained with a smaller quantity Qe2 of final energy, which
constitutes the ‘‘shadow’’ end-use energy demand of the
consumer. The curve of the shadow demand (Ds) is built, with
respect to the curve of real demand (D), following the
correspondence between every possible energy price and the
quantity of final energy strictly necessary (Qe2), with an
improvement in efficiency in order to obtain the desired level of
energy services.

The shaded area represents the monetary savings in the energy
bill potentially associable to the improvement in energy efficiency.
These savings are, with respect to the social energy efficiency
value, the private economic benefit that Energy Service Compa-
nies (ESCO’s) can use and can plan their commercial strategies
upon. Alternatively, policy schemes that address financing options
for such actions could be set in place, which could enable
investments of more expensive energy saving projects and
overcome financial and other market barriers faced by end-users.
4.3. Energy efficiency and time

Differently from the case of ES, in the choices of new
equipment that generates end-use energy efficiency the time
factor plays an important role. The temporal distribution of costs
and benefits is considerably different, with strong initial invest-
ments and multiannual return flows. The discount rate used in the
evaluation of investments in EE affects the actual value of the
shaded area in Fig. 6.
5. Energy saving and energy efficiency as value reservoirs

Both energy efficiency and energy saving in the end-uses can
be considered as potential reservoirs of resources extractable
through actions and investments. The economic value contained
in these pools can be subdivided in two components:
1.
 Private economic value

2.
 Public economic value
The first component represents the reward for actions and
investments in energy efficiency. The economic analysis should, in
addition to quantifying the deposits of this value, identify the
reasons that lead to a greater or lesser exploitation in different
markets, geographical, and regulation conditions. With efficient
and well-functioning markets, these deposits should be attractive
to companies that identify, quantify, and exploit them, bringing
energy savings and energy efficiency to optimal levels from the
point of view of utility and private profits. The second component
concerns externalities and public goods associated with end-use
energy consumption, such as air pollution, security of supply, and
the continuity of service. Combined energy efficiency and
environmental policies, if properly fine-tuned with minimum or
no overlaps, can address both issues simultaneously, where with
the same actions (energy saving) private economic value can be
increased and adverse environmental effects minimized. Such
could be the hypothetical case, for instance, of quota schemes on
the purchase of clean energy, with a parallel benefit on the
decrease of energy demand.

It is necessary to highlight the fact that the relationship
between energy policies and externalities, in particular environ-
mental externalities, can have distorted effects. For instance, the
rebound effect signals that a policy based on the dissemination of
energy efficiency could bring, in the medium to long-term, an
increase in consumption and therefore emissions, with opposite
effects to those desired in any environmental strategy.

Paradoxically, in order to avoid that the private gains derived
from energy efficiency are shifted towards increased consumption
(of energy or other goods, with a consequent elimination of the
environmental potential of energy efficiency), the necessity to
move the gains of end-users, with some form of public policy,
towards investments in natural capital should be addressed
(Wackernagel and Rees, 1997). Only in these conditions the public
environmental value of energy efficiency could be completely
exploited. Naturally, the proposed correction requires us to
address the problem of the energy efficiency incentive with
private subjects that would see their return reduced from an
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energy taxation policy or an increase in energy price, financing
new investments.

Broadly speaking, it seems that every policy on end-use energy
efficiency should be coupled with policies aimed at raising the
cost of energy through Pigouvian taxes or tradable rights markets,
which could compensate the rebound effect setting final prices
nearer to the social cost of economic choices. Another strategy for
energy efficiency policy is moralization, which implies convincing
people that they should protect collective environmental qualities
(despite it may also involve some individual costs), and that their
contribution will be socially helpful.
6. Conclusions and outlook

Microeconomic analysis of private behaviour in relation to
end-use energy demand and consumption gives rational founda-
tions to the outline and implementation of public energy
efficiency policy instruments. The present analysis suggests a
theoretical framework in which private choices in energy
conservation and energy efficiency are explained in terms of
private preferences and costs: in this cadre they produce
controversial effects, mainly for rebound phenomena. Still, the
economic rationality in energy use and energy conservation is
often debated and depends on various parameters.

Initially, we differentiated between the concepts of energy
efficiency and energy conservation, often used in parallel in
literature. Energy savings addresses the reduction of final energy
use, while energy efficiency concerns the technical ratio between
the quantity of primary energy consumed and the maximum
quantity of energy services obtainable. Policies can address each
one or both aspects simultaneously.

Departing from the microeconomic theory, we aim at under-
standing drivers for promoting energy saving beyond energy
prices. To this end, we integrated some theories well established
in environmental psychology in order to identify parameters that
affect end-users behaviour for both energy efficiency and energy
savings. From a rationalist information deficit model, for instance,
we can extract that a parameterized energy use depends on
awareness, trust, and commitment, moral obligation, cultural
norms, routine practices, and habits, social networks and fashion.
Some of these issues, like awareness and social behaviour, can be
tackled with respective information diffusion policies, which
target at these specific-market barriers. Other parameters ex-
plaining the energy users’ behaviour are found in the theory of
planned behaviour i.e. people make planned, rational decisions
and behavioural choices are motivated by self-interest, hassle,
time and social approval and the theory value-belief-norm theory
(i.e. general values of people determine environmentally oriented
behaviour). To this end, policies that impose a cost (e.g. in the
form of taxation) on individual energy behaviour do not lead to
common action. Therefore, internalizing the common benefit by
proper information in individual decisions concerning energy use
can indeed lead to energy savings in the long-run. Alternative
policies that can target at a certain extent this social dilemma
could involve a form of market trading, where negotiations in the
form of price arrangement for energy saving take place, as for
instance in case of White Certificates or other market-based
mechanisms.

Moving a step further, we expressed with the private utility
theory the relationship between the effort of energy savings and
the results in terms of monetary savings in energy bills, or in other
words, the opportunity cost of investing in energy saving and
enjoying more comfort from energy consumption. Our main
finding there, by incorporating the goal-framing theory is that
people not only consider comfort and costs of energy savings, but
also moral aspects such as environmental quality and future
generations. Questionnaire study data has revealed that although
higher income groups can consume more energy and theoretically
can afford to invest more in energy efficiency, there is a direct
association between intention to conserve energy and psycholo-
gical factors, whereas socio-demographic characteristics do
hardly come into play. To this end, higher levels of perceived
behavioural control and positive attitudes towards energy con-
servation can drive towards greater energy savings. Behavioural
control and attitude change can also be triggered by policies of
self-monitoring, such as introduction of smart metering in the
market.

A third aspect we explored is the rebound effect, which is a
typical income effect and originates from the increased energy
efficiency that allows a double dividend for the end-user: less
effort in energy saving and, simultaneously, less money spent on
energy bills and more space for increased energy use in the future.
The trade-off between effort and energy bill saving, when an
increase in efficiency is present at-work, will depend on the
overall perception towards energy saving: consumers who
attribute a very high disutility to the effort will reduce it
sensitively, and vice versa, consumers with a marginal utility of
income relatively high with respect to the effort, will choose to
limit their bills further. Energy policy on efficiency should be
integrated with financial or market-based policies, which can
minimize the rebound effect by setting private costs of using
energy closer to the social costs, hence reducing the externalities.

Finally, we consider that this analysis can provide a useful
insight for policymakers when designing policies for energy
efficiency improvement, since departing from the normative
aspects of end-users rational behaviour, more parameters have
to be taken into account that generate a differentiated behaviour.
More specifically, some key policy lessons summarized from this
study are: (a) policies can be ‘smart’ targeting at both use and
investments, (b) taxing individuals is not enough for long-run
energy saving, as information campaigns and market instruments
are necessary to induce collective behaviour, (c) policies stressing
the moral obligation to conserve energy can increase their
acceptability, (d) financial compensation for savings must take
place in the short-run in order to enable end-users to monitor
their daily energy use, (e) behavioural change can be triggered in
the medium-run by self-monitoring policies, which can modify
the end usage, and (f) enabling financing options through policy
schemes can overcome substantial market barriers of consumers
towards energy efficiency investments.
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