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Executive summary

There is considerable technical potential for imprg industrial energy efficiency and the economics
appear favourable, even without putting a pricecarbon emissions. Such improvements frequently
involve the adoption of established technologiesseperformance is well proven and which involve
relatively little technical risk. However, it hasng been recognised that numerous ‘barriers’ ibhibi
the adoption of such technologies, such as lacinfofmation, shortage of trained personnel and
limited access to capital. In particular, the adwoptof such technologies may be associated with
various ‘hidden costs’ that are difficult to cagwithin energy-economic models. But while there is
a general consensus that an energy efficiency ‘gaists, and that policy options to overcome this
gap need to be identified and acted upon, thereorsiderable debate over the most effective

approach.

This report has been prepared as background ttottiee proposed UNIDO reportf“industrial
energy efficiency pays, why is it not happeningPhe objectives are to: identify the nature, operat
and determinants of different barriers to the aidopof energy efficient technologies in industry;
assess the prevalence and relative importanceesttharriers in different contexts; and provide a
springboard to determine where to most effectivatidress policy efforts. A companion report

examines policy options for developing countriesiore detail (Mallettet al, 2010).

This report is based upon earlier work by Sore¢lal. (2004), together with a review of 160 recent
studies of energy efficiency drawn from both thademic and ‘grey’ literature. The focus throughout
is upon energy efficiency in the industrial secathough some of the studies also include theipubl
and commercial sectors. The report includes quaivit summaries of the results of these studies,
together with more detailed examination of thoselisis which evaluate the relative importance of
barriers. Full details of the studies reviewedaetained in an Access database which is avaitaible

request.

Main findings

The concept of a barrier to energy efficiency ishboonfused and contested. Although the term is
widely used, there is little consensus on how besrshould be understood, how important they are in
different contexts, and how (if at all) they sholld addressed. Many authors distinguish between
barriers and market failures and recognise thaegmmvide no grounds for policy intervention while
others may prove too costly to overcome. Howeves, perspective tends to treat market failures as
absolute, whereas in practice they are relativalsib tends to ignore barriers which are interoal t

organizations and adopts an unrealistic modeldifidual rationality.
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The classification of barriers to energy efficiensed in this report draws upon orthodox, traneacti
cost and behavioural economics and is summariz8dlihe E.1. It is argued that the barriers are to
some extent interdependent and may manifest theesséh a number of different ways (e.g.,
technical versus market risk). Also, the relativportance of each barrier may vary between difteren

technologies and organizations and several arly likecoexist.

Table E.1 A taxonomy of barriers to energy effiency

Barrier Claim

Risk The short paybacks required for energy efficiemyestments may represent a
rational response to risk. This could be becausrggnefficiency investments
represent a higher technical or financial risk tb#rer types of investment, or that
business and market uncertainty encourages shwthtorizons

Imperfect Lack of information on energy efficiency opportiest may lead to cost-effective

information opportunities being missed. In some cases, impeifdormation may lead to

Hidden costs

inefficient products driving efficient products aftthe market.

Engineering-economic analyses may fail to accoonteither the reduction in
utility associated with energy efficient technokegi or the additional costs
associated with them. As a consequence, the stud#s overestimate energy
efficiency potential. Examples of hidden costs uid overhead costs for
management, disruptions to production, staff regl@nt and training, and the
costs associated with gathering, analysing andyagpinformation.

Access to If an organization has insufficient capital througternal funds, and has difficulty

capital raising additional funds through borrowing or shassues, energy efficient
investments may be prevented from going ahead.stment could also be
inhibited by internal capital budgeting proceduresestment appraisal rules and
the short-term incentives of energy managemerit staf

Split Energy efficiency opportunities are likely to berdgone if actors cannot

incentives appropriate the benefits of the investment. Fometa, if individual departments
within an organization are not accountable forrtlegiergy use they will have no
incentive to improve energy efficiency

Bounded Owing to constraints on time, attention, and thditghto process information,

rationality individuals do not make decisions in the manneumssl in economic models. As

a consequence, they may neglect opportunitiesnfipraving energy efficiency,
even when given good information and appropriaterntives.

Despite the lack of rigour and consistency in thapieical literature, the following general

conclusions may be drawn:
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Hidden costs are real, significant and form thenmairy explanation for the ‘efficiency gaprhese

costs frequently outweigh the potential savingniergy costs - especially in SMEs with low energy
intensity. What remains in dispute is the extenviich such costs may be cost-effectively reduced
by organizational initiatives, public policy or ambination of the two. This issue needs to be

resolved by more rigorous research that includegpenative studies of ‘good’ and ‘bad’ performers.

The neglect of energy efficiency opportunities verdetermined:Hidden costs generally coexist
alongside one or more of the other barriers intakonomy, with the result that the neglect of eperg
efficiency opportunities becomes overdeterminedndée the key issue is not so much the relative
importance of different barriers, but their cumiviateffect. Initiatives to encourage cost effective
investments will need to understand and addressraeaspects of the problem if they are to be

successful.

Barriers to energy efficiency in developing cougdrare similar to those in developed countries, but
more pronouncedProblems of lack of information and skills are ®ggread in developing countries
and inadequately addressed through public polieyl difficulties in accessing capital are very
common, especially for smaller firms. While thispiartly a consequence of hidden costs, it tends to
be exacerbated by the deficiencies of the finanséadtor, including more limited knowledge of
technical risks and opportunities combined withdérand investment policies that restrict access to
foreign capital. These problems should be a pyidiar reform, alongside the removal of energy

subsidies which undermine the economic case fordugul energy efficiency.

A targeted policy mix is require@®arriers to energy efficiency are multi-facetedselse and often
specific to individual technologies and sectorgsTimplies that effective policy solutions will neéo
address the particular features of individual epesgrvice markets, the circumstances of different
types of energy-using organization, and the mdtiphrriers to energy efficiency within each. It is
likely that a mix of policies will be required, which several different initiatives work together i
synergy. The basic elements of this mix are wdbldgshed and include best practice schemes,
demonstration projects, training initiatives, maskased instruments, labelling schemes and
minimum standards for the energy efficiency of pquent. The costs and benefits of these individual
instruments will require careful analysis, as wile overall coherence of the mix. But to date,
researchers have paid too much attention to madelhat could be achieved and too little attention
to evaluating what policy has (or has not) achievadd why. Hence, much greater priority needs to

be given to policy evaluation.






1 Introduction

There is considerable technical potential for imprg industrial energy efficiency and the economics
appear favourable, even without putting a price @arbon emissions (IPCC, 2008). Such
improvements frequently involve the adoption obbished technologies whose performance is well
proven and which involve relatively little techniicesk. Many studies suggest that these technafogie
are highly cost-effective, with risk-adjusted rat#sreturn greatly exceeding the anticipated cdst o
capital (Geller et al, 2006; IPCC, 2008; Krause, 1996; Lovins and Lovit897). Even greater
savings can be realised in developing countriesreviadd, inefficient technologies are commonly
used. Savings may also be made through optimigiatem design and improving operational and
maintenance procedures while many technologies penductivity benefits that extend well beyond

energy-saving (Worreglet al, 2003).

However, numerous ‘barriers’ inhibit the adoptidrnsach technologies, such as lack of information,
shortage of trained personnel and limited accesmpital. In particular, various ‘hidden costs’ can
make such technologies more costly than theydjpgiear. But while there is a general consensus that
an energy efficiency ‘gap’ exists, and that polaptions to overcome this gap need to be identified

and acted upon (Brown, 2001), there is considerddlate over the most effective approach.

This report has been prepared as background ttothiee proposed UNIDO reportf“industrial
energy efficiency pays, why is it not happeningPhe UNIDO report seeks to make the case that: i) a
variety of barriers prevent industry from adoptiogst-effective energy efficient technologies, ii)
these barriers can be overcome through a varigbplafy interventions; and iii) the potential oete

interventions has yet to be fully explored in dep&hg countries.

The objectives of this background report are tentdy the nature, operation and determinants of
different barriers to the adoption of energy eéfiti technologies in industry; assess the prevalence
and relative importance of these barriers in déifercontexts (particularly industrialised versus
developing countries; energy-intensive versus mnargy-intensive industries; and Small and
Medium Enterprises (SMES) versus large companibs)ugh this exercise, provide a springboard to

determine where to most effectively address padityrts.

The report builds upon an earlier study of barrterenergy efficiency by Sorredit al. (2004). It
seeks to update this by summarizing the resulteart recent literature, focusing in particular upon
studies from developing countries. The report iggiboth academic and ‘grey’ literature concerning
energy efficiency in industry, paying particulateation to those few studies that use either $izdls

analysis or case study research to establish teveeimportance of different barriers.



The structure of the report is as follows. Secfoprovides some basic definitions and summarizes
the approach taken, including how the empiricarditure was identified and classified. Section 3
describes the nature and operation of six diffebantiers to energy efficiency in some detail, gsin
taxonomy developed by Sorrat al. (2004). This taxonomy has since been widely empuldgethe
empirical literature (Masselink, 2007; Rohdet al, 2007) and many of the most commonly cited
barriers to energy efficiency can be interpretethwithis framework. Section 4 summarizes the main
findings from the empirical literature, includindgiet most commonly cited barriers to energy
efficiency and how these vary from one contextriother. Section 5 looks in more detail at a sample
of studies that attempt to rank the relative impoce of different barriers, using either surveysase
study research. A key finding from both these sastiis thaimultiple barriers to energy efficiency
coexist and reinforce one another and that these barriers iaterdependent This and related

conclusions are summarized in Section 6.

2 Methods and approach

This report is based upon earlier work by Soreg¢lal. (2004), together with a review of 160 more
recent studies of energy efficiency drawn from bibin academic and ‘grey’ literature. Most of these
studies were published after 2000 and therefonecat® with a period of intensifying global concern
about climate change and rapidly rising emissisomfindustrializing economies such as China and
India. The focus throughout is upon energy efficiem the industrial sector, although some of the
studies also include the public and commercialosscthe report includes quantitative summaries of
the results of these studies, together with motaildd examination of those studies which evaluate
the relative importance of barriers. Full detaifstiie studies reviewed are contained in an Access
database which is available on request. This gsecgiovides some relevant definitions and

summarizes the approach taken.

2.1 Key definitions

Energy efficiency

The termenergy efficiencys widely used but not always well understoodnéty be defined as the
ratio of useful outputs to energy inputs for a egstwhere the latter may be an individual energy
conversion device (e.g., a boiler), a building, industrial process, a firm, a sector or an entire
economy. In all cases, the measure of energy eiffiogi will depend upon how ‘useful’ is defined and
how inputs and outputs are measured (Patterso8).188e options include:

Thermodynamic measurewhere the outputs are defined in terms of eitheat content or the
capacity to perform useful work;

Physical measureswvhere the outputs are defined in physical tersogh as vehicle kilometres or

tonnes of steel; or



Economic measuresvhere the outputs (and sometimes also the in@res)defined in economic

terms, such as value-added or GDP.

When outputs are measured in thermodynamic or palygrms, the term energy efficiency tends to
be used, but when outputs are measured in ecortemis it is more common to use the term ‘energy
productivity’. The inverse of both measures is tdnenergy intensity’. The choice of measures for
inputs and outputs, the appropriate system bouesland the timeframe under consideration can vary
widely. However, physical and economic measuresngrgy efficiency tend to be influenced by a
greater range of variables than thermodynamic nmeasas do measures appropriate to wider system

boundaries.

Economists are primarily interested in energy efficy improvements that are consistent with the
best use of all economic resources. These are ntomelly divided into two categories: those that
are associated with improvements in overall, otaltéactor’ productivity (‘technical change’), and
those that are not (‘substitution’). The latterassumed to be induced by changes in the price of
energy relative to other inputs. The consequentéschnical change are of particular interest, esinc
this contributes to the growth in economic outpigwever, distinguishing empirically between these
two categories can be challenging, not least becalianges in relative prices also induce technical

change.

End uses

Energy consumption in the industrial sector is camin classified as eith@rocessor generic The
former refers to energy used directly in the praidimcprocess, whereas the latter refers to energy
used for non-core applications such as heatingjlagan and air conditioning (HVAC), lighting and

information technology. However, the boundary bemthese two categories is not always clear.

Process applications dominate overall industrisdrgyn consumption and include compressed air,
pumping, and fan systems (referred to collectivadymotor systems), steam systems and high- and
low-temperature process heat (Table 2.1). The imgimtemperature process uses of energy are coke
ovens, blast furnaces and other furnaces and kiltdle low-temperature process uses include
process heating and distillation in the chemicalgar; baking and separation processes in the food
and drink sector; pressing and drying process@aper manufacture; and washing, scouring, dyeing
and drying in textiles (DTI, 2002). Motor system® aised for pumping, fans, machinery drives,
compressors (for both compressed air supply andefageration) and conveyors, with refrigeration

being especially important in the food and drinktse



Different industrial sectors vary widely in theimargy intensity, fuel mix and split between diffietre
end uses (Table 2.1 and Table 2.2) give illusteadiata for the UK). High-temperature process reat i
concentrated in the iron and steel, non-ferrousambticks, cement, glass and ceramic sectors. Low-
temperature process heat is the largest end us®dh drink and tobacco; while space heating and

lighting are dominant in the engineering sector.

Table 2.1 UK industrial energy consumption by endise (1999)
Category Share of total
Low temperature process heat 30%
High-temperature process heat 25%
Drying and separation 11%

Space heating 10%

Motor systems 8%

Other 16%

Table 2.2 UK industrial energy consumption by seor (2001)
Category Share of total
Chemicals 22%

Food, drink and tobacco 12%

Iron and steel 10%

Mineral products 7%

Paper, print and publishing 6%
Mechanical engineering 5%
Vehicles 5%

Other industry 33%

Source (DTI, 2002)

Barriers to energy efficiency
Following Sorrell et al (2004), abarrier to energy efficiency is defined here as “a postda
mechanism that inhibits a decision or behaviourt thgpears to be both energy efficient and

economically efficient.”

Although a widely used concept, barriers to eneedfjciency are classified in multiple and
overlapping ways in the literature which makes tlmmparison of different studies extremely

problematic.



There are numerous lenses through which to exapotential barriers to energy efficiency. While
most studies use economic concepts (including ddko transaction cost and behavioural
economics), the concept of barriers can also beoapped from the perspective of social psychology
(Palmer, 2009) on organizational theory (MontaR@08; Sorrell, 2000c). Some authors (e.g., Foxon,
2003) favor a systems perspective, whereby baraiedsways to overcome them are addressed at the
macro-level. Such system-level barriers includéaarock-in, dominant design, network effects, and
path dependent technological trajectories.esonomicsased framework is used here as, first, the
majority of literature reviewed uses this approaahg second, the primary focus of the UNIDO

report is the profitability of energy efficiencyvastments.

The taxonomy used in this report is summarizedahbld 2.3 and discussed in detail in Section 3. The
taxonomy is based upon categories that are wided uvithin the energy efficiency literature,
although the description and evaluation of thesedya in Section 3 draws upon more formal ideas,
such as asymmetric information. The taxonomy cowest of the factors that are commonly claimed
to inhibit investment in energy efficiency and altigh different studies may classify barriers in

different ways; these can frequently be reintegatéh terms of the categories in Table 2.3.

However, some studies highlight additional factetéch are not included in Table 2.3 —such as the
absence of government support for energy efficietsny of these do not qualify as barriers as
defined above since they do not explain why a teldgy that is both energy and economically
efficient has not been adopted. However, they featy highlight importantontextualfactors which

help explain why other barriers to energy efficiedave not been overcome (e.g., information
deficits) and why the energy intensity of an indastsector in one country is much greater than the
corresponding sector in another. This applies niqudar to the differing conditions within develeg

and developing countries.

Each of the barriers may be considered a hypotlteatspotentially explains the neglect of energy
efficiency within organizational decisions. But@iscussed in Section 3, each of these barriers may
have a number of contributory mechanisms and skwéthese mechanisms can coexist in different

situations.



Table 2.3 A taxonomy of barriers to energy efficieay

Barrier Claim

Risk The short paybacks required for energy efficiennyestments may represent a
rational response to risk. This could be becauserggn efficiency investments
represent a higher technical or financial risk tlimer types of investment, or that
business and market uncertainty encourages shwthorizons.

Imperfect Lack of information on energy efficiency opportueét may lead to cost-effective

information opportunities being missed. In some cases, imperfgormation may lead to

Hidden costs

Access to
capital

Split
incentives

Bounded
rationality

inefficient products driving efficient products aaftthe market.

Engineering-economic analyses may fail to accoanefther the reduction in utility
associated with energy efficient technologies,har additional costs associated with
them. As a consequence, the studies may overestiarargy efficiency potential.
Examples of hidden costs include overhead costsnfanagement, disruptions to
production, staff replacement and training, and ¢bsts associated with gathering,
analysing and applying information.

If an organization has insufficient capital throuigiternal funds, and has difficulty

raising additional funds through borrowing or shassues, energy efficient

investments may be prevented from going aheadstment could also be inhibited

by internal capital budgeting procedures, investra@praisal rules and the short-term
incentives of energy management staff.

Energy efficiency opportunities are likely to bedgone if actors cannot appropriate
the benefits of the investment. For example, ifivithial departments within an
organization are not accountable for their energgy they will have no incentive to
improve energy efficiency.

Owing to constraints on time, attention, and thdlitgbto process information,
individuals do not make decisions in the manneumgsl in economic models. As a
consequence, they may neglect opportunities foraripg energy efficiency, even
when given good information and appropriate incersi

Other definitions

Other definitions relevant to the subject of tld@part are as follows:

Small and Medium Enterprises (SMEs) are definedrgsenterprise with less than 250 employees

(European Commission 2005).

Industrialised’ nations are defined as high incomembers of the Organization for Economic
Cooperation and Development (OECD). This includapad, Korea, the United States, Canada,

Australia and New Zealand and 21 European counffieee low income OECD members, Poland,

Turkey and Mexico are excluded from this definition



Emerging economies are defined as Brazil, Russ@ia] Mexico, China and South Korea. These are

sometimes referred to as middle income countriék@BRIC group of countri€'s.

Industrial sectors are commonly categorised agre#&hergy-intensive or non energy-intensive on the
basis (usually) of the percentage of input costeaated for by energy. However, there is no stahdar
definition and the categorisation varies from onglg to another. As far as possible, this repogisus

the categorisation summarized in Table 2.4.

Table 2.4 Energy-intensive versus non-intensivestors
Energy-intensive Non-intensive
Cement, Baking,
Automotive, Food & Drink,
Paper & Pulp, Glass,
Aerospace, ICT,

Shipping, Agriculture,
Chemicals, Commercial,
Petrochemical, Textiles,
Pharmaceuticals, Wood manufacture
Refineries,

Metals,

Construction

2.2 Scope and data collection

In compiling this report, we have reviewed a tafle5 academic studies and 95 studies from the
‘grey’ literature. This sample is substantial anépresentative, but is not intended to be
comprehensive. Academic studies were selected giawvdrd search, which directed attention
predominantly to specialist journals, includirignergy Policy Energy for Sustainable Development
Energy Energy EconomigsJournal of Cleaner ProductignResource and Energy Economics
Applied Energyas well as relevant academic books. The soutrethd grey literature search reflect
the recommendations of experts in the field antliges the European Council for an Energy Efficient
Economy (ECEEE), the American Council for an Enegffjcient Economy (ACEEE), the Lawrence
Berkeley National Labs (LBNL), the US DepartmentErergy (USDOE), the US Environmental
Protection Agency (USEPA), the Organization for mmic Cooperation and Development (OECD),

! The term Brazil, Russia, India, Mexico and China (BRIG®M from a 2001 and later 2003 Goldman Sachstrefere

these four countries were singled out in forecesharios to account for the majority of global GI2Bonomic growth and
investment opportunities by 2050. In a 2005 GoldBachs paper, Mexico was also projected to haes imilar to the
rest of these countries (O'Neill et al. 2005: 4}ading to the term BRIMCs. (This was further updateihtlude South
Korea — BRIMCK in 2007) (O’Neill 2007);



the International Energy Agency (IEA), the Asia-lad?artnership (APP), the UK Carbon Trust and
United Nations Industrial Development Organizat{iNIDO). Inevitably, many more grey studies
could be added, notably those produced primarityaladiences within particular industrial sectors.
Our sample includes a group of reports relatintpgaccemenindustry as an illustration of the depth of
information available at the sector level. Cemeaswhosen as an energy-intensive sector with a

developed set of negotiated agreements and ingmtor energy efficiency monitoring and reporting.

The majority of grey studies (67 percent of n=958) &alf of the academic studies (33 percent of
n=66) relate to industrialized countries. The remdar relate to either developing countries, both
developed and developing countries, or discussrgetrends without reference to particular regions
(for example, focusing on technology rather thantext). To facilitate analysis, the key featured an
findings of these studies have been summarizedmati Access database (available on request). The
studies were categorized according to country/regimustrial sector(s) covered, size of firm (k&rg

or SME) and ownership (public versus private). Thain findings of each study were briefly

summarized, including those relevant to barriersrtergy efficiency.

The 160 studies were grouped into five categoagdljustrated in Table 2.5. The studies rangenhfro
technology-focused estimates of the benefits ofcsetl energy efficiency technologies through to
empirical ‘in use’ case studies, best practice mgoendations, and policy recommendations and
evaluation. Some studies were classified under rtiane one category since they met more than one

of the descriptions indicated in Table 2.5.

Table 2.5 Type of study

Category Description

Technological proposal Provides quantified estimates of the energy-savirmefits of
adopting particular technologies or processes.

Market scoping study Collates descriptive and/or quantitative data @ ékisting use of

technologies, processes and energy in particulatoise and/or
regions. May in some cases provide estimates cnpial energy
savings through adoption of energy efficient tedbgies.

Regional case studies Analyses the implementation of a technology or pss¢ or its
potential for energy efficiency, in a particulamuodry or region.

Best practice of sector or firm Recommends best practice drawn from empirical rebeaf firms
in a particular sector

Policy proposal or evaluation  Recommends policy options and/or evaluates imp&céxisting
policy on energy efficiency.




Most of the analysis in this report is based upom subsets of the data:

Empirical studies: 64 of the studies (40 percertheftotal) were classified as ‘empirical’ in thlagy
included primary data gathered directly from intews and surveys or from the meta-analysis of
other studies. It was this subset of studies thatiged information on barriers to energy efficignc
although the nature, amount and quality of thisimfation varied widely from one study to another.
The barriers to energy efficiency identified andadissed in these studies were categorised as far as
possible according to the taxonomy indicated inl&&03. This necessarily involved some judgment,
since most of the studies did not use the samentamyp as in Table 2.3. For each of these studies, we
highlighted the three barriers that appeared tthbemost prominent’. This was an impressionistic
exercise, since the majority of studies did noidate the relative importance of different barriers

This imprecision should be borne in mind when ipteting the quantitative results in Section 4.

Detailed studies: Seven of the studies were edpecdiseful in that they attempted to identify the
relative importance of different barriers to enegfficiency. This was achieved either through the
econometric analysis of survey data (e.g., Schle2€i®9) or (more usually) from the less formal
analysis of interview data (e.g., Hasanbeigi, t28109). The results of these studies are sumethriz

and compared in Section 5.

In addition to recording the findings on barrievsenergy efficiency, note was also made of broader
contextual factorssuch as policy environments, sector norms anérotionstraints that, while
operating outside the influence of individual firnould nevertheless impede (or at least fail to

encourage) their adoption of energy efficiency meas

2.3 Overview of data collected

Our sample of studies suggests there has beeft agleisearch activity over time, from the relafiy
narrow quantification of potential savings linkexdpecific technologies towards more empirically-
based studies to determine the circumstances iolvthese technologies are or are not implemented.
Many of the empirically-based studies in our saniptais explicitly on barriers to adoption in both
developed and developing country contexts (e.gitoCet al, 2005; CSI, 2007; D'Antonjcet al,
2005; Helgerud and Sandbakk, 2009; Koizumi, 2004tegi and Watson, 2005). Meanwhile,
traditional sources of energy efficiency innovatisach as equipment vendors, university engineering
departments and research institutes, highlightquahtify new sources of potential energy savings in
a sector context (e.g., Dupont and Sapora, 20085dwéts, 2009; NRC, 2006).

Table 2.6 and Figure 2.1 provide a breakdown of dample by study type (see Table 2.5) and
industrial sector. Many of the studies span moas thne of the categories identified in Table 2, s

the total row of Table 2.6 exceeds the number ofdies. Studies providing best practice



recommendations form the largest group, followedrégional case studies. These studies may
mention barriers to adoption but the main objecisvéo present cumulative case study evidence for
the benefits of particular technical options. Redean the form of technological proposals tends to
focus on generic benefits rather than examining prectical implementation issues in specific
sectors. Policy recommendations and evaluation tentbcus on broad areas of ‘industry’ and

‘manufacturing’, rather than specific sectors.

The categorization of studies by sector in Tabk i&. non-exclusive. For example, a study may
examine the application of a cross-cutting techgwlim one or more energy-intensive sectors, or in
industry generally. Similarly, a single study maydd more than one type — for example, a case study

may focus on a sector in a particular country grae.

Table 2.6 Classification of studies by type and ingstrial sector (n=160)
Study type No of studies Crosseutting Energy- Non Generaf

intensivé  energy-

intensive

Technological proposal 54 21 9 6 18
Market scoping study 10 1 2 4 3
Regional case studies 56 15 15 3 23
Best practice of sector or firm 75 13 25 14 23
Policy proposal or evaluation 40 9 2 4 25
Total studieb 235 59 53 31 92

Total number of studies is >160 as each study (B}&&n be categorized by multiple study types

2 Cross cuttingechnologies are those with generic applicationmiitiple sectors. Examples include motors,
fans, compressors, heat recovery and insulation.

“General refers to studies that address a rangseofors described generically as either ‘industial
‘manufacturing’.
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Figure 2.1 Prevalence of study type as percentagétotal

@ Tech
W Scoping
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3 Ataxonomy of barriers to energy efficiency
This section describes the nature and operatigixaflifferent barriers to energy efficiency in some
detail, using a taxonomy developed by Soreelhl. (2004). Each of the barriers represents a potentia
answer to one or more of the following questions:

< Why do organizations impose very stringent investmeriteria for projects to improve

energy efficiency?
* Why do organizations neglect projects that appeandet these criteria?

« Why do organizations neglect energy efficient appasently cost-effective alternatives when

making broader investment, operational, maintenancepurchasing decisions?

Section 3.1 introduces three different perspectiopsbarriers to energy efficiency, clarifies the

distinction between barriers and market failuregroduces a taxonomy of six barriers to energy
efficiency and makes some observations on how these be identified. The subsequent sections
discuss the nature, operation and consequenceachfa# these barriers in some detail. Section 3.8
summarizes some contextual issues that shouldb&lsaken into consideration, while Section 3.9

concludes.

3.1 Perspectives on barriers

Underlying the debate on barriers to energy efficieare competing assumptions about the nature of
human rationality, the appropriate role of marlaatd the relative usefulness of different approaches
to understanding economic behaviour. Scepticisrmutabw regrets’ opportunities derives largely
from orthodox economigswhich considers that policy intervention is orjlystified where the
existence of market failures - such as asymmetrfiorination - can clearly be demonstrated and

where the benefits of intervention outweigh thetso®rthodox economics relies upon highly
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formalised mathematical models and unrealistic ragsions about human decision-making. In
contrast,transaction cost economiqd CE) assumes that individuals make satisfactatiiar than
optimal decisions and rely heavily on routines ankbs of thumb (Furubotn and Richter, 1997;
Simon, 1959; Williamson, 1985Rehaviouraleconomics takes these arguments one stage fusgther b
arguing that decision-making is not just ‘boundeditional’ but systematically biased and erroneous
(Kahneman and Tversky, 2000; Piattelli-Palmarir®94). For example, individuals commonly
exhibit ‘loss-aversion’ and a ‘status quo bias’ @vhican discourage them from undertaking cost-
effective investments - such as the manager whiineecto pursue a project with a 50-50 chance of
either making $300k or losing $60k (Samuelson aackAauser, 1988; Swalm, 1966; Thaler, 1991).
Experimental tests suggest that such biases aversal, predictable and largely unaffected by eithe

monetary incentives or learning (Kahneman and kyei2000).

Studies of barriers to energy efficiency vary dseat the extent to which they employ these ideas.
Some discuss barriers with minimal reference ton&drtheory; some draw upon orthodox ideas but
reject transaction cost and behavioural economiedfg and Stavins, 199%4)and some make
reference to concepts such as transaction codtdplnot develop their full implications (Sanstamia
Howarth, 1994). The situation is further complichtyy the blurring of boundaries between different
approaches. Not only is there a great deal of apebetween these different perspectives, but the
concepts used in the barriers debate frequentlgusue more than one concept from these different
traditions and refer to phenomena that can be mquaby (and may well be caused by) more than

one mechanism. The contribution of these diffetbabretical perspectives is illustrated in Figure 3

2 Although the founders of transaction cost econsrf@liver Williamson) and behavioural economics rfi@h Kahneman
and Amos Tversky) have both been awarded the Nexies.
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Figure 3.1 Perspectives on barriers to energy éffency

Add information costs and opportunism

Barriers to e
energy
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concept of transaction costs

Add biases, errors and decision heurist

-- - Perspectives

In determining the barriers to cost-effective egergfficiency improvements, an important
consideration is whether these provide suitableurgle for policy intervention. For example,
managers’ informed assessment of local conditioag amdermine the business case for investment,
but the relevant costs may be ‘hidden’ in that they not readily visible from outside the firm or
sector. From the perspective of orthodox econontiese ‘hidden costs’ are not an appropriate focus
for policy intervention since they do not constitat market failure. Instead, the firm is assumelgeto
behaving rationally, given the risk-adjusted rateeturn on an investment in the existing context o
energy, capital and ‘hidden’ costs (which are asslino be fixed). But from the perspective of
transaction cost economics, such cosgy be an appropriate focus of policy interventiorceithey
could potentially be reduced by policy measureshsas information programmes. From this
perspective, hidden costs are not fixed, but dejirestdad upon the particular market, organizational
and contractual arrangemeritfiese in turn are amenable to change through aramal initiatives,

public policy or a combination of the two.

Empirically identifying barriers to energy efficieyin different contexts is far from straightforwlar
The energy efficiency of a firm is influenced by Itiple decisions taken at multiple levels, incluglin
strategic planning, budgeting, operations, mainmteea purchasing and so on. For example, the
imposition of relatively high discount rates mayyde a significant barrier to energy efficiency
projects, but the underlying questionniby such constraints are chosen. Hence, to accuridtstyify
barriers to energy efficiency requires detailedghts into the firm’s rules, procedures, incentiaes!
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routines. An additional challenge is that the resear must analyse an historical phenomenon that
hinges on decisions that wemet taken. Detailed and time-consuming primary rede&daherefore
required, involving either surveys of a large numbiefirms or case studies of a smaller number. The
theoretical framework used to guide this reseasalf crucial importance and the existing literatifire
frequently weak, both in terms of its identificatiand description of relevant concepts (barrieng) a

in the methods used to identify the existence of¢hbarriers (see Sorrekt al. (2004) for a
discussion). The result is a confused and methgimy weak set of studies from which relatively

little consensus has emerged.

The six barriers used in this study are summariretiable 3.1. The following sections discuss the

nature, operation and consequences of each of laesers in turn.

Table 3.1 A taxonomy of barriers to energy efficieay
Barrier Claim
Risk The short paybacks required for energy efficienmestments may represent a rational

response to risk. This could be because such imegs represent a higher technical or
financial risk than other types of investment, loattbusiness and market uncertainty
encourages short time horizons.

Imperfect Lack of information on energy efficiency opportiet may lead to cost-effective

information  opportunities being missed. In some cases, imperféarmation may lead to inefficient
products driving efficient products out of the metrk

Hidden costs Engineering-economic analyses may fail to accoonteither the reduction in utility
associated with energy efficient technologies, fe additional costs associated with
them. As a consequence, the studies may overestieratrgy efficiency potential.
Examples of hidden costs include overhead costsnfanagement, disruptions to
production, staff replacement and training, and tbsts associated with gathering,
analysing and applying information.

Access to If an organization has insufficient capital throughernal funds, and has difficulty

capital raising additional funds through borrowing or shissies, energy efficient investments
may be prevented from going ahead. Investment calgdd be inhibited by internal
capital budgeting procedures, investment appraigas and the short-term incentives of
energy management staff.

Split Energy efficiency opportunities are likely to begdgone if actors cannot appropriate the

incentives benefits of the investment. For example, if indiad departments within an
organization are not accountable for their energg they will have no incentive to
improve energy efficiency.

Bounded Owing to constraints on time, attention, and thélitgbto process information,

rationality individuals do not make decisions in the manneumssl in economic models. As a
consequence, they may neglect energy efficiencyppities, even when given good
information and appropriate incentives.
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3.2 Risk

Both high discount rates for energy efficiency istveents and the rejection of particular energy
efficient technologies may represent a rationgboase to risk. For example, if there is doubt that
business will survive over the next three yearsingent investment criteria may be entirely
appropriate. Risk may derive from a range of sayréecluding overall economic trends (e.g.,
inflation, interest rates), potential changes inegament policy, trends in input and output markets
(e.g., fuel and electricity prices), financing rigkg., the anticipated reaction of capital markets
increases in borrowing), and the technical risksoested with individual technologies (e.g.,
unreliability). These risks may be expected to waith the individual country, sector, business and
technology and to change over time. Furthermonegmtions of risk by the relevant decision-makers

may depart from those suggested by economic mé@edssky and Kahneman, 1991).

While risk is multidimensional, what matters foetbarriers debate is the potential impact of real o
perceived risks on energy efficiency investmentppgosed to other forms of investment. In other
words, are there any reasons why energy efficiamastments or energy efficient alternatives should

carry a higher risk than other forms of investmant] therefore be systematically overlooked?

The first possibility is that energy efficient texhiogies are subject to greater technical risks. Fo
example, if technology is (or is perceived to bejeliable, the risk of breakdowns and disruptions
may outweigh any potential benefits from reduceergy costs. Such risks are particularly associated
with new and unfamiliar technologies and these am@monly the subject of government funded
demonstration programmes which aim to increase id@emnée and disseminate information and
awareness among potential adopters. However, méngheo technologies that are included in
engineering-economic models and recommended irggredficiency publications are well proven,
reliable and widely used. These include, for exanphergy efficient lighting, condensing boilers,
thermal insulation, energy efficient motors, thestatic radiator valves and lighting controls. Insho
applications the technical risk associated witts¢heechnologies appears to be small. Hence, unless
perceptions diverge significantly from reality, heecal risk seems unlikely to provide a reason for

their rejection in the majority of cases.

A second possibility, suggested by Sutherland (L981that energy efficiency investments require
higher hurdle rates because they are ‘illiquid’ amedversible, with limited scope for diversifying
risks. The comparison here is with investmentsinarfcial instruments, such as stocks and bonds,
which are highly liquid since they can be easilydiat and sold (Golove and Eto, 1996; Johnson,
1994). In comparison, energy efficiency investmearis normally embedded within buildings and
equipment, costly to remove and with limited scémesubsequent resale. Since they must generally

be retained, regardless of their performance, tlaesy a greater risk than investment in other tygfes
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assets which suggests that the value of futurefitesbould be discounted more highly. But while
this argument may account for the differing treatmef ‘liquid’ and ‘illiquid’ assets, it fails to
account for the differing treatment of comparaldsets. For example, why should cost saving energy
efficiency investments be subject to more stringemestment criteria than investment in new
production plant, when the latter is equally iliidand irreversible? The scope of this argument may

therefore be limited.

Hasset and Metcalf (1993) and Johnson (1994) preseaimilar argument to Sutherland, which is
based on the concept of ‘real options theory’ (Dand Pindyck, 1994). They argue that the
combination of uncertainty in the future courseenérgy prices, capital costs and technical change,
coupled with the irreversibility of energy efficiey investments leads to an optimal rate of return
which is higher than conventional investment mogketdict. One reason for this is that there is an
opportunity cost in acting today, rather than delgythe decision and resolving some uncertainties.
The possibility of delaying the decision represeaisoption, which has a value in proportion to the
degree of uncertainty on investment returns. Buotesithis option is no longer available once the
investment has been made, the full cost of thesitmvent should include the cost of foreclosing the
option. This leads to a testable implication thejuired rates of return should be positively caitesd
with the degree of uncertainty of future returnse{alf, 1994).

Sanstacket al (1995) have criticised the Hasset and Metcalf rhodethree grounds. First, it fails by
some distance to account for the observed discaias for energy efficiency investments. They
demonstrate that the ‘option value multiplier’ im$$et and Metcalf's model falls off rapidly as the
assumed discount rate increases, and has onlyitedireffect on the required rate of return (e.g.,
increasing from 15 percent to 17.4 percent). Secthredmodel fails to account for the potentabts

of delaying energy efficiency investments (Howaatil Sanstad, 1995). For example, it is much more
costly to retrofit heat recovery systems than wude them when a plant or building is designed.
Since most decisions relevant to energy efficigneglve a choice between efficient and inefficient
options within an investment that is being madeotber purposes, the scope of the model is seyiousl
circumscribed. Third, the model has the usual &tiohs of orthodox theory in that it assumes
investors are fully informed about relevant alt¢éines and able to solve sophisticated optimisation
problems. This compares poorly with models tha¢ @acount of limitations on decision-making, and

is inconsistent with empirical studies of energyndad behaviour.

Given these considerations, the argument that kighount rates can be considered a rational
response to risk for most types of energy effigjeimvestmentdoes not seem plausible. The
guantitative predictions of the models fail on thaivn terms, quite apart from the implausibility of

the behavioural assumptions and the limited rangenaestment decisions for which they seem

16



applicable. However, business, regulatory or tedimisk may be a relevant and important factor in

some cases.

3.3 Imperfect information

The importance and policy implications of imperfeadbrmation are one of the central issues in the
barriers debate. The primary claim is that, for aiety of reasons, individuals lack adequate
information on either individual energy efficienopportunities or on the energy performance of
different technologies. This leads them to make-apiimal decisions based on provisional and
uncertain information, and consequently to undeest in energy efficiency. Since imperfect and
asymmetric information are central to the orthodaderstanding of market failures, the existence of
imperfect information is claimed to justify poligyterventions to improve information such as energy
labelling. Huntingtoret al (1994) argue that ‘...information problems takinffatient forms are the

principal source of market failures that accountlifie “gap” in energy efficiency investments'’.

Imperfect information in energy service markets

The information relevant to energy efficiency dams may usefully be grouped into three categories:
information on the level and pattern of currentrggeconsumption and the comparison of this with
relevant benchmarks; information on specific enesgying opportunities, such as the retrofit of
thermal insulation; and information on the energnsumption of new and refurbished buildings,

process plant and purchased equipment, allowinigetietween efficient and inefficient options.

The availability of information on current energgnsumption will depend upon the information
content of utility bills, the level of sub-meterinthe availability of relevant benchmarks, the ofe
computerised information systems, the time devaaeghalysing consumption information and so on.
Most of these will be associated with investmemerational and staff costs which may best be
understood as a particular category of transaciost. These costs are of fundamental importance to

the barriers debate and are discussed more futheimext section.

The availability of information on energy-specifitvestment opportunities will depend upon two
factors: the extent to which organizations haveluatad energy efficiency opportunities through
measures such as energy audits; and the avaifadilinformation on the costs and performance of
specific energy-saving technologies. The firsthafse involves costs for the organization (whether t
audits are conducted in-house or by external ctarsis), and these may also be understood as a form

of organizational transaction cost (see Table 3.3).

Information on specific energy efficient technokegiishould be available in the marketplace, but the

cost, quality and accuracy of this information mvayy widely between different technologies. To the
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extent that this information has the charactesstita public good, there may be a case for pyblicl
funded information programmes and demonstratiorersels - especially for new and unfamiliar

energy efficiency technologies.

The extent to which information is available on #eergy consumption of new and refurbished
buildings and purchased equipment will depend veugh upon the characteristics of the relevant
market. Energy efficiency is not a stand-alone pobvdn these markets, but a secondary and often
relatively unimportant feature of a wide range obds and services (Golove and Eto, 1996). Energy
services are delivered through a combination ofrg@gnecommodities, building and transport
infrastructures and energy conversion technologes] the decisions made on the specification,
design, purchase, installation, operation, repad maintenance of a wide range of technologies will
influence the overall energy efficiency performan¢&olove and Eto, 1996). The informational
problems associated with energy service markelsthdlefore be specific to individual technologies
and services (e.g., motors, lights, buildings, psimappliances). If the required information is
unavailable, of poor quality, overly complicatedunreliable, the market signals in favour of energy

efficient products and services are likely to Hatreely weak.

Asymmetric information in energy service markets

Asymmetric information exists where the supplieaajood or service holds relevant information, but
is unable or unwilling to transfer this informatidn prospective buyers. The extent to which
asymmetric information leads to market failure wd#pend upon the nature of the good or service.
Economists commonly classify goods into three caieg: search goods: where a consumer can
determine characteristics with certainty prior irghase; experience goods: where consumers can
only determine characteristics after purchase;@adence goods: where it is difficult for consumers

to determine quality even after they have begursaaption.

Energy service markets are likely to be charaadrisy asymmetric information between producer
and purchaser and between market intermediariesffatent stages along the supply chain. The
importance of this will depend upon the varianc@rioduct quality (particularly in relation to engrg

efficiency), the frequency of purchase relativehanges in underlying characteristics and the ¢ear

costs’ entailed in obtaining relevant informatitinis useful here to compare the relative imporéanc
of asymmetric information for the purchase of egyeopmmodities such as gas and electricity,
compared to the purchase of energy efficiency mrtedar energy efficiency equipment which may
allow the same level of energy service to be okthiat lower levels of energy consumption (Hewett,
1998). For example, the same level of thermal canmiay be obtained by using more fuel within an
existing heating system, or by investing in lofsuatation, cavity wall insulation, draught stripping

and/or double glazed windows.
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Energy commodities represent a simple, unchangiagy to understand and homogenous product
which is purchased from a small number of largealdished and generally well trusted firms.
Purchases are made regularly, market informationidely available and ‘performance’ is judged
largely on price. Hence, energy commodities carcdmesidered aearch goodwith relatively low
search costsIn contrast, delivering the same service througgrgy efficiency investment requires
the purchase of one or more complex, heterogenaadsunfamiliar goods from markets with
multiple suppliers and intermediaries. Since tFetithe of such products is long (e.g., 15 yeais), t
purchases are infrequent and the rate of techoltahge is rapid relative to the purchase interval
(Hewett, 1998). For example, technologies suchoaslensing boilers, building energy management

systems and electronic ballasts have improved emasiy over the last ten years.

In contrast to energy commodities, energy efficermay only be considered a search good when the
energy consumption of a product is clearly and umguously labelled and when the performance in
use is insensitive to installation, operation andintenance conditions. But for many goods, the
information on energy consumption may be missimghiguous or hidden, and the search costs will
be relatively high. In the absence of standardgedormance measures or rating schemes, it may be
difficult to compare the performance of competimgducts. Even when rating schemes are available,
the performance in use may depart significantlynfrthe rated performance — for example when
technologies are operated on part load or are quadely maintained. Also, customers may have
great difficulty in evaluating the performance oiaiof technology suppliers, or may be suspicious of

these claims. In these circumstances, energy efiigi is better described asexperience goad

In practice the performance of technologies suctoasrol systems, motors and variable speed drives
may be very difficult to evaluate even after pusghaln most cases, the evaluation of energy
performance would require low level electronic sabtering, adjustment for variable factors such as
occupancy and weather, and careful analysis ofuropgon patterns over time. If this is not done, th
purchaser will lack feedback on the consequencelsffefent purchase decisions, with the result that
energy use will be relatively invisible (Hewett,98). For example, Kempton and Layne (1994) have
compared the information value of the average Hwoaldeenergy bill to that of receiving a single
monthly bill from the supermarket for ‘food’. Takdogether, these features tend to make energy
efficiency closer to @redence goodnd hence more subject to market failure. Thuthdaextent that
energy supply and energy efficiency represent giffemeans of delivering the same level of energy
service, the latter is likely to be disadvantageldtive to the former. The result is likely to beeo

consumption of energy and under-consumption ofggnefficiency (Hewett, 1998).

% In the UK, the liberalization of gas and eledtyicsupply markets has increased competition armcehwhile the same time increasing
search costs. This process has undoubtedly brduegigfits to large users, but the benefits for hioolskeconsumers are less clear
(Waddams, 2003).
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The choice between energy supply and energy «ffigieis most relevant to energy-specific
investment opportunities, such as thermal insutatiBut in practice, a more common choice is
between an energy efficient or inefficient prodoicservice, when a decision is required anywayr— fo
example, replacing an existing boiler which has edmthe end of its life. What is relevant heréhis
availability of information on the energy perforncanof the product (and the consequent savings in
operating costs) as compared to the availabilitinfarmation on other attributes of the productlsu
as capital costs. This in turn will depend upon tékative importance of energy consumption as
compared to the other services delivered by thelymo For example, thermal efficiency may be
expected to be an important and visible attribdite looiler. But energy efficiency may be expected t
be very much a secondary attribute of other pradsieth as buildings, and is likely to be determined
by wide range of design and operational factors it effect of which may be difficult to assess. |
the absence of clearly specified and comparabldogmeance information, energy efficiency
considerations are likely to be easily outweighgather more visible features. Hence, even if eperg
efficiency is valued by the consumer, the lackastof information may prevent this preference from
being exercised: ‘....Faced with good informationaapital costs and poor information on operating

costs, consumers may rationally and systematichlbipse the low capital option’ (Eyre, 1997).

Adverse selection in energy service markets

In some circumstances, asymmetric information iargy service markets may lead to the adverse
selection of energy inefficient goods. Take housitsgan example (Jaffe and Stavins, 1994). In a
perfect market, the resale value of a house waefléat the discounted value of energy efficiency
investments. But asymmetric information at the paif sale tends to prevent this. Buyers have
difficulty in recognising the potential energy say$ and rarely account for this when making a price
offer. Estate agents have greater resources thgrdybut similarly neglect energy efficiency when
valuing a house. Since the operating costs of adaiffect the ability of a borrower to repay the
mortgage, they should be reflected in mortgageifigations. Again, they are not. In all cases, one
party (e.g., the builder or the seller) may hawe riflevant information, but transaction costs ingped
the transfer of that information to the potentiarghaser. The result may be to discourage house
builders from constructing energy efficient housego discourage homeowners from making energy

efficiency improvements since they will not be atdeapture the additional costs in the sale price.

The same processes are at work in a range of esergices markets. In some cases, producers may
be unable to market desirable technologies sinnswuers are unable to observe their characteristics
prior to sale (Howarth and Sanstad, 1995). In ottemes, information asymmetries may create
incentives for producers or suppliers to act oppustically. For example, the energy efficiency of

commercial buildings depends heavily on the dedaikatures of heating, ventilation and controls
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such as Building Energy Management Systems (BER&)in comparison to highly visible features
such as outward form and aesthetics, the perforenafduilding services equipment is extremely
difficult for the customer to observe. Substitutiminan inefficient or oversized piece of equipmient
place of efficient equipment could be relativelggaince it would be hard to spot. The result may b
inefficient products driving efficient products dtie market — termed ‘adverse selection’ (Akerlof,
1970).

Summary

In summary, problems of imperfect information aileely to pervade energy service markets and
could potentially explain a substantial proportiohthe efficiency gap. First, the acquisition of
information through measures such as metering addsainvolves investment and transaction costs
which may not be taken into account in engineeaogromic models. Second, the search costs for
energy efficient products are likely to be muchadee than those for energy commodities, creating a
systematic bias against energy efficiency. Thirdergy efficiency has the characteristics of a
credence good, which makes it particularly vulnkraio information market failure. And fourth,
asymmetric information in energy service markety rmametimes lead to the adverse selection of

energy inefficient goods.

The appropriate policy response to these markletrési is contested. While information programmes
appear to be the most obvious approach, minimunggrefficiency standards may be more effective
in some instances. If information programmes arebéoemployed, both the manner in which

information is presented and the credibility of Hoeirce are important.

The importance of information costs suggests thatetis a considerable overlap between imperfect

information and hidden costs. The next sectiorifearthese overlaps in more detail.

3.4 Hidden costs

Hidden costs represent the most important andenflal explanation for the ‘efficiency gap’. The
claim is that engineering-economic studies fa&tgount for either the reduction in utility assteth
with energy efficient technologies, or the additibnosts associated with their use (Nichols, 1994).

As a consequence, the studies tend to overestianatgy efficiency potential.

Components of hidden costs
In the energy economics literature, the term ‘hiddmsts’ refers to any costs which are not
conventionally included within engineering-economiodels. Three possible sources of hidden costs

are:
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the generaloverheadcosts of energy management; the costs whichspeeificto an individual
investment in energy efficiency, or the choice nfemergy-efficient option; and the potential lo$s o

utility associated with energy efficient choices.

Table 3.2 identifies the possible components a$ehmosts in more detail. Each of the cost categjorie
may be both real and significant and each may ypaticount for the gap between real world
investment behaviour and the predictions of engingeeconomic models. But the different
categories vary widely in their likely importance particular instances, the extent to which they ar
specific to individual sites and technologies, #mse with which they can be quantified and
incorporated into energy models, the extent to twvhitbey can be reduced by changes in
organizational procedures and routines, and tred@vance for public policy. It is tautologous to
assert that hidden costsustbe present if organizations are not adopting @aler energy-efficient
technologies. Instead, it is necessary to demdestvat (if any) those costs are, why they are

important, what is determining them and whetherlamd they could be reduced.

Table 3.2 Different types of hidden cost

Sub-category Examples

General overhead < costs of employing specialist people (e.g., enengpager)

costs of energy * costs of energy information systems (including: hgahg of energy
management consumption data; maintaining sub metering systeamsilysing data and

correcting for influencing factors; identifying fis; etc.);
e cost of energy auditing;

Costs involved in « cost of: i) identifying opportunities; ii) detailédvestigation and design; iii)
individual formal investment appraisal;
technology decisions « cost of formal procedures for seeking approvalagfital expenditures;

» cost of specification and tendering for capital keoto manufacturers and

contractors

» additional staff costs for maintenance;

« costs for replacement, early retirement, or retngiof staff;

« cost of disruptions and inconvenience;

Loss of utility - problems with safety, noise, working conditionsfvie quality etc. (e.g.,
associated with lighting levels).

energy efficient + extra maintenance, lower reliability,

choices

Some hidden costs could be considered part opith@uctioncost of energy efficiency and could in
principle be included in engineering-economic med&stertag, 2003). Examples include design fees

for large items of plant, the civil engineering tsoassociated with installing a CHP unit, the cas$ts
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re-routing pipework, the reinforcement costs asgedi with connecting a CHP unit to the grid, the
costs of rebuilding a flue after a condensing lrdiles been installed, the cost of new light fitsirig
accommodate compact fluorescents, and the costrasfuption interruptions during equipment
installation. These costs are site-specific anficdit to estimate, so they may be easily overlabke
But they represent real costs and organizationsbeaexpected to take them into account in when

appraising investment opportunities.

A second group of costs relates to the inferiofguerance of energy efficient technologies along a
number of dimensions other than energy consumpkon.example: an energy-efficient production
process may lead to increased noise; the installati cavity wall insulation in an old building may

encourage damp; a variable speed drive may regxira maintenance or require new skills and
tools; an energy-efficient motor may be less rédiathe lighting quality from compact fluorescents
may be less desirable than that from incandesagbspand so on (Golove and Eto, 1996). While
these considerations clearly apply to energy-sggetiffestment opportunities, they are likely to be
even more important for investments where enerfigieficy is only one of a number of attributes
under consideration. Again, in principle these sosbuld be incorporated within engineering-

economic models, but this may be difficult to agkién practice.

A third group of costs corresponds to the seardtscwlentified in the economics of information.
These include the cost of identifying suppliers abthining information on price, quality and terms
of trade. As argued above, these costs are stranfillenced by the characteristics of particular
energy service markets and by the nature of engffiqpiency as a good. They are determined in part
by factors outside the control of the adopting aigation, such as the existence or otherwise of
standardized labelling schemes, and in part bynizgtional procedures for information gathering,
specification, purchasing and procurement. Seaosksare therefore influenced by a mix of factors
both internal and external to the organization, guodblic policy should have greater scope for

influencing the latter than the former.

Search costs represent a subset of the broadegocatef transaction costs. These include all the
organizational costs associated with establishimg) maintaining an energy management scheme,
investing in specific energy saving technologiex] anplementing specific energy efficient options

within broader investment programmes (e.g., chapsnergy efficient motors in preference to

standard motors). In contrast to the productiortscaad loss of utility discussed above, transaction
costs depend closely upon organizational and octo@h structures, procedures, incentives and
routines. This makes them much more difficult toadirporate within models which represent costs

purely in relation to individual technologies.
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To summarize the above, Table 3.3 provides a thieatgerspective on the components of hidden
costs which complements the empirical perspectiegiged by Table 3.2. This divides hidden costs
into four categories: production costs; loss ofitytimarket transaction costs; and organizational
transaction costs. The first two of these categamiay be considered as real and unavoidable costs
which have no implications for public policy, whilke last two categories are contingent upon the
relevant market, contractual and organizationaicstires and hence may in some circumstances be
lowered through public or private actions. Identifythe size and determinants of transaction aests

likely to be difficult, but four important features these costs are as follows (Ostertag, 2003):

Table 3.3 Theoretical perspectives on the compamis of hidden costs
Sub-category  Influenced by Examples
Hidden e Attributes of Civil engineering costs, grid reinforcement costs,
production costs technology production interruptions
» Site-specific factors
Loss of utility e Attributes of Increased noise, reduced service quality
technology
» Site-specific factors
Market » Features of primary  Search costs for gathering and assimilating infdiona
transaction costs and secondary regarding product quality; cost of specificatioman
markets for tendering; bargaining and negotiation costs; legal
information. advice; etc.

e Organizational
procedures for
external transactions

Organizational « Organizational Monitoring and control costs; decision-making cpsts
transaction costs procedures for costs of establishing, maintaining and running gyer
internal transactions information systems; etc.

Transaction costs need not increase in proportidhd volume of the transaction. So for example, th
transaction costs associated with identifying aodcipasing an energy-efficient motor will form a
declining proportion of total life cycle costs d®tsize of the motor increases. Transaction casts a
likely to be incurred for both energy efficient amgfficient choices. So if a replacement motor is
required, there will be transaction costs for pasihg both energy efficient and inefficient models,
and what matters is the difference between the Twansaction costs may only accrue once when
organizational routines are changed, such as wtshiftais made from purchasing standard to high
frequency fluorescent lighting. So comparing an egtional situation with an established
organizational routine may overstate the costslieeb Transaction costs may decrease over time as
a result of learning effects as knowledge beconmelsedded within individual and organizational

routines. So they should not be treated as a fxedunchanging.
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Quantifying hidden costs

Estimates of hidden costs are rare in the liteeatOne example is a study by Hein and Blok (1994)
which estimated the staff costs associated witHectihg information, making decisions and
monitoring the performance of different types oémgy efficiency investments within large, energy-
intensive firms. The transaction costs were doreithdly search costs and typically formed between 3
percent and 8 percent of the total investment ddgs suggests that transaction costs were relgtive
small for this type of organization, but they coblElmuch more important for small scale investments
or for smaller, less energy-intensive firms. Tratiea costs are therefore relative to the techracal

organizational context.

For organizations, one of the most important saiafehidden costs is likely to be the overheadscost
of energy management. These do not seem to havedodgect to serious academic study, but are
frequently cited by industry as the biggest obstaid cost-effective investment. For example,
negotiated agreements between government and ipdasthe UK require the implementation of
energy efficiency projects with paybacks as sherthmee years. The primary reason given by UK
industry for the use of these strict investmerteda is the management time required to identifg a
implement such projects (ETSU, 2001). These clahmsuld be treated with suspicion, given the
information asymmetry between government and inglastd the incentive for industry to exaggerate
the importance of hidden costs in order to redbeestringency of the negotiated agreements. But
they demonstrate that management time is a pre@mmgoncern and that it is accepted by the UK

government as an adequate explanation of the exifigi gap.

Some simple calculations can demonstrate the patémtportance of overhead costs for a typical
organization. Best practice literature in the UKammends that a sum equivalent to 5 percent of an
organization’s annual energy expenditure be reseimededicated energy efficiency investment. For
a site with annual energy costs of £1 million, thisuld equal £ 50k which is comparable to the
annual salary costs for a full-time energy manalyethis context, stringent payback criteria foclsu
investment projects may be justified as a mean®gdover the salary overheads — for example, by
transforming a five year payback into a three ymayback. Furthermore, organizations with a small
energy bill would only be able to devote a fractminstaff time to energy efficiency and would be
unlikely to develop the relevant energy managenséils. However, much of energy management
could be seen as an essential function necessatlyefdunctioning of the institution and the contfor
of employees — for example, overseeing maintenaniogjing building energy management systems
and negotiating with energy suppliers. Other tasksh as internal reporting, maintaining and
upgrading information systems, training, marketiagd awareness raising are unlikely to produce
direct savings, but are essential to creatingraatk that is supportive of attempts to improve gyer

efficiency. As a result, it appears unreasonablectpireall the salary overheads to be recovered
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solely from the returns on individual energy effiaty projects. At the same time, it appears equally

unreasonable faroneof the salary overheads to be recovered from stmjlegis.

Summary

In sum, the majority of energy efficiency investrteeare likely to be associated with some form of
hidden cost, and these costs could potentiallya@x@ portion of the efficiency gap. A proportioh o
these costs may be considered part of the productet of energy efficiency and hence provide no
rationale for policy intervention. But a proportionay be understood as market or organizational
transaction costs and hence could potentially ldeiaed through organizational changes or public
policy. Hence, while the assertion that hidden £@sin explain the entire efficiency gap is merely
tautologous, the assertion that hidden costs arapamtant is equally likely to be wrong. The truth
should lie somewhere between the two, but theivelatnportance of different categories of cost is
likely to vary between individual technologies amganizations. It appears likely, however, that the
salary overheads associated with energy managemilebe a major obstacle for many organizations,

and especially for those with relatively small eyyebills.

3.5 Access to capital

A commonly cited barrier within the energy efficogrliterature is the lack of access to capital $Hir
and Brown, 1990). This may be particularly applieaio smaller companies who have less ability to
offer collateral and may only be able to borrowhagh interest rates. This could prevent energy
efficiency projects with a high rate of return frdyeing undertaken. The orthodox response to this
argument is that while inability to access capttaly constitute a barrier, it need not imply a fialin
capital markets. Capital should be allocated tgegte with the highest risk adjusted rate of return
smaller companies may be high risk borrowers (Slahd, 1996). An alternative view is that the
transaction costs entailed in investigating thedicreorthiness of such companies are sufficiently

high to diminish the economic viability of loansdiGve and Eto, 1996).

The *access to capital’ problem has two componansaifficient capital through internal funds, and

potential difficulty in raising additional funds rtugh borrowing or share issues; and neglect of
energy efficiency within internal capital budgetipgocedures, combined with other organizational
rules such as strict requirements on payback periBdth of these are the subject of a voluminous

theoretical and empirical literature (Myers, 2081ein, 2001). Some key points are discussed below.
Accessing external sources of capital

Within private sector firms, restrictions on cap#ee often self-imposed. Here firms appear rehicta

to borrow money to finance low risk energy effiaggrprojects with rates of return that significantly
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exceed their weighted average cost of capital (WATI some cases, this reluctance appears to
result from the perceived risk of increasing thdoraf loan finance to equity finance — termed
gearing(Ross, 1986). Loan finance should be valuableoup point, since it tends to be cheaper than
equity — historically, the expected returns fronuiégs are higher than those from loan stocks, and
loans tend to have a more favourable tax treatniurtloan finance carries risk in that it imposes
obligations to meet annual interest charges andgay the principal. In contrast to share dividends
these are fixed obligations and are not at the'diriscretion. High levels of gearing may therefore
expose the firm to the risk that it will not be @l meet its payment obligations should it expeee

a downturn in business.

With loan finance, the lenders have the legal rigtenforce payment of the interest and repaymknt o
the capital, using the assets of the company asigedn contrast, ordinary shareholders do nateha
the right to enforce the payment of a dividend.sTéituation means that high levels of gearing may
expose the shareholders to greater risk as afirthés profits could be eaten up in the repaymeint o
lenders. As result, shareholders may demand higlems as compensation. Furthermore, high levels
of gearing may also expose tleadersto greater risk, since the asset value may befinmirft to pay

off the outstanding loans should the firm go oubo$iness. Hence, lenders may also demand higher
interest payments on loans as the level of geamicrgases. The level of risk will depend in parbuip
the resale value of the assets and also upon tpoion of total costs within the firm which are
fixed — termedoperating gearing The risk of bankruptcy is particularly high fdrnis which are
highly geared in both operating and capital tersisce relatively small fluctuations in the level of
sales can have a dramatic effect on profits (Mcglah894). The net result is that, while loan financ
may reduce a firm’s cost of capital at low levelgearing, it may increase risk and raise a firogst

of capital at high levels of gearing. Managemeny tireerefore restrict the level of gearing to a leve

they feel comfortable with.

This traditional view of an ‘optimal’ level of geaag was challenged by Modigliani and Miller
(1958), who showed that, given a set of assumptadimait the operation of the capital market, the
advantages of cheaper loan finance should be gxaifflet by the increasing cost of equity. As a
result, the WACC should be independent of the lefegearing and should depend solely upon
business risk and future cash flows. But this maafédctively assumes that the transaction costs
within capital markets are zero (Frubotn and Richi®©97). Also, this theoretical result is not
supported by the empirical evidence, which showgwectance to increase gearing beyond a particular
level (Myers, 2001).

4 This is calculated from the relative proportiaidoan stock and equity for the individual compaagd their respective market values

(Mclaney, 2000, p. 249).
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Other perspectives on the use of capital marketghasise information asymmetry and agency
problems. For example, increased gearing may beeiiterest of shareholders if it lowers the afst
capital, but may not be desirable from the perspeatf company directors because it imposes a
discipline which they may prefer to avoid. This ltbdissuade directors from using external funds to
finance cost-effective investments. Similarly, Myand Majluf (1984) emphasise how reliance upon
external finance may be interpreted by investora agnal that the existing assets are overvalted.
is commonly observed that an attempt to raise @adit equity finance or to increase the level of
gearing can weaken a firm’'s financial rating andseélrdown share and bond prices. Since debt
imposes both greater risk on the firm and greatmigline upon managers, it should have a smaller
impact than share issues. But in all cases, the afosbtaining additional capital may exceed the
average cost of the existing debt/equity mix (R&886). The prediction, therefore, is that firmdl:wi

a) prefer internal to external finance; b) prefebtdfinance to equity; and c) avoid high levels of

gearing (Myers, 2001).

Since most energy-specific investment opportunitigslve relatively small amounts of capital, they
should have very little impact on the level of gegrfor the firm as a whole (particularly for large
companies). But since borrowing requirements amarfcing risk’ are likely to be assessed for the
firm as a whole, and not for individual investmerite effect may be to restrict the overall capital
budget for investment, including that for energfjoegncy. This effect may be exacerbated by interna
capital budgeting procedures which give a loweorisi to discretionary cost saving investments (see
below), with the result that the dedicated enerfigiency budget is reduced. There are analogous
problems with energy efficient options within breadtapital investments, such as new buildings.
These are typically subject to tight constraintdhm capital budget combined with a strong incentiv
to keep the project within budget. Given the tratisa costs associated with seeking (small)
additional increments of funding, the budget foergyy efficient options (with higher capital costg b

lower operating costs) may be squeezed.

In sum, the conventional view that firms shoulddstvin all projects which have a rate of return
exceeding the WACC appears over simplistic. Theay Ime very good reasons for not taking on
additional debt or raising additional equity, blséte require judgements about business risk and the
response of the financial market to any increasgesring. This makes it difficult to assess whether
the behaviour of any individual firm is rationalr whether it reflects a failure on the part of

management.

Accessing internal sources of capital
Two observations are commonly made in respectabtiganizational treatment of dedicated energy

efficiency investments. First, such investmentsdtda be classified as discretionary business
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maintenance projects, which are given a lower jyidhan either essential business maintenance
projects, such as replacing a failed pump, or eiatbusiness development investments, such as a
new manufacturing plant (Department of Energy, 398&cond, such projects tend to be evaluated
using payback rates rather than discounted cash dloalysis, with the required rates of return

exceeding those for business development projécasn 1985).

A number of hypotheses have been proposed to exfé behaviour, but a common theme is
asymmetric information within internal agency redaships, such as those between central and
divisional management. The agent (e.g., the dinadionanager) is closest to a project and is likely
know most about its prospects, but at the same tirag have an incentive to misrepresent this
information. The principal (e.g., central managetherannot observe either the true quality of
decision-making or the true profitability of theopgct. Principals will be unfamiliar with the spici
local conditions in which the agent makes her destsand there will be transaction costs entaited i
transmitting the relevant information. This creatée risk that profits will be dissipated into
‘managerial slack’ — defined as the excess of nessuover the minimum required for the task
(DeCanio, 1993). One method of reducing this sladk set the rate of return for investment prgect
to be substantially above the cost of capital teuem that only highly profitable investments are
undertaken (Antle and Eppen, 1985). Furthermorme hilirdle rate may be expected to be higher for
small investments, since the transaction coststdrohining the profitability of such investmentg ar
likely to represent a greater portion of the expédavings. Energy efficiency investments freqyentl

fall into this category of small, cost saving intrasnts.

A second explanation could be the strategic prasribf top management. DeCanio (1994) suggests
that managers are primarily concerned with ensutitgglong-term survival of their organization,
which involves focusing upon dynamic factors suehtl@e introduction of new products and the
development of new production facilities. Givene@vconstraints on time and attention (i.e. bounded
rationality), the small reductions in costs avd#afoom energy efficiency investments could eabiy
downgraded and overlooked. This is despite the tlaat such investments have frequently been
shown to have a higher rate of return than larggepts which receive more management attention
(Ross, 1986). This focus is unlikely to changelwariergy becomes more of a strategic issue, perhaps

through energy prices internalising the externat ob carbon emissions.

The bias towards strict investment criteria may eb@cerbated by the incentives on individual
managers, including the asymmetry between the eskisrewards of energy efficiency projects. The
failure of a project in which an individual had @sted considerable effort could be very detrimental
to that person’s career, while the success of gpaoable project could provide a much smaller career

boost (DeCanio, 1994). Similarly, managerial adeament may best be achieved through large,
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strategic projects, while the compensation andtigeedor energy management activities may be
limited. Hence, as with accessing external souofesapital, there may be both good reasons and
strong incentives for imposing strict investmenitecia or restricting capital budgets for energy

efficiency investments.

3.6 Split incentives
Split incentives were discussed earlier and wegaeat to result from asymmetric information and the
transaction costs of developing shared savinggacist While this barrier is most commonly cited in

relation to rental housing, it is of much wider bgility.

Landlord-tenant problems may arise in the industpablic and commercial sectors through the
leasing of buildings and office space. For examipl¢he UK only 10 percent of commercial property
is occupied by the freeholder and 70 percent istireianted. Much of the stock is owned by
institutional investors who treat the property pyr@s an asset, while management is outsourced to
property consultants who pay little attention tergy efficiency. Tenants may have little motivation
to improve the performance of an asset they doowat, particularly if they have a short term lease,
while owners will be happy to pass on the energgtto their tenants. In many cases, tenants will
simply pay a fixed pro-rata share of the buildingrgergy bill, which means the savings generated by
investment or behavioural changes by one tenankwamcrue to all the other tenants as well, thereby
diluting the incentive. The problem could be ovenecthrough low level sub-metering, but this may
be costly and it appears to be relatively rare. Hmalord-tenant hypothesis suggests an obvious
empirical test — whether the energy performandeaded buildings is significantly poorer than other

buildings — but there appears to be little researcthis topic, and the available evidence is kahit

Within organizations, the bias towards projectshvghort term paybacks may also result from split
incentives. It is often the case that managers iremaheir post for relatively short periods ofnt

(DeCanio, 1993). In large companies, there may &eea policy of job rotation. But a manager who
is in a post for only two or three years has neeimive to initiate investments that have a longer
payback period. The incentive structure may theecb® skewed towards projects with rapid returns
— although these may prove inferior to othersfifiladiscounted cash flow analysis were performed.
As with landlords and tenants, problems of infoioratand transaction costs may prevent the
incentive structure from being modified. Statmad &epe (1984) point to a related issue in that) eve
without job rotation, management incentive struesurare typically biased towards short term

performance.

In larger organizations, departmental accountgbitir energy costs may be an important issue. If

individual departments are accountable for thein @mergy costs, they could directly benefit from

30



any savings from investment projects or housekgepirasures. But if cost savings are recouped
elsewhere, this incentive is diluted. To introdgceh accountability, it would be necessary to sub-
meter and bill individual cost centres for theiremgy use — which would be associated with
investment, staff and operational costs. The rieguihcentives will be proportional to the importan

of energy costs to the individual department andildi@nly be effective if the department had the
capacity to identify and initiate energy efficiencyprovements and the budget to fund them. An
alternative approach would be to place accountgliir energy costs with the energy management
staff, perhaps with individual posts made self-ingdfrom the savings from energy efficiency
improvements. The difficulty here is in identifyitigese savings and in adjusting for other sourtes o
demand growth which are beyond the control of gnergnagement staff. While energy management
staff should have the capacity and skill to ingi@nergy efficiency improvements, they may lack
local knowledge of individual efficiency opportues. The appropriate solution will depend very

much on the size and structure of the organizatrahcomplex issues of accountability may arise.

Very similar issues arise in equipment purchasifige purchaser may have a strong incentive to
minimise capital costs, but may not be accountédsleunning costs. Many items of equipment may
be specified and procured by individuals who lack knowledge, information and incentives to
minimise operating costs, while constraints onfstafie my inhibit the involvement of energy
management staff. In a similar manner, maintenataf may have a strong incentive to minimise
capital costs and/or to get failed equipment wagkaigain as soon as possible, but may have no
incentive to minimise running costs. This type sfliie may also arise with building users, operators
of process equipment and designers and sub-camtsagithin construction projects. In each case, the
responsibility for capital costs may not match tesponsibility for operating costs, while the

transaction costs of reducing the problem may oigtwine potential savings to be achieved.

3.7 Bounded rationality

Several of the barriers discussed above (e.g.) wskild still apply if actors were gifted with the
perfect rationality assumed in orthodox theoryother cases (e.g., hidden costs), bounded ratignali
may be considered partly responsible for the basiace it contributes to the existence of tratisac
costs. But bounded rationality may also be classifas a barrier itself, since it contributes to
decisions which depart from those predicted byaattix models. This may occur even when actors
have adequate motivation, incentives and informadiad when other barriers to energy efficiency are
absent. For example, Eyre has argued that: ‘..€Tisest market failure to the extent that consurders
not attempt to maximise their utility or producénsir profits.” (Eyre, 1997). The benchmark forsthi
judgement is the ‘optimising’ rationality assumedoirthodox theory. As Sanstad and Howarth note:
‘...individuals and firms do not always behave adotw to the logic of economic rationalibut they
should. They need policies to help them do it (Sanstad &lowarth, 1994). The findings of
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behavioural economics may allow these departumes full rationality to be predicted and may also

inform the design of policy interventions.

A primary consequence of bounded rationality i¢ tmmstraints on time, attention, resources and the
ability to process information lead to optimisingalyses being replaced by imprecise routines and
rules of thumb. In organizations, this could meaouSing on core activities, such as the primary
production process, rather than peripheral issuel as energy use. Decision making may also be
divided up between specialists, and global objestimay be replaced by tangible sub-goals whose

achievement can be measured (Simon, 1959).

An interesting example of the importance of boundwtbnality is provided by Coormans’ (2009)
review of the use of formal capital budgeting towelthin investment decision-making. In contrast to
the standard recommendation that investments wilositive net present value (NPV) should go
ahead, she found that formal capital budgetingkthitypically played only a partial and secondary
role within investment decision-making. Empiricdldies showed that investment analysis was
frequently conducted relatively late in the dedisinaking process and often served to justify
decisions already taken. Instead, the key factmrdening whether an investment went ahead was its
contribution to thestrategic objectives of the firm - including the extent tdniah it contributes to
competitive advantage within the core businesss Tialps explain the observation that companies
sometimes made negative decisions on profitablesimyents and positive decisions on non-profitable
investment. Coormans argues that first, orthodgitalbudgeting theory has little relatively little
value in explaining investment decisions and irgsfglays a normative role; and second, that agency
theory and transaction cost economics were insefficto explain organizational behaviour. This
conclusion seems questionable, however, sincews fopon strategic priorities (and a corresponding
neglect of small, cost saving investments) is gedgiwhat we would expect from boundedly-rational

individuals.

Empirical studies of energy decisions generally psup the hypothesis of bounded rationality
(Sanstad and Howarth, 1994). For example, SternAandson (1984) finds that consumers hold
information on household energy use which is: ‘...owly incomplete, but systematically incorrect.’
Similarly, the provision of accurate information oosts and benefits does not necessarily improve
the quality of decision making. In a survey of gyeimformation programmes, Robinson (1991)

concludes that ‘... it is clear that, with the exien of some labelling programmes, energy
information programmes on their own have not tedasulted in significant energy savings’. The
implication here is that not only may bounded raiity provide an additional barrier to energy
efficiency, it may also undermine the effectiveneggertain types of policy interventions Sanstad

and Howarth (1994). If agents lack the time, capaai skills to use existing information, there is
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little point in providing more information. This i is important as it directly contradicts the
orthodox argument that intervention should be dé@cat correcting information market failures,
rather than imposing performance standards. Intipeacstandards may be more effective in inducing
energy efficiency improvements as they bypass tiablem of bounded rationality (Sanstad and
Howarth, 1994). Whether they are more cost-effectivill depend upon the relative cost of the

regulation compared to information programmes.

Routines as a response to bounded rationality

Within organizations, most decisions are likelyb the consequence of applying a set of rules and
routines to a situation, rather than a systematalyais of alternatives. As Stern and Aronsen note
(1984) notes: ‘Organisations generally solve pnoisleand respond to environmental demands by
applying existing routines rather than developirgvnones’. The simple payback rule can be
considered as one such routine. While software qugek allow rates of return to be calculated very
easily, the payback rule may still have an advantag it is simple and easy to communicate
(DeCanio, 1994). Capital budgeting procedures ctnaldconsidered a second type of rule, used in
delegating the authority to spend money. Typicatlye primary concern when evaluating an
investment opportunity is whether there is moneyhia budget, rather than the rate of return (Stern
and Aronsen, 1984). Expenditures that exceedsubgéh (i.e. break the rule) require administrative
approval, a potentially complex and lengthy procésd discourages attempts to do so. Routines

therefore facilitate information handling and mietransaction costs, but can be inflexible.

A valuable example of the importance of routinegiven by de Almeida’s (1998) study of the French
market for energy efficient motors. When small ersérs had to buy motors in an emergency, the
only parameters they considered were delivery ame price. The rule of thumb was to buy the same
type and brand as the failed motor from the neaetailer. Similarly, maintenance departments in
large firms evaluated motors only in terms of memance costs and reliability, and ignored energy
consumption. The split incentives barrier is partgponsible here, since maintenance departments
are accountable for maintenance costs and pro&hsdility, rather than energy costs. But de
Almeida (1998) argues that that this barrier isficgiced by the time constraints on maintenancé staf
and their limited capacity to process informatidiis leads to the development of organizational
routines that simplify motor procurement by igngrienergy efficiency. In this area, as in many
others, split incentives and bounded rationalitinfoece one another. The motor example also
demonstrates the importance of analysing speéifibrtology decisions, since the relative importance
of bounded rationality may be expected to vary with type of decision — for example between

emergency replacement, routine replacement and-eguirement.
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Another example of routines comes from the consttndndustry, where designers rely heavily on
simplified and outdated (but cognitively efficiemt)les of thumb for sizing heating, ventilation and
air-conditioning (HVAC) equipment (Lovins, 1992)hi§ frequently results in equipment which is
oversized in relation to the load, and which rurefficiently on part load. Building designers rely
similar rules of thumb for acceptable capital quest unit floor area, with the result that the ptisdn
trade-offs between capital and operating cost®aedooked (Lovins, 1992). Similar examples are to
be found throughout engineering design, where psid@als working to intense time pressures rely

heavily on standardised designs (Lovins and Lovi@Sy7).

Other types of rules and routines which may impawct energy efficiency include: operating
procedures (such as leaving equipment running cstandby); safety and maintenance procedures;
relationships with particular suppliers; designtesia; specification and procurement procedures;
equipment replacement routines and so on. These etthgr be formally specified in written
procedures or embedded in organizational practi&asce routines are a means of allocating
attention, energy efficiency opportunities will edee little attention if they do not form part of
standard routines and operating procedures. Anldet@xtent that consideration of energy efficiency
entails transaction costs or requires additionghitve effort, in may easily be squeezed out beot

priorities.

Inertia and the status quo bias
Routines can be surprisingly persistent and entieshcFor example, Fawkes and Jacques (1987)
observed that staff in a brewery preferred to usmmefficient design of pump because it was ‘easy t
clean’
‘...Only after extensive tests and persuasive &ffdid the brewers admit that it was just as easy t
clean the more efficient pump...... the brewersletdd an almost fanatical unwillingness to even

consider change.’(Fawkes and Jacques, 1987).

This type of problem has been labeliedrtia within the energy efficiency literature and ideiatif as

a relevant explanatory variable for the efficiegap (Katzev, 1987; Stern and Aronsen, 1984). From
an orthodox perspective, inertia does not constiautrecognised market failure and provides no
grounds for policy intervention. But from a behawial economics perspective, inertia is exactly what
we would expect. First, we have the observation ¢jagns are treated differently from losses. This
means that opportunity costs will be undervaludatire to out-of-pocket costs, and foregone gains
will be considered to be less painful than peradiVesses. In the case of energy efficiency,
organizations will consider themselves ‘endowedhviheir existing buildings, equipment and energy
bill (Hewett, 1998). The potential savings in ereogsts from energy efficiency improvements will

be considered an opportunity cost, while the inmesit costs of energy efficient equipment will be
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considered an out-of-pocket cost. Loss aversiohtidrefore tend to bias individuals against making
such improvements. As Thaler (1991) notes: ‘[A]taier degree of inertia is introduced into the
consumer choice process since goods that are gtludthe individual's endowment will be more

highly valued than those not held in the endowment

Second, we have the observation that individuald te be risk averse with respect to gains. In the
case of energy efficiency investment, uncertaimpgrofactors such as technology performance,
reliability, lifetime and length of ownership witkeate uncertainty in the potential energy savihys.
contrast, continuing with the existing ‘endowmeid’ likely to give more predictable outcomes
(Hewett, 1998). Since outcomes that are known wdttainty will be given greater weighting than

those that are uncertain, this will reinforce thedency to inertia.

A third factor is the desire to minimize regret:
‘Action and decisions require a greater justifioatthan inaction, than failing to decide.....If our
actions do not pan out, or cause a loss, we régndhg acted. If, instead, we do not act, if we
leave things as they are, and our investment doepan out, or we lose, we still suffer regret but

the regret is lesser.’ (Piattelli-Palmarini, 1994)

All these factors may cause individuals and orgations to favour the status quo and to neglect
potential improvements in energy efficiency, evamew other market and organizational failures are
absent. It is in this sense that cognitive biasag bre considered as an additional barrier to energy
efficiency. Rather similar conclusions were drawn $tern and Aronsen (1984) in a review of
behavioural research on energy efficiency. Steilized a theory known as ‘cognitive dissonance’ to
conclude that: a) people tend to rationalize pnewvidecisions, emphasizing the positive aspectseof t
decision and the negative aspects of the unchdwnative; b) this tendency is greater for difficu
costly or irreversible decisions; and c) people gatber the plausible arguments for their own
position and forget the plausible arguments opppsireir position. Hence people resist change
because they are committed to what they are damdjthey justify that inertia by the downgrading of

contrary information.

As Williamson (1989) argues, one of the functiorisomanizations is to economize on bounded
rationality and mitigate such biases through the ab specialization. But while biases may be
reduced, they are unlikely to be eliminated. Sirylavhile competitive market pressures should help
to squeeze out inefficiencies within private firrtigg potential savings through energy efficiency ma

be relatively small compared to the other determtmaf competitive advantage and hence may
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persist In practice, empirical studies of managerial decisnaking have suggested that loss
aversion and risk aversion may be even stronger thathe individual context (Swalm, 1966).
Kahneman and Lovallo (1993) note that decision makecome more risk averse when they expect
choices to be reviewed by others, while the rhetofiprudent decision-making favours the certainty
effect. For example, Swalm (1966) cites a manader @eclined to pursue a project that had a 50-50
chance of either making US$ 300k or losing US$ 60k.

The above observations are generic — inertia mayent the take-up of a wide range of opportunities,
not simply those related to energy efficiency. Bi& important point is the effect of inertia on eyye
efficiency investmentelative to that on purchasing energy as a commodity. Thenalogous to the
effect of imperfect information on energy efficignmvestment relative to the purchase of energy
commodities. In both cases, we would expect therbet a bias against energy efficiency and in
favour of purchasing energy commodities. Inertiattera more for energy efficiency because it
involves investing in hardware with uncertain omes and because it represents a departure from the
status quo. Since energy efficiency and energyhasiag can provide alternative means of delivering

the same energy service, this may be economicaficient.

3.8 Contextual factors

The taxonomy of six barriers described above piiigneglates to internal decision-making within the
relevant organizations. But internal decision-mgkiwill be influenced by a range of broader,
contextual factors that can either encourage dbiintihe adoption of energy efficient technologies

for example, the common practice of subsidizingrgneorices can be a major disincentive to
improving energy efficiency. Although these factgmsnerally lie outside the direct influence of

individual firms, they can impede the adoption nérgy efficiency measures.

Some contextual factors directly follow from goverent policy, or the lack thereof. A common

example is where government subsidizes the coshefgy to industry, or where a focus on energy
supply policy undermines the motivation to addresergy demand. Others relate to particular
industrial sectors, such as the lack of standami$ lenchmarks and the limited scope for
collaboration on issues such as energy manageristt.relevant is the availability and price of

energy efficient products and services in differemtintries and regions. Three developing country
examples of such factors are: a) the lack of gavemt support for awareness building inhibiting the

adoption of energy efficient pumps and fans in @GhEERF/IIEC, 2002); b) direct and indirect

® Itis an empirical question as to whether the piésavings are really small, or are merely peregito be small. Lovins
and Lovins (1997, p. 11) quote the example of @fcakecutive officer of a Fortune 100 company wtatesl that “I
can't really get excited about energy — it's onljeav percent of my cost of doing business.” Buthié tcost savings
achieved by the energy manager at one of his coyipaites could have been reproduced throughoutadmepany, it
would have boosted the net earnings that year lpebéent.
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taxation on imported goods increasing the firstt aifferential between efficient and inefficient

products in a number of developing countries (UNEBC2001); and c¢) a combination of the lack of
institutional capacity to implement energy effiaignprograms, the neglect of energy efficiency
within fiscal policy and the absence of performastndards for end use equipment all inhibiting the

adoption of energy efficient air-conditioning equignt in China and Ghana (IEA, 2009).

Such contextual factors may either: increase thgortance of one or more of the identified barriers
to energy efficiency (e.g., the absence of eneagglling schemes making it more difficult and opstl

to obtain information on energy efficiency); makemore difficult to overcome barriers to energy
efficiency (e.g., lack of institutional capacityepenting the introduction of labelling schemes); or
introduce additional barriers of their own (e.@qx ttreatment of imported goods making energy

efficient products more expensive).

But the nature and relevance of such contextuabifaanay be expected to vary widely from one
country, sector and technology to another and kta@llers may have different views on their relative
importance. For example, in a study of voluntameagients in China, Eichhorst and Bongardt (2009)
found that government representatives placed muelatgr importance on providing technical
assistance than did the industry representativadblves. Studies of energy efficiency in develgpin
countries typically highlight the absence of enedfficiency policies and programs to encourage
awareness and training, the lack of a single agemcyninistry with responsibility for energy
efficiency and the prevalence of energy subsidiet tindermine the business case for energy
efficiency. Such obstacles may be challenging terocame owing to the different interests involved.
For instance, a number of studies have recommetidedonsolidation of Chinese steel and cement
production within larger, more energy efficientniis, but this could have serious consequences for

employment and regional politics.

3.9 Summary

This section has attempted to improve the undedstgrof barriers to energy efficiency by applying a
number of concepts from economic theory. A ‘baineas defined as a mechanism that inhibits a
decision or behaviour that appears both energyeandomically efficient. This term is widely used

within the energy efficiency literature, but thei® no consensus on how barriers should be
understood, how important they are in differenttegts, and how (if at all) they should be addressed
This makes barriers the subject of disciplinarypdies within academia and more fundamental

conflicts within the politics of climate change.
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The section began by introducing the concept ofraidr and the criticisms of the barrier model by
orthodox economists. This led to a distinction kestw barriers and orthodox market failures and a
recognition that some barriers may provide no gdsuior policy intervention while others may prove
too costly to overcome. The orthodox perspectivey tma criticized, however, for treating market
failures as absolute rather than relative, for igrpbarriers which were internal to organizatiamsl

for adopting an unrealistic model of individualioaality.

The section then introduced sbarriers to energy efficiency and explored the apen and
consequences of these barriers in some detailgited that each barrier may be explained by more
than one of the ideas discussed earlier and thataemechanisms may be expected to coexist. For
example, hidden costs may result from search eagtg product markets, organizational transaction
costs and the costs resulting from interruptiongramluction. Similarly, restrictions on capital lyeds
may result from the financing risk of increasedrgen the agency relationships between central and
divisional management, and the transaction costaising additional internal or external funds. The
relative importance of each factor may be expedtedary between different technologies and
organizations. Table 3.4 summarizes how these rdiiffebarriers to energy efficiency may be

understood from the perspectives of orthodox ecécemand transaction cost/behavioural economics.
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Table 3.4

behavioural economics

Understandingbarriersto ener gy efficiency using concepts from orthodox economics and agency theory, and from transaction cost and

Barrier

Orthodox and agency per spectives

Transaction cost and behavioural per spectives

Risk

Energy efficient technologies may be subject tdaigechnical risk
Energy efficiency investments may be illiquid améversible, so the
value of future benefits should be discounted nmigely Energy
efficiency investments may require a high rateetim to reflect the
option value of delaying investment

Energy efficiency investments may have a high asset
specificity and hence carry higher risks than ofbens of
investment Individual and organizational percegiofrisk
may depart from those assumed in orthodox modelsten
resulting loss aversion may create a bias agaimesgyg
efficient investment.

Imperfect information

Some types of information relevant to energy edficly may have
the features of a public good and hence may bersagglied by
markets.

Since energy efficiency has the characteristics afedence good,
while energy commodities have the characteristiegssearch good,
there may be a systematic bias against the former.

The search costs associated with identifying tleggynconsumption

of products may be high, thereby creating a batoeuch purchases.

In some circumstances, asymmetric information wittiergy
service markets may lead to the adverse selectiorefficient
products.

There will be transaction costs associated withuiicgy,

understanding and applying information. Boundeibnatlity
ensures that these will be significant, even winéorination is
freely available.

The transaction costs of information acquisitioryrba high as
a consequence of poor presentation, the lack ditifigy of
the source or the absence of interpersonal contacts

Hidden costs

Some energy efficient options may be associateld kiitden costs,
such as disruptions to production.

Some energy efficient technologies may perform lycadong other
dimensions, such as reliability.

The search costs associated with identifying eneffigient products
may be high. Energy efficiency investments may rteagcover
‘overhead’ costs.

The transaction costs associated with maintaimifarination
systems, conducting energy audits, identifying opputies,
tendering, selecting suppliers, seeking approvatépital
expenditures and so on may outweigh the potergiahgs in
energy costs.
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Access to capital

Split incentives

The cost of obtaining additional capital may exctetaverage cost

of the existing debt/equity mix, owing to the firamg risk of
increased gearing.
Agency problems between shareholders and managessthe

signalling associated with external financing mesate a preference

for internal finance and a reluctance to increaseowing.

Agency problems between central and divisional garemay lead

to capital rationing as a form of control.

There may be asymmetry between the risks and revedrenergy

efficiency projects.

There will be transaction costs associated witlaiobig
additional funding from either internal or extersaurces, and
these may be more significant for small, cost sapirojects.
The transaction costs of transmitting and assessfogmation
on investment opportunities may inhibit optimal idean-
making.
Given severe constraints on time and attention agers may
focus on strategic investments and overlook sneeit saving
opportunities

For a range of reasons, individuals, departmentsganizations may

not be able to appropriate the benefits of eneffigiency
investments

Transaction costs inhibit the development of shaeadngs
contracts to overcome split incentive problems.

Bounded rationality

« N/A

Constraints upon time, attention, resources andyatu
process information lead to the use of imprecisgimes and
rules of thumb, which may systematically negleet$imall
cost savings from energy efficiency improvements.

Loss aversion and status quo bias contributesertianand the
undervaluing of the benefits of energy cost savéigtive to
the out-of-pocket costs of investment.

Risk aversion with respect to gains reinforces ithgstia.




4 Summary of findings from recent empirical studies

This section summarizes some of the main findimgmfour review of recerempirical studies on
barriers to energy efficiency — i.e., those studiest included either data gathered directly from
interviews and surveys or from the meta-analysistioér studies. This includes a count of the number
of times that each of the barriers in out taxonavag mentioned within the sample, comments on the
three most cited barriers, a discussion of howottstacles faced by SMEs differ from those faced by
large, energy-intensive industry and some briefcgomplications. Section 4.2 looks in more detsil

the problems faced by developing countfies.

4.1 Findings on barriers to energy efficiency

64 of the studies (40 percent of the total) weesgified asempirical in that they included primary
data gathered directly from interviews and survayfrom the meta-analysis of other studies. These
studies provided information on barriers to enegficiency, but the nature, amount and quality of
this information varied widely from one study too#mer. The barriers that are identified and
discussed in these studies have been categorizddr ass possible according to the taxonomy
indicated in Table 2.3. This necessarily involvems judgement, since the studies classify barriers
under a wide range of (frequently overlapping) lmgsl and most of them do not use the same

taxonomy as in Table 3.1. Three commonly encoudtpreblems were that:

Several of the barriers identified in a study mappa to a single barrier within our taxonomy. For
example, de Groot (2001) lists both ‘energy efficie has low priority’ and ‘energy costs are not
sufficiently important’. These could be understoas examples of bounded rationality, where
constraints upon time, attention, resources andabiity to process information lead managers to

focus attention upon strategic priorities rathentsmall-scale cost saving (Cooremans, 2009).

A single barrier identified in a study could beeirgreted in more than one way. For example, ‘long
decision chains’ (Thollander and Ottosson, 2008) ana lack of coordination between different
sections within our company’ (Hasanbeigi, et al002 could suggest either hidden costs in

overcoming internal coordination problems or thdegpread prevalence of split incentives, or both.

Barriers were identified that were not included aor taxonomy. For example, many studies
highlighted broader, contextual factors such ask'laf access to external technical support’ (@hi
al., 2008).

6 We also sought to examining the differences in $eofrthe prevalence and importance of barriers éetvthose firms that
mainly use energy for generic uses such as heatidglighting and those firms which use energy isitem production

processes, as well as between those firms that surgidiaries of multinational companies (or pdra goint venture) and
those that were domestically owned. However, vewy d¢f the studies reviewed paid attention to thigsgnctions.
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In many cases, these inconsistencies reflectedcka d& rigour in conceptualizing barriers, the
inclusion of factors that do not qualify as basiender our definition, or the inclusion of factthat

have little relevance for public policy. For examipl

‘organization is not aiming at a profit maximizatiqVelthuijsen, 1993) is difficult to demonstrate
empirically, provides little guidance on whethetippintervention may be justified (and what fortn i
should take) and begs the question of why thataschse (i.e. the specific nature of the market and
organizational failures); ‘the government does giee incentives to improve energy efficiency’,
‘lack of enforcement of government regulations’ andack of coordination between different
government agencies’ fail to explain why cost-difexr technologies are being neglected by
individual organizations; ‘concern about compeéitiess’ fails to explain why investments that
should in principle improve competitiveness are lmeing made; and ‘slim organization’ (Thollander

and Ottosson, 2008) is difficult to interpret withdurther explanation.

The main exception was the frequent referencheterogeneitywhich is where a technology that
appears cost-effective on the average is not apptepin a specific situation (Jaffe and Stavins,
1994)’ This is a widely cited explanation for the ‘enerefficiency gap’ and the frequency with
which it occurs in our sample of the empirical ritieire suggests that it is important. In general,
however, the difficulties in classifying barriersipt to the ambiguity of the concept and the fhett t

the relevant empirical phenomena can be clasdifiedinterpreted in multiple ways.

Having classified the relevant barriers within eatldy according to our taxonomy, we recorded the
numberof times that each of these barriers was mentiomigltin the sample of studies, thereby
allowing a quantitative picture to be provided loé tresults. Although this is a crude procedure, the
results provide some indication of the relative amipnce of each barrier in preventing cost-effectiv
improvements in industrial energy efficiency. Thesults are summarized in Figure 4.1 and Figure
4.2. In addition, many of the individual studiespiied a rank order in that some barriers were
discussed more prominently than others. The impiligabrtance of barriers for each individual study

is captured in the database.

" For example, small scale CHP may be demonstratés tcost-effective for medium sized sites in thening industry.
But within this definition of a class of users, thanay be wide variation in actual characteristinosthe case of CHP,
profitability depends on high annual utilisatiordagpically requires at least two-shift, 6 days/weerking patterns. While
this may be the norm in a particular sector, it may apply in all cases. Hence, for a subset ofpthyulation with low
annual operating hours, CHP will not be profitable.
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Figure 4.1 Simple count of the number of mentionsf specific barriers to energy efficiency
within the sample of studies (n=147 referencegted in 64 studies)

Imperfect information
6

Risk/uncertainty 40 Hidden costs

Bounded rationality Access to capital

Split incentives

*The representation above is of a non-exclusive tcaurthat most reports contain references to
multiple barriers.

Figure 4.2 Simple count of the number of mentionef specific barriers to energy efficiency
within the sample of studies - distinguishing b&teen developed and developing
countries

Imperfect information

3

Risk/uncertainty Hidden costs

Bounded rationality Access to capital

Split incentives

O Developed m Developing

! ‘Developing countries’ predominantly means studiesering emerging economies in Asia, especialljdrahd China.
Developed countries are those in the OECD. Emergaognomies refers to those studies which specifiédéntify one of
the BRIMC countries, rather than overall developingmtdes or regions (e.g., Asia, Latin America) he tchart above,
studies focused on developing and emerging ecorsoarie combined with those that focused on both Idped and
developing countries, or that do not address gedggal context.

*The representation above is of a non-exclusive tcaurthat most reports contain references to
multiple barriers.

While all six of the barriers in our taxonomy apgeehin the sample, the three that appeared most

prominent wer@mperfect informationaccess to capitaedandbounded rationality
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Imperfect information

The frequency with which references to imperfeéorimation appeared in the literature suggests a
persistent view that managers would invest moreeirergy efficiency if they were more
knowledgeable about the opportunities and the litsnefs a result, awareness raising and
information programmes are repeatedly identifieghdarities for public policy. Lack of information
frequently coexists with inadequate skills andniray, with the two factors tending to reinforce leac
other. Numerous papers pointed to the lack of médron on current energy consumption owing to
the high costs of measuring and monitoring (a fofrhnidden cost), the absence of adequate tools and
procedures to account for economic benefits otiefficy improvements, the failure of the market to
supply sufficient information on the energy perfame of different products, the high cost of
acquiring and using information on energy consuamptihe tendency of contractual parties to exploit
information asymmetries and the problems of adveedection. In all cases, information problems
coexisted with other barriers and both reinforced were reinforced by those barriers. As a result,
the information problems can be interpreted in enloer of ways — most notably in terms of the

hidden costs associated with acquiring informafitatble 3.3). For example:

A survey of Swedish paper and pulp firms found tra third of the studied mills did not allocate
energy costs to individual cost-centres by mearsibfmetering. Instead, the costs were allocated on
a square metre basis or some other crude meadsupaiider and Ottosson, 2009). As a result, the
cost centres lacked information on their energysaamption and also lacked the incentive to reduce
their consumption (split incentives). Whether thenéfits of investing in sub-metering would
outweigh the associated (hidden) costs are difficuassess, but the fact that sub-metering islyide

used in this sector suggests that it should bdeviab

A survey by a US utility on the barriers to reptagforced air heaters with infrared heaters founad t
there were major difficulties in predicting eneggvings given the wide range of variables that must
be considered (Chen, 2007). The corresponding ciegfethis technology could be interpreted as
resulting from imperfect information on the assteibenergy savings, or from the risk that the gnerg
savings will be less than anticipated or from tigdén staff and other costs required to conduct the

relevant analysis.

A survey of the domestic Chinese market for pumrmukfans found that it was dominated by products
with low capital costs, low efficiency and high ning costs (CERF/IIEC, 2002). The majority of end
users were low wage agricultural workers who lackddrmation and awareness of the different
options available and often were unable to ass@®sing costs accurately. Chinese pump and fan
manufacturers were able to provide efficient modglsompetitive prices but chose to concentrate

these on the export market where demand for thaskeln was greater. While imperfect information
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plays an important role here, the priority givemrtimimizing capital costs may also reflect diffitab

in accessing finance among Chinese consumers.

A comprehensive survey of industrial, public andnotercial organizations in Germany found the
lack of information about energy consumption toif@ortant barrier in seven out of the nineteen
sectors examined (Schleich, 2009). The relevanosebad low energy intensity, suggesting both that
the (hidden) costs for measuring and monitoringg@neonsumption could be prohibitive and that

employees in the sectors had less knowledge arettessgoon energy related issues.

Bounded rationality

In many cases, the lack of information on enerdygiehcy is partly the result of time constraintgla
the pressure of multiple commitments which can umitee the efficacy of decision making. In this
context, boundedly rational decision-makers wilbmamize on cognitive resources by relying
routines and rules of thumb. This can conserve &ima scarce resource, but may frequently result in
energy efficiency opportunities being overlookedr Fexample, technological solutions may be
routinely over-specified to exceed reliability eria rather than optimized for efficient operation
(Sorrell, 2003). Bounded rationality also contrdmitto risk aversion and leads managers to focus
attention on strategic investments as opposed t@ imeremental energy efficiency measures. For
example, turnover of equipment may be slower thatimal if an operational area is considered less
than central to strategic planning. As with infotima problems, bounded rationality coexists with,
reinforces and helps explain other problems suchkpéit incentives (Table 3.4) and the observed
phenomena can often interpreted in a number of wByamples occur throughout the studies

reviewed and include:

A recommendation following a self-evaluation of lityisponsored industrial energy efficiency
initiative in Canada was to “....... keep program praged (including applications, measurement and
verification) as simple and transparent as feadiblenaximize participation and energy savings”

(Tiedemann and Sulyma, 2009).

A paper presenting the case for energy managentantlasds which observed that: "the energy
savings potential of motor systems remains largeiyealized because it is deeply embedded in

industrial operational and management practicegKanhe, et al., 2007).
Case studies of 48 organizations in the higher atlut, brewing and mechanical engineering sectors

found repeated examples of staff making sub-optohealsions owing largely to severe constraints on

their time (Sorrell, 2000c; Sorrell, et al., 2008he following quotations illustrate the problem:
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“...When we replace a pump in that situation we asgegned by the physical dimensions, the
duty, and the cost. Probably no other questionsagked. Also, the decision wouldn't even get
to me until it was time to sign the order. Venenfthe decision goes through the service unit or
the supervisor. The foreman and supervisor woulthbeonly people involved. It's normally an
emergency situation. The existing one may be 36 y#d and they don't make them anymore.
We may have flanges with imperial measurements reawd ones are metric - blah blah
blah.....It's driven by need to replace it quickfiyone is available, get the same type as what's
in at the moment. If not, get something that whiygically fit. Energy efficiency just doesn’t
come into it....” (Sorrell, 2000b).

“Their prime focus is getting the product throughdagetting the quality right. To be honest,
energy efficiency is at the back of their minds..There are lots and lots of things where you
think 'If you looked at so and so that would sasenoney' but you don't have time to follow it
up.” (Sorrell, 2000a)

Hidden costs

When assessing proposed energy efficiency projecisie factors may be well understood at the
operations level within a plant while being lessibie from outside. For example, temporary shut
downs of machinery may be very unpopular with opena managers owing to the costs of lost
production. Similarly, maintaining a capability sssess the benefits of energy efficiency on an
ongoing basis will involve capital costs for energyormation systems and ongoing costs for
personnel to operate those systems. These costsidden’ from the policy perspective and could

partly explain the ‘efficiency gap’ identified bynergy-economic models. The sample of studies
provided repeated examples of such costs, with nstungies highlighting how time constraints on

staff prevented cost-effective opportunities froming taken up. While staffing levels could be

increased, the associated costs could more thaveiglt the saving in energy costs. Typical examples

include:

A study promoting the non-energy benefits of enegfficiency investments found that: “...many
projects will require process line shutdown duiimglementation, causing production losses. To gain
credibility with the industrial sector, it is cal to be able to quantify both the upside and dosen
potential of proposed projects” (Pye and McKan&)9

A survey of 40 Swedish pulp and paper firms foundatt ‘the cost of production

disruption/hassle/inconvenience’ was the second witesd barrier to energy efficiency (Thollander
and Ottosson, 2008).
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A survey of Thai cement firms found that ‘the timeguired to improve energy efficiency’ was the
third most cited barrier, while a similar survey Tfai textile firms found the ‘cost of production

disruption’ was the fourth most cited barrier (Ha3eigi, et al., 2009).

Case studies of California cement companies fotnatl the combination of limited staff time and
concern about production interruptions were theombprriers to energy efficiency improvements,
despite energy accounting for more than 10 pergktdtal costs (Coito and Allen, 2007). The study
noted that keeping equipment operating and avoidmneduction disruptions was the highest priority,
with kiln shutdowns being restricted to once a yeaavoid stressing the ceramic insulation (Caeto,
al., 2005).

Other barriers
The sample also provided numerous examplesskfand difficulties inaccessing capitalbut rather

fewer examples ddplit incentivesSome illustrative examples include:

Risk: A survey of 40 Swedish pulp and paper firrosind that ‘technical risks such as risk of
production disruptions’ was the most widely citeatrier to energy efficiency, while a comparable
survey of the Swedish foundry industry found thais twas the second most important barrier
(Rohdin, et al., 2007). Similarly, the US Indudtrigechnologies Program, building upon wide-
ranging experience, found that low-risk, incremeetaange was greatly favoured over higher-risk
transformational technologies (USDOE, 2008).

Access to capital: A study of the California ceméardustry found that many energy efficiency
opportunities involved large capital investmentsd aat most customers cite limited capital
availability as a key reason why this had not bten up (Coito and Allen, 2007). Similarly, a
survey of 30 Swedish foundries found that ‘accessapital’ was the most important barrier to energy
efficiency (and ‘other priorities for capital inMesent’ was the fourth), while a survey of 187
Norwegian food & drink companies found that ‘ladki/estment capital or capital needed for other

priorities’ was the second most cited barrier tergg efficiency (Helgerud and Sandbakk, 2009).

Split incentives: A study of compressed air systémthe EU found that the primary barriers were

organizational, rather than technical, with muttiglepartments having conflicting objectives across
finance, purchasing, production, operations anchteaance (Radgen and Blaustein, 2000). A study
of motor systems gave comparable results, findnady t'...incentive structures within companies are

frequently structured to reward lowest first cagher than life cycle cost purchasing practicesckvh

can impede motor system optimization” (McKane,|t2907).
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Barriers in small firms

A common finding of the studies reviewed was thatalé and medium-size enterprises (SMES)
typically face greater obstacles to improving egegfjiciency than larger firms. Figure 4.3 provides
an illustration of the number of mentions of spiedifarriers in our sample of studies, distinguighin

between large companies and SMEs.

Figure 4.3 Simple count of the number of mentionsf specific barriers to energy efficiency within
the sample of studies - distinguishing between laegcompanies and SMEs

Imperfect information
3

Risk/uncertainty Hidden costs

Bounded rationality Access to capital

Split incentives

O Large m Other

! The ‘Other category includes studies focused onESMSME-dominated sectors and studies that covdr laoge

companies and SMEs.

The greater difficulties faced by SMEs have a nundfeorigins. First, such firms are less likely to
have the relevant information about energy efficigpportunities or the skills to implement those
opportunities. They also face proportionately higbaests in obtaining data on energy consumption
and costs and comparing this with relevant bencksnd&or many SMEs, energy forms a relatively a
small portion of the total production costs and agggment pays little attention to energy efficiency.
The neglect of cost saving opportunities may weljustified in these circumstances, as the time and
resources required to identify and implement theggeortunities would be greater than the energy
cost savings achieved. Such firms may also becdlffto target through public policy, owing to thei
diversity and the lack of time, resource and experthey have to apply to ‘non-core’ issues (Grubb
and Wilde, 2005). SMEs can also be particularly ticas regarding where they undertake
investments, as they cannot afford a capital Iéfmnce, investment risk, whether arising from
uncertainty about technical performance, energyegror some other source, is likely to be a greater

obstacle — and especially for large projects.
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In addition, SMEs often face greater difficultias dbtaining capital, particularly in developing
countries where capital markets are not well dgyeio(Arquit Niederberger and Spalding-Fecher,
2006). Studies by The Energy and Resources Irest{fliERI) of SMEs in the Indian foundry and
glass industries indicated that limited accessdpital was the major barrier to energy efficiency
improvements. Many SMEs working in the glass indust Firozabad (near Agra) were just barely
continuing their operations (taking cost inputs aeeenue generation into account), and had no way
of providing the needed capital to make any invesitqi TERI therefore worked with the Swiss
Agency for Development and Cooperation (SDC), miog financial and technical assistance for
these SMEs (Pal, 2006).

Barriers in large, energy-intensive firms
Large energy-intensive firms have both greaterntigees to improve energy efficiency and greater
capacity to do so. Hence, the obstacles faced dy Bums may differ in from those faced by SMEs.

Recent studies of the cement sector illustratectissies.

Energy consumption in the production and use ofergnmmakes up a significant proportion of
operations costs. Efficiency gains have been made the past few years, partly in response to
energy price volatility (AHAG, 2008; CSI, 2007).nse further reductions are both more costly and
relatively less effective, organizational barribecome more influential. In a survey of US cement
customers, Coitet al. (2005) found that the interviewees rated costrgameasures as a relatively

unimportant contributor to their company’s success.

"....When asked about the factors considered kdyetio business, customers all agreed that
these factors were: environmental regulations, readonditions, and energy costs. However,
when rating key factors to their company’s succes)tifying and implementing cost saving

measures was low on the list" (pp.9).

In contrast, the reliability and continuous opematiof the plant was found to be of the highest
priority, especially since shutting down a plantinstall new efficiency-related equipment could
jeopardize the integrity of the kilns. This suggetat managers’ decisions on energy efficiency

improvements reflect their localized assessmentiseohidden costs involved.

The scale of energy efficiency projects in the eghof other investments is also a significantdact

An energy-saving innovation may require operatiarad housekeeping improvements, incremental
technological changes, retrofitting, or the introtilon of completely new equipment and processes.
The willingness to pursue these investments magmidpn contemporaneous projects in the pipeline

more than the returns of the individual proposar Example, one firm indicated that they were
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investigating the feasibility of a complete planethaul, but uncertainty over this project had dwhlt
any possible efficiency projects (Caitet al, 2005). Large scale investment in energy effigjenc
therefore becomes more feasible when incorporattdnnan existing, strategic program to upgrade

equipment and processes.

Access to capital also appears an important issuenany energy-efficiency improvements in the
cement industry involve large capital investmewotswhich limited capital was available” (Coito and
Allen, 2007). However, the studies reviewed failpmvide sufficient analysis ofvhy capital is

restricted and the extent to which this reflectgaoizational problems or broader failures in the

capital market (see Section 3.5).

Lack of information, skills and expertise is geigréound to be less important for large, energy-
intensive firms than for SMEs. But studies in tleenent sector indicate that while firms have access
to sufficient information they often have insuféait time to use this information — again highliglti
the importance of hidden costs. Many firms wereravdd the potential of smaller energy efficiency
projects, but failed to pursue them because they fiat worth the trouble.” and because they were
preoccupied with “keeping things running” (Coitodaillen, 2007). The following quotation

illustrates how time constraints and concern apoodiuction interruptions can combine:

..... We have a strong emphasis on energy managerhkmtever, maintaining consistent
production and product quality is the overridingnoern. Although everyone at the plant is
aware of energy and it is a key factor on whichrapiens are based, we have limited operating
staff. Fine-tuning for optimising efficiency, andveloping, championing, and managing
energy improvements takes staff time that is jostwmailable given each person’s day to day
responsibility. We do have “special projects “enggming staff, but even they are too busy to
take on energy projects that aren't related to neiming production. Also, the plant must
remain in production as much as possible. The infgions and coordination required for

retrofits can also restrict consideration of energyrofits.” (Coito and Allen, 2007)

The industry’s flagship voluntary reporting schemthe Cement Sustainability Initiative —finds that
the normal operational energy consumption of cerkéns was around 15 percent higher than the
best performance achievable during commissionists tedue to factors such as maintenance shut-
downs and start-ups and variations in burning d@rd and material humidity (CSI, 2007). While
improving operational efficiency may be feasiblee thidden costs of monitoring performance and
investigating and implementing new procedures déenooutweigh the financial benefits. The CSI
report also shows that substantial improvementénatverage thermal efficiency of the sector depends

upon the closure of old and inefficient kilns. WhHilns in China, India, Asia Japan, Australia and
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New Zealand are mostly of the most efficient typeefieater/precalciner ‘dry’ kilns), most of those i
the CIS are older (‘wet’ kilns) and use up to 8@cpat more energy per tonne of clinker produced
(Csl, 2007). The lag in asset renewal in the CHgcets the availability of cheap gas, undermining
cost savings of switching to newer technology. Lemergy prices, together with “complex and
lengthy permitting procedures for new kilns, andgthy court and appeal procedures” have also
slowed the adoption of new kiln technology in Noamerica (CSI, 2007). Hence, significant
improvements in the energy efficiency of this seetdl require these broader, market and contextual
factors to be addressed, rather than internal arg@onal barriers. Such conclusions are likely to

apply to many other energy-intensive industries.

Some of these contextual factors will more amenéblgolicy intervention than others. Where new
generations of technology offer wider operationahdfits, market mechanisms can be effective. For
example, MNCs are shifting clinker production taaA® take advantage of lower operating costs of
dry kiln plants. Procurement policy to stimulater@dad may also be effective in some contexts. For
example, although composite cement is less enetgpsive to produce than the traditional product,
customers are resistant to try unproven matetialthere are still markets where cement and caecre
standards and customer preference constitute eebtrrreducing the clinker-to-cement ratio" (CSl,
2007).

In sum, large, energy-intensive firms are typicalbgtter informed about energy efficiency
opportunities than SMEs and face fewer difficultissobtaining capital for investment. However,
they still face important barriers to improving emeefficiency, most notably in relation to the tiéh
costs of staff time and the risk of production intptions. The extent to which such problems could
or should be mitigated through policy interventisropen to question. Nevertheless, the appropriate

policy approach is likely to a significantly diffemt to that for SMEs.

Contextual issues and policy implications

Many of the studies in our sample present resultseth on empirical observation at the level of
industrial plants and many of these point to thednér more detailed data on the operational
conditions in which technologies are implementetiei@; 2007; Coitpet al, 2005; Dupont and
Sapora, 2009; Erpelding and Moman, 2005; Iregkal, 2009; Ruthet al, 2001). Operations can be
both highly localized and internally complex, sustiygg the need for a system-level perspective to
understand the energy implications of interactidmedween processes (Levachet al, 2009;
McKang et al, 2007; Pye and McKane, 1999). Complexity is algpaaent at the macro level, for
example between energy saving at the process bnwtlthe ‘embodied energy’ associated with

energy efficient products (Irreket al, 2009).
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Success in energy efficiency hinges upon havingjaate information about energy consumption and
energy efficiency opportunities, together with tapacity to use information. The cost to the fifim o
obtaining such information data may constituterapdrtant barrier. Performance labeling of energy-
consuming goods and services is one way for pdiicyaddress such problems barriers. Sector
performance benchmarks may also be effective irctirg firms to adopt and achieve energy
efficiency targets and collate more granular openat data. An integrated approach to overcoming
informational barriers could also include a pulbépository of energy efficiency and operationabglat
certification, standardization and training; andextension of labeling from products to processes
(AHAG, 2008). But many proposals for overcominganigational barriers are coalescing around the
need for formal, standardized approaches to energgagement systems (see Box 4.1). (e.g.,
Galitsky, et al, 2003; Helgerud and Sandbakk, 2009; McKagieal, 2007; Motegi and Watson,
2005; Wroblewski et al, 2005). Such systems formalize energy managemgnéesablishing
processes for regular energy audits and co-ordimati energy saving projects (CADDET, 1995). An
EMS is typically founded on a company-wide ener@yiqy with prominent support from senior

management, as well as dedicated energy manageersonnel.

Box 4.1  Addressing internal barriers: Energy managment systems and standards

Several studies contain empirical observation ddith@ impacts following the adoption of formal Egeg
Management Systems (EMS) (Helgerud and Sandbak®9;2Blotegi and Watson, 2005; Thollander and
Ottosson, 2009). Formal approaches are recommeasiagdroducing energy efficiency into ‘businessuasal’
operations, encouraging the diffusion of best peastand lowering the risk of investment projedisKaneg et
al., 2008).

This approach is currently being introduced viaelinationally-coordinated standards. Proposals for a
Industrial Standards Framework combines energy atéatu targets, energy efficiency standards, system
optimization training, and documenting for susthitigy. The aim is to link industrial energy effecy with
existing international 1SO standards for qualityd amvironmental management (McKargt al, 2008). The
proposed Framework incorporates the establishedttates of ISO 9000 for quality management and (ISO
14000 for environmental management, thereby bugldin the associated language, processes and cafture
ISO compliance. The objective is to raise awarenéssergy efficiency to the same level of promiceemithin
the firm as established operational consideratisnsh as costs, reliability, quality and throughpBt
promoting a cultural shift within organizations,etlbenefits of energy management can be understspd a
intrinsically linked to other strategic goals. TReamework is also designed such that firms builgrimal
capability through extensive training programs amiicipate the extension of carbon-related regutatyy
introducing transparency into systems for dataectibn and reporting.

As with the environmental management standard 18@01, the firm would commit to targets and an agtio
plan that shows the procedures adopted in ordachieve them. However, criticisms have been exptess
regarding whether the ISO standards-making proisesspresentative of interests in developing caestrA
second concern is that such standards could amoumtade barriers in some contexts as they require
compliance that may be costly, and may not delthier expected environmental benefits (Levy and Nigyel

2005).
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Highly localized conditions can often present aibato effective regulation and to diffusion ofdbe
practice within a sector. The prevalence of sudhrbgeneity supports the argument for market-based
regulatory mechanisms such as carbon pricing t@wage innovation and technology adoption.
However, many industrial facilities are relativaiyall energy users in absolute terms and so bith fa
below the size threshold for carbon trading schearek are relatively unresponsive to changes in
energy prices. A complementary approach is to duce trans-national standards that build on

existing processes and cultural dispositions wifinms.

4.2 Findings on barriers to energy efficiency in dev@img countries

KOKO of the empirical studies related to firms ieveloping countries. Most of these stress the fact
that the barriers to energy efficiency in develgpiountries are similar to those in industrialized
nations but typically more pronounced. As indicated

Figure 4.2, the most common barriers cited in these studiesngerfect informatiorandaccess to

capital.

Imperfect information

This barrier, as noted earlier, includes insuffitienformation regarding energy consumption and
costs, energy efficiency opportunities and/or thlative energy performance of different technical
options. In most cases, this is linked to time ¢@msts, the cost of obtaining information and ik

of adequately trained personnel. While imperfedorimation is a generic problem, it appears
particularly pronounced within developing countrae®l especially within SMEs. In many developing
countries, there is insufficient capacity withiretpublic sector for information dissemination and
training which contributes to technical personnetinly unfamiliar with energy efficiency

opportunities and technologies (Worret al, 2001b). Examples of such problems include:

A study of motor systems in China which found thasign engineers are “.....specialised in certain
specific subjects...[and] tend to use existing or @midducts and equipment and are not aware of the

latest energy efficient products” (EEPC, 2006).
A survey of 100 investors and users of intelligator controllers in China, which found that buyers
were generally unaware of the energy efficiencyeptial of intelligent motor controllers (Yang,

2007).

A study of energy efficiency within Jordan whichtea that the lack of awareness of the potential for

energy savings was a key barrier to efficiency mmpments (Arburas, 1989).
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A study of the Chinese motor market which foundt tfew enterprises were aware of the
opportunities for reducing energy use through hifficiency equipment and system optimization,
and those that were aware lacked the expertismfedy optimize their systems (Nadel, et al., 2002
Furthermore, the lack of expertise on system opttion within China made it difficult for the

enterprises to gain appropriate advice.

An earlier study of the same market which found the three key barriers to energy efficiency were:
(1) a lack of system optimization information bytemprises and companies that use motors; (2)
limited availability of energy efficiency experis provide this information; (3) limited availabyliof

printed information and other tools on motor systdranefits and approaches (UNIDO, 2000).

In many developing countries, the problem of latknformation is not confined to end users - many
producers of end use equipment have little knovdedgenergy efficiency opportunities and more
limited access to the relevant technologies (Whrret al, 2001b). In these circumstances, the
information and knowledge deficits on both the prcttbn and demand side of the market can act to

reinforce each other.

Access to capital

Studies regarding both large and smaller firmsawetbping countries underscored the importance of
access to capital to implement energy efficien@jgmts and the frequent difficulties in doing sbeT
problem can be particularly pronounced for develgptountry SMEs where access to capital is
frequently limited owing to factors such as thehigrisk of lending to SMESs, the costs to the lende
of establishing credit-worthiness, the lack of addg securities for loans or the deficiencies ef th
domestic financial sector. SMEs typically have lassess to international financing and hence rely
more upon domestic sources of capital which mayebse knowledgeable about technical risks and
opportunities. In addition, the high inflation ratepolitical instability and corruption in many
developing countries can increase the risks foredim and foreign investors while national tradd an
investment policies can limit the inflow of foreigmapital and technology. All these difficulties can
reinforce the bias towards purchasing technologiés low capital cost and high running costs and
encourage the purchase of inefficient, second-fendpment (Worrellet al, 2001b). Our sample

provided numerous examples of such difficulties|uding:

A study of village enterprises in China found ttey very limited access to capital because only two

banks were allowed to have branches in rural g&asrell, et al., 2001b).

A study of the iron and steel industry in Chinarfduhat the cost of capital was very high, so that

once a firm had made an investment, it was diffitalinstigate major changes (Worrell, 1995). This

54



problem was reinforced by the longevity of capitdénsive process technologies in this sector
(Moors, et al., 2005).

A study of financing for energy efficiency in Chifeund that the government had barred lending to
steel and cement companies in an attempt to prebenunbridled expansion of heavy industry
(Chandler and Gwin, 2007). This effectively blockegathway for energy efficiency finance. The
study also found that numerous rules discouragezidio direct investment, domestic banks were not
permitted to lend money at interest rates of mbaa t8 percent thereby encouraging them to be risk-
averse, and the limits on the annual growth of $ohad undermined the effectiveness of ‘Green

Loan’ programmes for energy efficiency improvemgmanjiaa and Chandler, 2009).

A study of the Chinese market for motors in fansnps & compressors highlighted the high relative
cost of imported technology and the lack of acdessapital (EEPC, 2006). An earlier study of the
same market found that enterprises frequently th¢ke capital to pay for optimization projects or
more efficient products while domestic motor ancuipment manufacturers lacked capital for
purchasing equipment and higher quality raw matetfeat could help improve the efficiency of their
products (Nadel, et al., 2002). In each case, iffiewdty in accessing capital is exacerbated bg th

reliance upon imported technologies.

A study of small breweries in Bolivia found thaethprofitability and difficulties in accessing fince
were preventing them from converting to from wo@th{ to natural gas from wood (van Oosterhout,
et al., 2005).

Other barriers
Developing country studies provide numerous exampfeother barriers but few studies attempt to
evaluate their relative importance. As observedvapahe different barriers are commonly

interdependent and most could be interpreted wnaber of ways. Some relevant examples include:

Split incentives: A study of energy efficient motsystems in China noted that the purchasers of
motors are generally not the end users (Yang, 200W3$ creates a conflict between the motivations
and decision criteria of the purchaser (e.g., toimize the up-front capital cost) and those who pay

the energy bill.

Bounded rationality: Numerous studies find thatrgpeefficiency is typically a low priority within
firms, due to lack of senior management engageraenthe issue (Ozturk, 2005; Worrell, et al.,
2001a). Firms frequently exhibit ‘inertia’, meanitigey are reluctant to make changes and adopt new

technologies for a variety of reasons (Clark, 2000)
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Contextual issues and policy implications

Many of the studies indicated possible reasons thbybarriers faced by developing country firms —
and especially by SMEs - are more pronounced. Timetade: the fragmentation of industry and the
poor links between SMEs and other groups of firimgl{ding foreign-owned subsidiaries); the
limited availability of relevant knowledge and kil many of which need to be imported; the
tendency to rely upon ageing, second-hand equiprtfentiominance of family enterprises which can
frequently restrict access to skills and informati@nd the reliance upon imported technology,

combined with the limited capacity to adapt and thse technology.

Of particular importance was the widespread prencaeof subsidized energy (and particularly
electricity) prices which acts to undermine therexuic case for improved energy efficiency (Lohani
and Azimi, 1992; Park and Labys, 1994)hile the general view was that subsidized engripes

in developing countries served as a barrier tognefficiency, it is important to point out thatege
barriers can be context, industry and technologesic. For example, in a study examining the
effectiveness of an energy efficiency loan progtarmdian firms, the majority of firms complained
about the government’s electricity subsidies tdcagfure and low-income households, which led to
higher electricity prices for industry. The reswlas to encourage industrial users to generate their
own electricity using small-scale plants that wless energy efficient than the large centralizeahysl

supplying the National Grid (Yang, 2006).

Many developing countries make no coordinated efftr promote energy efficiency, whether in the
form of an agency devoted to energy efficiency inithe federal government or a division or section
within their energy ministries. Hence, the problesash as lack of information remain unaddressed.
However, there are some recent and encouraging pearwithin this area among the emerging

economies such as China and India (see Box 4.2).

8 That said, debates continue regarding the mosttife way to address subsidized energy pricesir&tance, there has
been mixed success of the reform of the energyosext developing countries through privatizationh{gh generally
recommended a market price for energy). This wasmtiantra offered in the 1990s / 2000s through YNashington
consensus’. Although some suggest that its failuas due to governments implementing these recomatiemd half-
heartedly, others purport that the ‘prescriptiooffered were too generic, not taking contextualeatp sufficiently into
account (Ockwellet al, 2009).
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Box 4.2 Energy efficiency policies and programmes iChina and India

Energy efficiency is the first priority of China®snergy policy in its 1"l Five-Year plan (2006—2010). The
Chinese government initiated the “1000 enterprisegramme”, whose goal is to reduce the emissi6éri®@0
large companies by the equivalent of 260 millionnes of CQ. The firms involved account for one third|of
total Chinese energy consumption total and almatft d¢f industrial energy consumption. Some govemine
agencies also have procurement programs requinegeg efficient products.

In June 2008, the Government of India released thaiional Action Plan on Climate Change (NAPCChe[l
Plan consists of Eight Nations Missions, where dndill target its efforts to address climate chanQee of
these, the National Mission on Enhanced Energycigficy (NMEEE), includes four new initiatives, ndyne)
a market based mechanism to enhance cost-effeeiseof improvements in energy efficiency in energy-
intensive large industries and facilities, througértification of energy savings that could be tdide)
accelerating the shift to energy efficient applesin designated sectors through innovative mesdarenake
the products more affordable; c) creating mechasigrat would help finance demand side managemesiv(l
programs in all sectors by capturing future enesgyings; and d) developing fiscal instruments tonmte
energy efficiency.

U

In addition, the Mission also proposes sectordiatives, including: a) restructuring of subsidieghe fertilize
sector so as to provide adequate incentives tortaldeenergy efficiency investments; b) promotiaghinology
up-gradation in the SME sector by developing sespmcific programs for different industry clusteasid c
accelerated depreciation and reduced VAT for eneffigient equipment.

The document recognizes the need for technologysfiea, financing mechanisms and capacity buildind|a
especially the knowledge gap that exists in theaniemall and medium enterprises (MSME) sectqurdposes
the development of sector-specific programmesedohnology development and adoption in such indesstri

The Action Plan is still at an early stage andeinains to be seen how successful it will be. Itdasimber of
weaknesses, however, including the lack of detailcértain areas and the neglect of the largestggner
consumer, namely local and national government.

Although less prominent in the sample of studieserged, a final theme was the importance of
technology transferThis goes beyond simply importing a technologg.(ea production process) and
includes improving a firm’s technological capali and ‘absorptive capacity’, defined as “...the
ability to recognize the value of new informati@ssimilate it, and apply it to commercial ends”
(Cohen and Levinthal, 1990; Park and Labys, 198#)dies espousing this view suggest that barriers
to the adoption do not only rest with lack of infation, but also lack of knowledge, understanding

and capacity.

Technology cooperation can only be successful iftakes place as part of a wider process of
technological capacity building” (Ockwekt al, 2009). In other words, technology cooperationtmus
include opportunities for learning, with successadoption requiring the ability to innovate
(Douthwaite, 2002). But opportunities for learniug not sufficient to ensure successful cooperation
players must also be able to assimilate and mageiithis new knowledge (van den Bosehal,

2003). While there is no single agreed upon dédimifor technological capabilities, a common view
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holds that they are assets, including human reesutechnical and scientific skills and infrastauet
held by a firm, region or country that facilitachnological change (Rogers, 2003). Several of the
studies reviewed highlighted these issues, butucegitthem as a lack of training, expertise and
information. However, as indicated above, addrgsgigchnological capabilities and absorptive

capacity are distinct issues, warranting a spepifiicy response.

Related to this are those studies that highligtitedmportance of communication between different
groups (Rohdinet al, 2007; Vine, 2005). For instance consultants argy service companies
(ESCOs) can be advantageous as they can proviggtisepand the time needed to devote to energy
efficiency issues, but often there is a lack oftrand confidence between industry firms and these
consultants. As a way of overcoming this trustiearone study highlighted a programme from the
US DOE where university students served as anrexdteesource to provide energy audits to SMEs.
After being involved with firms for some time, sorflens opted to hire the student to have their own

internal energy efficiency resource (Tonn and Mg2i000).

5 Summary of findings from a selection of detailed sidies

A number of the studies were especially useful hat tthey attempted to identify the relative
importance of different barriers to energy efficgrin different contexts. This was achieved either
through the econometric analysis of survey datg,(8chleich, 2009) or (more usually) from the less
formal analysis of survey and interview data (etasanbeigiet al, 2009). As with the full sample

of studies, this subgroup classified barriers wagety of overlapping and often inconsistent ways,
with most of them conceptualizing barriers from thewpoint of the industrial firms rather than
economic theory. Also, several of the studies ae¢hodologically weak and/or include factors that
do not qualify as barriers under our definition.vilgheless, a brief review and comparison of these
studies can provide some useful insights into éhative importance of different barriers in diffete

contexts. The following sections summarize eactysim turn.

5.1 Barriers in non-energy-intensive firms in Germany

One of the few methodologically rigorous studiestlit topic is the econometric analysis of 19
public, commercial and industrial sectors by Sailedand Gruber (2008). This data source for this
study was a survey of 2848 companies and publitoserganizations conducted in 1999 — an
impressively large sample size for a study of tigjge (Geiger et al, 1999). The survey included
detailed questions on the implementation of enes@ying measures, together with perceptions of
barriers to energy efficiency. Energy costs asaeshf total costs was relatively low for all okth
sectors interviewed, but they nevertheless accdulmtearound 17 percent of German final energy

consumption.
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The organizations were classified as being ‘activeenergy efficiency if they had adopted at I&fst
percent of the measures that were deemed feaSibie.formed the dependent variable (active=1;
inactive=0) in a Logit model which was estimatefdasately for each sector. The dependent variables
include the size of the organization, its annuargy consumption, the split between thermal energy
and electricity consumption and the responses &stipns about barriers to energy efficiency. The
following barriers were included in the specificatj with the text in brackets indicating how they

map on to our taxonomy.

» Lack of information about energy-efficient measuiegperfect information);
» Lack of time to analyse energy efficiency potentiatiden costs);

e Other investment priorities (bounded rationality);

» Energy costs may vary in the future (risk);

» Organization space is rented (split incentives).

The main findings were as follows. First, the rieaimportance of each barrier varied widely from
one sector to another, but in the majority of casedtiple barriers were found to be statistically
significant. Second, non-profit sectors experientedmost barriers, while the most energy-intensive
experienced the least, but the variation in eneapgs within sectors made little difference. Thifde
split incentivedarrier — in the classic landlord-tenant form svesatistically significantly more than
half the sub-sectors, although the majority of ¢heere in the public and commercial sectors rather
than the industrial sector. Fourtmperfect informatiorwas found to be statistically significant in one
third of the sectors, but the survey did not albmy inferences to be made about whether this was du
to inadequate metering or other organizationalcticies. Also, information problems were less
important in the industrial sectors, perhaps owimgyreater technical expertise. Finally, botsk
related to future energy prices ahitilden costsn the form of time constraints were found to be
relatively unimportant, with these variables ongiry statistically significant for two sectors iach

case.

The relative unimportance of time constraints sugprising result and conflicts with the findings o
comparable studies such as Soretlhl. (2004) (see below). Time constraints may contelotthe
lack of information on energy efficiency measurésxe the organizations may lack the time to
investigate those opportunities. Such a result dappear as a correlation between these two
independent variables, but in most of the sectoatyaed the correlation coefficient was well below
0.5.
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5.2 Barriers in Dutch industry

One of the earliest econometric studies of thiscteyas by Velthuijsen (1993), who administered a
survey to 70 Dutch firms from seven industrial eext including a mix of small and large firms
within each sector. All of the firms indicated patiel energy efficiency gains, although the repobrte
size of these gains was significantly lower thaat thdicated by energy-economic models. This could
reflect a lack of knowledge of efficiency opportigs, a more accurate assessment of the hidden
costs associated with those opportunities or aurexvf the two. The firms were asked to what extent
they had installed various energy efficient tecbhg@s and whether seven potential barriers to gnerg
efficiency were relevant to them (either yes or. i@)i-squared tests were then used to assess whethe
‘poor performers; differed from the population Iretfrequency with which they cited the importance

of a particular barrier.

The barriers found to be significant were: a) thmals size of the energy bilh{dden cost); b) limited
knowledge imperfect informatio)y ¢) non-core busines®dqunded rationality, d) equipment is not
scrapped yet; and e) budgetary constraimtscdss to capitil Four of these map relatively
straightforwardly onto our taxonomy, while ‘equipmieis not scrapped yet' suggest that the
investment would be uneconomic. However, the madtogy did not allow the relative importance of

these variables to be assessed, or the determivfagaish to be explored in more detail.

A comparably comprehensive study was conductedeb&@mbotet al (2001) who administered a 15-

page survey to a wide range of Dutch companiesn&uvetric analysis was used to determine how
investment behaviour, barriers to investment arsporsiveness to policy intervention varied with
firm characteristics and sector. The sample inaduti85 firms in the chemicals, metals, machinery,

food, paper, horticulture, construction and textlgustries.

The authors identified three groups of barrierenergy efficiency: general barriers related to the
overall decision-making process; financing conatsagccess to capitgl and those related to various
types of uncertaintyrigk). The overall ranking of these barriers is illaséd in Figure 5.1. As with

other studies, the categories are both ambiguadiglificult to interpret within our framework.
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Figure 5.1 The relative importance of barriers toenergy efficiency in a sample of Dutch firms
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The results show that the most important barrierfifons was the existence of other investment
opportunities that are either more profitable onsidered more important (opportunity cost). Also
ranked highly was the incomplete depreciation ef élisting capital stock and the fact that ‘energy
costs are not sufficiently important’. Both of teesould be taken as implying thhidden costs
outweigh the energy cost savings. The ‘generalii&a were ranked more highly than those related
to access to capitaandrisk, but the former includes both factors suggestingnemically rational
behaviour (e.g., ‘currently introducing a new teaglogy’) as well as those suggesting organizational
failures (e.g., ‘difficult to implement due to imt&l organization’). While the authors concludet tha
the results show a ‘decision-making process thedtisnal and consistent with cost benefit analysis

the data seems insufficient to demonstrate thiseisase.
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The authors found evidence that sector- and firetiie factors helped explain investment behaviour
and attitudes to policy, although the analysis Viraged by the number of observations. The most
important factors were firm size, energy intensityl competitive position. Only a few of the basier
were given a significantly different ranking by fdifent sectors, but ‘general’ barriers were less
important in energy-intensive firms and more impaottin large firms facing strong competition.
While the importance ofimperfect informationwas not investigated, the survey found good
knowledge of energy efficiency opportunities ingrfirms that invest heavily and are faced with
strong competition, but less knowledge in smalinfrfacing limited competition and spending
relatively little on investment. Overall, the resulsuggest that policies such as information

programmes should be targeted at particular cagsyof firm.

5.3 Barriers in the Swedish pulp and paper industry

Thollander and Ottosson (2008) analysed energy geament practices in the Swedish pulp and paper
industry. The sector was chosen for its high enémtgnsity, accounting for nearly half of Swedish
industrial energy use (or ~2 percent of EU-25 indals energy use). The authors cite studies
suggesting investments with payback periods of lgss two years could reduce electricity
consumption in this sector by 1-4 percent and bheasumption by 10-15 percent. The sector is very
capital intensive, using continuous processesgtatuce paper at speeds of ~100km/h, with a result

that disruptions to production are costly and cleartg the production process can be risky.

Thollander and Ottosson sent a questionnaire t@tleegy managers of 59 paper mills and received
40 replies (a 68 percent response rate). The swwetained questions on the relative importance of
different barriers, using the framework originadlgveloped by Sorreéit al. (2000c). It also examined

the drivers to improved efficiency, the investmeniteria used and the method of energy cost

allocation. The responses to the question on barsie summarized in Figure 5.2.
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Figure 5.2 The relative importance of barriers toenergy efficiency in the Swedish pulp and
paper industry
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The respondents identified the risk of productigruptions as the most important barrier to energy
efficiency, while the cost of production disruptidhassle/inconvenience was rated second. Both of
these could be interpreted in terms of Higden costof investment (production disruptions, staff
time) as well as thasks associated with any new technology that affeasctire production process.
This demonstrates that investments which involteriaptions to the main production process may
be associated with significant hidden costs andcéiamay only be viable if the project can be
completed within the normal scheduled downtime ®ipart of a larger investment project. This is
consistent with earlier findings for the cementustly (Section 4.1) and is likely to be a common

situation in many energy-intensive industries.

The third most important barrier was ‘technologgppropriate at this site’héterogeneity while
‘lack of time or other priorities’ was found to biee fourth. The latter could again be interpreted i
terms ofhidden costsalthough reinforced by theounded rationalityof the decision makers. From
this perspective, all four of the most importargsens for neglecting opportunities to improve eperg
efficiency in this sector could be interpreted atsonal behaviour from the perspective of the firms
either because the technology is inappropriatbeasite or because the associated (hidden) cadts an

risks of the investment outweigh the potential ggerost savings. However, as in all studies of this
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type, it remains unclear whether the costs and rigk being accurately assessed and whether there
may be scope for improvement — for example, ingasing staffing levels to reduce time constraints.
The same comment applies to the fifth most impaanrier, lack ofaccess to capitakince neither

the reasons for capital restrictions nor theitoradlity were assessed.

Barriers that appeared relatively unimportant irs thector includedmperfect information- for
example regarding the energy performance of puechaguipment or the opportunities for improved
efficiency; andsplit incentiveswhere the lack of accountability for energy costs ranked in the
least important. This is probably because the fiares large with technically competent staff and
because two thirds of the sample allocate energisdo departments using low-level sub-metering
(Thollander and Ottosson, 2009). These featuresaplikely to be characteristic of many energy-

intensive industries.

5.4 Barriers in the Swedish foundry industry

Rohdinet al (2007) also draw on the Sorrell al (2000c) framework in their analysis of barriers in
the Swedish foundry industry. This is a fairly epyeintensive sector, with the average number of
employees ranging from 65 for privately owned conigsi to 113 for group owned companies. The
Swedish industry is electricity-intensive compavégth other European foundries, perhaps as a result

of the comparatively low electricity prices thaisgd prior to market liberalization.

Rohdinet al (2007) sent a questionnaire to 20 executives et @ 59 members of the Swedish
Foundry Association, obtaining a response rate Dfpdrcent. The respondents claimed that cost
efficient energy efficiency measures existed ap8&ent of the sites. Their responses to the auresti

on barriers are summarized in Figure 5.3.
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Figure 5.3 The relative importance of barriers toenergy efficiency in the Swedish foundry
industry
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important.

The most notable result from this survey was tlitéd access to capitawas found to be
significantly more important than the other basiksted — in notable contrast to the findingsléwge
firms in the pulp and paper industry (Section 3)isTis not surprising, since over two thirds of the
sample had experienced negative profits in thethase years. Although this seems likely to male th
companies more risk averse, uncertainty regardiaguture of the firm was not considered a major
obstacle to efficiency improvements. Also, the Brimere reluctant to consider third-party financing

as a solution to this problem.

The next five barriers were considered of fairlpa&gmportance and were, in descending order, risk
of production disruptionsh{dden costs lack of budget fundingagcess to capityl cost of obtaining
information fpidden costsand imperfect informatiojy competing priorities for capital investment
(access to capitahind/orbounded rationality and possible poor performance of equipmeisk)
Oddly, ‘departments not accountable for energystasas considered relatively unimportant, despite
being a necessary outcome of the ‘the lack of satering’ which was considered an important
obstacle.
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The ownership of the company was found to make sdiffierence to the assessed importance of
different barriers. While access to capital was amnitdiant issue for all foundries, independent
companies faced more informational problems whitaig-owned companies appeared to face more
constraints as a result of monitoring and controlisions (e.g., long decision chains, lack of betdg

funding). These same provisions may also contritbotéhe stricter investment criteria (1-3 years

payback) used by these companies (DeCanio, 1998).

5.5 Barriers in the Thai cement and textile industry

Hasanbeiget al. (2009) surveyed six large companies in the Thaier# industry (which is relatively
energy-intensive) and 28 SMEs in the textile indugthich is not)’ The questionnaire was based on
six core questions, each with several options ésponse. The respondents indicated their level of
agreement with these options on a five point scalgplementary interviews were also conducted

with independent experts, including policy makeegulators, and energy services companies.

Table 5.1 indicates how the industry respondents experts perceived the five most important
barriers to energy efficiency. The text in brackstgygests how these categories map onto our
taxonomy, but (once again) interpretation is diffiand a number of the categories are ambiguous.
Also, several of the categories (e.qg., lack of exdment of government regulations) do not consgtitut

barriers under our definition.

% The authors acknowledge that the textiles sampiebiased towards those with a pre-existing inténesnergy efficiency
given that firms were selected from the membershign industrial energy organization.
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Table 5.1 Highest ranked barriers to energy effiency in the Thai cement and textile
sectors

Textile industry Cement industry Experts

1. Management concerns about the 1. Management concerns about other

1. Management finds . - . .
investment costs of energy efficienaypatters especially production rather than

production more important

. . measures energy efficiency
(bounded rationality (hidden costs (bounded rationality
2. Technology will become 2.Management finds production moi2 Lack of financial resources especially
cheaper important in SMEs
(risk) (bounded rationality (access to capital

3. Lack of top management
commitment/understanding/vision
(bounded rationality

3. Maybe new technologies 3. Management concerns about time
will not satisfy future standarirequired to improve energy efficiency

(risk) (hidden costs
4. Cost of production 4. There is a lack of coordination 4. Lack of information and knowledge in
disruption is high between external organizations companies especially in SMEs
(hidden costs (not relevany (imperfect informatioh

5. There is a lack of

L . 5. Current installations are 5. Lack of enforcement of government
coordination between different . . .
. L sufficiently efficient regulations
sections within our company
? (not relevany

(split incentivesy
6. The government does not
give financial incentives to
improve energy efficiency
(not relevany

6. Lack of coordination between
different government agencies
(not relevany

The results show how the perceptions of barrigiferdacross the three categories of interviewee. In
the cement industry, the three highest rankeddrarmay all be interpreted in termshadden costs-

a key theme being the overriding importance of ma@nng production. In contrast, the respondents
from the textile industry appear more concernedualiechnicalrisk — a point that was also
highlighted in the expert interviews. Despite thetfthat the textile firms are much smaller tham th

cement firms, they had a greater concern aboutdachkordination between different departments.

The expert interviewees attached more importancéh¢olack of financial resourcesiocess to
capital) than did the industrial respondents, especialtySMEs. However, the textile firms (mostly
SMES) highlighted this indirectly in asking for &incial support for efficiency improvements. The
expert interviewees were also the only group tdliagt the importance oimperfect information
Nevertheless, when asked what is required to ingemergy efficiency, all three groups gave top
priority to more information and training.
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A theme common to all three groups was the low rjtyiogiven to energy efficiency by top
managementbpunded rationality. This suggests that raising the awareness ofr@apagement must

form a key component of successful energy effigigralicy.

5.6 Barriers in Greek industry

Sardianou (2008) investigated decision-making arggnefficiency in 50 Greek firms in the metals,
machinery, food and drink, chemicals, paper andlésxsectors. The survey contained questions on
the physical and economic characteristics of the,fienergy consumption and costs, investment
behaviour and routines, knowledge and implementaid energy efficient technologies and
perceptions of barriers to energy efficiency. Thedg uses a rather idiosyncratic classification of
barriers which is not rooted in a clear theoreticainework. Partly as a result of this, the resatts

difficult to interpret.

The results show that knowledge of energy efficjenpportunities did not vary widely between
sectors, but tended to be greater in large firmghase with a greater proportion of skilled staffl in
those that invested more heavily. Of the 21 basrierenergy efficiency listed in the questionnaire,

the most important were found to be:

» Bureaucratic procedures to get governmental sufdpogs not explain the neglect of cost-
effective opportunities);

* Increased perceived cost of energy conservatiorsumes: (not clear whether this is due to
hidden costs or some other factor);

» Limited access to capital (access to capital);

» Slow rate of return of the investment (not clearether this is due to hidden costs, overly
strict investment criteria or some other factor);

* Financial resources are spent on other investnenin@ed rationality);

* Uncertainty about future energy prices (risk).

Sardianou used probit models to investigate howstiveey responses varied between sectors and
found that sector characteristics influenced theidra to energy efficiency — and by implicatiohet
appropriate policy response. However, the picturas wcomplex and led to few clear
recommendations. Barriers related to imperfectrimédion were found to be less important for large
firms (measured by floor area and a number of eye@ls) and those with a more highly qualified
workforce. Oddly, these firms also considered latkaccess to capital to be a more significant
problem, as did more energy-intensive firms. An am@nt need was identified for investment in

training and associated diffusion of informatior@neek industry.
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5.7 Barriers in Chinese SMEs

Shiet al (2008) use a novenalytic hierarchy procesGAHP) methodology to explore how different
stakeholder groups (government, industry and indeget experts) perceived and ranked barriers to
the adoption of ‘cleaner production’ technologigs@hinese SMEs. This sector was chosen because
of its low level of adoption of such technologiasdabecause of the particular problems it faces,
including: resistance of key decision-makers, lkeditskills, difficulties in obtaining technical

information and limited access to capital (S#ial, 2008).

The AHP method reduces complex, multi criteria siecis into a set of pair-wise comparisons that
are easier for respondents to perform. In this,dhgecomparisons related to the relative impoganc
of different barriers to the adoption of ‘cleanth®ologies - including energy-efficient technolagie
The results were then processed in an algorithmassigned an appropriate weight to each barrier
and calculated a rank order. An important objectif’¢he study was to investigate barriers that were
both ‘internal’ and ‘external’ to the firms. A lisff 20 ‘specific’ barriers were identified and gpaa

into four categories, namely: policy and marketaficial and economic; technical and information;
and managerial and organizational (Figure 5.4.1 $trvey was circulated to 300 stakeholders, of

which 119 responded, but only 65 passed a consistest.

Figure 5.4 Categorization of barriers to energy #iciency used in the study of Chinese
SMEs
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Financing' capital 1 lpupport
Level 3: Specific
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Identification of Key Barriers Inhibiting CP Promotion

Source Shiet al (2008)
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The respondents considered thalicy and marketarriers to be the most important (normalized
global weight of 0.347), followed closely liynancial and economibarriers (0.334). The aggregate
weights assigned to the other two categoriezhfical and informationand managerial and
organizatior) were less than half of those assigned to the fine. The authors labelled the two
prominent categories as being ‘external’ to SMEd #re two less prominent categories as being
‘internal’, but this distinction is problematic. Ahe level of individual barriers, the six most

prominent were:

» lack of economic incentive policies (0.099);

» lack of environmental enforcement (0.095);

» high initial capital cost (0.082);

» poor financial performance of technology (0.076);
» Difficulties in accessing capital (0.067);

* Weak public awareness and pressure (0.057).

Three of these (1, 2 and 6) fail to explain thel@egof cost-effective opportunities, but may be of
greater relevance to ‘clean technologies’ more g@lye the adoption of which is more dependent
upon government regulation. The latter comment alsplies to the fourth and possibly the third
barrier on the list, while the fifth highlights tlficulties faced by SMEs in accessing capitatnige,
from the perspective of cost-effective energy @ficy opportunitiesaccess to capitahppears the
most prominent barrier for Chinese SMEs, while frtm perspective of clean technologies more

broadly, wider range of considerations apply.

The stakeholder groups were broadly consistenhéir tranking of barriers, with the differences
perhaps reflecting their different expertise ancui For example, the experts gave greater weight t
‘policy’ barriers while industry itself gave greateeight to ‘financial’ barriers. Interestingly, ne of

the groups placed a high importance on the lacikfofmation and awareness, suggesting a policy

focus on capital markets and investment subsidasime more appropriate.

5.8 Barriers in the brewing and mechanical engineeringgctors in Ireland, Germany
and the UK

Sorrellet al (2004) remains the most in-depth and comprehernsixastigation of barriers to energy

efficiency and their approach has since been addptea number of other authors (e.g., Masselink,

2007). The project involved detailed case studfesnergy management practices in 48 organizations

in the brewing, mechanical engineering and higleication sectors in Ireland, the UK and Germany.

Each case study involved detailed interviews widvesal employees, supplemented by postal
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surveys, documentary analysis and interviews véthia experts. The focus was the decision making
procedures relevant to energy efficiency and thesoms for the neglect of energy efficiency

opportunities. The potential barriers to energjcefficy were classified as described in Section 2.

Interviewees confirmed the existence of an ‘enegpp’, with the majority of case study
organizations, identifying cost-effective measuséth very short payback periods that were routinely
passed over. The ‘gap’ was found to be somewhatlesma the brewing sector which is more
energy-intensive and hence has a greater incetdgiveprove efficiency. For each sector in each
country, the individual barriers to energy effiatgrwere classified as either of high, medium or low

importance. The results are summarized in Tabl@abdd2Table 5.3.

Table 5.2 Barriers considered to be of high importace in the brewing and mechanical
engineering sectors in Germany, Ireland and the Kl
Barrier Brewing Mechanical Total
Engineering

Hidden costs UGl UGl 6

Access to capital UGl UGl 6

Imperfect information U Gl 3

Risk UG UG 4

Split incentives UG 2

Note U= UK case studies; G = German case studiedriskr case studies

Table 5.3 Specific instances of barriers considedeto be of high importance the brewing and
mechanical engineering sectors in Germany, Irelandnd the UK
Barrier Specific instance Brew Mech
Hidden costs Overhead costs of energy management GlU UGl
Cost of gathering information, identifying opponities, Gl
etc.
Cost of production disruptions U
Loss of utility G
Access to capital Capital budgeting proceduresiwitiie organization ul UGl
Availability of capital to the organization UGl U
Imperfect Lack of information on organizational energy use U Gl
information
Lack of information on energy efficiency opportiies Gl
Split incentives Equipment purchasers not accolmtaip energy costs UG
Risk Business risk UG U
Technical risk associated with energy efficient UG

technologies

Note:U= UK case studies; G = German case studies;ikk tase studies

Sorrellet al found that problems associated whtllden cost@andaccess to capitalvas the primary

reason for not investing in energy efficiency. Buggeneral, hidden transaction costs appeared to be
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significantly more important than either hiddengurction costs or loss of utility (see Table 3.eT
costs associated with lost production only appeasddvant for a subset of energy efficiency
opportunities in the brewing sector, while exampbdsthe hidden benefitoof energy efficiency

technologies greatly outnumbered examples of the ¢ utility associated with such technologies.

The hidden cost that appeared by far the most itapbrwas theoverhead costs of energy
managementincluding the cost of employing skilled energymagement staff. These costs proved
difficult to quantify, but strong evidence of thdamportance was provided by the severe time
constraints on survey respondents and intervieweedl the case study sectors. These constraints
applied to all sizes of organization, but were ipafarly evident for smaller mechanical engineering
firms. Interviewees emphasized how time constraivese the primary reason they were unable to
keep up to date with technical information, idgn&ergy efficiency opportunities and implement
energy efficiency projects. In most cases, timestamts were considered more important than

capital constraints — ‘if we had more money, we lanli have time to spend it!’.

While it proved hard to judge whether individuabanizations were allocating sufficient staff time,
three points were clear. First, most of the casmlystorganizations appeared to be allocating
significantly less staff time than is recommendadbist practice publications (i.e. one full-time
energy manager for each £1 million of annual ig#itexpenditure); second, the staff time devoted to
energy management varied widely between organizatid comparable size in the same sector with
comparable opportunities to improve energy efficierand third, the costs and benefits of staff euts
including lost opportunities from improved energifiolency — did not appear to have been
adequately assessed. Since most of the case stgayizations had not conducted comprehensive
energy audits, they lacked relevant informationwdrat these costs and benefits were. Furthermore,
where energy management staff had access to thesmation, it was rarely communicated
effectively to senior management who generally éacinterest in energy issues. As a result, therlatt

remained ignorant of the cost saving opportuntties were available.

Problems with access to capital applied at two I&vimsufficient capital through internal funds
combined with the reluctance to raise additionattthrough borrowing or share issues; and the low
priority given to energy efficiency within internghpital budgeting procedures. The first of these
applied to practically all the case study orgamwrest and derived in part from the difficult busiaes
situation faced by many. For example, the brewingustry was facing declining demand,
overcapacity, increased competition and reducedgimarand was responding with cost cutting
drives, staff reductions and site closures. Theresdlt was a shortage of internal funds for capita
investment which was then restricted further byorit setting within internal capital budgeting

procedures, coupled with rigid budgeting rules \Whitake it difficult to transfer funds from one area
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to another. Since energy costs were small and gredfigiency projects could be postponed, they
typically fell to the bottom of the priority lisManagement attention was focused instead on sitateg
areas such as expansion of production, or on regrationary projects such as essential replacement

of equipment.

Capital rationing was implemented through bothcsttimits on capital budgets and stringent
investment criteria, although the first of thespeared more important. Very few organizations came
near the best practice recommendations of a dedi@tergy efficiency budget equal to 5 percent of
the annual expenditure on utilities and the majoniad no such budget at all. In contrast, while
investment criteria were strict, they were ofterosd#n by the engineering department itself, rather
than being imposed by senior management. It wassatedly emphasized that the majority of energy
efficiency improvements resulted from new or reptaent investments undertaken for reasons other
than reducing energy costs, so an overemphasi=ditaded energy efficiency projects would be
inappropriate. Similarly, it was generally the céisat additional investment could not be undertaken
without further staff resources to implement th@sejects. Hence, the results suggested that that
capital constraints — whatever their origin — wsely secondary to hidden costs in inhibiting

energy efficiency improvements in these sectors.

5.9 Summary

A number of factors make it difficult to draw geakconclusions from these studies, including the
range of methodological approaches used, the diyextapproaches to classifying barriers and the
interdependence between these categories. For éxatimg opportunity costs identified by de Groot
in 2001 may be interpreted as an information prob{ck of awareness of potential benefits) or a
hidden cost (more apparent to managers than tonektanalysis). The notion of relative importance

is itself open to interpretation, such as whether @applies at the level of the firm or the sector.

Most of the studies take just one response to a@eguguestion as encapsulating the barriers
experienced for the firm as a whole. The resulestherefore contingent upon the phrasing of the
question and the perspective of the respondentidimg their position within the company. The main
exception is Sorrektt alwho conduct multiple interviews in each case stodjanization and hence
are better able to distinguish organizational leasr{such as those between functional departmasts)
well as obtaining greater insight into the natureach barrier (such as what form the constraints o
capital take and why this is the case). The tengdécbarriers to interact and thereby reinforcehea

other is also difficult to capture within a survayd requires a more qualitative approach.

Nevertheless, it is possible to establish the twost important’ barriers identified by each studga

these are summarized in Table 5.4. This analysisvstthathidden costqin various forms) and
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difficulties in access to capitare the most common explanations for the enerdgieficy gap. The
(hidden) overhead costs of energy management eflasted in the time constraints on staff - appear
to be an important issue for the majority of firmdyile the risk and cost of production disrupti@me
important for energy-intensive firms. Difficultiés accessing capital appear of greater importaoce f
SMEs. Several studies take the prevalence of hiddsts as indicating that the firms are behaving
rationally in neglecting energy efficiency oppoiities. But since this is difficult to demonstratle

conclusion is as much ideological as it is empirica

Two other conclusions from these studies are thedt, multiple barriers typically coexist and
reinforce one another; and second, contextual fect@tter a great deal, including the operation of
capital markets and the extent of government prammatf energy efficiency. Difficulties with the

former and the relative absence of the latter grarticular focus of concern in developing courstrie
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Table 5.4

Summary of findings from the detailed studies

Sudy Method Key barriers Comments
German SMEs Econometri 1. Imperfect Most firms were SMEs and were not energy-intensive.
canaysis information Multiple barriers coexist, with significant variation between sectors
of survey 2. Split incentives
(n=2848)
Dutch industry Survey 1. Hidden costs Investment behaviour influenced by firm size, energy intensity and competitive position
(n=135) Authors conclude that decision making is rational and consistent with cost-benefit analysis
Swedish pulp Survey 1. Hidden costs Large, energy-intensive firms
and paper (n=40) 2. Risk Risk of production disruptions of particular importance. Neglect of opportunities may largely
industry because technology inappropriate or hidden costs outweigh benefits
Swedish foundry Survey 1. Accessto capital Small, energy-intensive firms facing economic difficulties
industry (n=28) 2. Hidden costs Monitoring and control problems with group-owned companies
Thai cement and Survey 1. Hidden costs Cement firms large and energy-intensive while textile firms small and non energy-intensive
textile industry (n=6 for 2. Risk / Accessto Hidden costs (especially production disruption) more important for cement.
cement, 28 capital Risk and access to capital more important for textiles
for textiles)
Greek industry Survey 1. Hidden costs Significant variation between sectors and size of firm. Information problems less significant for
(n=50) 2. Access to capital large firms
Chinese SMEs AHP 1. Accessto capital Contextual factors important
analysis of
survey
(n=65)
Brewing and Case- 1. Hidden costs Brewing firms have medium energy-intensity, while engineering firms have low energy intensity
mechanical studies 2. Access to capital Most important barrier was the (hidden) overhead costs of energy management, as reflected in
engineering (n=48) the severe time constraints on staff.

Capital constraints had numerous sources and were largely secondary.




6 Main findings

The main findings from this study are as follows:

Hidden costs are real, significant and form the pmnary explanation for the ‘efficiency gap’

Barriers to energy efficiency are understood, di@ssand interpreted in multiple ways and the lack
of both rigour and consistency in the empiricarbiture makes it difficult to interpret. Neverttesge
many of the identified barriers can be understath@den costs’ - that is, costs that are onlyrjyoo
captured by energy-economic models. These incladesxample, the costs associate of maintaining
energy information systems, conducting energy auditd distinguishing between efficient and
inefficient products. These hidden costs frequentljweigh the potential saving in energy costs -
especially in SMEs with low energy intensity — ath@éreby form the primary explanation of the
efficiency gap. What remains in dispute is the eixte which such costs may be cost-effectively
reduced by organizational initiatives, public pgliar a combination of the two. While hidden costs
are inherently difficult to investigate, much ofetlexisting research is of poor quality and our
understanding of hidden costs remains poor. Futtgearch needs to be better informed by economic
theory, employ more rigorous methodologies and stigate new approaches, such as comparative

studies of ‘good’ and ‘bad’ performers that seekxplain the reasons for success.

The neglect of energy efficiency opportunities isverdetermined

Hidden costs generally coexist alongside one orenudrthe other barriers in our taxonomy. For
example, lack of information pervades energy sermarkets and senior management in industry is
frequently unaware of the opportunities availabldis coexistence of multiple barriers has a
cumulative effect, with the result that the neglett energy efficiency opportunities becomes
overdetermined. This implies that efforts to remawve barrier may only be partially successful if
other barriers remain. For example, individual depants could be made accountable for energy
costs through investment in submetering and enifgymation systems, combined with changes in
budgeting procedures. But if the departments lhekskills, information or capital to respond tosbe
incentives, or if time-constrained individuals hawere pressing priorities, the net effect may by ve
limited. Hence, the key issue is not so much thative importance of different barriers, but their
cumulative effect. Initiatives to encourage codedive investments will need to understand and

address several aspects of the problem if thejodre successful.

Barriers to energy efficiency in developing countres are similar to those in developed countries,
but more pronounced.

Problems of lack of information and skills are wadeead in developing countries and inadequately
addressed through public policy, while difficultissaccessing capital are very common, especially

for smaller firms. What this is partly a consequeind hidden costs (e.g., the cost to the lender in
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establishing credit worthiness), it tends to beceraated by the deficiencies of the financial seicto

many developing countries, including more limitetbWwledge of technical risks and opportunities
combined with trade and investment policies thatriet access to foreign capital. These problems
should be a priority for reform, alongside the realmf energy subsidies which undermine economic

case for improved energy efficiency.

A targeted policy mix is required

Barriers to energy efficiency are multi-facetedsedse and often specific to individual technologies
and sectors. This implies that effective policyusiohs will need to address the particular featufes
individual energy service markets, the circumstarmfedifferent types of energy-using organization,
and the multiple barriers to energy efficiency witbach. As a result, it is likely thafpalicy mixwill

be required, in which several different initiatiwesrk together in synergy. For example, while carbo
taxes may create price incentives to improve eneffigiency, the response will be muted in many
sectors unless steps are taken to lower transactists. Conversely, if such steps are not taken,
carbon pricing may need to be unacceptably highate a significant impact on energy demand. The
basic elements of this mix are well establisheddéveloped countries and include best practice
schemes, demonstration projects, training initesgtjymarket-based instruments, labelling schemes and

minimum standards for the energy efficiency of pquént.

The costs and benefits of these individual instmtsevill require careful analysis, as will the cadér
coherence the policy mix. To date researchers paigetoo much attention to modelling what could
be achieved and too little attention to evaluativitat policy has (or has not) achieved - and why.
While the required methodologies are well establistapplications to energy efficiency policies are
relatively rare (Frondel and Schmidt, 2001; MeyE395; Sorrell, 2005; Train, 1994). Perhaps the
most intensively studied area is utility demandesidanagement (DSM) programmes in the US,
where some of the better studies suggest that ysaxgngs are significantly overestimated and costs
underestimated (Joskow and Marron, 1992; Loughrad &ulick, 2004). However, in a
comprehensive review, Gillinghaet al. (2006) concluded that DSM programmes appeared to be
cost-effective, although concerns remained abadddn costs for consumers. Also, the ‘free-rider’
effect was in part balanced by ‘free-driver’ effe@nd some of the better designed programmes
performed significantly better than the averagdlirgham et al. also concluded that US appliance
standards were cost-effective, and would remaire\sm if the hidden costs were equal to those

included in the evaluation. Such ex-post evaluat&hould be a priority for future research.
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