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Barriers to Energy Eﬃciency – Focus on Transaction Costs
M. Valentová
Abstract
This paper assesses the main barriers that prevent economic energy eﬃciency potential from being realized. The main
barriers discussed here include energy prices (and prices of technology), limited access to capital, lack of information,
incorrect risk assessment (i.e. setting a discount rate), the principal-agent problem and transaction costs. Transaction costs
are analyzed in greater detail, as they are one way or another related to all of the barriers mentioned here. Based on the
analysis, there is a discussion of implications for eﬀective policy making. These are specially needed for transaction costs,
where the availability of empirical data is very limited.
Keywords: barriers to energy eﬃciency, transaction costs, energy eﬃciency gap, energy eﬃciency instruments.

1

Introduction

Energy demand has become a major political topic,
both on a national level and on an international level.
With increasing energy prices and steady depletion of
classical fossil fuels, energy issues are likely to become
even more important in future.
The beneﬁts of increased energy eﬃciency (EE) are
widely known. Apart from lower energy demand and
lower energy costs as such, it can provide a better
working environment, environmental beneﬁts, or from
the macroeconomic point of view, job creation and
lower import dependence. Political targets have been
set at EU level and at international level (the so called
20-20-20 target for 2020, or the Kyoto targets). Energy eﬃciency as a strategic goal is clearly mentioned
in the State energy concept of the Czech Republic.
The economic potential for energy savings is not
negligible; it is estimated to be around 20 to 30 %.
However, this potential remains to a large extent unexploited. This is because of the barriers to energy
eﬃciency.
The paper analyzes the main barriers to energy efﬁciency, speciﬁcally focusing on transaction costs1 . On
the basis of this analysis, the paper presents possible
implications for eﬀective policies to overcome them.

2

Barriers to eﬃciency

The main barriers to energy eﬃciency are2 energy
prices (and technology prices), limited access to capital, lack of information, incorrect risk assessment (i.e.
setting a discount rate), the principal-agent problem
and transaction costs. It is important to keep in mind
though that the analyzed barriers never stand alone.
On the contrary, the barriers are usually all interconnected and they may even reinforce each other [1],

which renders potential policy making even more complex.

2.1

Energy prices and prices of the
technology

Energy prices aﬀect the implementation of energy efﬁciency measures in various ways. One factor is the
actual share of energy costs in total costs, while another factor is the development of energy prices.
Energy costs very often form (except in energy
intensive industries) only a small proportion of the
overall expenditures. Also, when making a decision
about an investment, energy consumption is only one
of many criteria for decision [2]. This may negatively
impact the implementation of otherwise cost-eﬀective
eﬃciency measures.
The development of energy prices is another key
determinant of adoption or non-adoption of eﬃciency
measures. Basically, increasing energy prices will lead
to the use of more eﬃcient technologies [3].
By the same logic, one could induce that, conversely, low energy prices will lead to the use of ineﬃcient technologies. This is however true only to certain
extent. Birol and Keppler [3] call this a ratchet eﬀect,
meaning that some level of eﬃcient technologies will
remain in place even if energy prices fall (e.g. households will not tear down new insulation just because
energy prices decreased).
However, at the same time, there will always be
some level of rebound eﬀect, which is the increase in
demand for energy services (and eventually in energy)
due to the de facto lower price of energy (because of
eﬃciency measures) measured in terms of energy services or eﬃciency units. The level of the rebound eﬀect
cannot be conceptually determined (only empirically),

1
The special interest in transaction costs is because they are in one way or another related to all of the other barriers (either
stemming from the other barriers or including them).
2
Not in order of relevance.
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but it will always be a fraction between zero and one.
When the rebound eﬀect is one, it means that all the
costs saved through eﬃciency measures will be translated into higher demand for energy services. Current
empirical studies show that the level of the rebound effect varies in most cases between 10 % and 30 % [4, 5].

2.2

Limited access to capital

Another barrier that is usually mentioned in relation
to energy eﬃciency measures is the often high upfront
costs of energy eﬃciency investments3 . The problem
itself concerns potentially limited access to capital.
There are two groups of actors that are particularly
inﬂuenced by this barrier: small and medium size enterprises (SMEs) and lower income households.
Paradoxically, it is the latter group that could make
the highest eﬃciency gains [6]. At the same time
though, it is low income households that have very
diﬃcult access to capital and to credit (and are also
more likely to be unable to repay the loan).
Another issue with households (irrespective of income levels) is that energy eﬃciency investments have
to compete with many other investments that a household has to make [7]. Households in general tend to
be averse toward risk and towards credit.
Like low income households, small and medium size
enterprises tend to have worse access to credit (with
less favorable conditions than bigger companies).
An important sector for energy eﬃciency measures,
the public sector, is in general a trustworthy client for
the banks, because the risk of non-repayment is relatively low. Therefore, public sector actors will not
usually have problems with access to capital per se.
The constraint is diﬀerent here – very often the level
of indebtedness will be limited by law [7], therefore
even though the public authorities could obtain credit
for energy eﬃciency investment, they will not be allowed to do so.

2.3

Lack of information

One of the major barriers to energy eﬃciency is the
lack of information of potential investors (both households and organizations). Due to lack of information,
the costs of energy saving measures are likely to exceed
the beneﬁts for individual users [8]4 .
As in previous section, lack of information
tends to be more relevant to households and

SMEs5 . E.g. households will usually only compare the investment costs, but not the operation
costs [1].
Some authors [1, 9] mention the problem of lack of
billing information. Households and also most small
and medium enterprises very often get information on
energy consumption once a year, not split down into
diﬀerent end-uses. Bills are frequently paid through
monthly (ﬁxed) payments with one clearance at the
end of the year. It is therefore almost impossible to
base one’s decisions on energy consumption – thus spot
the biggest energy users6 .
The problem is not only lack of information,
but also asymmetry in information. Sanstad and
Howarth [6] call this a special case of imperfect information when “two parties have access to diﬀerent
levels of information”. Typically this would be a case
of producers versus consumers. Asymmetry in information levels is, according to the authors, a rule rather
than an exception.
Schleich and Gruber [7] oﬀer audits as a solution
to the information barrier. Nonetheless, they add in
the same breath that those who would make use of it
are usually the ones who will also lack the resources
for such an audit.
Finally, even if we suppose that the actors do receive all the needed information, another barrier seems
to be a lack of knowledge or capacity to evaluate it correctly and draw correct conclusions. This is the problem of households, and also of SMEs, which typically
do not have a specialized energy expert.

2.4

Incorrect risk assessment

Generally, using an excessively high discount rate7 in
assessing the economic eﬀectiveness of energy saving
measures is thought to be another major source of
the so-called “eﬃciency gap” [11, 12]. Many empirical studies have shown that customers (households
and ﬁrms) discount the energy savings by tens %,
thus signiﬁcantly lowering their present value (see
e.g. [11, 6, 13]). Howarth and Anderson [8] estimate
that the discount rates start from 20–25 % but can
reach up to 800 %, much more than the returns on
other investments would be. According to Vine et
al. [14], the level of the discount rate can reach up
to 50 %. There are various reasons for this, but all of
them together very often reﬂect the barriers discussed
so far.

3
However, this is by no means always true, as shown e.g. in [2] where a study on refrigerators and freezers is cited in which
little correlation was found between upfront costs and energy performance. In addition, there is strong role of behavior which can be
important but, of course, has a zero cost.
4
This is very much related to the issue of transaction costs, which is elaborated in detail below.
5
Though Reddy [2] notes that the problem of insuﬃcient information will appear also at governmental level, related to policy
making.
6
A solution to this seems to lie in a transition to smart grids and smart meters. Apart from advantages for energy suppliers, it
is believed that smart meters encourage energy savings through real time provision of information on energy consumption, which can
also be further split down to end-uses. More on the discussion on smart meters e.g. in [10].
7
It is important to keep in mind that here we are discussing the discount rate used by investors in the meaning of investors’
opportunity cost, not really the interest rate that the bank will give to the investor. This is discussed in the section on access to capital.
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One of the main determinants inﬂuencing the risk
of achieving future energy savings is seen to be the
energy price. This is why e.g. Thompson [11] proposes using two diﬀerent discounts, one for the old
equipment and the other for the new, eﬃcient equipment, because if the energy source is changed with the
eﬃciency measure, then it may also be necessary to
consider a diﬀerent risk in energy prices for the two
(old and new) installations. Another example would
be the transition to a diﬀerent tariﬀ and also with the
two-part price of energy changing the type of equipment can lead to a change in the ﬁxed part of the
price.
Apart from the future energy price, another determinant is energy consumption. If the energy eﬃciency
measure is rather common or not too complex (e.g.
lighting), future energy consumption can be well estimated from the technical parameters of the equipment. With more complex installations, future energy
consumption can also represent a risk or an uncertainty, and thus may provide a reason for a higher
discount rate. This is also related to the fact that
energy-eﬃcient equipment is often new to the market
and thus investors will attach more risk to it [8]8 .
In general, both above analyzed risks or uncertainties lead to the use of a higher discount rate. Stochastic energy prices will, as Schleich and Gruber [7] note,
raise the investor’s required rate of investment (discount). Thompson [11] however argues that with energy saving measures, the correct method would be to
actually use a lower discount rate. The reason is that
the main source of uncertainty towards the future is
the energy price (and energy consumption), whereas
the energy eﬃciency measure will then lead to a “lower
variation in investor wealth” [11].
Other explanation would be through the Capital
Assets Pricing Model (CAPM). Using more eﬃcient
equipment and thus achieving energy savings will lead
to a decrease in the systemic risk [15]. The reason is
that lower incomes of the market will usually correlate with higher energy prices, which on the contrary
advantages energy saving measures. In other words,
energy saving measures can serve as a “safety fuse”
against price volatility.

2.5

The principal/agent problem

The “principle-agent” problem is basically a barrier
of split incentives (or of the separation of responsibilities for energy expenditures and conservation actions [1]). The owners of the facility (of the rental
unit) do have the incentive to invest in the eﬃciency
measure. However, they will have no control over the
use of the eﬃcient equipment and thus no control over
the eﬃciency gains. Furthermore, the owner does not

receive the beneﬁts of the measure, because it is the
user who pays lower energy bills.
Conversely, the user receives all the beneﬁts from
the eﬃciency measure, but has no incentive to invest,
as there is high uncertainty as to length of the contract. It is likely that the user will not be able to
beneﬁt fully from the cost savings (will simply have to
move out before all the cost savings can be realized),
which makes the investment economically disadvantageous.
Schleich and Gruber [7] however point out that the
barrier of split incentives is more signiﬁcant for households than for private companies and for public sector,
as these usually have longer rental contracts than is the
case for households.

2.6

Transaction costs in energy
eﬃciency

The reason why transaction costs are depicted separately is that they tend to include or stem from all the
above barriers.
The level of transaction costs is not negligible, and
is likely to prevent energy eﬃciency measures from being implemented. However, the exact size of transaction costs remains still rather unclear, partly because
there is no common method for evaluating them and
including them in decision making.
Most authors state that the transaction costs in
energy eﬃciency are real and are on a signiﬁcant level.
They may hamper the implementation of energy efﬁciency projects, or may even outweigh the gains of
energy eﬃciency improvements and thus lead to their
non-realization, or to a preference for ineﬃcient or
standard technologies.
A suitable deﬁnition of transaction costs in energy eﬃciency seems to be provided by Matthews [16]:
“. . . the costs of arranging a contract ex ante and monitoring and enforcing it ex post, as opposed to production costs.” This can be applied both to investments
in eﬃciency measures, and to policy instruments (in
this case, the contract can be subsituted for a policy
instrument).
The transaction costs are borne either by the
project developers, by the programme managers or by
the beneﬁciaries of EE programmes. The transaction
costs therefore pertain to the costs related to investment, operation and maintenance, veriﬁcation, and/or
administrative costs. Lack of information and transaction costs are sometimes interchanged [7].
Energy eﬃciency transaction costs can be divided
into four main stages in which transaction costs can
occur: the planning phase, the implementation phase,
monitoring phase and the veriﬁcation phase (Table 1).

8
In addition, future consumption is not dependent only on technical speciﬁcations, but to large extent also on the consumer’s
behavior and usage. Similarly, future energy consumption will depend on the reference scenario, i.e. the future energy consumption of
existing equipment.
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Table 1: Sources of transaction costs. Source [17]

Project phase

Nature of transaction costs

Planning

•
•
•
•

Implementation

• Megotiation of contracts
• Procurement
• Project validation

Monitoring and
veriﬁcation

• Mechanisms to monitor,
quantify and verify savings
and related GHG
emissions reductions
(including installation of
required equipment)

Search for information
Search for costumers
Legal fees
Development of proposal
(including development of
baseline, M&V
methodologies, etc.)
• Project identiﬁcation and
evaluation

The planning phase mostly consists of searching for
information, project identiﬁcation, evaluation and proposal. In the implementation phase, the negotiation
process is important. The last phase basically means
monitoring and verifying the energy savings and/or
GHG emissions reductions. Björkqvist and Wene [18]
also emphasize the importance of including the potential active rejection in the calculation. Active rejection
means that the actors actually considered the option
and actively rejected it. Those actors also incur transaction costs.
General knowledge about the negative impact of
transaction has been supported by a number of studies (eg. in [19, 20, 2, 6]). However, empirical data
is still lacking. The reasons for this include the fact
that the actors are often reluctant to disclose information. Also, there is a lack of ex-post evaluations, which
serve as an important source for estimates of transac-

tion costs. In addition, transaction costs are relatively
case speciﬁc [21].
Some of the small number of studies that evaluate
the level of transaction costs of diﬀerent programmes
are presented here. It is important to keep in mind
though, that because diﬀerent methods and sectors are
being analyzed, the studies are not directly comparable.
Björkqvist and Wene [18] udnertook a study of
transaction costs in families that participated in
a demand side management (DSM) programme in
Göteborg. They analyzed 51 families who decided to
invest in upgrading their heating systems. The transaction costs were not measured in monetary terms,
but in hours spent by the families. The authors found
that on an average the families spent 18 hours on the
decision making process. They also assessed the time
spent by non-investors (active rejection), which was
only 6 hours. Importantly, a lot of information was
provided by the energy supplier, who was the initiator
of the DSM programme (e.g. the potential suppliers of
energy eﬃciency equipment, information on options,
etc). In this way, some time for information searching was deﬁnitely saved. The authors transposed the
hours into monetary terms, using labor costs as a
proxy. The transaction costs then represented 28 %
of the average investment if gross income was taken,
or 13 % if net income was used. The authors admit that the numbers may be underestimated because,
ﬁrstly, the households may not have remembered every minute of the time they spent on the decision and,
secondly, because part of the decision stage was not
included as it was provided by the distribution company.
Michaelowa and Jotzo [22] evaluated the transaction costs of several GHG emissions schemes, namely
the AIJ in Sweden (the predecessor of the Joint Implementation Mechanism) and the CDM. The main
sources of transaction costs under these schemes are
the search costs, baseline development, approval costs
(to have the CO2 emission reduction approved by
the approving authority), validation, registration and
monitoring. The main ﬁndings are that there is a signiﬁcant ﬁxed part in the transaction cost in the GHG

Table 2: Empirical estimates of transaction costs. Compiled by author

Study
Björkqvist et al. [18]
Michaelowa and Jotzo [22]

28 % (13 %)
20.5 %

Mundaca [21]

10–20 %

Mundaca [21]

8–12 %

Mundaca [21]

24–36 %

Sathaye [23]
Easton Consultants [24]
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Level of TCs

9–19 %
20–40 %

Field

Note

Households

If gross (net) income referred to

CDM
Audit scheme

% of the audit costs

Lighting

Energy saving target programme

Insulation

Energy saving target programme

Not speciﬁed
ESCOs
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schemes. This means that there is a certain threshold
of CO2 savings below which the transaction costs outweigh the gains of the project. One study ﬁnds this
threshold at a level of 50 000 t CO2 /yr for a 20-year
project; another value is that the transaction costs
should not be more than 25 % of the proceeds from
permit sales in order to make a project viable [22].
Overall, the level of transaction costs was estimated
at ca 20.5 % of total project costs.
Mundaca [21] analyzed two energy eﬃciency programmes: free of charge energy audits in Denmark, and the energy eﬃciency commitment in Great
Britain. The results of the former cannot really be
considered as statistically relevant, as they were based
only on 5 replies. Nevertheless, a qualitative analysis was made. The idea is that the energy providers
have to make some number of energy audits of their
customers. The rationale behind the programme is
that the market agents have asymmetric information
and thus they will not materialize all the energy improvements. The transaction costs are related mainly
to ﬁnding clients for the audit as such, carrying out
the audit, and also to follow up measures, such as the
search for partners if the client decides to implement
some measures. Another source of TCs is the accreditation process, as the energy audit has to be reported
as part of the programme. The transaction costs were
estimated as 10–20 % of the direct costs of the energy
audit (not the costs of potential resulting investment).
The British programme sets an energy saving target to be fulﬁlled by energy supply companies. The
companies can trade the savings among themselves.
The author [21] interviewed suppliers and asked them
to identify and quantify the transaction costs related
to the programme. The identiﬁed transaction costs
were mainly searches for information (searches for
households that could save), persuading customers or
approval of measures by the authority. In the implementation phase the main source of TC was in negotiating agreements or contracts with a third party
and in monitoring and veriﬁcation. Random quality
checks were the main source. All together, the level
of TC diﬀered according to the measure undertaken.
In lighting, the transaction costs ranged from 8 % to
12 %, and with insulation measures the range was
24–36 % of the investment costs.
Sathaye [23] analysed various emission reduction
projects (not only energy eﬃciency) in North and
South America and Asia, and estimated that the transaction costs ranged from 9 % to 19 % of total project
costs. The transaction costs arise mainly from the negotiation process among parties, feasibility studies (including baselines and additionality), negotiation, monitoring and evaluation and also approval from the managing authority. Sathaye also believes that the key factor determining the level of transaction costs (at least
in GHG projects) is project size.

A few studies have focused on the transaction costs
borne by Energy Service Companies (ESCOs). Easton
Consultants [24] estimated that the transaction costs
of energy eﬃciciency projects carried out by ESCOs
represented from 20 % to 40 % of the total value of
the project (Figure 1).

Fig. 1:
Costs associated with the ESCO project.
Source [24]

3

Policy implications

Various policy instruments are needed to help removing the diﬀerent barriers to energy eﬃciency. The instruments range from providing a regulatory framework, which should allow the market to develop,
through hard regulatory instruments (minimum efﬁciency standards, building codes), ﬁnancial incentives (subsidies, loans) to soft (information) measures.
There is no silver bullet, but a set of instruments has
to be put in place.
From practice, the barrier of lack of information
has been dealt with using various policy instruments.
On the EU level, depending on the sector or the enduse, hard regulations or labelling have been adopted.
The former (in the form of minimum eﬃciency standards) passes the diﬃculty and costs that the consumers incur while searching for information on the
producers. If minimum eﬃciency standards (MEPS)
are adopted, consumers are sure to buy eﬃcient products instead of having to look for them. This is the case
for example for standby regulation, where the search
for information at each individual appliance would be
too costly.
The labelling approach is an example of a successful soft, information measure, which has helped in
achieving energy eﬃciency at low costs. It has been the
most eﬀective in the case of appliances that represent a
signiﬁcnat portion of a household budget (e.g. refrigerators or washing machines). Conversely, the labelling
has not worked for lighting, though the savings and the
related economic eﬀectiveness are unquestionnable.
In addition, in one of the above-mentioned case
studies, the lack of information (and thus high transaction costs in the initial planning phase) was solved
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by passing the burden to a distribution company. The
information was gathered and pooled at a single place
and then distributed to the households, which reduced
the transaction costs for the families and increased the
eﬀectiveness of the actions [18].
In some cases, it is suﬃcient to set up the right
regulatory framework. That is the case for e.g. the
principal/agent dilemma. Schleich and Gruber [7] suggest that this barrier could be avoided if “the investing
party were able to credibly transmit the information
about the beneﬁts (i.e., future cost savings) arising
from the investment, and to enter into a contract with
those beneﬁting from the investment”. One can imagine a policy instrument that will help in establishing
the environment for such information transfer (by e.g.
providing standard documents for both parties).
As to risk management, a solution oﬀered e.g. by
Mills [25] is to use insurance in energy saving projects.
Another way is to use real options, well developed in
other sectors, but not yet in energy saving projects.
Some authors also imply that incorrect risk assessment
is only a result of the other barriers. Therefore, removing this barrier will depend on removing the other
barriers.

3.1

Transaction cost policy
implications

The stakeholders are usually aware of the existence of
transaction costs in energy eﬃciency projects and programmes, but know neither their structure nor the exact levels. Therefore, a common method is needed for
including them in decision making, both at the level of
the investor and also at the level of the policy makers.
This will also allow a direct comparison, which is not
possible at the moment.
From the case studies mentioned above, some preliminary ideas for the development of such a method
are drawn. Firstly, there is an indirect relation between the size of the project and the transaction costs,
which thus justiﬁes streamlining. In other words,
bundling and standardizing projects could reduce the
ﬁxed part of the transaction costs, which tends to be
an inhibitor of eﬃciency measures in smaller projects
(SMEs, households, and others). Economies of scale
play an important role in programmes, where the ﬁxed
part of the transaction costs is signiﬁcant [22].
The need to assess the transaction costs with respect to time is also stressed, as there may be a
learning curve in (at least some forms of) transaction
costs, depending on the general context of the programme [22].
It seems that the transaction costs tend to vary
from sector to sector. In the household sector, the

transaction costs are higher than in the commercial
sector and the industry. The reason probably relates
to the importance of project size. The commercial
and industrial sector will also more likely beneﬁt from
economies of scale and from fewer market imperfections.
Providing a framework for developing the energy
service9 market may be a useful supplementary tool.
The ESCO, from the very nature of the business, has
an interest in including all the costs in their calculations [19], thus also all the transaction and more generally hidden costs. Energy eﬃciency services can solve
the problem of limited access to capital, as one of the
potential services is to oﬀer repayment of the loan from
guaranteed savings, thus removing the ﬁnancial risk to
the client.
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