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|.  Synthesis: Energy efficiency in developing countrg for
the manufacturing sector

Nicola Cantore, Research Fellow, Overseas Developimstitute

Abstract

The Overseas Development Institute (ODI) developeskries of papers contributing to the

UNIDO Industrial Development Report 2011. The papeere structured in 4 different studies:

Paper 1) An econometric study about the link between energyentity levels (dependant
variable) and total factor productivity(independent variable)oy using the World Bank
Enterprise Survey in 24 developing countries. Aosécsection of this paper investigates the
existence of the Environmental Kuznets Curve (regméed by a bell shaped relationship)

between income per capita and energy per capita.

Paper 2) An econometric analysis about the relationship betm profitability (dependant
variable) and energy intensityindependent variable)n developing countries by using the

World Bank Enterprise Survey.

Paper 3) A decomposition analysis to discriminate energyi@éfncy and structural change
components of the energy intensity shifts over tiatethe macroeconomic level by using the
UNIDO INDSTAT 4 data for value added and the International Enfggncy data for energy
consumption for 20 developing countries. This studgresented a useful background for a
subsequent study employing the UNIDO INDSTAT?2 dettder 59 developing and developed

countries led by Smeeta Fokeer with the advisotiyicof Nicola Cantore.

Paper 4) A discrete choice analysis to investigate factoetetmining the adoption of energy
efficiency technology in developing countrig¢isrough data collected by UNIDO questionnaires
in Moldova, Singapore, Viet Nam and Thailand. Tleer®metric analysis was inspired by a

previous ODI background paper setting the critBmighe model implementation.



The main results can be summarized by the followtatements:

1) Through parametric and non-parametric estimatiore find evidence of a strong negative
correlation between energy intensity and totaldaprroductivity. In other words, we find that

the most innovative firms are those showing theelsiwevels of energy intensity for 23 out of
24 countries. We do not have sufficient evidencshtow that the causal relationship goes from

technological change to energy efficiency or ratherother way around (or both).

2) We do not find robust evidence of the EKC existefor energy per capita. Only for 10 out
of 24 countries we provide evidence of the existent a turning point in the relationship
between energy per capita and income per capitly. i@ few developing countries firms are
following a growth path where the level of energyr jgapita at a certain point endogenously

decreases without the need of specific energy tamtupolicies.

3) Through a fixed effect econometric model we fiiod 27 countries that a lower level of
energy intensity increases profitability. For 13uktries this relationship is also significant
(0,05 significance level) from a statistical poaftview. Only for 2 countries we find a positive
but not significant coefficient expressing the tielaship between energy intensity and
profitability. The fixed effect estimation technegpartially mitigates the suspect of endogeneity

bias.

4) The decomposition analysis shows that the ntgjofi developing countries investigated in
our analysis (14 out of 20) show an improvementeirergy efficiency. The majority of
developing countries (14 out of 20) show an ecowostructural change towards energy
intensive manufacturing sectors during the grovetinpThese results are then confirmed by the
analysis driven by using INDSTAT2 rather INDSTATdta with 59 countries.

5) The discrete choice analysis run through lléemlagions shows that management and
organization factors especially matter in explajnifuture choices of firms in developing
countries to invest in energy efficiency rather maconomic factors. Moreover firms that

already invested in energy efficiency are morelyike do it again in the future.

In this paper we will discuss these findings in light of the relevant literature and with an

integrated perspective.



Introduction

The promotion of environmental global public goodsone of the most pressing global

challenges, with a profound impact on developmAarbok at the literature reveals that global

public goods tend to be underprovided. And whertaies to climate change, polluting

countries do not pay enough, while some actorg ffige’ when they enjoy the benefits of clean
environment without bearing the costs. Investmardriergy efficiency (EE) represents one of
the most promising avenues to address climate ehanguch measures represent a win-win

situation, reducing emissions while safeguardiragipctivity and incomes in poor countries.

In spite of the relevance of EE from an environrakpbint of view a very important research
question is to investigate the impact of EE ondgbenomic growth in both a micro and macro
perspective. A series of ODI studies specificaltalgse the link between EE, profitability and
innovation and determinants of EE technology adwopin developing countries. This document
summarizes ODI findings in a few paragraphs witthia broad context of the whole set of
findings coming from ODI research contributing e tUNIDO Industrial Development Report
(IDR) and of the recent literature. The paper gaoized as follows. In the section 2 we explain
the results linking energy intensity and profitapifor different countries. In the section 3 we
will briefly explain results about the relationshiggtween innovation and energy intensity.
Finally in the section 4 we will comments findinglsout developing countries firms™ barriers to

invest in EE technology.

1. Does energy efficiency pay? Profitability and eneng efficiency in different

countries and sectors

An interesting research question arising from tkistimg literature is whether EE improvements
contribute to boosting profits of firms in developing couesi ODI develops a studiPaper 2)
using data from the World Bank Enterprise SurveyR®fdeveloping countries. The profit is
calculated as price cost margin (value of saleohetanpower costs and raw materials). In the
basic model, profits depend on EE and dummy vag&gbbr countries and industried/odel
specifications differ according to the presencdimifis” fixed effects (column 4 and 5), and
further firms™ characteristics such as the valueagital, number of workers, age of the firms

etc. (column 2 and 3 and.5

! For further details, see Paper 2.



Table 1 Profitability and Energy efficiency

) 2 3) 4) ©)

Coeff SE Coeff Coeff Coeff SE Coeff
Bangladesh 0.59%** (0.14) 0.72%** -0.13 (0.14) -0.1
Benin -0.17 (0.17) -0.10 -0.80 (0.60)
Brazil -0.54%x* (0.10) -0.51%*  -0.51%** -0.41%x* (0.11) -0.40Q%**
China 0.11 (0.20) 0.12 -0.64** (0.25)
El Salvador 0.08 (0.15) 0.15 0.15 0.12 (0.16) 0.11
Eritrea -1.91* (0.75) -2.18** -2.91 %+ -3.50%* (135) -2.62
Ethiopia -0.40** (0.19) -0.34* -0.35* -0.48 (0.32) -0.70
Guatemala -0.15 (0.10) -0.15 -0.15 -0.77%* (0.21) -0.83***
Honduras -0.22* (0.12) -0.25* -0.24* -0.28* (0.12) -0.27*
India (2000) 0.08 (0.10) 0.00 -0.24 (0.27) 0.08
India (2002) -0.20%* (0.07) -0.20%* -0.27* 0.4 -0.11
Indonesia -0.00 (0.06) 0.01 -0.43%+* (0.13)
Kenya 0.37%* (0.10) 0.42%* -0.11 (0.09)
Madagascar -1.53%* (0.19) -1.50%** -0.83** -2.67* (0.99) -1.78
Malawi -0.42* (0.17) -0.38** -0.40** -0.98** (0.4)1 -0.99**
Mali -0.22 (0.50) 0.65* -0.53 (0.60)
Mauritius -0.30%** (0.10) -0.28%*  -0.34%** 0.02 (012) 0.05
Morocco -0.23* (0.09) 0.00 -0.51* (0.22) -0.43*
Mozambique -0.25 (0.16) -0.17 -0.75 (2.19)
Nicaragua -0.01 (0.12) -0.03 -0.04 -1.60%** (0.30) -1.56***
Pakistan 0.08* (0.04) -0.22 -0.14 -0.11%x* (0.04) .00
Philippines 0.41%** (0.09) 0.44%* 0.45%* -0.35* 0.18) -0.37*
Senegal -0.87** (0.22) -0.81%* -1.24%x* (0.21)
South Africa 0.19 (0.31) 0.27 0.39 -3.41 % (1.18) -3.57*
Sri Lanka -0.35%* (0.112) -0.38%+* -0.51* (0.29)
Tanzania 0.27* (0.16) 0.13 0.51 0.07 (0.08) -0.02
Thailand 0.31%* (0.07) 0.34%* 0.16 -0.26 (0.27) .@b
Uganda 0.39*** (0.09) 0.40*** -0.01 (0.12)
Viet Nam 0.79%* (0.08) 0.81** 0.84** -0.14 (0.1} -0.21
Zambia 0.10 (0.34) 0.02 -0.03 -1.19 (0.74) -1.15
Age (In) 0.01*** 0.01***
Workers (In) 0.01*** -0.00 -0.02
Equipm (In) 0.01*** -0.01*
Exporter 0.01*+* 0.02%+*
Foreign 0.02%* 0.02%*
ISO 0.01
Work sq (In) 0.00
Eqg. sq. (In) 0.003*

Fixed eff.

Industry-year YES YES YES YES YES
country-year YES YES YES YES YES
Firms NO NO NO YES YES
Observations 40781 31635 15296 40781 24523
Adj. R-sq. 0.093 0.101 0.088 0.754 0.749

Robust standard errors in parentheses; * significan10%; ** significant at 5%; *** significant atl%.
The dependent variable is value added net of lalmmsts over total sales value. The value for each
country indicates the value of the coefficientradrgy intensity in the different specifications.



The most interesting results are contained in colo™ and 5 presenting results for a model
including firms’ fixed effects. As shown by columthof Table 1, results reveal that for 27 out
of 29 countries, the sign of the relationship be®veEE and profitability is negative. For 13

out of 29 countries, the relationship is negativadsignificant at a 0.05 significance level

In column 5 including firms™ fixed effects and otmefirms™ characteristics such as the
number of workers and the value of equipment, theader may notice that for 16 out of 21
countries, the sign of the relationship between Edad profitability is negative and for 7

countries the coefficient is significant.

Hence, results suggest that EE may increase fipnaditability in many circumstances and this
finding is confirmed by many studies in the currkitetrature. The energy economics literature
has widely emphasized that EE provides many monetan-energy benefits. A survey of 77
projects in 6 OECD countries, Worrel et al. (2068Y 224 different non-energy benefits that
were cited in the 77 case studies included in {hajrer. The most cited benefits in terms of cost
reduction observed under the heading of waste/fattaeductions are reductions in materials
(12 cases), followed by reductions in water usaa (ases). The most common benefit cited in
the improved maintenance and operation category lawasr costs from reduced equipment
wear and tear (20 cases). Reductions in requiteoutacosts were noted in eight cases. Non-
energy benefits categorized as other include rashgtin noise (five cases), and improved
worker morale (two cases). Worrel et al. also dateuthat for 55 projects the average payback

rate to be 1.9 years when considering energy aneenergy benefits (as included in Table 1).

Table 2 Profitability of energy efficiency project

Total project investment 54179060%
Total annual energy savings 19233255%
Total annual productivity savings 15695582%
Combined total savings 28493331%
Average energy payback 4.2 years

Average payback including energy and non energefiten 1.9 years

Source:Worrel et al. (2003)

At macroeconomic level, Jian (2009) runs a regoessiodel of China's real output to capital,
labour and EE to estimate the marginal contributibavery factor to the real output and proves
the fundamental influence of EE to the economiamgino In the IDR 2011 chapter addressed to
investigate the energy intensity movements decoitiposFokeer and Cantore show that

regions with the highest level of income are charémed by the lowest level of energy per



capita. A relationship between EE and relevantuiugpowth rates increases is also emphasized

by the theoretical modelling literature (Wei, 2006)

In spite of this micro and macroeconomic evideruansng a link between EE and profitability
our results do not support the existence of a gtrefationship between these variables in all
countriesIf we look at column 4 and 5 of Table 1, the linletween the energy intensity level
and profits is not negative or significant in mangountries. This heterogeneity can also be
observed at sector level. Table 3 shows that adogrdo sector specific regressions for the
manufacturing sectors, only 9 out of 15 sectors kaa negative and significant sign,

expressing the impact of profitability on energytémsity.

Table 3 Profitability and energy efficiency, regrasions by industry
Coeff. S.E. Obs Firms R-sq.

Textiles -0.221**  (0.070) 5267 2,016 0.023
Leather -0.229* (0.125) 1612 621 0.041
Garments -0.190** (0.078) 7242 2,793 0.029
Agro-industry -0.042 (0.123) 816 352 0.069
Food -0.261**  (0.092) 5300 2,080 0.042
Beverages -0.281**  (0.049) 226 105 0.208
Metals and machinery -0.257 (0.214) 3652 1,455 D.08
Electronics -0.063 (0.105) 3336 1,253 0.012
Chemicals and pharmaceutics -0.294** (0.139) 3089 ,339 0.044
Construction -0.477 (0.831) 218 92 0.145
Wood and furniture -0.485** (0.217) 3603 1,454 ®05
Non-metallic & plastic mater. -0.211* (0.117) 2228 907 0.074
Paper -1.206 (0.863) 481 189 0.127
Sport goods -5.799 (3.788) 129 44 0.224
IT services -2.164** (0.917) 301 120 0.099
Other manufacturing 0.053 (0.412) 758 301 0.047

Note: Robust standard errors in parentheses; * signifiaatt0%; ** significant at 5%; *** significant at
1%. Dependent variable is value added net of lalbosts over total sales value. All regressionsuithel
firms and country-year fixed effects. The coeffluron indicates the value of the energy intensity

coefficient of the industry.

In our regressions, we control for country, indusand firms™ characteristics effects which
affect the profitability of firms in the manufactog sector, thereforegeteris paribus.the
energy intensity coefficient should, at first glanéead to higher profitability in each country

and sector. Many reasons explain why the link betwenergy intensity and profitability is



expressed by a non-significant coefficient in saoentries and sectordemonstrating a wide

variance across firmseven if the sign of this relationship in colummdd 5 is negative for the

majority of countries:

1)

2)

3)

4)

There is a mismatch between EE investments anditsefiem these projects. Our data

captures different levels of energy intensity, ot the timing of EE investments.

As shown in the IDR, different energy intensity éstments provide for different

payback periods and rate of returns.

Costs for EE are very different according to thec#ic technology. It is reasonable to
assume that firms at an initial stage can obtainifgrovements at no cost (e.qg.,
electricity costs savings from daily behaviours)t im the next stages, they need larger
technology investments to obtain EE improvementend#, the impact of EE on

profitability will differ in accordance with diffemt costs.

Policy-driven EE interventions may require paybgekiods for investments that are
not consistent with market conditions. As indicatedhe World Development Report
on climate change, to obtain a 450 ppm global abtmexsc carbon concentration
restriction where the incremental cost in termbuginess as usual needs in developing
countries would be US$ 175 billion by 2030, theesiments required would amount to
US$ 563 billion over and above business-as-uswalstment needs. This discussion is
especially relevant in countries such as China, revhigght policies have been

implemented to enhance EE.



Moreover, results of Section 2 of Paper 1 on the Existence for energy per capita
reveal that for the majority of countries, it wilbe very unlikely that energy per capita
will decrease over time without specific policy eémventions (Table 4). If post-
Copenhagen global agreements are reached to sigaiitly reduce global warming
and enhance EE in developing countries, policymakevill have to carefully consider
the timing of the impact of massive emissions reithgctechnology interventions on

profitability in developing countries.

5) The variables representing EE in our analysis nepibsed to some extent. Calatl
al. (2009) points out that a definition of energy mgry based on physical units rather
than on monetary values might be more appropriatavoid distortions from price

fluctuations. It could be interesting to run thensaanalysis with different datasets.

Moreover, as our results on the relationship betwa®fits and EE interventions show, this
varies across countries, industries and firms. Ktadonditions, cultural values, legal and
institutional factors are only some of the exampmésountry-specific effects that should be
considered in EE analysis. Costs and returns frdinirEerventions will also depend on

production process characteristics and on techgplagd sector-specific effects will therefore
have to be included in econometric analyses linkitgy and profitability. Heterogeneity of

sector-specific results confirms our premise. Bnainanagement and internal organization
issues such as the quality of the production systentrol, the existence of audit procedures,

etc. play a role in shaping firm-specific charastess.



Table 4 EKC existence in the relationship betweemnergy per capita and income per capita.
Dependant variable: Energy per capita (EPC). Indepedent variable: Income per
capita (IPC). EKC exists when in a quadratic relatonship EPC =al + a2*IPC +

03*IPC 02 is p

a2 a3 EKC
Bangladesh + (non SIGNIFICANT) - (non SIGNIFICANT) NO
Benin + (non SIGNIFICANT) - (non SIGNIFICANT) NO
Brazil + (SIGNIFICANT) - (SIGNIFICANT) YES
Costa Rica + (SIGNIFICANT) - (non SIGNIFICANT) NO
Ecuador + (SIGNIFICANT) - (SIGNIFICANT) YES
Egypt + (non SIGNIFICANT) - (SIGNIFICANT) NO
El Salvador - (non SIGNIFICANT) + (non SIGNIFICANT NO
Ethiopia - (SIGNIFICANT) + (non SIGNIFICANT) NO
Guatemala + (SIGNIFICANT) - (SIGNIFICANT) YES
Guyana + (SIGNIFICANT) - (SIGNIFICANT) YES
Honduras - (non SIGNIFICANT) + (non SIGNIFICANT) N
India + (non SIGNIFICANT) + (non SIGNIFICANT) NO
Indonesia + (non SIGNIFICANT) - (non SIGNIFICANT) NO
Madagascar + (non SIGNIFICANT) + (SIGNIFICANT) NO
Malawi + (SIGNIFICANT) - (SIGNIFICANT) YES
Mauritius - (non SIGNIFICANT) + (SIGNIFICANT) NO
Nicaragua + (SIGNIFICANT) - (SIGNIFICANT) YES
Pakistan + (SIGNIFICANT) - (SIGNIFICANT) YES
Peru + (SIGNIFICANT) - (SIGNIFICANT) YES
South Africa + (SIGNIFICANT) - (SIGNIFICANT) YES
Sri Lanka + (non SIGNIFICANT) - (SIGNIFICANT) NO
Tanzania + (non SIGNIFICANT) - (non SIGNIFICANT) N
Thailand + (SIGNIFICANT) - (non SIGNIFICANT) NO
Viet Nam + (SIGNIFICANT) - (SIGNIFICANT) YES




2. Does energy efficiency lead to innovation in the esf other inputs?

Economists generally express EE as an increasheiremergy marginal productivity curve.

Given a typical Cobb Douglas function:

1)Y=AKL'F

Where Y is output, L is labour, E is energy andskcapital, A represents technological change
increasing value added. In other words the levadugput will depend on the inputs (K, L, E),
on the marginal productivity of each input, (3, y) and on the parameter A (multifactor
productivity) governing long-run growth rates ahd value added increase associated with each
capital — labour — energy technology through a ertipnal rule. EE is represented by an
increase of they parameter. Holding the level of K and L constaam, increase of the

parameter means that the same output level cabthmed by a lower level of energy.

Another important question is whether EE can leadrt increase in total factor productivity
and, in particular, to the productivity of othepuis beyond energy. In other words, from a
business perspective, it is interesting to analylsether EE stimulates a more value added use
of other inputs like capital and labour. In a rdcgindy, Cadot et al. (2009) investigate this issue

by considering a production function including ¢apand labour:

2)Y = AK* Lf

Through this production function, they estimate vakie of multifactor productivity (MFP) A
and in a next stage, test whether in a samplarasfof six developed countries, EE is positively
correlated to multifactor productivity (MFP = f(BEBpecifically, they test Porter and van der
Linde's (1995) hypothesis claiming that firms whégle forced to increase EE because of higher
energy prices adapt to these new conditions bysting in innovation processes based on the
use of other inputs. Their econometric analysidioos Porter and van der Linde’s assumption.
The EE variable in their study is represented bgrgy price, as they implicitly assume that

higher energy prices generate energy savings.

Our regression analysis containedPiaper 1follows a very similar approach. Using the World
Bank Enterprise Survey data, we estimate Equatiem dalculate MFP. In a second step, we
implement a regression analysis where EE can btaiaggd by a set of variables including

MFP. The difference to the Cadot et al. model isvant because we estimate EE = f(MFP). A

10



second relevant difference to the Cadot et al ambras that we do not specifically test Porter
and van der Linde's hypothesis as we are interésteerifying the relationship between MFP
and EE under more general market conditions ratizer under policy stimuli alone. Finally, we
carry out a regression analysis where EE dependstioer relevant factors such as firm
characteristics and barriers to the adoption obwation, such as telecommunication, credit

constraints, etc.

An interesting conclusion of our paper is that 28rout of 24 countries, there is a strong and
negative relationship between energy intensity lieamd multifactor productivity. The most

innovative firms are those with the lowest leveleokrgy intensity. However, as we specify in
our Paper 1: “We do not have enough evidence tw ghat the causal relationship goes from

technological change to EE or rather the other araynd (or both)”.

In other words, Cadot et al. show that EE inducegdpbice shocks affects multifactor
productivity andour results contained in Paper $how that multifactor productivity affects
energy intensity levels. Econometric studies initlgdGranger causality tests could be very
useful to complete the discussion, but at thisestagleast from an economic intuition, we have
good reasons to believe that EE and multifactodgpebvity influence each other. On the one
hand, a higher level of multifactor productivityrggates high income over time and resources
that can be used for innovation investments. Onother hand, EE technology improvements
can create the management, know-how and procedaralitions to speed up the innovation
process based on the use of other inputs. Furéisearch is needed to analyse this relationship
in depth, but at this stage it is important to eagite that our results show the existence of a

strict correlation between these two crucial vdaab

11



Figure 1 Non-parametric estimation of multifactor productivity (In) vs energy intensity (In)
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3. Barriers to the adoption of energy efficiency

As we have seen in the previous paragraphs, EBad tpr the environment as lower levels of
energy consumption generate lower emissions andbmagood for economic performance, as
EE technology adoption generally provides benebtsmsts profits at the “micro” level and

economic growth at the macro level.

An important research endeavour is, thereforejeatify the constraints that prevent firms from
implementing win—win EE technology interventions dorrect possible market failures. To
identify these, discrete choice models are usemhamppropriate investigation tool. The idea is
to consider a categorical dependant variable (Yé&®rtology adoption = 1, NO technology
adoption = 0) and investigate the determinants®ftéthnology adoption for different sectors
and contexts. Schleich and Grueber (2008) and ©BbhiE2009) already carried out two
interesting discrete choice analyses on EE adoftiodifferent sectors of Germany, however, a
full analysis of developing countries is still migg. UNIDO has recently collected data on EE
adoption in many developing countries. ODI develapfiscrete choice analysis Raper 4to
investigate the relevance of different businesstraimts in reducing the likelihood of adoption
in Viet Nam, Moldova, Thailand and Philippines. Thkoice of regressors is based on a
UNIDO paper (2007) that specifies policies thatnserost promising to boost EE adoption and

on data availability. Paper 4 describes three wiffesteps:

In the first step, data on eight business constraints are assessegl principal component
analysis (PCA). Respondents in developing countriess asked to evaluate the severity of
different business constraints on a scale (1 = pelewance — 4 = high relevance). The objective
of this section is to reduce the number of busiressstraint variables to a lower number of
independent variables. The eight business conirare summarized in Table Ihterestingly,

we extract the information respondents perceive haganously from the PCA, namely the
relevance of micro and macroeconomic business coats. Our interpretation of this finding

Is that respondents tend to consider internal ateral constraints as distinct features that
should be treated with different tools and resairé®hereas in Component 1 higher loading
scores are associated with variables representagyamaconomic conditions (policy, market,
information circulation), Component 2 is associateith microeconomic factors (top

management, lack of capital, risk of productiorintption).

14



Table 5 Principal component analysis applied to da on respondents’ assessments of the

relevance of business constraints

Variables Component 1 Component 2
Top management commitment .358 446
La.clf of expertlse of energy 607 197
efficiency projects
Production interruption .059 .830
Lack of capital 134 .668
Insuff|C|en_t information o_n_costs 202 153
and benefits of energy efficiency
The market does not pI.aF:e any 755 _019
value added to energy efficiency
Existing policies are inadequate
to promote and support energy .789 279
efficiency
Lack of external drivers such as
mandatory CO2 emissions targets 698 305

In the second stepwe use the two “micro” and “macro” PCA componeassregressors in a
discrete choice analysis where the dependant Verigh Technology adoption = YES,
Technology adoption = NO and other regressors gpeesented by other firm characteristics
related to the business firms™ characteristics e@mdronment (country, number of workers) or

that are strictly related to the firms’ energy mgeraent.

Interestingly, our finding is that variables relateto the firm management’'s approach to
energy have a significant impact on EE. The presenaf energy audits and the intention to
plan or consider energy management innovation sh@wpositive and significant sign

expressing the increase in the likelihood of EE gadimn. Microeconomic business constraints
(the variable Component 2 — microeconomic consttainreduce the likelihood propensity to
invest in new technology whereas macroeconomic hass constraints (Component 2) are

not relevant.

Finally, firms adopting a management system standaare less likely to invest in EE. This
result could be explained by the fact that firmshaice to adopt a certification system may
offset further investments in energy efficiency. riiis® management may feel that the
accomplishment of the standards is already an appiate means to reach an efficient

production process and reduce the innovation prazes
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Though management certification may representausitis for developing countries to improve
business competitiveness, results would suggestgiiog those management and international
organization changes that can guarantee a dynaatit gf innovation rather than the static

accomplishment of standards for EE improvements.

The rationale behind these results is that firmsmséo be oriented towards EE technology
adoption when interventions are profitable and whih presence of internal energy management
experts, systems and procedural structures thaeasity promote this transition towards EE.
Based on our results it is clear that external tspieriving from market or policy may be
useless if they address firms which are not suétdbt driving the transition towards energy

technology innovation.

Another interesting result is that firms which havaready invested in EE are more likely to
invest in the next years (with a 0.10 significandevel). In other words, we find a path

dependency of firms’ behaviour in terms of investmtg in EE.

Rather than focussing on generic macroeconomicipsli international organizations seeking
to promote EE should adopt measures aimed at af@iige international organization of firms
and at encouraging investments in technology, éalhedor those firms which have not yet
made such investments in the past. Our resultsatelthat learning by doing aspects play a role
in investment choices. International organizatisash as UNIDO will be crucial to provide
technical assistance through local projects to erage the commencement of energy efficiency

innovations in developing countries.
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Table 6 Results of the logit model. Dependant vaable: is your company considering or
planning to invest in energy efficiency projects inthe next five years? (odds ratio
YES/NOT). 116 observations.

Variable B SE df Sig. Exp(b)
Constant .159 1.459 1 913 1.172
Energy audit (YES) 2.705 1.119 1 .016 14.951
Staff awareness$
programmes (YES) -311 1.358 1 .819 .732
Existence of energy
policy (YES) -.886 .988 1 .369 412
Existence of energy
performance -.447 .841 1 .595 .640
indicators (YES)

Country: Philippines 1.141 .991 1 .249 3.131
Country: Moldova -.331 1.647 1 .841 718
Planning or

considering energy ; g 902 1 034 6.747
management

innovation (YES)

Energy reduction

targets (VES) 762 1.060 1 472 2.142
Certification (YES) -2.371 1.199 1 .048 .093
Investments in

energy efficiency in ; o3 949 1 093 4.917
the last two years$

(YES)

Component = 1 _os3 436 1 561 776
external conditions

Component 2:

microeconomic -1.133 .458 1 .013 .322
constraints

Number °off o1 001 1 185 1.001
employees

In the third step we run the same regression as in Table 6 by regaComponent 1 and
Component 2 derived from our PCA analysis with #gpebusiness constraints. We run the
same regression analysis as in Table 6 by inclutiagentire set of eight business constraints.
We adopt a Likelihood Ratio and Wald tests forwsetection procedures to identify the most
meaningful variables and barriers affecting planadopt EE technologs is evident in Table

7, we confirm that microeconomic conditions affettte likelihood to invest in EEWith this
revised model specification we confirm that propgn® energy management innovation and
past experience in EE technology investments iserdlae likelihood that a firm in developing
countries plans to introduce new technologyterestingly, we also find that among the

barriers, top management commitment is very relewvam other words, the more firms
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perceive top management’s commitment as a busirwessstraint, the less is the likelihood to

invest in EE.

Table 7 Results of the logit model. Dependant vaable: is your company considering or
planning to invest in energy efficiency projects inthe next five years? (odds ratio
YES/NOT). 116 observations. LR and Wald test forwad variable selection
procedures

Variable B SE df Sig. Exp(b)
Constant 1.434 1.165 1 .000 16.169
Investments in
energy efficiency in
the last two years
(YES)

Planning or
considering energy
management
innovation (YES)
Top management
commitment is a
poor relevant
business constraint*
Top management
commitment is a
relevant business
constraint

Top management
commitment is a
very relevant
business constraint
* We drop the dummy variable “Top management comartit isa very poorly relevanbusiness constraint”. The

1.656 711 1 .020 5.237

1.978 799 1 .013 7.227

-3.532 1.158 1 .002 .029

-2.921 1.271 1 .022 .054

-2.371 1.525 1 .120 .093

coefficients associated to the variables “Top maragnt —poorly relevant, relevant, very relevdntepresent the
increase (+) or the decrease (-) of likelihood twest in EE if compared to firms where the top manant

commitment is a very poorly relevant business caimgt

Finally, we point out that the previous regressesults on the factors determining EE adoption
appear to be homogenous across countries. Thik nesy derive from the fact that our results
are obtained from 116 observations only, which nmot be sufficient to capture the
heterogeneity of barriers. If we consider the rtssof Paper 1in which we investigate the
impact of multifactor productivity, capital per ¢&p and two business constraints (credit
constraints and telecommunication) at the firms/elleof energy intensity in developing

countries, they appear to be much more heterogenelen using a wider dataset.
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The effects of business constraints variables aredn Whereas for India and Guatemala,
telecommunications business barriers (variabletbighom) increase energy consumption, the
opposite effect is found in Egypt and Viet Nam. STleontradiction could be explained by
different measures firms could adopt to tackle reafwilures. On the one hand, barriers to
communication flow may represent an obstacle tovation and limit the adoption of energy
saving technologies. On the other hand, high tetesonications barriers may induce firms to
stimulate business by pursuing cost savings andtiE they can control with more
effectiveness rather than infrastructural factiti&imilar results are found for credit access

business barriers (variable highconscredit)

Table 8 Energy efficiency and productivity. Dependnt variable: Energy intensity

(EGY) (GTM) (IND) (VNM)
Log of capital per worker [In(K/L)]  -.144*** -.123* -.070** =077
Ln(TFP) -.588*** -.686*** -.508*** -.590***
Constant -3.343*** -3.075*** -3.727** -3.184***
hightelecom -0.994** AT7Qxx* 301 % -.256**
highconscredit .054 .038 -.042 .109*
ISO -0.274 -.028 - 217***
age -.000 -.001 .003* .004**
comp .000
skillsworkers -.001 -.003** =017 %**
foreign ownership -.026 -.348* -.058 - 475%*
Industry dummy variables yes yes yes yes
Year 2004 2001-2003 2000-2002 2003-2005
Observations 488 710 2558 2380
R square 0.261 0.266 0.198 0.199

Notes:The dependent variable is the log of energy compsiom per sales; output is defined as total sales;
industry dummy variables; *, ** and *** indicategificance at 10, 5 and 1 percent, respectivel\ouRb

standard errors.

4. Conclusions

ODI developed a series of papers covering manydpts about the current discussion in EE

and in particular:

1) The link between EE, profitability and technicabgress;
2) The macroeconomic path of EE and economic struotiienge in different developing
countries;

3) The identification of EE technology adoption;
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4) The existence of a turning point in the relatiopshetween income per capita and

energy consumption per capita for firms in deveigpiountries.

Our analysis and previous literature shows thainzly induce profit increases and innovation
in developing countries. Our analysis on the lirdkkwieen EE and profitability shows that
investment projects in EE have different paybackioggs, returns and costs, and this
heterogeneity may explain why we find a significand negative coefficient linking energy
intensity levels to profitability in many, but nist all countries. However, when we investigate
the link between energy intensity and total fagimvductivity, we find a strong and negative
relationship for almost all countries. The most ayic firms in implementing EE technology
are also the most innovative from an economic pofntiew in combining efficiency inputs.

However, the extent to which innovation is traresthinto profit rate increases for firms varies

across countries, sectors, typology of investmentts,

Policy will have to help remove all the barrierslanarket failures that reduce the adoption of
EE technologies which produce win—win benefits fbe environment and economy. In
particular, decision-makers will have to focus olh aspects related to microeconomic,
management and internal organization of firms. EKIC analysis Raper 1) shows that energy
per capita does not follow a decreasing path imbprity of developing countries afhper 3
reveals that the majority of countries are expeiiggna structural change towards dirty sectors
in the growth path. If policymakers decide to impdke adoption of the EE lever to combat
global warming, they will need to seriously consitlgat firms will have to bear a mismatch
between a massive amount of required investment®mtier technology and the time lag for
the enjoyment of benefits. Environment policy Wikely require strong investments for deep
emissions cuts and firms in developing countriesy mat be solid enough to absorb long
payback periods for EE investments. Appropriatarfzing mechanisms will have to be put in

place to encourage transition towards a green ecpmo developing countries.

In the meantime, in a context where global clinetange agreements are still far from being
reached, policymakers pursing both environmentdl gnowth targets will have to remove the
barriers which currently reduce the propensityioh$ to invest in profitable EE projects. A

priority at this stage should be to encourage fitonmvest in all those projects providing rapid

and huge rewards with the aim to promote both tivirenment and development.
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lIl.  Promoting energy efficiency in developing countries-
new evidence based on firm analysis
Phase 1

Nicola Cantore, Research Fellow, Overseas Develapimstitute
Dirk Willem te Velde, Head of Programme, Overseas@&opment Institute

Abstract

This paper uses an econometric analysis on thes lwdsfirm-level data in 24 developing
countries to examine the determinants of energgieffcy in developing countries. We find
robust evidence that productivity (which can beiipteted as technological change) and energy
efficiency are strongly correlated. This resultcenfirmed by evidence in many developing
countries of the existence of the Environmental haiz Curve hypothesis when we consider
the relationship between energy intensity and dugpuhe firm level. Moreover, the sectoral
distribution in the national economy matters fotedmining energy efficiency, as different
sectors have different energy intensities and wiffecorrelations with productivity. Finally, we
find that a set of firm characteristics and bussnemnstraints affect energy intensity and the sign

of their impact is not clear.

From a policy perspective, two insights emergestFevidence supports the claim that normal
development policies aimed at improving producggivibuld be win-win as they go hand in
hand with improvements in energy intensity. Howevemay also be that targeting energy
efficiency can be helpful but that only more in-tlepesearch will help us determine cause and
effect. Second, the country-specific results pairthe need to implement policies that consider

the specific economic and social situations in eamintry.

Our analysis suggests the need for further resetoclunderstand the energy intensity
determinants. The research could be extended atmhicto and macro levels. At micro level, it
will be important to examine in depth the factdrattcondition the adoption of environmental
friendly and cost saving technologies in each fifilme analysis on the basis of the World Bank
Enterprise Survey Data cannot be used to satisfigcemswer all questions concerning the
barriers to innovation and factors determining gpantensity. Direct interviews with local

experts in developing countries are very usefufiltahe gap. Interviews are also useful to
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analyse the endogeneity issue of the relationshiyden energy efficiency and productivity in
depth.

Moreover, our analysis shows the need for a compheany analysis which focuses on
macroeconomic issues. Our results suggest thatsthetural composition in developing
countries matters for energy intensity and a mawoeemic analysis run by macro sectoral data
could shed light on the path of energy intensityeach country. The shift share technique
(Esteban 2000) is a very useful tool to study theadhics of energy intensity of each country
over time (for those countries with data). Thia i®chnique that allows the verification whether
discrepancies among regions in terms of energysitiedepend on their structural composition
(low energy intensive vs high energy intensive eoaies) or from inefficiencies (high energy
demanding vs low energy demanding countries). Fintbm a macroeconomic perspective it

would be interesting to investigate the EKC hypsthiéor a selection of developing countries.

1. Introduction

Demand for energy worldwide is rising at a faserdthe IEA’'s 2008 World Energy Outlook
reference scenario estimates world primary enesggahd to grow by 1.6 percent per year on
average between 2006 and 2030 for an overall isered 45 percent. The majority of this
growth will be in developing countries, 87 percehthe projected increase in demand will take
place in non-OECD countries, 50 percent of totahaed will come from China and India alone
(IEA, 2008). We therefore need to understand whatreduce energy demand and specifically,

what can be done to promote energy efficiency wéakeguarding productivity and incomes.

The McKinsey Global Institute finds that 65 perceoit all available positive return
opportunities for investment in energy efficienag éocated in developing regions (Farrell and
Remes, 2009). An estimated investment of US$ didibiin the next twelve years could save
these developing countries $600 billion annually2620 in energy savings. This investment of
$90 billion is projected to be only half of the végd investment to keep up with energy
demand growth without improved efficiency measutadustrial efficiency improvements to
produce more economic output with less energy ifgpessential for reasons of energy supply
security, economic competitiveness through improiretlstry profitability, improvement in

livelihoods, and environmental sustainability (Taxyét al, 2008).

This paper examines the link between energy effayieand productivity at the firm level. We

will first use firm-level data for a number of déeping countries, presenting data on energy
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efficiency across different manufacturing sectarsdifferent countries, and explain energy
efficiency by a number of firm-level characteristiancluding productivity and other factors

determining the uptake of green technology. Weauganel of 24 developing countries.

Second, we will set this analysis in the literatarewhy energy efficiency techniques are not
always adopted even though they seem productive tandto derive country specific
implications for institutions and policies that daglp to overcome the market and coordination

failures associated with the adoption of greenneldyies.

We will then make suggestions for phase 2 researclwvhat is holding back investment in
energy efficiency and to discuss the link betweerrgy efficiency and productivity in

developing countries.

The structure of this paper is as follows. Secttonontains a selected literature review on
energy efficiency. Section 3 explains data and oulogy issues, Section 4 describes the
results, and the final section concludes and pesvisome suggestions for the next research

phase.

2. Background

This section discusses the definition of energiciefficy (2.1), the benefits of energy efficiency

(2.2) and introduces an overview of the main redequestions addressed in this paper.

2.1  Defining energy efficiency

Though there are several definitions of energycigfficy measures, “energy intensity measures
are often used to measure energy efficiency andhiassmge over time [....] [E]nergy-intensity
measures are at best a rough surrogate for enffigigrecy. This is because energy intensity
may mask structural and behavioural changes thatndb represent “true” efficiency
improvements” (EIA, 2003). Energy intensity is sign@ ratio of energy input to industrial
output; an economic-thermodynamic type of efficienmeasure. “In comparison to the
application of thermal efficiency measurement, ¢degi of energy consumption can be used to
assess and compare energy performance for a breatlesf objects: processes, factories,
companies, and even countries” (Tanaka, 2008). Btaslies use a measure of energy intensity,

or energy productivity, which is the inverse.
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Industrial output may be measured by some sortoainson physical unit at lower levels of
aggregation, but will necessarily be measured oneic value taking account of purchasing
power parity at economic or national levels of aggtion. It is well noted in the literature that
even at the 2-digit SIC level of industrial clagsition, common physical output measures are
not possible. There are a number of ways to measupait of industry but “it seems that value
of production is the most desirable value-baseguiuneasure for use in an indicator of energy
intensity” (Freeman et al. 1997). Differences be&mwentensity measures using volume and
those using value-based output may entail measumtemreors in price indexes, errors in

industry specialization and coverage or industdefiitions (Freeman et al. 1997).

2.2  Understanding the benefits of energy efficiency

Recent research contributions (summarized in Tdpléocus on the benefits derived from

energy efficiency, especially from a macroeconopgcspective. Many empirical studies agree
that energy efficiency generates positive economigcomes such as higher output,
competitiveness (Taylor et al. 2008) and employn{@A 2009), as well as environmental

improvements induced by lower energy bills (WEC &08nd sustainable production methods
(World Bank 2006). Although energy efficiency, aartpof the technical progress in neo-
classical growth theory, is conventionally seema asiver of economic growth, there is evidence
that this is not always true (Madlener & Alcott 2)0Akinlo (2008) finds that the existence and
direction of causality between energy consumptiod aconomic growth is not homogenous

across sub-Saharan Africa.

Even from a theoretical perspective, the issue @aiiieg the impact of energy efficiency is still
controversial. Wei (2007) theorizes short-term dodg-term effects of increased energy
efficiency and, in the short term, a 100 perceftoumd effect is found such that energy
efficiency gains have no effect on absolute energg. In the long term, the impact on non-
energy output of energy end-use efficiency is pasitvVan Zon and Yetkiner (2003) adapt the
Romer model to “include energy consumption of imediates and to make intermediates
become heterogeneous due to endogenous energgdadnnical change.” They find that
economic growth rate positively depends on the wdtembodied energy-saving technical

change.

Reports and studies of different research and nateEmal organizations describe
macroeconomic indicators of energy efficiency ifiedent sectors and countries. They suggest

a decreasing path of energy intensity over time, results widely differ among countries.

26



Whereas in Europe, North America and China we dantify a negative trend, in Africa, Latin
America, India and the Middle East we do not fimdusmambiguous decreasing path. Moreover,
it is not clear if there is a positive (or negajivelationship between the levels of energy
intensity and GDP (see Annex I). This implies tfratm a policy point of view, we cannot

safely claim that growth enhances efficiency inrgpeise over time.

Table 9 Empirical benefits of increased industriakenergy use efficiency

Benefit Source Comments
More economic| Taylor et al (2008), SemboyaThis is particularly important in regions
output without| (1994), UNDP (2006), McKane where electricity and energy supply are

requiring et al (2007), constrained, such as in many African gnd
additional, possibly Asian countries. Not only will greater output
constrained, energy be feasible without increasing energy
supply — firm and demand, but less investment will be
national level necessary in energy production capacity
benefit (WEC 2008:9).

Lower UNDP-Kenya (2006), Farrell “Costs vary among technologies and

production/energy | and Remes (2009), Semboya&ountries where energy efficiency measures
costs — at the firm (1994), WEC (2008), McKange are implemented, but often are only one-
level et al (2007), quarter to one-half the comparable costs of
acquiring additional energy supply” (Taylor
et al 2008:27).

Economic Taylor et al (2008), UNDP; At the firm level, higher efficiency wil
competitiveness Kenya (2006), Semboya (1994)improve competitiveness through lower
(through lower| WEC (2008), costs.

prices) — nationa

and firm-level

benefit

Creates jobs UNDP-Kenya (2006), IEA By increasing the use of high-tech efficient
(indirectly) * (2009), machinery, high-skill technicians will be

more in demand. Also, by improvin
competitiveness, the firm will presumably
grow and be able to employ more workers.
Improvement in| Taylor et al (2008), UNDP: Poverty is reduced by an increase in jobs.
livelihoods/ reducg Kenya (2006), WEC (2008),

«

poverty*

Energy supply/price Taylor et al (2008), UNDP: Particularly for oil importing countries

security and Kenya (2006), World Bank (WEC 2008:105).

reduced (2006), IEA (2009), WEC

uncertainty* (2008), McKane et al (2007),
Farrell and Remes (2009),

Environmental Taylor et al (2008), World Bank “Energy  efficiency is favored in

sustainability (2006), IEA (2009), UNDR environmental improvement strategies
(2006), WEC (2008) —extendsbecause it reduces the need for energy
availability of fossil resources, | development, transportation and

distribution, onsite use, and all the
associated environmental impacts” (Taylor
et al 2008:27)
Reduce import bill UNDP-Kenya (2006), Semboyla’[EJnergy imports are replaced (in many
(nationally) (1994); countries) by domestically produced energy-

and improve balance of tradeefficient products and (energy) servicgs”
UNDP-Kenya (2006), Semboya(UNDP  2000:185). Greater industrial
(1994), WEC (2008), outputs can increase exports.
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Whilst we have identified an extensive literatusdthiough there is no consensus on most
issues), studies on microeconomic aspects of eredfgyency still represent a narrow field of
research that is often limited to individual cougdr(de Groot et al. 2001 for The Netherlands
and Kumar 2003 for India). In this paper, we wiill this gap by investigating energy efficiency
for a large set of developing countries at the flawel. Researchers and policymakers have
hypothesized that rules and institutions that primovestment in energy efficiency also help
productivity enhancements essential for promotiagetbpment and reducing poverty (see, for
example, Porter and van der Linde, 1995). They eattipat energy efficiency improvements
provide a means to reduce costs without adverskbctang output or eroding a firm's
competitive edge. In addition, energy efficiencwliso considered to reduce the unpredictability
of earnings associated with the current volatibfyenergy prices in the present day world

economy.

2.3 New research questions

The first hypothesis that we examine here is thatesting in technical change may
automatically lead to greater energy efficiencythis incorporates the latest, more energy
efficient techniques (Inhaber 1997; Huber and MEB05). This trend is referred to as the
‘autonomous energy efficiency improvement techniolaigchange’. For example, Hogan and
Jorgenson (1991) estimate that technological chahgee caused a reduction in US energy
intensity by about 0.3 percent per year, indepeindeghanges in energy prices or standards.
Koopmans and Te Velde (2001) find that energy iefficy improved by 1.1 percent a year in
the Netherlands. There is, however, very limitedi@vce available for developing countries on
the link between energy efficiency and technicadnde, although the issue is becoming
increasingly important for them. Many large devébgpcountries, especially in Asia, have
experienced buoyant economic growth in recent yeard their energy use has soared

tremendously.

Grossman and Krueger (1991) summarize the diffeodainnels through which economic
growth affects the environment into three categoribe scale, composition and technique
effects. The scale effect represents the effeetcohomic growth on the environment through
the expansion of production activities. The comipwmsi effect refers to the environmental
consequences of structural changes in the econoducéd by economic growth. Finally, the
technique effect reflects the movement away fromirenmentally hazardous production
methods to cleaner ones as a result of the teoficaloprogress accompanying economic

growth. It involves changes in the state of techgg| which enhance production efficiency, as
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well as changes in consumers’ preferences forbetidaronmental quality with rising incomes.

In this paper we are concerned with teehniqueeffect.

The scale, composition and technique effects aadlcalled “decomposition effects” related to
the well-known concept of the environmental Kuzn€isrve (EKC). The EKC hypothesis

implies that if a bell shaped relationship betweeanomic activity levels and pollution exists,
and if we can identify a turning point in the paituin-income relationship (see Figure 1), the

best way to tackle environmental issues is to fagtewth.

Figure 2 The Environmental Kuznets curve hypothesi
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Extensive literature has been published which emamithe EKC hypothesis for many
pollutants at national and global level, but evitkerat macro level is fragile, especially for
global pollutants (Galeotti et al. 2006; Cantor®20 The literature that specifically deals with
the existence of the EKC for the specific issuerdrgy intensity is still narrow (Howart et al.
1991; Mazzanti and Zoboli 2006) and only few att&sripave been made to deal with the EKC
curve at the micro level. The EKC existence forrgpeefficiency in a set of low income

countries is the second relevant hypothesis weinviéstigate.

Finally, the third and policy relevant issue we examining in this paper is the identification of
factors representing barriers to technological gkamo enhance energy efficiency. An
interesting strand of the literature identifiedical factors which influence the adoption of new
and efficient technologies (see Table 2). Barrierknowledge flow (Meyers 1998), credit
access (Farrell and Reme 2009) and technology (Bleeket al. 2007), the uncertainty in the
future projection of oil prices (Koopmans and Teldée 2001), erroneous national policy

choices (Reddy 1991) and previous firm investmestigdons (UNDP 2006) could represent
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severe obstacles to the adoption of innovativerteldyies for energy saving. Moreover, other
factors such as the “age” of firms (Cainelli et 2007), firms’ governance designs (Quereshi
and Te Velde 2006), the size of the firms’ economativity and sector-specific features

(Cainelli et al. 2006) could play a role in affectithe level of energy intensity over time.

The World Bank sponsored three Country Energy [Efficy Programmes which aimed to
finance energy efficiency in Brazil, China and kndin these countries, the World Bank finds
that “the core of the problem [...] lies in the inteined problems of perceived high risk driving
up implicit discount rates associated with projeatarrently high transaction costs, and
difficulties in structuring workable contracts fpreparing, financing, and implementing energy
efficiency investments” (Taylor, et al 2008). Theport stresses that the barriers are institutional
issues: “two core economic functions that are ddépenupon the strength of prevailing market
institutions are usually critical for efficient eqgg efficiency investment: (i) outsourcing
governed by contracts to allow sufficient specatian, and (i) deep and efficient financial
markets for financing energy-efficient investmentiscluding both initial and retrofit
investments)” (Taylor et al 2008:51-52).This fingliis consistent with a recent report provided
by SBSTA (2006) analysing factors affecting thensfer of environmental friendly technology
in developing countries. The document reviews thehhology Needs Assessments submitted
by 23 developing countries to UNFCC and outlines thctors that are indicated as being
crucial for the diffusion of clean technologies. pércent of countries indicate institutional
factors as being crucial together with market, @glhuman capacity and technical elements as

specified in Table 2.

Table 10 % representing the share (in a sample &3 countries) of developing countries that
identify a technological transfer barrier as beingcrucial in the Technology Needs
Assessment document submitted to the UNFCC (UnitedNations Framework

Convention)

Economic and market barriers 83%

Policy barriers 78%

Technical barriers 74%

Human capacity 70%

Institutional barriers 65%
Source:SBSTA (2006)

In this paper, we directly address these issugsdyiding new empirical evidence using micro-

level data concerning the causes that prevent firoms investing in efficient technologies.
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Table 11 Barriers to investment in efficient techologies in relevant industries in developing
countries
Informational Barriers Lack of knowledge of technologyReddy 1991; UNDP 2000; McKan
availability & benefits 2007; Farrell and Reme 2009; Tayl
et al 2008; Preaetorius & Bleyl 200
WEC 2008;
Institutional  barriers to  knowledge, Meyers 1998;

communication and technology flows

Financial Barriers

Lack of available funds/ absence of credi

Reddyli%arrell and Reme 2009;
Taylor et al 2008; Meyers 199
WEC 2008;

First-price sensitivity/high capital cos
(magnified by the lack of credit markets)

SsUNDP 2000; Reddy 1991; Behrens
et al 2009; Meyers 1998; WEC 2008;

Technological barriers

Unavailability of efficient equipmen
(technology available but not produced)

I Reddy 1991; Meyers 1998;

Focus on individual component efficiend
not whole system efficiency

yMcKane et al 2007;

Misapplication of efficient technologies

McKanea2007;

Shortage of trained technical personnel
maintain/install new equipment

tBeddy 1991; McKane et al 200
Taylor et al 2008; UNDP 2000;

Discrepancies
discount rate

Uncertainty about future
prices/economic uncertainty

energ

yReddy 1991; McKane et al 200
Taylor et al 2008;

High user discount rates

Taylor et al 2008; Behrensal
2009; Meyers 1998;

Slow rate of capital turnover/ infrequen
of capital investments

tyMcKane et al 2007,

a

Perceived risk of implementing theMcKane et al 2007; Taylor et
new/unfamiliar technology 2008; Meyers 1998; IEA 2009;
Indifference to energy costs/relativeReddy 1991; Meyers 1998;

insignificance of energy costs to total cos

IS

Below long-run marginal cost pricing arf
other price distortions

dTaylor et al 2008; Meyers 1998; IE
2009;

High transaction costs

Behrens et al 2009; Tayloralke
2008; Meyers 1998;

Diversity of investment
criteria.  and limited

Inherited  inefficient
purchase decisions

equipment/indireq

n

tReddy 1991; UNDP 2000; Meye
1998; WEC 2008;

resources

Limited fuel options/supply

UNDP 2000;

Historically or socially formed investmer
patterns

tUNDP 2000; McKane et al. 2007;

Mismatch of the incidence of investme
costs and energy savings

niraylor et al 2008;

Import of inefficiently used plants an
vehicles

dUNDP 2000; Meyers 1998;

Policy/political barriers

Political uncertainty/ policy instability

Taylor ef 2008;

Weak contracting institutions

Taylor et al 2008;\des 1998;

Absence of effective energy efficieng
policy at national level

yReddy 1991; UNDP 2000; Behrens
et al 2009; Taylor et al 2008;

Inappropriate energy pricing and crog
subsidizing

stUNDP 2000; Farrell and Reme 200
Meyers 1998;

9,

Skills-short government

Reddy 1991; Meyers 1998;

Government without adequate
facilities

trainindkeddy 1991;

Government without access to necess

aReddy 1991;

hardware and software

31



3. Data and methodology

To assess the link between energy efficiency aoduymtivity, we follow Te Velde (2008) to

estimate the following equation:
E K
In v =a . +a,ln T +a,InNTFP. + X B+ z2B,+A+y ()

where i = 1,.., n stands for firm i and t denoteset E is total energy consumption, Y is output,
L is labour, K is physical capital, and TFP is td&ctor productivity estimated using a Cobb-
Douglas production functiof, is a column vector of k paramet@is, = B4,... Bx)’, Xit IS a row
vector of k variables which includes firm charaidtics (age, foreign ownership, 1ISO9000
certification, number of competitors and percentaigeermanent workers with at least 12 years
of education) and Z is a vector of factors reprasgnbarriers to technological innovation
(telecommunication and credit access barriexsjlenotes dummy variables representing the
economic sector where the firm is active (see Antigéxfor a full list describing the
disaggregation of economic sectors and AppendiXdiXa more accurate description of the
variables). X and Z variables are not expressddgeithms, therefore, coefficients should be
interpreted as semi elasticity for continuous ematary variables and as usual regression lines
shift components for dummy variables. Coefficieatsociated to capital per worker and TFP

are elasticities.

The choice of variables is based on the literateveew we briefly summarized in Section 2.3.
In particular, we expect that young and dynamiendr (the variableagg, foreign firm
ownership (the variabl®reign), a production process standard certification thaglidated by
international organizations such as 1SO9000 (theabke ISO), a high level of education of
workers (the variablskillsworkerg and a competitive market environment (the vaeaboimp

can encourage the adoption of technologies andipeacaimed at reducing energy intensity.
Therefore, we expect a negative sign of the caefiis associated to these firm characteristics.
On other hand, we expect a reduction in energyieffcy due to barriers to the adoption of
energy savings technologies such as telecommumicatthe variabldightelecorh and credit
access (the variableighconscredit)and, as a consequence, a positive sign of coefticie

associated to these variables in our estimations.

We use firm-level data from the World Bank EntespriSurveys for 24 developing countries

(see Annex Il for a full list of countries) for witi data are available in order to run our
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regressions. For 15 countries (Benin, Brazil, Eonadl Salvador, Ethiopia, Guatemala,
Honduras, India, Nicaragua, Peru, South Africa,L8rika, Tanzania, Thailand and Viet Nam),
we can run a 3-year panel analysis, for 9 counttsgsa are available only for cross-country
analysis . (Bangladesh, Costa Rica, Egypt, Guyad®anesia, Madagascar, Malawi, Mauritius,
Pakistan). We use simple pooled panel analyseseasramt X and Z variables (except the
variable age) as time invariant and cross firmgedi effects estimations are technically
infeasible. For each regression we use robust atdretrors to correctly apply the usual t-tests.

We also estimate an EKC in which the estimated tamugakes the following traditional form:

(Ej =O’1+O’2(Xj +a3(zj 2+a4(5j + X B+ Z 5, + A+, )
L Ji LJi LJi L Ji

Equation 2 is similar to equation 1. The main dédfece is that on the left hand side, the
dependant variable is energy per capita (not energysity) and on the right hand side, the
main explanatory variable is output per capita dimquadratic form) as explained by the
traditional EKC literature. No variable is expra$sas a logarithm as in many EKC
contributions (Torras and Boyce 1995; Richmond &aifmann 2005). Agaiml\ denotes
dummy variables representing the economic sectoerevtthe firm is active. The EKC
hypothesis assumes a bell-shaped relationship batemeergy per capita and output per capita
represented by a parabolic function. Therefore cam claim EKC evidence whean shows a
positive sign andy; a negative one and both coefficients are significaie will test this

hypothesis for all 24 countries.

Finally, we highlight the specific relationship Ween productivity (TFP) and energy intensity
and use non-parametric techniques to examine ttiegbdhe relationship in firms. Our aim is

to verify whether the results derived from regressiare robust to an estimation technique that
is not constrained to a selected model specifinatio particular, we use a kernel estimation
technique (Wand and Jones 1995). This techniquavalto interpolate sub-samples of data
rather than the entire sample set as in the lireession technique and thus represents a more
flexible specification. Plots are smoothed accagdim a specific parameter k that we set at a
specific level (k=50) in almost all cases, excaptd few countries according to the sample

structure.
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4. Results

We focus on each specific explanatory variableheflevel of energy intensity. Each group of

variables deserves separate discussion.

The TFP is the core variable of our analysis and we esBrtiais as a first step. As the reader
can verify from the estimations tables containedmmex 1V, we find a negative and significant
sign of the coefficient associated with the TFPialde for almost all countries. The result is
robust to the different size and geographical pmsiof countries. When we adopt non-
parametric estimations (Annex V), the path of thtionship between TFP and energy per
output decreases in nearly all countries (Banglad&uyana Tanzania and Mauritius are

exceptions).

The findings are very interesting and suggesttiainological change and productivity factors
generate energy efficiency. This is the only vdaaior which we find robust evidence as a
determinant of energy efficiency. For all otherighles, the results are more ambiguous. From
a policy perspective, this result is very relevastit suggests that actions aimed at improving
the productivity of firms are win-win, as they algenerate energy savings. Firms that adopt
innovative strategies to enhance output are mamdylito manage energy inputs with more
efficiency and this is good news from a policy pexdive. We do not have enough evidence to
show that the causal relationship moves from teldgncal change to energy efficiency or
rather, the other way around (or both). This isssue that could be explored more in depth

with direct interviews in developing countriesfis at the second phase.

Capital per capitashows a negative sign and is significant only h cbuntries out of 24
including Brazil, Viet Nam and Thailand. In thossuatries with a growing market, big firms
have more opportunities to reduce energy intengityen we considdirm characteristics the
results are even more ambiguous. The hypothedigdbag firms rather than old ones are more
dynamic and ready to adopt new technologies issapported by data, as the variabtge in
most cases is not significant. Except in some netahses such as Ecuador, Pakistan and Viet
Nam, quality certificationsI$O9000in our analysis) are not related to energy efficie This
can mainly be explained by two factors. The firsttiation is technical, as for many countries
we have a restricted dataset. The second motivagitimat 1ISO9000 is a process certification
that guarantees the quality of the firm organizatgystem and its capability to provide a
product that matches the customers’ needs. Envieatethand energy efficiency targets might

not be part of the strategy of well-organized firms Brazil, ISO9000 certified firms are even
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less environmentally friendly. Similarly, only infaw casesompetitorsand market pressures
induce firms to adopt virtuous behaviour aimed avirgy costs and at promoting energy
efficiency (Indonesia, Honduras, El Salvador, Pakis Thailand).Foreign ownershipcan
encourage environmental friendly behaviours of $inm several countries such as El Salvador,

Guatemala, Ethiopia, Viet Nam, Peru and Sri Lanka.

The effects of business constraints variables laeraixed. Whereas for India and Guatemala,
telecommunications business barriémsrease energy consumption, the opposite efefciuind

in Egypt and Viet Nam. This contradiction can belamed by different behaviours adopted by
firms to tackle market failures. On the one haratribrs to communication flow may represent
an obstacle to innovation and limit the adoptiorenérgy saving technologies. On other hand,
high telecommunications barriers may induce firmsstimulate business by pursuing cost
savings and energy efficiency that they can conwih more effectiveness rather than

infrastructural facilities. Similar results are falifor credit access business barriers.

Moreover, we find large differences betwdadustrial sectorgdsee Annex VI). The garments
(India, Malawi, Peru), leather (in Brazil, Ethiopisladagascar and Nicaragua), chemicals (in
Bangladesh, Benin, Egypt, El Salvador, Guyana artzdnia) and paper sectors (in Costa Rica,
Guatemala and Mauritius) are those with the loviegel of energy per output. This result
confirms that the structural composition of ecorgsrplays a relevant role in affecting energy
intensity in developing countries. A well-drivenlisy design should also be based on research
addressing the macroeconomic conditions of eachtgpby encouraging low energy intensity
activities in those countries where their contiidautto national output is small. If we examine
results concerning dummy variables for sectors Wetnvestigate with our OLS estimations,
the interpretation is not always straightforwar@sBlts are often not significant and the sign is
different across estimations. This may be attribletato many reasons. First, the sectoral
composition of the sample differs among countr&cond, when we use dummy variables for
OLS estimations, one or more sectoral dummies shbeldropped to avoid the dummy trap.
The dropped dummy variables act as benchmarks tewpiet the sign of the coefficients
associated with the other sectors and are, of epulifferent between countries. Third, the
number of observations between countries variesvamdaffect the reliability of estimations. In
spite of these serious drawbacks, we find that seaetors are generally less energy efficient
than others. The food sector shows a positive @ufisant sign for 14 regions, the textile
sector for 9 regions, the wood sector and the iplagictor for 8 regions. Results should be

interpreted case by case and more in-depth anadyseseeded to investigate this issue in more
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detail, but an interesting finding is that the seateconomy in developing countries can play a

role to affect energy intensity and some sectasrare likely than others to be inefficient.

Finally, we test the EKC hypothesis for energy msity at the firm level. Annex VIl suggests
that 10 counties out of 24 show the expected awefit signs and significance. Weak evidence
is found for most countries including Thailand, énésia, India and Tanzania. This finding
supports previous studies (Dijkgraaf and Vollebe?2@05) that deny a homogenous pollution-
income path for countries and indicates differaatiagrowth paths among developing countries.
Results suggest that countries with an EKC would need tight policies to promote
environmental friendly technologies but their eamies could endogenously reach a virtuous
growth path focussed on an energy intensity rednctn countries such as India, policymakers
should play a stronger role in encouraging the #dopof energy savings methods of
production. The reader should note that our EKCaggn includes energy spending per capita
and not energy consumption. As noted by CommongJi98provements in energy intensity
may not always correspond to improvements in enwirental degradation. Policymakers
should consider that in this case, the two targetdd be delinked. Nonetheless, the results that
confirm the existence of a Kuznetz curve at thermievel in several countries are very

interesting and contrast with macro-level evideower time.

5. Conclusions and suggestions for phase 2

This paper uses careful econometric analyses tceerstahd the determinants of energy
efficiency for developing countries. We find robestidence that productivity (which can be
interpreted as technological change) and energgieaity are strongly related. This result is
complemented by evidence which indicates weak stidpo the EKC hypothesis in many

developing countries when we consider the relatignbetween energy intensity and output at
the firm level. Moreover, sectoral distributiontbe national economy matters for determining
energy efficiency. Finally, we find ambiguous reésulhat a set of firm characteristics and

business constraints affect energy intensity aaditp of their impact is not clear.

From a policy perspective, two insights emergestFgvidence supports the claim that policies
addressed to improve productivity could be win-was they could also improve energy
intensity. Second, the country-specific resultsnpdd the need to implement policies that
consider unique economic and social conditionsarhecountry. Our results suggest a different
sign of the impact of business constraints and Gharacteristics in different contexts and this

finding requires taking a closer look at measuodsitkle these factors in each situation.
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Our analysis suggests the need for further researtth understanding energy intensity
determinants. The research could be widened abraied macro level. At micro level it could
be very interesting to study more in depth the digctthat condition the adoption of
environmental friendly and cost saving technologimesach firm. Our analysis based on World
Bank Data does not satisfactorily answer all goestconcerning the barriers to innovation and
factors determining energy intensity. Direct intews with local experts in developing
countries could be very useful to fill the gapelviews could also be useful to analyse in depth
the endogeneity issue of the relationship betweawrgy efficiency and productivity. In our
model we assumed that productivity affects enefffigiency, but it would be interesting to

investigate the existence of the opposite relatigmas in Adenikinju and Alaba (1999).

Moreover, our analysis shows the need to carryaoubmplementary analysis focussing on
macroeconomic issues. Our results indicate thasthetural composition of each developing
country matters for determining energy intensityd @ macroeconomic analysis run by macro
sectoral data could shed light on the path of gnartgnsity in each country. The shift share
technique (Esteban 2000) could be a very useflilttostudy the dynamics of energy intensity
of each country over time (for those countries wdta). This is a technique that allows
verification of discrepancies among regions in ®whenergy intensity’s dependency on their
structural composition (low energy intensive vs hhignergy intensive economies) or of
inefficiencies (high energy demanding vs low enedgynanding countries). Country examples

could include South Africa, Brazil, Viet Nam, Taniand Indonesia.

Finally, from a macroeconomic perspective it woble interesting to investigate the EKC
hypothesis for a selection of developing countrieswe mentioned previously, verification of
EKC existence relates to a proper approach todgamkironmental degradation. An analysis of
the relationship between growth and energy intgngitthin a “macro” perspective could
complement results deriving from this analysis amoluld provide interesting and useful

insights from a policy perspective.

A mix of qualitative and quantitative analyses cbukpresent valuable tools for interesting
further developments of the current work that, tas tstage, has already produced useful
information and raised intriguing research questidnnex X contains an attempt outline of the

work that could be developed in phase 2 of theggotoj
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Annex I. Evidence about the path of energy interity in the world

Figure Al: Energy intensity of industry
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Figure A2: Trends in final energy intensity and GDPper capita (1990-2006)
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Annex Il List of countries included in analysis

Bangladesh (BGD)
Benin (BEN)
Brazil (BRA)
Costa Rica (CRI)
Ecuador (ECU)
Egypt (EGY)

El Salvador (SLV)
Ethiopia (ETH)
Guatemala (GTM)
Guyana (Guy)
Honduras (HND)
India (IND)
Indonesia (IDN)
Madagascar (MDG)
Malawi (MWI)
Mauritius (MUS)
Nicaragua (NIC)
Pakistan (PAK)
Peru (PER)

South Africa (ZAF)
Sri Lanka (LKA)
Tanzania (TZA)
Thailand (THA)
Viet Nam (VNM)
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Annex lll.  List of economic sectors included in aalysis

Textiles,

Leather

Garments
Agro-industry

Food

Beverages

Metals and machinery
Electronics

Chemical and pharmaceuticals
Construction

Wood and furniture
Non-metallic and plastic materials
Paper

IT services

Other man.
Telecommunications
Accounting
Advertising

Other services

Retail trade

Hotels and restaurants
Transport

Real estate

Mining

Auto

Sport
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Annex V.

Energy efficiency and productivity

Results of pooled panel and cross-firmOLS estimations

(BGD) (BEN) (BRA) (CRI)
Log of capital per worker [In(K/L)] .084 -0.125 -.200%** -111
Ln(TFP) -0.414%* -0.498*** -.530%** - 730%**
Constant -5.048*** -3.849** -4.128*** -4.70%**
hightelecom -0.301 .091 .088 197
highconscredit 224 -.014 -.018 .030
ISO 221 .209*** -.058
age .008 .003 .001 .000
comp
skillsworkers .006 -.003 -.002
foreign ownership .604* .000 -.123
Industry dummy variables yes yes yes yes
Year 2002 2002-2004 2001-2003 2005
Observations 92 110 4172 270
R square 0.474 0.245 0.207 0.235

Notes: Dependent variable is log of energy consionpper sales; Output is defined as total sales;
Industry dummy variables; *, ** and *** indicategificance at 10, 5 and 1 percent, respectivelyou?b

standard errors.

Energy efficiency and productivity

(ECU) (EGY) (SLV) (ETH)
Log of capital per worker [In(K/L)]  -.119** -.144% -.897*r* -.015
Ln(TFP) -.298*** -.588*** -3.461%** - 575%**
Constant 2.806*** -3.343*** 3.441 % -4.510%**
hightelecom .360** -0.994** 112
highconscredit -.372* .054 1.210%** -.448%x*
ISO -.464* -0.274 5.063*** 576%**
age .008 -.000 -.012
comp -0.46***
skillsworkers .01 4rx* -.001 044+
foreign ownership -.357 -.026 -2.212%** -1.369**
Industry dummy variables yes yes yes yes
Year 2001-2003 2004 2001-2003 2000-2002
Observations 553 488 32 375
R square 0.073 0.261 0.941 0.452

Notes: Dependent variable is log of energy consumption gaes; Output is defined as total sales;
Industry dummy variables; *, ** and *** indicategificance at 10, 5 and 1 percent, respectivelyau?b

standard errors.
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Energy efficiency and productivity

(GTM) (GUY) (HND) (IND)
Log of capital per worker [In(K/L)]  -.123** .209* 031 -.070**
Ln(TFP) -.686*** -.289 -.590*** -.508%**
Constant -3.075*** -6.907*** -4.533*** -3.727%**
hightelecom AT -.017 -.021 301 x+*
highconscredit .038 -.257 .002 -.042
ISO -.028 -.153 -.246
age -.001 .003 .006 .003*
comp .000 -.001***
skillsworkers -.003**
foreign ownership -.348* 1.525%* 151 -.058
Industry dummy variables yes yes yes yes
Year 2001-2003 2004 2001-2003 2000-2002
Observations 710 128 519 2558
R square 0.266 0.212 0.213 0.198

Notes: Dependent variable is log of energy consumption gaes; Output is defined as total sales;
Industry dummy variables; *, ** and *** indicateggiificance at 10, 5 and 1 percent, respectivel\auRb

standard errors.

Energy efficiency and productivity

(IDN) (MDG) (MWI1) (MUS)
Log of capital per worker [In(K/L)] -.130 -.083 Qgrr* -.038
Ln(TFP) - 434%** - 465%** -.545%** -.640***
Constant -1.524 -3.22%** -2.604*** -3.460***
hightelecom -.449 .063 -.198 .096
highconscredit .292 .335* .140 -.299
ISO -.251 .848** .029 .618**
age -.019** .005 .007 -.016**
comp -.003**
skillsworkers 0.008*** .007 -.035
foreign ownership -.058 .155 277 -.189
Industry dummy variables yes yes yes yes
Year 2003 2005 2005 2005
Observations 179 88 132 48
R square 0.181 0.484 0.324 0.461

Notes: Dependent variable is log of energy consumption gades; Output is defined as total sales;
Industry dummy variables; *, ** and *** indicategiificance at 10, 5 and 1 percent, respectivel\auRb

standard errors.
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Energy efficiency and productivity

(NIC) (PAK) (PER) (ZAF)
Log of capital per worker [In(K/L)]  .138*** -.051 416* -.178**
Ln(TFP) -.601*** - 554%** -1.092*** -.630***
Constant -4.318*** -2.723%** -5.270%** -3.969***
hightelecom .034 -.048 -.576 191
highconscredit -.186** -.156* -.896** -.320
ISO 141 -.354%** .005
age -.002 -.037 .001
comp -0.000 -.000** .002
skillsworkers -.003 .060 .004
foreign ownership .120 470 -1.704*x* .099
Industry dummy variables yes yes yes yes
Year 2001-2003 2002 2000-2002 2001-2003
Observations 598 822 38 598
R square 0.314 0.349 0.869 0.223

Notes: Dependent variable is log of energy consumption gaes; Output is defined as total sales;

Industry dummy variables;

standard errors.

Energy efficiency and productivity

and *** indicategificance at 10, 5 and 1 percent, respectiveljauRb

(LKA) (TZA) (THA) (VNM)
Log of capital per worker [In(K/L)]  -.062 -.099 5 xx* =077
Ln(TFP) - 405%** - 781%** -.506*** -.590***
Constant -3.427%** .384 -3. 737 -3.184***
hightelecom -.093 -.960 .068 -.256%**
highconscredit .193 1.404%** -.018 .109*
ISO .053 -.071 - 207%**
age -.007 -.060*** .007*** .004**
comp .001* -.006***
skillsworkers -0.009 -.055** -.001 =011 %
foreign ownership -1.050%** -.050 .196%** - 475
Industry dummy variables yes yes yes yes
Year 2002-2004 2001-2003 2002-2004 2003-2005
Observations 241 45 3071 2380
R square 0.267 0.815 0.265 0.199

Notes: Dependent variable is log of energy consumption gaes; Output is defined as total sales;

Industry dummy variables;

standard errors.
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Annex V.

Energy efficiency vs productivity. A noRrparametric estimation
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Mauritius

k-NN regression, k =50

-1.4816 ° .
° R °
: s
o ®
o
%% o
2 o o %o o
‘5‘ ° o ) o . o 0
% i ° ® o
=% o°
g o oo
]
E o o oooo
° o
°
=) ° °
-6.03229 °
T T T T
-5.46386 2.09483
LNTFP
Nicaragua
k-NN regression, k = 50
9.21034 °
5
o
=1
Q
Q
Q
>
=
Q
C
|
<
o
-10.85 °©
T T T T
-11.672 4.50091
LNTFP
Pakistan
k-NN regression, k = 50
.950383 °
°
o
°
= S
2 o
5
o
Q
Q
>
<
Q
=
|
<
o
o
°
° o
-8.00637 ° °
T T T
-3.61809 5.08601

LNTFP

51



Peru
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Tanzania
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Annex VI.

Energy/sales per country and sector (irbold the sector showing the

lowest mean energy intensity)

BGD BEN BRA CRI ECU EGY

Mean Ob | Mea [ Ob | Mea | Obs | Mea | Ob | Mea | Ob | Mea | Ob
S n S n n s n S n S

Textiles

.049 48 136 3 .054 283 .02 1 785 71 31.1 137

Leather

.027 6 .017| 469 .02 7 31 36 1.16 42

Garments

.022 21 .021] 125.029 | 25 30.1 | 47 363 114

Agro-
industry

120 | 37

Food

.055 6 .030| 334 .039 3§ 58.f 189 .345 146

Beverages

.065| 6 148|8 42

Metal

.052 | 43 .016| 523 .039 41 39. 188 .608 162

Electronics

3
.030 3 .020 206 .016 2 36,5

Chemical

.019 11 .019| 8 .028 241 141 060 63

Construction

.061| 9

Wood

.068 | 84 .025| 879 .04 44 269 57 103 b7

Plastic

.048 | 2 .079| 67| 44.7 78 558 157

Paper

010 2

IT

Other
manufacture

.070 | 38 142 39

Telecommun
ications

Accounting

Advertising

Other
services

Retail trade

Hotels
&restaurants

Transport

Real estate

Mining

Auto

.024 | 372| .057| 3 462 17

Sport

Others
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SLV

ETH

GTM

GUY

HND

IND

Mean

Obs

Mean

Obs

Mean

Obs

Mean| Ob

Mean

S

MeanObs

Textiles

.048

25

.057

14

121

38

.042 6

.053

3

2.1]1 488

Leather

.026

31

.018

38

.044

.03b 1

29

Garments

.047

180

.049

47

13

.031 1

11021 654

Agro-industry

Food

.040

187

.066

111

.074

14

o

.081 8

.088

17862 .Q 394

Beverages

.040

12

.026

18

.041

.14

Metal

.049

141

.048

68

.055

.062 3

Electronics

.050 593

Chemical

.021

82

974

58

.029 4

.279

.085 1

Construction

Wood

.165

303

.A57

10(

121.04 43

.06

02

Plastic

.066

146

.063

10

.089

Paper

.026

IT

.062 7

Other
manufacture

.059

45

.041

12

.030

18

Telecommunic.

Accounting

Advertising

Other services

Retail trade

Hotels
&restaurants

Transport

Real estate

Mining

Auto

.055 636

Sport

Others
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IDN MDG MWI MUS NIC PAK

Mean | Obs| Mean| Obs| Mean Obs Mean Obs Meah Ohs MednObs
Textiles .839 173| .088 23 .047 12 .044  2p .051 23114. | 313
Leather .024 5 .020 67 .071 39
Garments .052 143 .076| 41 .012 3 .054 96 .09 134
Agro-industry | .047 17 1.71 1
Food 132 104/ .094| 32 .073 53 .05% g .083 131 .12046
Beverages .196 16 284 1 .083 3 157 44
Metal .019 2 .055 15 .060| 20 .150 7 .05p 87
Electronics .024 33 .023 1 .087 96
Chemical .735 74 .035 15 .024 14 .054 8 .041 80 0.07137
Construction .104 1 .038 2
Wood .969 51 .060 | 46 .037 21 .02% 4 .07b6
Plastic .059 9 .062 19 101 1 076 183
Paper .049 27 .080| 4 .025 3 .022 1p 122 5
IT .021 51
Other manuf. .043 29 .039 1 .95( 7 4545 22
Telecommunic.
Accounting
Advertising
Other services
Retail trade
Hotels
&restaurants
Transport .032 18
Real estate
Mining
Auto 101 17
Sport .055 44
Others
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PER ZAF LKA TZA THA VNM

Mean | Obs| Mean| Obs| Mean Obs Mean Obs Meah Ohs MednObs
Textiles 124 13 .020 51 .089 188 .287 8 .067 55825. | 228
Leather .194 3 .007 20 113 6 .04y 7R
Garments .049 14 105 61 .081 3%7 131 3 .017 bMBO .| 216
Agro-industry .784 18
Food .084 | 3 124 140 .288/ 430 .036 533 .042 502
Beverages .047 27
Metal .09 | 8 .037 292 .033] 85 A34 9 028 529 .068%30
Electronics .010 16 .034| 496 .022 5¢
Chemical .090 14 .016 129 .024 3 .104 196
Construction .069 2
Wood 161 18 .198 233 .483 5 027 3F2 .082 393
Plastic 115 14 123 135 2.60 108 .084 3 .052 71061 . | 476
Paper 1.85 38 .266 3 .035 175
IT .001 | 3
Other manuf. .013 215 .058 340
Telecommunic.
Accounting
Advertising
Other services
Retail trade .014 4
Hotels .004 3
&restaurants
Transport
Real estate
Mining 131 6
Auto .032 | 433
Sport
Others .001 3
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Annex VII. Pooled and cross-firms OLS regressionsSectoral dummy variables
coefficients and their significance

BGD BEN BRA CRI ECU | EGY SLV ETH
Textiles 99** | 1.4 1.4%=* | 70 .01 A43% -4.6%** | O8*
Leather .75 .97 .87 .14 1.3*
Garments -.13 .06 .87 -.05 -6.3* 51
Agro-industry .62
Food 2%k ] 4 .33 B2xr | 2. 3%k | ] Brrr
Beverages 2. 1% | -10
Metal 1.3% 1.1* -23 | -.07 -3.1%**
Electronics 1.2* A1
Chemical .66*** -.28
Construction 1.1
Wood 1.3* | .30** | 1.1* 97
Plastic .55% 1.3% =15 | .90%**| -4.6***
Paper
IT
Other manuf. 1.3** 12 41
Telecommunic.
Accounting
Advertising
Other services
Retail trade
Hotels &restaurants
Transport

Real estate
Mining

Auto S2xx 111 .53
Sport
Others
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GTM

GUY

HND

IND

IDN

MDG

MWI

MUS

Textiles

42

12

87

.66***

-41

-.83*

-11

.68

Leather

-.23

Garments

.01

-.37

.88**

-1.37

.08

Agro-industry

-72

Food

53

.61

.62**

48

-.76

94+

. 70***

g7

Beverages

-.60

1.12%4

1.1

.89

Metal

.23

i

647

.35

.09

-47

Electronics

247

-.50

.00

Chemical

-.07

.07

.83***

-.61

1'5***

Construction

15

.55

Wood

.25

1. 1***

67

-.99

-.18

=22

Plastic

.32

.57

31

ST

Paper

-74

1.0

IT

L7+

Other manuf.

-42

-.49

1.5%*

r .45

Telecommunic.

Accounting

Advertising

Other services

Retail trade

Hotels &restaurants

Transport

Real estate

Mining

Auto

AL

-.22

Sport

Others
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NIC

PAK

PER

ZAF

LKA

TZA

THA

VNM

Textiles

.50**

785

31

.33*

40

1'3***

1.3***

~49%

Leather

.23

-.55*

Garments

.25

37

-.66**

.29

15

i 60***

Agro-industry

-1.0%*

Food

X 55***

947

-.08

_69***

1.0***

87

21

Beverages

1.55%*

.30

Metal

'60***

48+

3'0***

A40**

Electronics

.38**

.57***

Chemical

.22

-.80

.24

A3*

Construction

Wood

.67

43

-.09

405

-37*

Plastic

.86***

A1

1. 1***

.57

1.2***

4%

Paper

175

1.1

1.5***

17

IT

Other manuf.

-.54

.36*

Telecommunic.

Accounting

Advertising

Other services

Retail trade

1. 1***

Hotels &restaurants

Transport

Real estate

Mining

2.6***

.68***

Auto

Sport

Others
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Annex VIII.

level. Sign and significance (5%) of the EKC coeffients

Testing the Environmental Kuznets Curve hypothesis at the firm

02 a3 EKC
Bangladesh + (non SIGNIFICANT) - (non SIGNIFICANT) NO
Benin + (non SIGNIFICANT) - (non SIGNIFICANT) NO
Brazil + (SIGNIFICANT) - (SIGNIFICANT) YES
Costa Rica + (SIGNIFICANT) - (non SIGNIFICANT) NO
Ecuador + (SIGNIFICANT) - (SIGNIFICANT) YES
Egypt + (non SIGNIFICANT) - (SIGNIFICANT) NO
El Salvador - (non SIGNIFICANT) + (non SIGNIFICANT NO
Ethiopia - (SIGNIFICANT) + (non SIGNIFICANT) NO
Guatemala + (SIGNIFICANT) - (SIGNIFICANT) YES
Guyana + (SIGNIFICANT) - (SIGNIFICANT) YES
Honduras - (non SIGNIFICANT) + (non SIGNIFICANT) N
India + (non SIGNIFICANT) + (non SIGNIFICANT) NO
Indonesia + (non SIGNIFICANT) - (non SIGNIFICANT) NO
Madagascar + (non SIGNIFICANT) + (SIGNIFICANT) NO
Malawi + (SIGNIFICANT) - (SIGNIFICANT) YES
Mauritius - (non SIGNIFICANT) + (SIGNIFICANT) NO
Nicaragua + (SIGNIFICANT) - (SIGNIFICANT) YES
Pakistan + (SIGNIFICANT) - (SIGNIFICANT) YES
Peru + (SIGNIFICANT) - (SIGNIFICANT) YES
South Africa + (SIGNIFICANT) - (SIGNIFICANT) YES
Sri Lanka + (non SIGNIFICANT) - (SIGNIFICANT) NO
Tanzania + (non SIGNIFICANT) - (non SIGNIFICANT) N
Thailand + (SIGNIFICANT) - (non SIGNIFICANT) NO
Viet Nam + (SIGNIFICANT) - (SIGNIFICANT) YES




Annex IX.  Description of variables

Variable

Variables Units Question Code
name
Sales sales In 000 LCE) C274aly
Number of workerd labour Number C262aly
CapitaP capital In ‘000 C28laly
Energy energy In 000 LCU C74ely
Sector A D“f“my industry
variable
Age of firm age Years surveyyear-c201
Foreign ownershi foreign Dummy C203b
g P g variable
No. of competitors comp Number C2l16a+c216a2+c216a3
Wor"efs with at least 12 years of skillsworkers percentage Cc270d
education
Telecor_nmunlca'uon business Hightelecom Dummy c218a
constraint variable
Credit access business constr@int Highconscredit D“f“my C218k
variable
ISO certification ISO D”f“my C257
variable

Notes:1) Number of workers includes permanent workeyCa&pital is the gross value of plant, property
and equipment; 3) LCU=local currency units. 4) Magiables C218a and C218k include 5 categories
“No obstacle”, “Minor obstacle, “Moderate obstagléMajor obstacle” and “Very severe obstacle”. We
create two binary dummy variables in which thetfaategory is obtained by merging the categories “N
obstacle”, “Minor obstacle”, “Moderate obstacle”dathe second category by merging the categories
“Major obstacle” and “Very severe obstacle”.
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Annex X. Suggestions for the secon

d phase of theopect

Main duties

Expected output

Interviews with experts in a selected develop
country to understand determinants of the ene

poor country (e.g., South Africa). The analy,
could also be useful to understand the reciprg
of the relationship between total fact
productivity and energy efficiency in developi
countries

Research questions.
What are the barriers to energy efficien
technological adoption?

What is the nature of the relationship betwe
technological change and energy efficiency?

efficiency technologies adoption in a relevartausality of the relationship between energy iritgn

ng document explaining the main elements explain
riggirriers  to energy  efficiency adoption and

siand total factor productivity from 10 interviews.

city
oFinal workshop involving academic and poli
ngoperators.

ren

ing
he

[72)

A macroeconomic and sector analysis aimeq
applying the shift share technique to underst
the drivers of the differences concerni
efficiency in energy consumption for a set
developing countries (e.g., 5 countries).

Research question:

efficiency among developing countries?

How can we explain differences in energyy sector and national sources for GDP by sectq

@hort paper | part explaining the importance
aadalyse energy efficiency discrepancies am
ndeveloping countries from a macroeconorn
gberspective, the methodological explanation of
shift and share methodology and results. Data go
IEA CD Rom about “Energy Statistics on non OE(
countries” (2009) for data about energy consump

calculate energy intensity in different developi
countries.

ong
nic
the
irc
CD
on
rto

A macroeconomic and sectoral analysis
investigate the EKC hypothesis for ene
intensity at macro — level by investigating t
relationship between energy intensity, GDP
other political and social indicators (e.g., hun
development index, political government etc.)
a set of developing countries (e.g., 15 countrie

Research question:

l‘gabout the EKC, the EKC literature referring to gye

tBhort paper Il part containing a brief literatuexiew

atensity and results about the EKC for a set afrp
rbuntries. Data source: IEA CD Rom about “Ene
)aBtatistics on non OECD countries” (2009) for ene
fantensity and IMF for data about GDP.

5).

Should energy efficiency pursued by foste
economic growth or by specific policies?

ing

r

197
rgy
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lIl.  Profitability and energy efficiency: a firms’ fixed effect
approach

Nicola Cantore, Research Fellow, Overseas Developimstitute
Massimiliano Cali, Research Associate, Overseagdpment Institute

1. Introduction

We investigate the relation between profitabilitdeenergy efficiency using a large sample of
firms from 29 developing countries. This analysisiplements the more common investigation
of the relation between energy efficiency and potidity. Understanding the impact of energy
efficiency on profitability is an important questidn its own right given the high costs often
involved in the adoption of energy saving techngbg firms. If increases in energy efficiency
tend to have a positive effect on firm's profitélyil switching to energy saving production
technologies could become a more feasible invedtmption even in the presence of large
adoption costs. In addition, the focus on develgpmountries allows the analysis to shed some
light on the energy efficiency profitability relati in those contexts where the rate of energy
saving adoption is lowest (and where most incréasnergy consumption is expected in the

future).

2. Data and variables

The data for the analysis come from various WorhiBenterprise surveys, which are carried
out regularly in a large number of developing coiest(and in some high income countries as
well). We select 29 developing countries which kadugh data to run the analysis (see the
Appendix for the selection of countries and clegrohthe data). The surveys of these countries
were carried out between 2000 and 2005, with thinitba of them concentrated in the period

2002-04 (which is a desirable feature for the crmmtry comparability of the analysis). The

data are collected at one point in time, but sofmbaequestions asked to the firms refer to each
of the previous three years. This allows sepanatees for the key variables in our analysis in

each of those years. Thereby we can construct &l pdataset spanning the three years
preceding the survey year. As it turns out, thianamportant characteristic of the data, which

allows tackling several estimation problems.

The idea of the analysis is to examine the imp&energy efficiency on the profitability of the
firm level controlling for a number of other facsothat may influence this relationship. Let us

define these two main variables first.
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We rely on a standard definition of price-cost nrardefined as value added net of labour costs

as a share of total production, to proxy for a friprofitability. In particular we use:
7 = (Total sales - raw materials - labour cost)/tbsales

where all the variables are expressed in localecasr units. Other than being quite a standard
way of proxying for profitability (Li et al., 2004}his definition allows us to maximize the

number of observation given the data available.

Though there are several definitions of energycigfficy measures, “energy intensity measures
are often used to measure energy efficiency andhiésge over time [...] [E]nergy-intensity
measures are at best a rough surrogate for enéfigigrecy. This is because energy intensity
may mask structural and behavioural changes thatndb represent “true” efficiency
improvements” (EIA, 2003). Energy intensity is signthe ratio of energy input to industrial
output; an economic-thermodynamic type of efficienmoeasure. Following Cantore et al.

(2009), we also use a measure of energy intensfiget! as:
e = Energy Consumed/Total Sales

where again all the variables are expressed il mgaency units. We use the economic value
rather than the physical value of production ascommon physical unit at high level of

industrial aggregation exists. This is also in hméh the suggestion by Freeman et al. (1997).

Regarding the set of explanatory variables for ifability, there are two main strands of
research examining the determinants of a firm'ditafmlity (Kounetas and Tsekouras, 2008):
the industrial organization and the strategic manamt literature. The traditional approach of
the former is the Structure-Conduct-PerformanceP|S@aradigm, which focuses both on
industry-level determinants of competition (mainiydustry’'s concentration) and on an
interaction between industry- and firm-level deterants such as economies of scale, product

differentiation and entry and exit barriers (Feebwl, 2005; Slater and Olson, 2002).

The strategic management literature focuses onn@agonal structures and management
practices as the main source of heterogeneity nfopeance between firms (Teece, 1981;

Barney, 2001). These include tangible (financial physical factors of production) as well as

2 A popular extension of this definition is to adjtise value of total sales by the net value of lstaed
inventories at the end of the year. As in this ctee number of observations available would drop
substantially, we decided not to perform this afijesnt.
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intangible assets (technology, age as a proxy ¢ouraulated knowledge which arises from

learning-by-doing effects).

We capture these potential determinants throughxaofmindustry effects and individual firm

level variables. The former would capture all tliflecs that industry structure has on firms’
profitability. On the other hand, firms’ characgtitcs, including the age of the firm, the value of
its equipment, the number of its workers, its owher (foreign vs. domestic), its presence in
foreign markets and whether it has a 1ISO9000 ¢eatibn should take into account a large part
of the other potential determinants (see the Apixeiot a complete description of the variables

used).

3. Empirical implementation

In order to test for the effects efon = we pool all the countries together and write apsm

specification of productivity determination:

ﬂfcit:ac+Z/8cdfceft+rXft+KZf +A Yt E, (1)

c=1

where fis firm, ¢ is country, i is industry andsttime;a is country effects, is a dummy that
take the value 1 if firm f is in country c, X andafe vectors of controls specific to the firm
which are time variant and time invariant respegtivA are industry effects ang is time
dummies. This specification is very close to rugniagressions separately by countries except
that the effects of the control variables (andhef time and industry dummies) are not allowed
to vary by country. As noted above, this specifaatallows controlling for a number of
potential profitability determinants at the firnguntry as well as at the industry level. However,
industry and country level dynamics affecting ptadfility could vary over time. For example,
country specific or industry specific shocks coudtluence firms’ productivity (and thus their
profitability). In order to control for those faecty we modify specification (1) by including

country-year and industry-year effects:

n
Ty :act"'zlgcdfceft +I X +KZ + A, + &y 1)
c=1
We also use a parsimonious version of this spatifin without the control variables in X and

Z in order to maximize the number of observatioralable for the estimation.
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While specification (1') controls for a large numlazéd possible productivity determinants, the
estimates may be biased due to the endogeneibedrtergy efficiency variable. There are two
main possible sources of endogeneity in this cHse first and possibly the most important one
is due to omitted variables: unobservable firmsarelsteristics may drive both the energy
efficiency as well as the profitability of firm. Fexample, the ability of the firm’s management
could influence the decision of the firm to adopeegy savings technologies and at the same
time would have a clear impact on its profitabiliffhere are many of such factors that could be
influencing both variables, some of which (as thanagement ability) are inherently
unobservable and some of which are potentially mbdde (e.g. the level of skills of the firm's
labour force) but in practice are not availablé¢ha dataset we are using. Failing to control for
such factors is likely to bias thg coefficients in (1'). In order to tackle this pteln, we

estimate (1") through fixed effect estimation:

Tt = Pr T O +Zﬁcdfceft +HI X + A + & 2)

c=1

wherep are firm level effects (note that the time invatiirms’ characteristics in Z included in
(1) have now been wiped out by the fixed effectd)hough this addition should greatly reduce
the omitted variable bias, some bias may still Es@nt to the extent that some time varying
firms’ characteristics drive botlhh ande. While this may be the case, the fact that ouaskit
spans only three years reduces the possibility anfiel changes in unobservable firms’
characteristics over time (e.g., type of managememmership structure, markets, etc.).
Through FE estimation we effectively use the ddfese between the observed value of the
variables and the average value for each firm dwer3 years - i.e., the within group mean
(Baltagi, 2005).

The other potential source of endogeneity is reveeusality. To the extent that profitability
influences the choice of the production technoldgybe used, this may again produce
inconsistent estimates. However, this problem aggpiebe less biting than the omitted variable
in this instance. In fact, the contemporaneous iBpatton in (1) allows minimizing the
feedback effect from profitability to energy efécicy, as the decision to change technology is
made in earlier periods (and thus it may be inftgehby the firm’'s performance in previous
years). Notwithstanding this, and in the absenceaafbles to be used as suitable instruments
to implement IV estimation, we make an effort tal@s$s one important channel through which
profitability may affect energy efficiency. Thatdene by controlling for the value of the firm's

retained earnings lagged one year which may halgenced the adoption of energy efficient
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technology. As this data is widely available onty & handful of countries in the dataset (i.e.

Bangladesh, Philippines, Morocco and Zambia), wethis specification at the country level:
Mg =Py + ey + @Yy T X + A +&y 3)

where y is retained earnings.

4. Results

Table 1 present the results of running specificatifl’) and (2). In column (1) we employ a
parsimonious version of (1’) using no firm levelntwls. The results are fairly mixed: almost
half of the countries (13) have a statisticallyngfigant negative coefficient, in line with the
hypothesis that higher energy efficiency (i.e., dovenergy intensity of production) is also
associated with higher productivityHowever, for eight countries thg coefficients are
positive, while for the rest the coefficients arma significantly different from zero. Adding
some of the firm-level controls, including age, remn of workers and dummies for being an
exporter and for being foreign owned does not affeach the results (column 2). The only
instances in which the coefficients change radicalé those countries —i.e., Mali and Morocco
— where the sample size is considerably reducedtaube additional controls. Thus, tife
coefficients appear to be highly robust to the usin of these extra controls. All of these
controls have the expected positive (and significsign. Again, the results appear to be robust
to the inclusion of other firm level characteristiccolumn 3), i.e., the value of the firm’'s
equipment and the dummy for the ISO9000 certifiggtivhich substantially reduce or entirely
eliminate the number of observations in many caoesffthe total number of observations is half
of that in column 2). For those countries for whibk observations available is unaltered (e.g.,
Brazil, Ethiopia, Honduras, Viet Nam), the betaftioents are not much affected relative to

column (2).

% A negative coefficient is considered significardifferent from zero if adding (the absolute vabfpits
associated standard error to it returns a negatiige. The reverse procedure is applied for thétipes
coefficients.
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Table 12 Profitability and energy efficiency
@ @ ®3) 4 ®)

Coeff SE Coeff Coeff Coeff SE Coeff
Bangladesh 0.59%* (0.14) 0.72%* -0.13 (0.14) -0.1
Benin -0.17 (0.17) -0.10 -0.80 (0.60)
Brazil -0.54%** (0.10) -0.51**  -0.51** -0.41%** (0.11) -0.40%**
China 0.11 (0.20) 0.12 -0.64%** (0.25)
El Salvador 0.08 (0.15) 0.15 0.15 0.12 (0.16) 0.11
Eritrea -1.91* (0.75) -2.18* -2.91%*x -3.50%** (135) -2.62
Ethiopia -0.40** (0.19) -0.34* -0.35* -0.48 (0.32) -0.70
Guatemala -0.15 (0.10) -0.15 -0.15 -0.77%* (0.21) -0.83***
Honduras -0.22* (0.12) -0.25* -0.24* -0.28** (0.12) -0.27*
India (2000) 0.08 (0.10) 0.00 -0.24 (0.27) 0.08
India (2002) -0.20%** (0.07) -0.20%** -0.27* 0.14 -0.11
Indonesia -0.00 (0.06) 0.01 -0.43%** (0.13)
Kenya 0.37%+* (0.10) 0.42%+* -0.11 (0.09)
Madagascar -1.53%* (0.19) -1.50%** -0.83** -2.67* (0.99) -1.78
Malawi -0.42** (0.17) -0.38** -0.40** -0.98** (0.4} -0.99**
Mali -0.22 (0.50) 0.65* -0.53 (0.60)
Mauritius -0.30%** (0.10) -0.28***  -0.34** 0.02 (012) 0.05
Morocco -0.23** (0.09) 0.00 -0.51* (0.21) -0.43*
Mozambique -0.25 (0.16) -0.17 -0.75 (1.19)
Nicaragua -0.01 (0.12) -0.03 -0.04 -1.60%** (0.30) -1.56***
Pakistan 0.08* (0.04) -0.22 -0.14 -0.11%** (0.04) .00
Philippines 0.41%+* (0.09) 0.44%+* 0.45%+* -0.35* 0.18) -0.37*
Senegal -0.87** (0.22) -0.81*** -1.24%* (0.21)
South Africa 0.19 (0.31) 0.27 0.39 -3.41%** (1.18) -3.57*
Sri Lanka -0.35%** (0.11) -0.38*** -0.51* (0.29)
Tanzania 0.27* (0.16) 0.13 0.51 0.07 (0.08) -0.02
Thailand 0.3 %+ (0.07) 0.34#* 0.16 -0.26 (0.27) .@b
Uganda 0.39%** (0.09) 0.40%*** -0.01 (0.12)
Viet Nam 0.79%+* (0.08) 0.81*+* 0.84x*+* -0.14 (0.1} -0.21
Zambia 0.10 (0.34) 0.02 -0.03 -1.19 (0.74) -1.15
Age (In) 0.01%* 0.01*+*
Workers (In) 0.01*** -0.00 -0.02
Equipm (In) 0.01*** -0.01*
Exporter 0.01%+* 0.02%+*
Foreign 0.02%** 0.02%**
ISO 0.01
Work sq (In) 0.00
Eqg. sq. (In) 0.003*

Fixed eff.

Industry-year YES YES YES YES YES
country-year YES YES YES YES YES
Firms NO NO NO YES YES
Observations 40781 31635 15296 40781 24523
Adj. R-sq. 0.093 0.101 0.088 0.754 0.749

Notes:Robust standard errors in parentheses; * signifiaah0%; ** significant at 5%; *** significant at
1%. Dependent variable is value added net of lalbogts over total sales value. The value for each
country indicates the value of the coefficient nérgy intensity in the different specifications.
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On the other hand, results change substantiallynvalgieling firm’s fixed effects in column (4).
Only two coefficients are now positive, while for Zountries they are negative and for 13
countries the coefficients are not significantlyfetient from zero (5 percent level). For all
countries but three (El Salvador, Brazil and Mawsi, the beta coefficients in column (4) are
more negative than in column (1), which has theesaample size of column (4). However, the
coefficient is only significantly more negative &fthe inclusion of firms’ effects for Mauritius.

In column (5) we add the two time varying firm lewntrols, i.e., the total number of
permanent workers and the value of equipment. Agtia coefficients are robust to this
inclusion as long as the sample size does notlslignificantly. For example the countries
with the highest share of valid observations ohertbtal sample (see Table A2 in Appendix),
i.e., Morocco, Brazil, Viet Nam, Philippines andnalaia, do not experience a substantial change
in the beta coefficients from column (4) to (5)kéwise, major changes in the coefficients are
observed only for those countries whose number lifervations drops significantly from
column 4 to column 5 (i.e., Pakistan, Thailand, Eigakcar, Eritrea). Once we keep the same
sample in column (4) as in column (5) the beta fogehts are virtually unchanged even in
these countries (not shown here). This is a furtbefirmation that the results are in fact robust

to the inclusion of the other controls in columin (5

We also test the robustness of the results to ailpesreverse causality channel, by running
country-level regressions of the type of (3) whintludes the value of retained earnings lagged
one year. The addition of this term reduces subatBnthe number of observations as it

excludes one year (out of the three available) @ndeveral countries have only a few firms
reporting data on this variable. We run this spegifon for the four countries with the largest

(relative) coverage of this variable, i.e., Bangisid, Philippines, Morocco and Zambia. These
turn out to be the only countries which in thisecasve a number of valid observations larger
than two third of the total sample. The results ramorted in Table 2, where for each country
there are two columns reporting the results of tlifferent specifications using the same

sample: without (the odd columns) and with (thenegelumns) the lagged retained earnings
variable. As it is clear from the Table, none af gnergy intensity coefficients is affected by the
inclusion of this further control, except in theseaof Zambia, where the coefficient becomes
more negative. Therefore according to this testpib&sible bias caused from reverse causality
does not seem to be important, and if anythingay ivias the absolute magnitude of the energy
coefficient downwards. Note that the energy cogffits are not significant at the standard level
mainly due to the exclusion of one year of obsématwhich reduces considerably the sample

size.
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Table 13 Profitability and energy efficiency, robistness by country

1) @ @) (4) (6) (6) (@) ®

Bangladesh Philippines Morocco Zambia
Energy -0.368 -0.376 0.038 0.040 -0.413 -0.414 -0.133 0.3
intensity (0.321) (0.316) (0.143) (0.143) (0.353) 0.364)  (0.428) (0.487)
Workers -0.033***  -0.033*** -0.036 -0.036 0.011 0.011 -0.94 -0.063
(In) (0.012) (0.012) (0.031) (0.031) (0.047)  (0.p47 (0.076) (0.076)
Equip. -0.071**  -0.072*=*  -0.113* -0.115* 0.324* 0.323 056 0.013
(In) (0.027) (0.026) (0.065) (0.065) (0.195) (0.196) o082) (0.094)
Equip. sq. 0.004**  (0.004*** 0.004 0.004 -0.020 -0.020 0.000 .002
(In) (0.001) (0.001) (0.003) (0.003) (0.013) (0.013) oOQ&) (0.004)
Retained -0.004 -0.005 0.002 0.019
earm.,
(In) (0.004) (0.010) (0.007) (0.016)
Obs. 1441 1441 872 872 931 931 224 224
Adj. R-sq. 0.896 0.896 0.885 0.885 0.555 0.554 ®.88 0.888

Notes:Robust standard errors in parentheses; * signifiaath0%; ** significant at 5%; *** significant at
1%. Dependent variable is value added net of lalmmsts over total sales value. All specifications

include industry-year and firms’ fixed effects.

Finally it is worth exploring how the relationshiigtween profitability and energy efficiency
varies across industries as well. In order to deveaun the firms’ fixed effects regression of
the type of (2) by industry. The dataset contaidsirlustries which have enough data to
meaningfully explore this relationship. As shownTiable 3, twenty out of these twenty-four
industries (comprising over 95 percent of the fiimghe dataset) have negative energy intensity
coefficients, half of which are significant at leas the 10 percent level. On the other hand, in
four industries the coefficients are positive batall of these cases it is not significantly
different from zero. These results confirm the pyes evidence that even across industries
there is a positive relationship for firms betwdmtoming more energy efficient and increasing
the profitability. This is particularly true formumber of large sectors in developing countries,
such as textiles, garments, food, wood and fumajtinut the finding also applies to more
‘sophisticated’ sectors such as chemicals and ploaeaticals and IT services (which has one of
the highest coefficients in the sample). On theeotmand, the effect is negligible in other

important sectors for developing countries, sucagas-industry and construction.
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Table 14 Profitability and energy efficiency, regessions by industry

Coeff. S.E. Obs Firms R-sq.
Textiles -0.221 %+ (0.070) 5267 2016 0.023
Leather -0.229* (0.125) 1612 621 0.041
Garments -0.190** (0.078) 7242 2793 0.029
Agro-industry -0.042 (0.123) 816 352 0.069
Food -0.261*** (0.092) 5300 2080 0.042
Beverages -0.281*** (0.049) 226 105 0.208
Metals and machinery -0.257 (0.214) 3652 1455 0.082
Electronics -0.063 (0.105) 3336 1253 0.012
Chemicals and pharmaceutics -0.294** (0.139) 3089 3391 0.044
Construction -0.477 (0.831) 218 92 0.145
Wood and furniture -0.485** (0.217) 3603 1454 0.056
Non-metallic & plastic mater. -0.211* (0.117) 2228 907 0.074
Paper -1.206 (0.863) 481 189 0.127
Sport goods -5.799 (3.788) 129 44 0.224
IT services -2.164** (0.917) 301 120 0.099
Other manufacturing 0.053 (0.412) 758 301 0.047
Telecommunications -0.918 (1.276) 99 35 0.018
Accounting and finance 0.143 (1.278) 64 26 0.162
Advertising and marketing -0.117 (0.556) 95 39 6.01
Other services -0.872*** (0.224) 180 64 0.624
Mining and quarrying -0.194 (0.203) 47 18 0.089
Auto and auto components -1.011 (0.731) 1950 708 042.
Other transport equipment 0.028 (1.499) 45 17 0.123
Other industries 0.274 (0.160) 33 11 0.041

Notes:Robust standard errors in parentheses; * signifiaah0%; ** significant at 5%; *** significant at
1%. Dependent variable is value added net of lalbosts over total sales value. All regressionsuithel
firms and country-year fixed effects. The coeffluron indicates the value of the energy intensity

coefficient of the industry

5. Discussion

Two clear messages emerge from these results, Fiste adequately controls for the major
factors potentially biasing the beta coefficientsturns out that higher energy efficiency is
systematically associated with higher profitabilitythe vast majority of developing countries in
the sample. This is a powerful confirmation of Hypothesis that there seems to be no trade-off
between the adoption of energy saving technologrek profitability even in those countries
characterized by the lowest rates of adoption. S#conobservable firm characteristics tend to

bias upwards the relationship between energy iitjeasd profitability, at least in the sample of
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developing countries considered. In other wordsawerage these unobservable factors tend to
be correlated with both energy intensity and pabfiity in the same way (i.e. positively or
negatively). Therefore failure to control for the$actors produces more positive beta
coefficients than the true coefficients. The sutisih effect of these firm level factors on the
beta coefficients is not surprising when considgttime large jump in the adjusted R-squared
when adding the firms’ fixed effects (cf. column) @nd column (4)). To the best of our
knowledge this is the first time the importanceunfobserved firms’ level characteristic in
driving the relationship between profitability aedergy efficiency is documented for a large set

of developing countries, and should deserve fuiitharstigation.

These results point to a fairly large heterogenaitythe power of this (almost invariably
positive) relationship between energy efficiencyd aprofitability across countries and
industries. Understanding the determinants of suetierogeneity is beyond the scope of the
present analysis, but it would be important to gkpsome of the country and industry
characteristics that help translate higher enefiigiency into higher profitability. This area

should be high up in the energy efficiency reseagdnda.
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Appendix

Data cleaning and countries’ selection

Firms usually report energy consumption in the e€@destion of the World Bank survey.
However for certain countries the coverage of tleetdcity consumption (excluding fuels) -
i.e., question code c274f - is wider than that reérgy consumption. As the overall correlation
between the two questions is extremely high (i.87)) we replace energy consumption with
electricity consumption in those countries where tloverage of the latter is larger than the
former. This modification allows us to extend tongde size while not compromising on the
reliability of the data (energy consumption datadl firms in one country are homogeneously
defined).

We exclude all of those countries which have neitlieergy nor electricity data. We then
calculate profitability and energy intensity asidedl in the main text. To minimize the problem
of misreported data, we exclude those firms foralwhenergy intensity values are large than 2
(i.e., energy consumption more than twice as lagdotal sales). We also exclude firms for
which profitability is lower than -0.5 or higherah 0.95. We perform the same exercise for
each of the three years before the survey anddkelude those countries for which the total
number of valid observations is less than 35 pérokthe total sample. This leaves us with the

29 countries (with India included in two separagang) subject of the analysis.

Table A1 Variables’ description

Variables Variable name  Units Question Code
Total value of sales sales In 000 LCU c274a
Manpower cost labour In 000 LCU c274j
Energy energy In 000 LCU c274e
Raw material cost (excl. fuels)  materials In000LLC  c274bly
Number of workers worker Number c262aly
Capital equipment In ‘000 C28laly
. Dummy
industry A variable Industry
Age of firm age Years surveyyear-c201

L Dummy
Exporting firm Export variable exporter

. . Dummy L
Foreign owned Foreign variable (ownership==1)
ISO9000 certification 1SO Dummy C257
variable

Source World Bank enterprise surveys, various years.
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Table A2 Observations available in Table 1, by coury

Potential obs. Obs.col.1&4 Obs. col. 5
Bangladesh 3,003 2,705 1,791
Benin 591 458 0
Brazil 4,926 4,392 4,262
China 4,644 3,077 0
El Salvador 1,395 709 686
Eritrea 237 134 40
Ethiopia 1,281 956 818
Guatemala 1,365 680 655
Honduras 1,350 700 627
India (2000) 2,685 1,074 735
India (2002) 5,481 3,582 2,350
Indonesia 2,139 1,687 0
Kenya 852 438 0
Madagascar 879 334 204
Malawi 480 276 255
Mali 465 244 0
Mauritius 636 279 181
Morocco 2,550 2,362 2,292
Mozambique 582 261 0
Nicaragua 1,356 825 757
Pakistan 2,895 2,669 885
Philippines 2,148 1,791 1,728
Senegal 786 335 0
South Africa 1,809 1,251 1,143
Sri Lanka 1,356 1,025 0
Tanzania 828 425 306
Thailand 4,155 4,109 1,508
Uganda 900 414 0
Viet Nam 3,450 3,135 2,852
Zambia 621 454 448

Source:Authors’ elaboration on World Bank enterprise sys/evzarious years.
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IV. A decomposition analysis of energy intensity for
developing countries

Nicola Cantore, Research Fellow, Overseas Developimstitute
Smeeta Fokeer, Assistant Industrial Research @ffi¢sIDO

Abstract

Recent Copenhagen climate change negotiations esizphtine role of energy efficiency as a
key factor to reduce greenhouse gas emissions bgtihg profits for firms and growth for
countries. Energy efficiency is particularly relavdor the poorest regions that seek emissions
reduction strategies preserving development tardetshis paper we investigate the path of
energy intensity in 20 developing countries andamalyse the components of energy intensity
variations. By using the Fisher Ideal Index endrggnsity decomposition technique we will
assess the role of energy efficiency and economictsral components in determining the
energy intensity. Results show improved energyciefficy and a decreasing energy intensity
path for the majority of countries but heteroggneit results and the limited time horizon of

investigation do not support unambiguous policyliogtions.

1. Introduction

Global warming emergency imposed a long debatdembést policies to reduce greenhouse gas
emissions with cost effective tools. Energy efiicg is one of the most interesting issues
analysed by economists and policy makers within ¢hmate change debate. Whereas a
McKinsey Report (Farell and Remes 2009) stressastttere are opportunities for firms to
improve energy efficiency by increasing profitse ttecent World Development Report (2010)
points out that to reach ambitious emissions redadargets, developing countries should be
funded by rich countries through appropriate finandransfers. As shown by the recent
Copenhagen negotiations a key priority is to figgeaments designed to involve developing
countries in mitigation policies and, with this pase, a careful analysis is needed to investigate
in depth the path of energy efficiency and to idgrihose countries where effective policies are

needed to improve energy efficiency over time.

In this paper we consider a panel of 20 countrie w&e will investigate the path of energy
intensity in manufacturing sectors over time. Mam we will assess to what extent

movements of the energy intensity index dependtructsiral shifts of the economy (the extent
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economy propels production towards “dirty”/’greesgctors) or energy efficiency (interpreted
here as the energy consumption for each unit afevaldded production) through the Fisher
Ideal Index decomposition technique. At the besbwf knowledge this paper represents the

first attempt to apply this index to data coverangride panel of developing countries.

As outlined by Ang and Zhang (2000) many technigbage been adopted by the previous
published literature such as the Laspeyres indexhdde or the Arithmetic Mean Divisia
Method. The authors stress that these technigleg decomposing energy intensity shifts in a
“structural component” and an “energy efficiencydngponent, but they provide a residual
component whose interpretation is complex. To sohe residuality problem Ang and Liu
(2001) and Ang (2005) propose the LMDI techniqueskelas Boyd and Roop (2004) introduce
the Fisher Ideal Index technique. In this papemse the Fisher Ideal Index technique because
it is quite intuitive from a conceptual point ofew as it is founded on the Laspeyres and
Paasche Indices that are usually introduced inttieeoeconomics textbooks consumer theory

chapters.

As stressed by Hoekstra and van Den Bergh (200&)jable decomposition technique should
be robust to completeness, time reversal and zaue tests. The completeness test evaluates
whether a decomposition technique has a residuapooent. The zero value robustness test
assesses how the method performs when there arevaieles in the data set used to calculate
the index. The time reversal test, as first progdse Fisher requires that if the time sequence
between the first and last year being analysedev®rsed, the new index should be the
reciprocal of the original. The Fisher Ideal Indexobust to all three tests, whereas the LMDI
index presents computational problems with O vathes can be handled by replacing 0 with

small positive values.

As outlined by Cahill et al. (2009), another sountelecomposition techniques distortions may
come from the use of value added to calculate griatgnsity. Changes in value added may be
unrelated to production output and measures ofggriatensity based on physical output rather
than on value added have been proposed such as OBdever, as shown by Cabhill et al.
(2009), the ODEX technique fails to satisfy thedimversal technique and has not documented

approach to handle zero values.

Next paragraph will describe more in depth data thedadopted methodology. Section 3 will

describe the results, and finally, we will draw conclusions.
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2. Data and methodology

We use the INDSTAT2009 Rev 3 dataset for value adaied the IEA Energy Balance for
energy consumption. INDSTAT covers 23 divisionsA Iiataset covers 11 sectors aggregating
INDSTAT 23 division$.

« We investigate 20 countrigsThe choice of countries is based on the follovdriteria:

* We select among a list of countries indicated &vétbping” by the IMF.

« We select countries that are covered contextugllfed and INDSTAT data.

* We select those countries for which data are adailan both the IEA and INDSTAT
dataset for at least 5 years.

* We select those countries for which data are availéor at least 5 out of 11 IEA
macro-sectors. As our analysis also includes stratttomposition we choose those
countries for which this component is relevant.

« We then “clean data” by eliminating from the datassrtors of countries for which we
find inconsistencies (e.g., 0 for value added iseXtor and a positive value for energy
consumption and vice versa) and outfierd/e also exclude for each country those
sectors for which data are temporally inconsisterd., / O value for te periods 0...t-1

and a positive value at the time t).

The first step is to calculate energy intensity &ach country as ratio between energy
consumption (expressed as kilo tons of oil equivdland value added. Value added are taken
in local currency units from INDSTAT, adjusted aatiag to the IMF GDP deflator to 2006
levels and then transformed to 2006 PPP internatiaiollars. Energy intensity is thus
expressed as ktoe/ 2006 PPP international dobarsaich country.

After the calculation of energy intensity for eacbuntry we apply the Fisher Ideal Index
Technique. This technique is based on the Laspeyré$?aasche Indices. The Laspeyres index

can be expressed as follows:

Lo = z Si,TIi,O/z iSi,OIi,O

“ Consistency between the INDSTAT data and IEA dashowed in the Appendix 1.

®> See appendix 2.

® Dataset of value added is included in the Apperddand dataset of energy balance is included in the
Appendix 4.
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Lo = Z Siolir /Z Siolio

Where Ly is the Laspeyres structural effect, ang is the Laspeyres energy efficiency, S is the
share of sector i in total value added in timed &ars energy intensity of sector i in time t. The

Paasche index can be expressed as follows
Py = Z Si+ i+ ! Z i Siolir
i

Peff

Z Si,Tli,T /Z isi,TIi,o

Where Ryis the Paasche structural effect apgithe Paasche energy efficiency component.

The overall Fisher Ideal Index can be calculatefbib®wvs:

FIlL = (Ly Py )2 * (Lo Py )''°

str str

Where the Fisher structural effect &, P, )"” and the Fisher energy efficiency effect

is (Lgg Peﬁ)”z. The Fisher Ideal Index is a multiplicative eneligyensity index as the ratio

between the levels of energy intensity in a coumrywo different periods t and t+1 can be
calculated by multiplying the Fisher Ideal Indexustural and energy efficiency effects. In
other words, if in the period t+1 energy intens#y20 percent higher than in the period t the
Fisher Ideal Index is 1.20 and by multiplying thister Ideal Index structural and energy
efficiency components the result will be 1.2. Eyegfficiency and the structural component are
lower (higher) than the ones in the first periodeewtheir value is < (>) 1. The interpretation is
tricky: when the energy efficiency component is &11) the consumption of energy per unit of
value added (being constant over time the structomenposition of the economy) reduces
(increases) and energy efficiency improves (wornsedgialogous interpretation can be
attributed to the structural component of energgrinity. The following section summarizes the

results.

3. Results

From the analysis of the results we can extraciesaomeresting findings:
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1) Energy intensity is very heterogeneous across desrénd sectors. If we look at the
table contained in Appendix 5, energy intensityiegfrom a minimum value of 0.01 in
Chile to 1.78 in Albania.

2) 13 out of 20 countries show a negative trend ofggnantensity (expressed by a value
of the Fisher Ideal Index < 1 in the last year oélgsis), but we do not find robust
evidence that the path of energy intensity willdezreasing over time for developing
countries (see Appendix 6).

3) The energy intensity component depending on engffiggiency shows a negative trend
(expressed by a value of the energy efficiency aomept < 1 in the last year
observation) for 14 out of 20 countries (see Appeficand 7).

4) The structural component is > 1 for 14 out of 2Qrddes in the last year of observation

(see Appendix 6).

In spite of the limits deriving from the time dingon data availability, IEA and UNIDO

dataset consistency problems and the restricteel pdrcountries that we use for our analysis
data shows a tension between the structural anckribegy efficient components of energy
intensity over time. Whereas during the growth pdélveloping countries tend to grow in

“dirty” sectors by worsening the structural companef energy intensity, on the other hand
growth improves technical efficiency. However, viress that for some countries the structural
and the energy efficiency effect follow the sameection over time (e.g., in Latvia both the

structural and the energy efficiency effect worsenereas in Bulgaria they improve).

The fact that the majority of countries show a tiegatrend of energy intensity over time

suggests that the energy efficiency effect in meases dominates the structural effect. This
study would confirm findings of other decompositistudies in the environmental economics
literature pointing out that the energy efficieraffect is more intense than the structural effect
(Stern 2002), but of course the limited time diniensof our sample imposes a cautious

interpretation of results.

4. Conclusions

In this paper we drive a decomposition analysidystor a sample of 20 developing countries to
discriminate shifts of energy intensity dependingthe change of the structural economies
composition from those depending on energy effiyeData supports the finding that many
developing countries tend to concentrate their gnopath towards dirty sectors, but on the

other side the energy technical efficiency improwe®r time. In many cases the energy
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efficiency effect dominates the structural effécivide heterogeneity of results across countries
weakens the robustness of the above mentionedusioics and calls for further research in the
field.
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Appendix 1. Consistency between the IEA Energy Bahce dataset and the

INDSTAT 2009 Rev 3 dataset.

Iron and steel

Chemical and petrochemical
Non-ferrous metals
Non-metallic minerals
Transport equipment
Machinery

Food and tobacco

Paper, pulp and printing
Wood and wood products
Textile and leather
Non-specified industry

Group 271 and class 2731
Division 24

Group 272 and class 2732

Division 26

Divisions 34 and 35

Divisions 28, 29, 30, 31, 32

Divisions 15 and 16
Divisions 21 and 22
Division 20

Division s 17, 18 and 19

Divisions 25, 33, 36, 37

Appendix 2. List of countries.

Albania
Azerbaijan
Argentina
Brazil
Bulgaria
Chile
Colombia
Estonia
Georgia
India

Indonesia

Latvia

Lithuania
Macedonia
Republic of Moldova
Morocco

Philippines
Romania

Russian Federation
South Africa
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Appendix 3. Available data for value added per séor and per country (2006
international millions of PPP $ from INDSTAT)

Chemical and petrochemical 12 9 19 15 20 64 97
Food and tobacco 54 53 57 69 73 98 93
Iron and steel 27 33 45 38 63 54 82
Non metallic minerals 47 44 48 59 56 59 86
Non specified industry 11 14 14 17 16 25 26
Paper pulp and printing 11 21 17 14 25 23 23
Textile and leather 72 88 120 125 117 118 125

Food and tobacco 12491 12398 11956 10754 10940 9887 10403 12826
Iron and steel 1281 1426 1779 1641 1042 1295 1466 3092
Non ferrous metals 252 212 318 189 234 348 295 877
Non metallic minerals 1558 1776 1865 1702 1544 1353 1249 979
Non specified industry 1994 2060 2659 2868 2420 2296 1988 2202
Paper pulp and printing 2993 2828 3730 3916 3251 3225 3175 2868
Textile and leather 2942 3004 3754 3368 3090 2742 2514 2334
Transport equipment 2212 2600 3095 2762 1632 1781 1544 2089
Wood 265 282 385 428 367 342 295 297

Chemical and petrochemical 59 83 78 99 15 13
Food and tobacco 402 496 679 682 611 488
Iron and steel 11 32 51 96 95 81
Machinery 61 67 120 132 97 152
Non ferrous metals 8 8 60 99 107 128
Paper pulp and printing 10 16 21 20 15 29
Textile and leather 31 29 29 27 25 44

Chemical and
petrochemical 26994 26684 26994 32023 31176 31742768| 35016| 37899 34778

Food and
tobacco 43578 44444 43578 42830 41939 49240 50923187 56287 58708

Iron and steel 8524 8917 8524 9237 11374 11645 174536461 | 23424 2084%
Non-ferrous

metals 2772 3225 2772 4294 4742 4740 4930 5258 6372969
Non-metallic

minerals 7461 8000 7461 8769 10063 107478 11866 11191055| 9910
Non-specified

industry 15583| 15861 15588 158712 17886 16877 17464699 | 19608 19889
Paper pulp and

printing 18855| 18898 18855 19189 22550 21069 224622920 | 22932| 20827
Textile and

leather 17058 15033 17058 16384 17387 17723 17793743l 18656 17012




Chemical and

petrochemical 1634 1139 576 550 704 634 597 602 55329 656
Food and

tobacco 2367 | 1881| 1457 1352 1205 1040 973 1179 1285 151914 15
Iron and steel 647 659 264 59 366 145 123 244 B3732 B8 355
Machinery 1800| 1665 1401 1198 1087 1142 1198 18404401 1773 | 1882
Non-ferrous

metals 445 376 156 146 233 10[ 32 8p 185 374 624
Non-metallic

minerals 444 382 334 324 283 348 372 422 5p6 685 8 91
Non-specified

industry 532 432 353 336 316 320 36R 470 461 550 3 70
Paper pulp and

printing 334 285 246 254 265 254 290 340 380 4p5 1 46
Textile and

leather 1202| 1050 854 815 844 96[1 1062 1221 1B3603 131234
Transport

equipment 463 333 275 157 142 51 128 182 176 208 6 P23
Wood and

wood products 116 98 83 104 82 76 86 118 185 193 1 21
Chemical and petrochemical 5940 6575 8840 8699 12587 9189

Iron and steel 1053 827 1138 1388 987 974
Non-metallic minerals 1695 1447 1373 1429 1432 1530
Non-specified industry 1585 1763 1618 1571 161p 8153
Paper pulp and printing 3767 3535 32771 3457 3229 0632
Chemical and petrochemical 5201 526( 5464 5709 5502 5369
Food and tobacco 9755 10146 10780 10484 10646 11013
Iron and steel 1050 956 1099 1637 2294 2275
Machinery 1906 1912 1995 2027 2188 2477
Non-metallic minerals 2427 2565 2747 3044 297 2542
Non specified industry 2249 2470 2565 26645 271P 2294
Paper pulp and printing 2728 2781 2923 2995 3038 4830
Textile and leather 3479 3503 3449 3525 366R 3653
Wood and wood products 162 149 158 160 184 181
Chemical and petrochemical 82 97 92 104 11 143 138
Food and tobacco 335 342 341 359 34 367 273
Machinery 320 284 290 419 462 546 270
Non-metallic minerals 130 135 149 170 205 238 297
Non-specified industry 257 292 317 350 361 379 415
Paper pulp and printing 158 174 206 204 20 220 253
Textile and leather 290 305 324 312 334 166 150
Transport equipment 49 47 56 106 94 119 71
Wood and wood products 223 250 330 35¢ 39 405 472




Chemical and petrochemical 18 24 22 42 63 89
Food and tobacco 143 137 157 231 205 220
Iron and steel 22 10 20 6 29 27
Machinery 15 9 10 15 26 29
Non-metallic minerals 24 4 17 11 13 66
Non-specified industry 8 8 5 11 15 25
Paper pulp and printing 15 15 14 23 26 35
Textile and leather 4 4 3 5 8 10
Transport equipment 30 30 40 16 7 13

Chemical and petrochemical 33314 35370 29775 281740288 | 31436 34413
Food and tobacco 177572 1950p 18542 18331 18709 8178218744

Iron and steel 15051 14555 11553 9896 15142 20627247@
Machinery 22807 22278 21376 21315 21897 23611 25762
Non-ferrous metals 3071 4638 3551 3428 3613 4209 6967
Non-metallic minerals 5861 8047 7899 7952 7453 772710348

Non specified industry 7552 9971 777( 932y 8893 8978 10972
Paper pulp and printing 4031 4796 6026 4845 5707 285§ 5446
Textile and leather 16521 17297 17677 15204 16472 6584 17967

Chemical and petrochemical 8758 9340 9670 8284 102533144 10776
Food and tobacco 15134 1596H 18465 18187 23228 0224824572
Iron and steel 1795 2058 3505 305( 2556 2361 2373
Machinery 8317 12970 11923 9154 9068 10252 10298
Non-ferrous metals 1354 1256 1127 617 848 85[7 1104
Non-specified industry 6195 6380 6564 5526 5932 8820 7629
Paper pulp and printing 4742 5814 5929 5646 5780 6458 7236
Textile and leather 15050 14834 111097 13401 13529 2781 11349

Chemical
and
petrochemic
al

199 201

173

267 11

7 P5

02

127

138

Food and

tobacco 2534 202%

178]

134 10

A2 95

12

b56

726 6

62565

609

690

Machinery 894 668

563

58 48

2]

A0

22

239 B17

42 (3 397

668

Non-metallic

minerals 243 144

114

14

o

B8

81 98

142

16344

Non-
specified
industry

462 302

222

20 22

16

7

68

93 P37

8 [28 316

302

Paper pulp

and printing 265 294

294

27 30

r9

09

18 7

R4 237

259

294

Textile and

leather 715 473

52]

52

b4

73

255 P66

223247

473

Transport

equipment 557 401

24

177 14

79

00

90 89

94 6

10401

Wood and
wood
products

529 493

417

639 72]

| 44

24

L4 60

b84
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Chemical and petrochemical 18 28 31 44 65 110
Food and tobacco 183 193 207 271 335 368
Iron and steel 3 4 3 4 4 3
Machinery 90 112 127 190 254 230
Non-metallic minerals 26 34 38 52 68 81
Non-specified industry 63 66 102 156 198 224
Paper pulp and printing 47 53 59 75 86 98
Textile and leather 123 126 140 181 202 204
Transport equipment 139 125 146 176 185 218
Wood and wood products 44 48 65 88 109 127

Chemical and petrochemical 170 166 144 116 131
Food and tobacco 699 631 706 676 624
Iron and steel 214 186 191 233 193
Machinery 148 137 149 146 126
Non-metallic minerals 172 178 198 231 190
Non-specified industry 51 61 76 83 88
Paper pulp and printing 131 127 126 137 126
Textile and leather 342 411 333 321 327
Transport equipment 44 42 39 43 43
Wood and wood products 24 21 22 27 22

=
Py
i

Chemical and petrochemical 138( 145 159 16 16241855 1635
Food and tobacco 3890 3821 4089 3619 3668 4750 4546
Machinery 990 1033 1091 1215 119% 1283 1347
Non-metallic minerals 1124 1099 122§ 1229 1083 1285 1305
Non-specified industry 438 451 429 414 413 42y 434
Paper pulp and printing 477 480 475 479 4738 382 368
Textile and leather 1982 2074 2191 2168 2052 1883 7321

Chemical and petrochemical 2923 3108 3411 3441 26202196 2249
Food and tobacco 5531 6153 8138 7328 5443 4766 4681
Iron and steel 832 849 815 831 656 466 56p
Machinery 4531 5421 7639 8408 8026 6131 7646
Non-metallic minerals 1318 1347 1369 1443 857 957 1271
Non-specified industry 1478 1604 1641 2154 1545 4150 2074
Paper pulp and printing 965 990 1199 1251 919 718 90 6
Textile and leather 1844 2045 2381 2369 2088 1652 7651

Food and tobacco 616 571 613 571 533 449
Iron and steel 2 1 1 2 5 8
Machinery 61 74 90 80 86 81
Non-metallic minerals 98 121 128 133 129 158
Non-specified industry 39 41 56 72 82 111
Paper pulp and printing 34 40 50 53 59 51
Textile and leather 87 99 117 146 143 179
Wood and wood products 7 10 9 15 21 11
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Chemical and

petrochemical 2382 3334 2884 2740 1577 1660 1646 54 16 1209 | 1248 12779 1207
Food and 1021

tobacco 10833 8689 8 13573 8458| 9606 11079  1026P 2968 2929 3222 3363
Iron and steel 1652 1729 2032 2115 1408 1045 1153059 1| 1301| 2117 1193 1339
Machinery 11122 7173 7379 7671 4876 4401 4903 5168938 | 3984| 3705 379(
Non-metallic

minerals 3150 2989 2207 2256 1822 1566 1689 1718 62 131537 | 1358| 1599
Non-specified

industry 6723 3364| 3271 2961 2235 2535 2795 3107 2173 234308 2 2329
Paper pulp

and printing 1345 812 808 1420 901 11p9 1268 1488 41 9 972 980 953
Textile and

leather 11083 5019| 5077 5481 3304 3638 4080 4344 4149 402321 | 3186
Wood and

wood

products 1345 | 1184 1358 1819 1081 1273 1855 1503 4 B5903 | 740 771
Chemical and petrochemical 14967 82945 24478 23585 3582 23860
Food and tobacco 34136 35512 39636 40253 40253 84508
Iron and steel 13806 15929 21364 33360 33B60 21336
Machinery 33884 32459 27464 29129 29129 29432
Non-ferrous metals 19172 14424 18274 21454 21454 6282
Non-metallic minerals 11618 11850 9803 11508 11508 15794
Non-specified industry 9205 9429 15379 20709 20709 19008
Paper pulp and printing 7952 7596 94i74 10147 101147 11832
Textile and leather 3990 4020 4968 6195 6195 5747
Wood and wood products 3372 3747 4534 5895 5395 4 688

Chemical and

petrochemical 3569 4525 2961 3319 3458 3730 3753 2538 4076 4264
Food and

tobacco 6470 6508 7632 7869 8070 8633 9102 9601 1 9860842

Iron and steel 2398 3215 2611 2656 2583 3544 3508628 3 3792 4550
Machinery 6465 7347 7057 7103 7362 7892 7801 79862958 8668
Non-ferrous

metals 813 1381 1955 2089 1903 2263 2235 2223 2p82407
Non-metallic

minerals 1651 1914 1624 1567 1647 1930 2047 2170 0023 2306
Non-specified

industry 2402 3864 5938 6291 6537 6980 7105 70B6 6984 6922
Paper pulp and

printing 3226 4009 3780 416Q 4058 41592 4090 3880 9337 3824
Textile and

leather 3047 3327 2531 2492 232 2596 2635 25B1 2304 2242
Transport

equipment 2891 3852 3747 4314 5177 50[0 5008 51192605 5157
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Appendix 4. Available data for energy consumption pr sector and per country

(ktoe from IEA Energy Balance)

Chemical and petrochemical 14 16 24 24 16 18 3

Food and tobacco 68 72 50 48 33 41 37

Iron and steel 32 35 26 31 38 34 29

Non-metallic minerals 10 11 7 11 7 9 9

Non-specified industry 4 5 16 6 3 18 3

Paper pulp and printing 13 12 30 23 10 12 13

Textile and leather 41 42 31 28 35 15 20

Food and tobaccg 667 701 716 769 83(Q 816 788 750

Iron and steel 1488 1584 1511 1629 14038 1580 1434 5131

Non-ferrous

metals 104 206 191 318 527 554 339 426

Non-metallic

minerals 997 960 1094 1154 1004 867 775 665

Non-specified

industry 7857 8400 10288 1076Q 10504 10391 111p6 5440

Paper pulp and

printing 310 330 329 323 271 300 262 267

Textile and

leather 79 86 78 99 85 100 102 87

Transport

equipment 67 66 111 83 65 63 46 34

Wood 30 31 36 35 32 37 30 33

Chemical and petrochemical 696 600 746 564 604 950

Food and tobacco 5 12 15 22 25 39

Iron and steel 2 11 124 18 20 34

Machinery 1 3 4 3 3 3

Non-ferrous metals 16 14 49 65 78 237

Paper pulp and printing 10 0 0 0 0 1

Textile and leather 0 1 2 2 2 5
[Brazii | 1996 | 1997 [ 1998 [ 1999 [ 2000 | 2001 | 6600 2003 [ 2004 [ 2005 |

Chemical and

petrochemical| 5102 5801 5497 6100 6215 6241 158107156 6721 6856

Food and

tobacco 11625 12246 13544 14369 12796 14507 122985951 17528| 17846

Iron and steel| 10976 1109 10589 11096 11944 11558462 | 13242| 15005 1487(

Non-ferrous

metals 4007 3803 3907 4023 4322 4034 60719 5001 5243 5372

Non-metallic

minerals 5451 5936 6195 6216 6388 6222 5340 5824 9357 6165

Non-specified

industry 4267 4745 4940 4929 543( 514p 6570 53B3 5780 5961

Paper pulp

and printing 5081 5105 5539 597y 6229 6149 1108 67267267 7656

Textile and

leather 1114 1033 1034 1022 1119 1046 6600 1067 11171187




Chemical and
petrochemical| 2172 1907 1549 1062 103  1Q92 928 3100978 990 1002
Food and
tobacco 412 361 333 325 314 296 294 269 2188 296 290
Iron and steel 953 1011 864 564 594 645 605 731 65307 658
Machinery 278 233 210 146 133 124 119 121 113 123 22 1
Non-ferrous
metals 215 191 191 173 164 161 126 138 168 155 157
Non-metallic
minerals 918 808 612 507 51( 508 548 559 5P6 618 9 §7
Non-specified
industry 33 163 135 83 65 62 61 76 105 86 88
Paper pulp
and printing 152 153 135 99 103 75 141 162 193 195165
Textile and
leather 169 167 165 132 114 116 115 127 1p4a 120 125
Transport
equipment 29 22 19 16 12 13 18 11 11 11 10
Wood and
wood
products 66 59 52 48 47 50 55 58 60 57 74
[Chile [ 2001 [ 2002 [ 2003 [ 2004 | 2005 | 2006 |
Chemical and petrochemical 65 65 85 72 68 64
Iron and steel 396 400 402 348 459 467
Non-metallic minerals 229 207 275 310 270 352
Non-specified industry 2698 2409 2625 2619 2444 1272
Paper pulp and printing 1040 1220 935 1189 1318 6158
Chemical and petrochemical 1124 1284 124p 1362 1329 1395
Food and tobacco 2102 1986 1834 2048 20Q7 1997
Iron and steel 701 669 621 618 618 634
Machinery 305 325 385 174 155 145
Non metallic minerals 1526 1586 1072 1524 1461 1571
Non-specified industry 193 159 235 217 218 210
Paper pulp and printing 727 727 1267 648 626 651
Textile and leather 504 459 470 430 435 433
Wood and wood products 69 43 91 50 46 53
Chemical and petrochemical 46 41 39 68 47 53 58
Food and tobacco 86 91 89 69 80 84 76
Machinery 20 22 25 35 31 36 40
Non-metallic minerals 104 144 83 105 94 124 129
Non-specified industry 51 57 56 60 61 57 50
Paper pulp and printing 43 41 44 43 34 31 46
Textile and leather 51 53 51 64 53 46 45
Transport equipment 7 5 6 8 11 10 11
Wood and wood products 77 90 106 136 149 162 118




Chemical and petrochemical 7 35 39 45 32 35
Food and tobacco 24 19 20 24 26 14
Iron and steel 40 45 57 36 37 37
Machinery 1 1 1 1 1 1
Non-metallic minerals 63 54 62 73 84 26
Non-specified industry a7 a7 51 48 47 118
Paper pulp and printing 0 0 0 0 0 0
Textile and leather 1 1 1 1 1 0
Transport equipment 5 4 5 5 6 2
Chemical and petrochemical 7154 6655 6532 6377 59725286 5502
Food and tobacco 7371 8202 8087 7856 7988 7773 8055
Iron and steel 9664 9353 10601 10480 13384 13403 7794
Machinery 655 826 750 690 772 640 591
Non-ferrous metals 452 438 505 475 353 394 658
Non-metallic minerals 9449 9972 9842 9541 9770 9668 9928
Non-specified industry 49275 50778 46688 47269 8827 48830 51316
Paper pulp and printing 1730 1355 1266 1331 1290 1013 1352
Textile and leather 2287 2173 2013 1929 1608 1189 4051

Chemical and petrochemical 1034 1042 1084 1078 918 61 7| 954
Food and tobacco 771 763 800 812 718 706 876
Iron and steel 1919 1669 1655 157( 1297 91Pp 1052
Machinery 68 66 70 73 67 77 94
Non-ferrous metals 569 699 136 146 124 141 133
Non-specified industry 17800 20227 19770 20622 1817 20222 22581
Paper pulp and printing 511 481 507 308 1030 715 2 73
Textile and leather 1268 1245 1319 1342 1205 1257 5551

Chemical and

petrochemical| 82 117 62 94 48 30 15 18 18 17 iy 17 19
Food and

tobacco 161 172 178 18 19D 154 142 12 145 128 13P43 139

Machinery 36 30 29 30 29 25 2] 27 2 26 25 29 B0
Non-metallic

minerals 104 103 99 80 82 81 65 69 84 104 98 118 117
Non-specified

industry 20 29 27 23 15 13 12 12 14 1B 23 26 p7
Paper pulp

and printing 12 10 9 7 6 7 7 8 9 10 10 11 17

Textile and

leather 71 57 53 53 57 57 54 53 5 52 49 B4 7
Transport

equipment 17 19 26 15 13 12 10 10 11 13 11 1p 14
Wood and

wood

products 58 53 73 76 97 93 83 102 9( 92 117 186 164




Chemical and petrochemical 146 169 187 202 221 266
Food and tobacco 154 168 172 165 173 178
Iron and steel 5 4 3 4 5 5
Machinery 60 66 67 76 72 46
Non-metallic minerals 155 159 160 168 193 234
Non-specified industry 26 32 40 47 52 52
Paper pulp and printing 49 34 31 22 24 24
Textile and leather 71 76 79 73 67 67
Transport equipment 13 16 13 12 10 10
Wood and wood products 47 91 105 112 117 111

Chemical and petrochemical 61 10 18 8 11
Food and tobacco 43 54 46 81 43
Iron and steel 195 284 188 167 159
Machinery 10 15 11 8 8
Non-metallic minerals 33 64 73 110 117
Non-specified industry 29 16 3 14 7
Paper pulp and printing 4 6 6 6 4
Textile and leather 45 42 33 29 22
Transport equipment 2 4 6 4 4
Wood and wood products 9 3 7 5 2

Chemical and petrochemical 34 66 67 78 77 74 85
Food and tobacco 37 50 53 57 59 83 85
Machinery 19 29 34 38 41 55 102
Non-metallic minerals 72 156 164 174 763 789 86H
Non-specified industry 1470 1354 1284 988 698 900 487
Paper pulp and printing 28 10 12 12 12 12 12
Textile and leather 44 31 33 34 31 32 33

Chemical and petrochemical 392 411 414 4838 348 364 54 3
Food and tobacco 1784 1818 1950 1796 1867 2018 2084
Iron and steel 413 424 425 414 363 344 298
Machinery 141 175 221 314 343 401 447
Non-metallic minerals 1372 1499 1513 1256 1172 1368 1535
Non-specified industry 57 61 67 62 62 44 60
Paper pulp and printing 230 185 241 254 221 234 237
Textile and leather 256 257 296 259 238 206 212
Wood and wood products 32 25 20 22 18 23 19

Food and tobacco 175 153 166 249 263 243
Iron and steel 0 0 0 0 0 0
Machinery 6 5 6 6 7 7
Non-metallic minerals 30 18 21 26 27 27
Non-specified industry 56 65 69 52 56 48
Paper pulp and printing 5 7 8 23 25 24
Textile and leather 10 9 10 13 14 14
Wood and wood products 2 2 2 3 3 3
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Chemical and

petrochemical | 8949 3560 4729 4206 1810 2147 262290283116| 2416/ 2506 2238
Food and

tobacco 190 | 1122 1475 1388 820 643 786 145 104 B8¥82 | 566

Iron and steel 5224 2930 3484 3286 3025 2181 2008921 2016| 2398 2513 2556
Machinery 576 | 1950 1330 1639 1106 700 788 811 %3796 b 518 505
Non-metallic

minerals 102 | 1374 1120 1207 1032 979 1004 1P30 61489 | 812 903
Non-specified

industry 8346 | 401| 299  43( 505 371 225 344 440 45535 B 207
Paper pulp

and printing 121 389| 376 371 278 319 295 366 477 6 28266 251
Textile and

leather 135 658 404 427  49p 287 320 40 350 338 19266
Wood and

wood products| 80 314 209 199 161 171 187 200 121 9 p2202 243
Chemical and petrochemical 27945 275925 27402 26448 6442 26582
Food and tobacco 8426 8640 8149 7860 7860 8145
Iron and steel 31982 32464 32843 32870 32870 36533
Machinery 16246 15084 14250 13972 13972 5528
Non-ferrous metals 1865p 18748 18636 18762 18762 12 85
Non-metallic minerals 940 9516 9995 10578 10578 5574
Non-specified industry 3352 3711 3461 3262 3262 1597
Paper pulp and printing 500 441 423 541 541 6572
Textile and leather 1718 1614 1495 1349 1349 1259
Wood and wood products 8089 8280 8210 8307 8307 1198

Chemical and

petrochemical 1199 1371 1244 1268 9509 983 9Y7 1046822 2137
Food and

tobacco 48 102 105 109 78 80 85 87 88 96
Iron and steel 3513 3934 4369 4517 4501 4637 4450824 4 4868 4843
Machinery 99 128 33 34 46 46 51 45 49 54
Non-ferrous

metals 558 1143 1323 1342 1304 1328 1398 1544 1603 1603
Non-metallic

minerals 1140 1103 1133 1103 793 94p 13119 15825 161877
Non-specified

industry 6129 7471 8481 8421 7333 8607 86[L6 8933 147y 7892
Paper pulp and

printing 83 92 152 192 191 189 180 178 201 218
Textile and

leather 34 54 44 41 42 45 45 45 45 45
Transport

equipment 4 5 9 14 7 8 8 7 8 8
Wood and

wood products a7 61 56 41 22 25 23 25 26 26
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Appendix 5. Energy intensity per country and per sctor (ktoe/ 2006 PPP $)
in 001

Albania
Argentina 0.08 | 0.98 1.15 0.52 5.60 0.08 0.04 0.03 0.10
Azerbaijan 11.75| 0.01 | 0.21 0.02 1.94 0.95 0.01
Brazil 0.20 0.29 | 0.99 0.85 0.58 0.30 0.29 0.0p
Bulgaria 1.72 0.28| 4.45 0.11 1.50 1.48 0.20 0.29 120. 0.26 0.66
Chile 0.01 1.38 0.14 1.70 0.2§

Colombia 0.25 0.20| 0.7( 0.17 0.62 0.06 0.26 0.13 0.29
Estonia 0.42 0.27 0.08 1.06 0.19 0.24 0.7 0.10 360
Georgia 0.42 0.16] 1.74 0.05 2.64 5.84 0.03 0.17 0.15

India 0.23 0.43| 1.06 0.03 0.14 1.20 5.07 0.27 0.13

Indonesia 0.11 0.04 047 0.01 0.17 3.01 0.p9 0.12
Latvia 0.21 0.26| 0.12 0.78 0.07 | 0.04 0.20 0.10 0.22

Lithuania 8.25 0.84| 1.60 0.67 5.99 0.411 1.04 0.58 0.09 1.08

Macedonia 0.08 0.07, 0.82 0.06 0.61 0.08 0.p3 0.07 0.09 0.10
Morocco 0.05 0.01| 0.03 0.14 3.00 0.0 0.0p

Philippines 0.13 0.34| 0.54 0.04 1.37 0.04 0.24 10.1 0.12

R. Mold. 0.28 | 0.09 0.09 0.31 1.47 0.14 0.12 0.27

Romania 1.59 0.07] 1.74 0.16 0.59 0.08 0.23 0.08 0.14
Russia 1.87 0.25| 2.32 0.48 097 0381 0.36 | 0.06 0.43 2.40

S. Africa 0.28 0.01| 1.74 0.01 0.69 0.48 1.32 0.05 .020 0.00 0.02
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Appendix 6. The Fisher Ideal Index decompositiomi different countries

2000 1.00 1.00 1.00
2001 0.93 0.98 0.95
2002 0.73 1.00 0.73
2003 0.65 0.96 0.67
2004 0.49 1.06 0.46
2005 0.43 1.09 0.39
2006 0.35 1.09 0.32

1995 1.00 1.00 1.00
1996 1.04 1.02 1.02
1997 1.09 1.15 0.95
1998 1.23 1.25 0.98
1999 1.34 1.17 1.14
2000 1.42 121 1.17
2001 1.46 1.12 1.30
2002 1.16 1.12 1.04

2001 1.00 1.00 1.00
2002 0.70 1.12 0.63
2003 0.72 0.85 0.85
2004 0.47 0.96 0.49
2005 0.53 151 0.35
2006 0.96 1.47 0.65

1996 1.00 1.00 1.00
1997 1.04 1.03 1.01
1998 112 1.03 1.09
1999 1.07 1.04 1.03
2000 1.02 1.08 0.95
2001 0.99 1.07 0.92
2002 1.00 111 0.90
2003 0.98 1.12 0.88
2004 0.97 1.17 0.83
2005 1.04 1.15 0.91

1996 1.00 1.00 1.00
1997 1.13 0.98 1.16
1998 131 0.79 1.66
1999 1.10 0.63 1.74
2000 1.05 0.95 1.10
2001 1.14 0.82 1.40
2002 1.07 0.73 1.47
2003 0.98 0.81 121
2004 0.86 0.89 0.96
2005 0.75 0.84 0.90
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2001 1.00 1.00 1.00
2002 0.96 1.01 0.95
2003 0.84 0.85 0.99
2004 0.87 0.84 1.03
2005 0.73 0.68 1.07
2006 1.00 0.80 1.25

2000 1.00 1.00 1.00
2001 0.97 0.99 0.98
2002 0.92 1.00 0.92
2003 0.88 1.04 0.85
2004 0.83 1.04 0.79
2005 0.84 1.01 0.84

2000 1.00 1.00 1.00
2001 1.07 1.02 1.05
2002 0.90 1.03 0.87
2003 0.94 1.01 0.93
2004 0.84 1.03 0.82
2005 0.89 1.03 0.87
2006 0.92 112 0.82

2001 1.00 1.00 1.00
2002 1.27 0.58 2.18
2003 1.22 0.79 1.54
2004 0.95 0.56 1.69
2005 0.88 0.75 1.17
2006 0.68 1.28 0.53

1998 1.00 1.00 1.00
1999 0.94 1.13 0.83
2000 0.99 1.04 0.96
2001 1.04 1.16 0.89
2002 1.00 111 0.90
2003 0.92 1.14 0.81
2004 0.82 1.14 0.72

1999 1.00 1.00 1.00
2000 0.98 0.93 1.05
2001 0.95 0.99 0.96
2002 1.04 0.91 1.15
2003 0.85 0.87 0.98
2004 0.90 1.10 0.82
2005 0.95 0.99 0.96
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1994 1.00 1.00 1.00
1995 1.35 0.99 1.35
1996 1.46 0.98 1.49
1997 1.57 1.04 151
1998 1.66 1.02 1.63
1999 2.24 1.04 2.16
2000 2.14 0.99 2.18
2001 2.33 1.05 2.22
2002 2.15 1.01 2.12
2003 2.07 1.02 2.03
2004 2.17 1.06 2.04
2005 2.08 1.08 1.92
2006 2.00 1.15 1.75

2001 1.00 1.00 1.00
2002 1.04 1.14 0.92
2003 0.95 111 0.85
2004 0.72 1.14 0.63
2005 0.63 121 0.52
2006 0.60 1.36 0.45

1997 1.00 1.00 1.00
1998 1.18 0.96 1.23
1999 0.91 0.97 0.94
2000 0.99 1.07 0.93
2001 0.93 1.02 0.91

2000 1.00 1.00 1.00
2001 0.98 1.01 0.97
2002 0.90 0.93 0.97
2003 0.77 0.93 0.83
2004 0.96 0.94 1.03
2005 0.99 0.89 1.12
2006 1.02 0.94 1.08

1996 1.00 1.00 1.00
1997 0.94 0.97 0.97
1998 0.81 0.91 0.89
1999 0.74 0.88 0.85
2001 0.87 0.78 1.12
2003 1.13 0.85 1.34
2005 1.05 0.81 1.30
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2001 1.00 1.00 1.00
2002 0.90 0.98 0.91
2003 0.88 1.01 0.87
2004 1.15 1.01 1.14
2005 1.24 1.01 1.23
2006 1.16 1.00 1.16
1990 1.00 1.00 1.00
1991 1.03 1.18 0.87
1992 0.77 1.33 0.58
1993 0.79 1.23 0.64
1994 0.80 1.32 0.60
1995 0.79 1.30 0.61
1996 0.69 1.16 0.59
1997 0.70 1.06 0.66
1998 0.75 1.14 0.66
1999 0.70 1.01 0.69
2000 0.61 1.06 0.57
2001 0.57 1.01 0.57
2002 0.60 1.00 0.60
2003 0.94 1.29 0.73
2004 0.88 1.41 0.62
2005 0.96 1.34 0.71
2006 0.87 1.38 0.63
2001 1.00 1.00 1.00
2002 0.70 1.09 0.64
2003 0.86 1.08 0.79
2004 0.74 1.12 0.66
2005 0.74 1.12 0.66
2006 0.64 1.12 0.57
[ SouthAfica [ Fisheridealindex |  Stuctwaleffect | Energy efficiency effect |
1993 1.00 1.00 1.00
1996 0.99 1.20 0.83
1999 1.08 1.35 0.80
2000 1.03 1.34 0.77
2001 0.90 1.32 0.68
2002 0.91 1.43 0.64
2003 0.92 1.42 0.65
2004 0.94 1.40 0.67
2005 0.94 1.37 0.68
2006 0.89 1.39 0.64




Appendix 7. The energy efficiency effect per count
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Lithuania
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Philippines
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Russian Federation
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V. Factors affecting energy efficiency adoption in the
manufacturing sector in developing countries

Nicola Cantore, Research Fellow, Overseas Develapimstitute

1. Introduction

Energy efficiency represents an achievement thaidvallow firms in developing countries to
boost growth through a reduction of the energy somgion bill and to reduce emissions that
are contributing to global warming. In spite of tlterature providing evidence that energy
efficiency pays from an economic point of view ievdloping countries (Farrel and Rimes
2009), quantitative studies that try to understahd determinants of energy efficiency

technology adoption at firm level are still lackiisackground paper ODI 2010).

In this paper we will fill this gap by exploitingNUDO questionnaires to firms in Viet Nam,
Philippine, Singapore and Moldova. As we have oatliin the background paper (ODI 2010)
there is a wide set of factors affecting choicedirafis to invest in energy efficiency. For this
reason we need a reference document to set tleiarihat can drive the modeller to run a
guantitative analysis and to identify the main ggeafficiency adoption factors that are relevant

from a policy point of view.

UNIDO in a background paper (2007) specifies a mafnuseful actions that could be adopted

in developing countries to boost energy efficiency:

Target setting agreement$arget-setting agreements, also known as volyrdamegotiated

agreements, have been used by a number of govetmia®ea mechanism for promoting energy
efficiency within the industrial sector. A recentirgey of such target-setting agreement
programs identified 23 energy efficiency or GHG ssmons reduction voluntary agreement
programs in 18 countries, including countries irrdpe, the U.S., Canada, Australia, New

Zealand, Japan, South Korea, and Chinese Taipevgha

Energy management standard$ie purpose of an energy management standardpsotade
guidance for industrial facilities to integrate emeefficiency into their management practices,
including fine-tuning production processes and rprg the energy efficiency of industrial

systems.
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Capacity building A carefully organized training program can havegnificant impact. As a
result of the United Nations Industrial Developm@&diNIDO) China Motor System Energy
Conservation Program, 22 engineers were trainesystem optimization techniques in Jiangsu
and Shanghai provinces. The trainees were a mukaot and consulting engineers. Within two
years after completing training, these experts ootetl 38 industrial plant assessments and

identified nearly 40 million kwh in energy savings.

Documenting for sustainabilityVith the renewed interest in energy efficiency waide and
the emergence of carbon trading and new finanog&timents such as white certificates, there
is a need to introduce greater transparency intowhy that industrial facilities identify,
develop, and document energy efficiency projecatsonder to ensure persistence for energy
efficiency savings from system optimization proggca method of verifying the on-going
energy savings under a variety of operating comustiis required. 1ISO 9000/14000 Series
Standards would require continuously monitoring aganization’s adherence to the new

energy system-operating paradigm.

Tax and fiscal policiesTax and fiscal policies for encouraging investtri@nenergy-efficient
industrial equipment and processes operate eitineugh increasing the costs associated with
energy use to stimulate energy efficiency or byuosny the costs associated with energy

efficiency investments.

From these words it is clear that UNIDO identiftee introduction olpecific targetsenergy
managementtechnical expertisecertification and external policiesas crucial factors driving
the energy efficiency adoption. By exploiting theNIDO questionnaire we will verify if
variables related to these criteria will have aifetimpact on the firms™ decisions to invest in

energy efficiency.

2. Methodology and dataset

To run our analysis we will use discrete choicelysis techniques (Mc Fadden, 1976). The
concept behind a simple logistic model is very danput the interpretation of the coefficients

is slightly more complex than the simple linearresgion.

1) -
log n(adotppn) =0+ /X
1- rri(adoption)
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The crucial feature of the simple logistic regreesmodel is that the dependant variable is the
probability of a categorical (0,1) rather than atewous variable. For our modelling exercise
we estimate factors that affect probability to adepergy efficiency technology (adoption) vs

the probability that the firm does not decide teeist in energy efficiency.

The coefficientp cannot be interpreted as in the linear regresdtwefficients should be

interpreted as log odds ratio variations deriviranf variations of the X independent variables.

The SPSS software also provides resultsefof

71 (adoption ) _ e thx = g (e/} )x

2) 1 - 7r(adoption )

representing odds ratio variations deriving fromiatgons of the X independent variables. We

use as dependant variable a question of the UNID&GT survey:

Is your company considering or planning to invesemergy efficiency projects over the next 5
years? (Y/N)

We are interested in verifying if the determinawfsfuture energy efficiency investment
decisions over time. To choose the explanatoryab#es we select questions according to the

two following criteria:

1) We select those questions that are close to thenacpriorities identified by the
UNIDO background papér
2) We select those sectors that guarantee the hightestrvations availability and

countries coverage given the existing missing data.

Another methodology that we use in the paper is gtiecipal component analysis that is
applied to the energy efficiency adoption barriaeeed in our study. Principal component
analysis (PCA) involves a mathematical procedura tinansforms a number of possibly
correlated variables into a smaller number of uretated variables called principal
components. The first principal component accotmtsis much of the variability in the data as

possible, and each succeeding component accounds fmuch of the remaining variability as

"In Appendix 1 we explain the explanatory variablesuse and the UNIDO policy priorities to whichytHeelong according to our
interpretation.
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possible. This is a technique widely used in mankeanalysis and is very useful to reduce the
number of variables to introduce in the regressioalysis. In our case the principal component
analysis is used to reduce eight variables conogrtiie perception of respondents towards
energy efficiency barriers (1 low significance -high significance) in a smaller number of
variables and to identify those barriers for whigspondents show similar perceptions of
relevance. Each component clusters a set of ereffgyency adoption barriers with a high

level of correlation but is uncorrelated to othemponents.

We use for our analysis 241 observations of firms/iet Nam, Philippines, Singapore and
Moldova for 11 sectofs The use of random samples is very spread in nrahgvant

contributions of the discrete choice analysisditere (Train and Winston 2007).

3. Results

As first step we run our principal component analysn the barriers to energy efficiency
adoption variables. The questionnaire includes drfidrs, but we choose those questions that
are present in the questionnaire of all 4 countriegerestingly the PCA creates two main

components as showed in the table 1:

Table 15 Principal components analysis on the baiers to the adoption of energy efficiency.
Extraction Method: Principal Component Analysis. Rotation Method: Varimax with

Kaiser Normalization

Variables Component 1 Component 2
Top management commitment .358 446
Lac_k expertise energy efficiengy 607 197
projects

Production interruption .059 .830
Lack of capital 134 .668

Insufficient information on cost

1*2)

and benefits of energy efficiency 702 153
The market does not plla.ce any 755 - 019
value added to energy efficiency

Existing policies are inadequate [to

promote and support energy .789 279
efficiency

Lack of external drivers such as 698 305

mandatory CO2 emissions targets

n Appendix 2 we include information about the datave have used for this analysis.
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Table 16. % of variance captured by the two compants

Rotation sums of squared loadings

Total % variance % cumulative
2.691 33.635 33.635
1.546 19.321 52.956

Table 2 shows that the two components that hava besated by the PCA analysis capture
more than 50 percent of the initial information eTihterpretation of the two components is very
interesting. Whereas the component 1 is mainlyrdeted by variables such as “The market
does not place any value added to energy efficleany “Existing policies are inadequate to
promote and support energy efficiency”, Componeist idainly determined by barriers such as
“Energy efficiency projects may interrupt producticand “Lack of capital”. In other words
whereas the Component 1 represents factors retateckternal conditions (market, policy),
Component 2 represents microeconomic conditionsd(ption process, inputs availability).

Principal components that are extracted from ooceuure can then be used as explanatory

variables in our logistic regression analysis.

Results of our logit model provide very interestingights.
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Table 17. Results of the logit model. Dependant sable: is your company considering or
planning to invest in energy efficiency projects inthe next five years? (odds ratio
YES/NOT). 116 observations.

Variable B SE Sign df Sig. Exp(b)
Constant .159 1.459 .012 1 913 1.172
Energy audit

(YES) 2.705 1.119 5.842 1 .016 14.951
Staff awareness$

programs (YES) -.311 1.358 .053 1 .819 732
Existence energy

policy (YES) -.886 .988 .806 1 .369 412
Existence energy

performance -.447 .841 .282 1 .595 .640
indicators (YES)

Country. 1.141 991 1.327 1 249 3.131
Philippines

Country: Moldova -.331 1.647 .040 1 .841 718
Planning or

considering energy ;g5 902 4.477 1 034 6.741
management

innovation (YES)

Energy reduction i
targets (YES) 762 1.060 516 1 AT72 2.142
Certification (YES) -2.371 1.199 3.908 1 .048 .093
Investments in

energy  efficiencyl  go3 949 2.816 1 093 4.917
in the last two

years (YES)

Component 13 ,qg 436 338 1 561 776
external conditions

Component 2:

microeconomic -1.133 .458 6.133 1 .013 .322
constraints

Number °off oo 001 1.757 1 185 1.001
employees

A number of coefficients are found significant ioranalysis with a 0.05 tolerance level. A
positive (negative) impact on the dependant vagiadulds ratio is expressed by the condition
exp b > 1(exp b < 1). On the basis of these reswdtsan shape an identikit of the firms that are

more likely to invest in energy efficiency in thext five years.

Firms that are more likely to plan or consider stugg in energy efficient projects have already
in place energy audits procedures and are alreliyipg energy management innovations in

the near term. In other terms firms that are raadpvest in energy efficiency are those having
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an internal organization that controls energy &fficy performances and that are the most

dynamic from a management innovation point of view.

Targets related variables are not found to incréasdikelihood to invest in energy efficiency.
If we look at the “Existence of energy policy”, “IStence of energy performance indicators”

and the “Existence of internal energy reductiogets” we do not find a significant coefficient.

The variable related to staff expertise “Does yooimpany have staff awareness programs to
encourage energy conservation” is also non-sigaificlt is surprising the finding related to the
Certification variable: “Is your company using amagement system standard?”. In this case we
find a negative and significant coefficient. Thisult could be explained by the fact that firms’
choice to adopt a certification system may offagthler investments in energy efficiency.
Firms™ management may feel that the accomplishiwietiite standards is already an appropriate

means to reach an efficient production process.

Finally, we find a sort of path dependency of firmghe innovation process. Firms that have
already invested in energy efficiency (questiond'our company invest in energy efficient
projects in the last two years”) are more likelyingest in the next five years. This finding is
very interesting from a policy point of view. Thimeans that the introduction of energy
efficiency projects in developing countries™ firnsscrucial to guarantee they can continue to
invest in energy efficiency in the future. Thisding implies that international organizations
such as UNIDO will be crucial to provide technieakistance with local projects to encourage
the start up of energy efficiency innovations irv&leping countries. Local governments and
international climate change agreements could lbeiar to provide the necessary climate

finance additional transfers to induce new inn@maprocesses in developing countries.

In summary, we find that energy management andamgéomomic factors rather than external
conditions are the most important to introduce gyeefficiency practices in developing
countries” firms. This result is further confirmdxy the finding that just Component 2
expressing microeconomic barriers to energy efficye adoption shows a negative and
significant sign. Component 1 that is mainly expal by external policy conditions is negative

but not significant.

This result is quite interesting because it shohat just when firms perceive relevant

microeconomic management conditions, they will mikely reduce investments in energy
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efficiency. This finding pushes the policy implimat that “bottom up” oriented rather than
broad macroeconomic policies could be more effectivencouraging the adoption of energy
efficiency. Moreover interestingly the country ltica of firms is not a significant variable in

our estimation.

The results that we have presented are quite roBgsishowed by the table 4 the model
correctly predicts 92 percent of dependant varg@abbbservations in a sample of 116
observations. We can just use 116 observationkeofvhole sample because of missing data.
The percentage of correct No predictions is 67 gudrcthe percentage of correct YES
predictions is 98 percent. Both values are highentthe frequency of the NO and YES
observations in the restricted dataset with 11@fadions (18 percent and 82 percent) and this
represents further proof of the model robust fitgdod model performance is also showed by

the Cox and Snell R square and the Nagelkerke Rrequ

Table 18. Logit model. Goodness of fit (I).

Model forecast Percentage correct
NO YES
Observed data NO 15 7 69.2
YES 2 92 97.9
Total correct 15+92 = 107 107/116 = 92.2

Table 19. Logit model. Goodness of fit (I1)

Cox and Snell R square Nagelkerke R square
0.411 0.657

As a final check we verify the most important besis constraint reducing the likelihood to
invest in energy efficiency among those contaimethe table 1. Specifically we run the same
regression as in Table 3 by replacing Componenidl@omponent 2 deriving from our PCA
analysis with specific business constraints. Wethensame regression analysis as in the table 6
by including the whole set of 8 business constsailife adopt a Likelihood Ratio forward
selection procedure to identify the most meaningfdiables and barriers affecting plans to

adopt EE technology.

As is evident in Table 6, we confirm that microeaonc conditions affect the likelihood to
invest in energy efficiency. With this revised mbslgecification we confirm that propensity to
energy management innovation and past experienceenergy efficiency technology

investments increase the likelihood that a firmd@veloping countries plans to introduce new
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technology. Interestingly, we also find that amading barriers, top management commitment is
very relevant. In other words, we find that the endirms perceive top management’s

commitment as a business constraint the lowereidikklihood to invest in EE.

Table 20. Results of the logit model. Dependant sable: is your company considering or
planning to invest in energy efficiency projects inthe next five years? (odds ratio
YES/NOT). 116 observations. LR test forward variake selection procedure

Variable B SE df Sig. Exp(b)
Constant 1.434 1.165 1 .000 16.169
Investments in
energy efficiency in
the last two years
(YES)

Planning or
considering energy
management
innovation (YES)
Top management
commitment is a
poor relevant
business constraint*
Top management
commitment is a
relevant business
constraint

Top management
commitment is a
very relevant
business constraint
* We drop the dummy variable “Top management commitnie a very poorly relevant business

1.656 711 1 .020 5.237

1.978 799 1 .013 7.227

-3.532 1.158 1 .002 .029

-2.921 1.271 1 .022 .054

-2.371 1.525 1 .120 .093

constraint”. The coefficients associated to théaldes “Top managementpoorly relevant, relevant,
very relevant’ represent the increase (+) or the decrease (ik@fhood to invest in EE if compared to

firms where the top management commitment is a peoy relevant business constraint.

Table 21. Revised logit model. Goodness of fit (1)

Model forecast Percentage correct
NO YES
Observed data NO 15 7 68.2
YES 6 88 88.3
Total correct 15+88 = 103 103/116 = 88.8
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Table 22. Revised logit model. Goodness of fit flI

Cox and Snell R square Nagelkerke R square
0.411 0.657
4, Conclusions

From the above findings, we can sum up a seripslafy relevant implications:

1) Firms’ energy management factors are crucial toemse the likelihood to invest in
energy efficiency.

2) We find evidence of path dependency concerning ggnesfficiency adoption
behaviours in developing countries” firms. If pgliactions are implemented to help
firms in developing countries to invest today, theyl more likely invest in energy
efficiency in the future.

3) Microeconomic rather than external conditions amecial to promote energy
efficiency.

4) Top management commitment is identified as the rmopbrtant business constraint

reducing the likelihood to invest in energy effiwoy.

Those findings let us conclude that policy makéautd be engaged to enhance energy efficient
projects in developing countries by actions that affect the internal organization of firms
rather than broad macroeconomic policies. Manageneovation rather than the mere

introduction of targets or indicators could repragbe best tool to promote energy efficiency.

Even other relevant factors such as staff expedisd the existence of certification system
programmes could be less effective in reducing gnefficiency, if firms do not organize

procedures and methodologies to change radicalyntiernal organization.

Policy will also be very important to remove mictoaomic internal barriers such as the lack of
capital that our findings show to decrease thdihked to invest in energy efficient projects. A
strong coordination between government, internatioorganizations and firms will very

important to reduce global warming.
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Appendix 1 Categorical explanatory variables in thdogistic regression

UNIDO priority actions

Explanatory variables

Target setting

1) Does your company have an eneaicy?
(YIN)

2) Does your company have energy performance

indicators? (Y/N)

3) How important is energy consumption reduct
in relation to all other issues your top managem
is considering at present? (Not importa
somewhat important, very important, mc
important)

4) Energy efficiency barrier: Lack of extern
drivers such as mandatory energy efficiency tar
or CO2 emissions targets (1 poor relevance

high relevance)

5) Energy efficiency barrier: the market does

place any added value on energy efficien
performing companies

on
ent
nt,
st

al
jets
— 4

not
tly

Capacity building

1) Does your company have awagrgograms
in place to encourage energy conservation
efficiency? (Y/N)

2) Energy efficiency barrier: there is insufficie
technical expertise to identify, develop a
implement energy efficiency (1 poor relevance
high relevance)

3) Energy efficiency barrier: there is insufficig
information on costs and benefits of ene
efficient projects 1 poor relevance — 4 hi
relevance)

and

nt
nd
- 4

nt

*)%
gh

Energy management

1) Is your company consideringlamning any
energy management improvement action? (Y/N
2) Does your company carry out energy aud
(YIN)

3) Energy efficiency introduction barrier: tg
management is not committed to energy efficie
(1 poor relevance — 4 high relevance)

4) Were energy efficiency projects implemented i

the last two years? (Y/N)

5) Energy efficiency barrier: Energy efficien
projects may interrupt production (1 po
relevance — 4 high relevance)
6) Top management is not committed to ene
efficiency (1 poor relevance — 4 high relevance)

ts?

p
ncy

Certification

1) Is your company using a managensstem?
(YIN)

Policy

1) Energy efficiency barrier: Insufficient capii@
poor relevance — 4 high relevance)

2) Energy efficiency barrier: Existing policies &
inadequate to promote and support ene
efficiency in industry (1 poor relevance — 4 hi
relevance)

rgy
gh

Firms characteristics

Explanatory variables

Size

Number of employees

Country

Country
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Appendix 2

Information on the dataset

Country Observations Sector Observations
Viet Nam 110 Cement 14
Philippines 84 Chemical 29
Singapore 27 Food & beverage 97
Moldova 20 IT & electronics 10
Others 17
Paper 16
Pharmaceutical 6
Plastics 13
Rubber 6
Textile 21
Total 241 241
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