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1. Introduction
1.1 Background

This report has been prepared and organized basdtieoterms of reference provided by
UNIDO (see Annex 1), building on discussions witRIDO staff during the assignment and, in
particular, in-depth discussions at the meetingpéthi in June 2010. All background reports
provided by UNIDO and prepared for the UNIDO Indigzdt Development Report (IDR)
2010/11 with the working title “Industrial Energyfi€iency for Sustainable Wealth Creation”
were reviewed first (listed in Annex 3). The relega and value of the reports were discussed
with UNIDO.

The primary gap in the reports prepared for andiigeal by UNIDO for review was that the
linkages between industrial energy efficiency, exoit development and poverty reduction

had not been adequately addressed in the earfiertse

Another issue that remains for UNIDO was discussddelhi, namely the possible organization
of the IDR. Here my proposal for consideration bMIDO is that section one as currently
planned could be moved. Second, there needs thdsesammary of the narrative that UNIDO
wishes to present in the IDR 2011. At this timaldo appears that UNIDO has too large a
boundary and extensive range of topics to be covane this list has been growing over time. It
would be particularly useful to draw a clearer aawve outline is to use the contributions and fill
the narrative outline. A possible narrative couddto first make the case for energy efficiency
in a carbon constrained world, then move to theomgmce of energy efficiency for industry —
with all the added co-benefits. This can be illattd with the implications, the many
opportunities, the barriers and the required poliesponse. These would include the many
cases and examples from UNIDO’s and its partne'kvithat was discussed at the Delhi

seminar.

The above could be expanded as follows:



1.2 Suggested IDR narrative

Cheap and abundant fossil fuel-based energy researad their utilization has driven 200 years
of industrialization and accompanying economic glowhe abundance and the relatively low
price of energy has allowed the increased levemagenergy to the standard factors of
production — labour and capital — to generate higltenomic growth than would be possible
without the benefits provided by the use of addaioenergy accompanied by continued
increase in energy efficiency in production. Thiewgh, at rates much higher than capital
inputs and higher than the population growth rakes in turn enabled increased per capita
incomes, hence, increase benefits of wealth andactiehs in poverty. Unfortunately, the role of
energy in the economy has been largely ignored lanstream economists and in the

foundations of macro economics. This is about tengo paradigmatic change.

It is anticipated that both the price and avaiiabibf energy will be adversely affected going
forward in the coming decades. One likely scendsicsimply due to increasing demand
pressures combined with the need to search forraralver oil and gas resources from ever
more difficult reservoirs, accompanied by increas®metary and non-monetary costs as in the
case of the major blow out in the Gulf of Mexic&eg also discussions of “peak oil”, but
agreement or disagreement with the details of #ak il theory does not invalidate the above

point.)

Even more fundamentally, continued reliance oniffdegls is under threat by the scientific
evidence that increased carbon emissions fromlfinsdiuse is the main contributor to climate
instability, which can lead to catastrophic conssopes. All solutions to reduce carbon
emissions require declining use of fossil fuelsoagganied by the rise in their prices through
different mechanisms. Thus, the most likely scengoing forward is a world in which the

costs of using fossil fuels will increase sharpid all alternatives remain more expensive.

The above leads to the concern that poor courdridspoor people, who have only now begun
to benefit from the fruits of industrialization agdowth, would fall further behind in a “carbon

constrained” (or higher energy costs) world.

In our view, the carbon constraint is a criticaining point in the economic development
paradigm to which we have been accustomed to dd@ry2ars and raises new challenges for

growth and poverty. BUT the challenges raised aamvercome. Energy efficiency has often



gained attention only when the price of energy raseé shortages loomed, but the interest in
efficiency always subsided again when the crisis waer. Efficiency has always been
underprovided for in public policy because of méayriers, as already widely discussed. But
increased attention to energy efficiency providésralamental key to unlocking new directions
and opportunities for growth, as efficiency is adamental component of growth. New growth
theory has highlighted the nature and fundamerukd of technological change in driving
growth, and, economic growth is seen to be the mlaiver to achieving reduced poverty.
Energy efficiency improvements are part of prodagtienhancing technological change and as
such provide the basis in both theory and fromvidny detailed micro evidence, a key tool for

addressing environmental constraint simultaneowgly increased growth and reduced poverty.

This paper deals with only some of the co-benefitsnergy efficiency and also makes the case

for efficiency as a positive factor for growth gmalverty reduction.

1.3 Issues of definitions

It is important to note at the outset that mogthefterms used for the topic to be covered in this
paper are complex constructs and in many casasntieaning and usage varies. This is true of
the terms industry, energy, efficiency, economigali@pment as well as poverty and methods
for its reduction. Hence, before we can engagdisdiscussion of the linkages between these
terms, which are the terms of reference for thisopgis, we need to be clear on what we mean
by them — industry, energy and efficiency, povemrgonomic growth, and sustainability,
together with some implications for the IDR of tmeanings used or not used. There is also a
brief synopsis of key strands of thought on ecomatevelopment and poverty reduction — both
seemingly straightforward concepts, but they contaithin them considerable intellectual
content, as well as significant issues that remairtested. It is also important to point out that
these concepts are defined and used in differeys oy important disciplinary subsets of
knowledge and for the topics covered, their mearng construction often varies between
different domains of science and engineering, ecics environment and biology and ethics
and philosophy. The definitions and usage of thedwe- industry, energy, efficiency, growth
and poverty — all affect the boundaries of theeyst issues and their linkages that need to be

considered.

1.4 Industry

Industry, most generally, refers to the organizatmf production of an economic good.

Traditionally, industrial activities have been gped under categories such as the primary



sector, which largely comprises raw material extiosc activities such as mining, food
production activities of farming, grazing, huntiagd gathering, and fishing; the secondary
sector, involving refining, construction, and maaeitiring; and, the tertiary sector, which deals
with services — education, medicine and the digtidm of manufactured goo]dslt is useful to
note here that the primary sector starts with raatenials and natural resources and includes the
mining of fossil fuel resources. Each subsequectbsenoves further away from raw materials
and natural resources. The United Nations IntesnatiStandard Industrial Classification of All
Economic Activitie$, (Rev.4) defines 21 top-level activities (A-U) tigroup A comprising
agriculture, forestry and fishing; group B -miniagd quarrying including of coal, petroleum

and natural gas.

Based on the ISIC classification of industry, theaming of “industry” suggested here and
which can be used is that that the “industrial @@ds only distinguished from the domestic
sector. The industrial sector is composed of ahemic and productive activities that produce
the goods and services used by people (largely ostlyn exchanged through market
mechanisms) and excludes those activities withenuthit of the household which are mostly for
self consumption by the members of that househalll @do not usually enter into market

transactions.

At the same time, we see another use of industthigrenergy data and analysis of use. Often,
energy use is classified by the household or resmle commercial and industrial or
manufacturing sector. The transport sector is ofteated as a category on its own given the
high percentage of energy use for transport. Extmphe residential or household seétand

its energy use, all other sectors can be definedhbystandard industrial classification of

1 Some have proposed a quaternary sector compddetbwledge industry focusing on technological
research, design and development.

2 For more details, see http://unstats.un.org/ensdgistry/isic-4.asp

3 Activities within the household do not consistnedirket transactions and are not included in thputs
valued for GDP.



economic activities (above) to be industrial. Usthg above definition, all production that is

included in the GDP comes from the industrial seatal:

Industrial production = GDP = all goods and sms exchanged in the market (including
those such as public services which are not exdthimgthe “market” but are included in GDP

based on input costs).

Hence, growth in GDP = Growth in Industrial Protion = Proportionate Growth in Energy
use except as reduced by 3 methods - (energy ameefficiency + changes in the
production process + shift in demand and produadiietween goods requiring greater energy
to those that require less energy input per urtiputy = technological change + other such as

shift in preference, location of production.

It appears that at UNIDO, and also sometimes innmomusage, industry is used to refer only
to the manufacturing sector. In this usage, manuffeag (industry) excludes all primary sector
activities of agriculture and mining and also elitiary sector activities of services. Within the
manufacturing sector, the useful distinctions aeéwvken the different sectors and types of
manufactured products and processes — steel sgygiiper, cement, and so on; and the scale
of their operations between micro, small, medium kange firm&. In the manufacturing sector,
the basic materials sector dominates industriarggndemand and a small number of key
materials - cement, iron & steel, chemicals (ptsstfertilizer), pulp & paper, and aluminium

account for half of global manufacturing industealergy use.

1.5 Energy

Energy is an amorphous concept that we commonlgepar in many forms — gravitational

energy possessed by a body at a height above @mefepoint; heat energy at temperatures

* The definitions of micro, small, medium and lagggerprises vary considerably between countries and
so while useful for many purposes cannot be egsgiheralized across countries.



above the ambient; radiant (solar), kinetic, eleatrand nuclear are other forms in which we
perceive of different forms of energy. The mostibdsrms are human and animal energy
(animate) and these require food as the inputishednverted to energy by the body. The most
traditional and important non-animate energy forstrmoor people is bio-mass based energy.
This is traditionally from trees, branches and cregidues. Other primary energy sources are
fossil fuels such as coal, oil, natural gas an@weble sources such as the sun, wind and hydro.
Sometimes the primary sources are used directily teermal processes of cooking or heating;
transportation or in wind pumps; most of the tilese sources are used to generate electricity.
Electricity is a secondary form of energy, it i®tmost modern and convenient, has zero
pollution at the point of use, and is irreplaceafde many applications such as lighting,

computers, communications, and so on.

Energy is defined in science and engineering aadigpfor movement or “the capacity for
doing work”. Work is scientifically defined as tipaysical result from moving a mass a certain
distance by a force. Energy also has a potentldbk temperature heat and electrical power,
and, the higher the potential the greater is tladblespower. Thus, in science, energy is one key
input required for all physical or mental activiywork, and that includes activities by humans,
animals, machines or nature, such as through flpwiimd or water. The scientific laws state
that all work requires a commensurate input of g@nelt also states that energg conserved
overall in the universe. Since any activity regsiemergy inputs, it follows that all economically
useful activities require energy inputs. Thus, wiference to scientific principles, there is a
very tight cause and effect relationship betwediviac® and energy inputs, and this relationship

has an upper bound provided by the laws of thermantycs. According to scientific principles

® Here, the term energy means the sum of conventEmergy and mass to take into account nuclear
energy.

® Work is defined as a mode of energy transfer thanges the energy of a system, as in the raising o
lowering of weight, or turning an electrical gertera Power is the rate of energy exchange in urfits
energy per time and a rate of flow. Tester J.Vl.epage 11.

" The amount or quantity of energy itself does matnge but is conserved.



that are not in dispute, all work and activitiemldgical and industrial, require commensurate

inputs of energy that is used and transformedwurk and waste.

Historically, human beings first relied on their mwnuscle power fuelled by food energy to
carry out all useful activities. This was suppleteenand leveraged by tools allowing for
greater efficiency and then by the use of animatsaidditional energy inputs to undertake
additional work in farming and for transport. Theeegy released by biomass combustion
provided for additional energy for cooking and et Even today, small numbers of native
communities, which remain largely outside marketngactions, rely primarily on these
traditional forms of energy. Worldwide, until thddrto late 1700s, human and animal energy
(fuelled by food from plants and animals) was aedidy burning wood and harnessing rivers
and wind (for water pumping and sailing) to comgrike total amount of energy available for
all productive activities. Other renewable energyrses, such as water wheels and wind mills,
were slowly added to augment the available humaraaimal energy for production, and fossil
fuels began to find uses with the invention of gteam engine in the early decades of the
eighteenth century (Smil, p.4). Starting aroundehd of 1700, new forms of fossil fuel energy
— first coal, which supported the industrial revmn, originating in England, then spreading to
Europe and North America. All “fossil fuels” - coatoke oil, and natural gas derive from
underground deposits formed over millions of yeafraatural processes. By 1900, fossil fuels

provided more than half of the primary energy usgdociety.

It may be useful here to note one small exampkecbbities which would be impossible without
the leverage provided by external energy sourdes.average human output rate is estimated at
100 watts, for a draft horse it is 1,000 watts &rda compact car 100 Kw (or 100,000 watts).
Clearly, it would be economically and mechanicathpossible to achieve the transport speed,

service and convenience provided by a car if tlergynfrom fossil fuel was replaced by human



or animal powet Lighting provides another example, where a sirif)® watt incandescent
bulb used for three hours provides 1.5 million lanfeurs of light per year. This would have
required burning almost 15 candles per hour instame time period, or 17,000 candles in a

year.

In 1990, the world industrial manufacturing secfoot including electricity) consumed an
estimated 98 EJ of end-use energy (including bisinaisd 19 EJ of feed stocks to produce US$
6.7 x 1012 of value added. That is about 30 peroémiobal primary energy to produce 32
percent of global economic output, providing anrage energy intensity in manufacturing of
about 17.5 MJ/US$S.

It must be noted here and will be discussed sulesglyuthat large numbers of the world
population (around three billion people) continwe rely largely on traditional biomass
combustion for cooking and heating and that ovex and a half billion people do not have
access to electricit) The ability of these people to leverage “energyincreased production

is therefore limited. At the household level, eesgrvices are required for domestic needs,
small-scale private productive activities and fomenunity services to productive activities in
the large scale, for transport, communication ahdraneeds. Energy needs for poverty removal
can be pegged at different levels. At the minimenel, basic human needs amount to around
100 Kw hours of electricity per person for lightiagd another 1,200 Kw hours (100 kg oil
equivalent) for cooking. Beyond that there are asilg defined limits as energy needs for

productive activities such as pumping for irrigatidertilizer, mechanized tilling, agricultural

8 Discussed by Tester et al, p. 17.
® Nordhaus, William D. 1998.

10 gee, for instance, WHO and United Nations DevelapnProgramme, 2009 for the latest estimates;
and Smil, Vaclav, 2003 for more details.



processing, industry — bricks, cement and fuetrfamsport — depend on the levels of production

and consumption per capita

1.5.1 Exergy

Exergy? is a concept that has been increasingly develtpéake into account the two laws of
thermodynamics. The first law essentially states émergy in a closed system is neither created
nor destroyed and essentially remains constant toweror is conserved. One consequence of
this law is that energy is only transformed frone darm to another, often from a more “useful”
form for doing work to a less useful form. The swmtdaw states that all processes tend to
increase the total entropy of the universe anchatmaximum entropy of a system it is at

equilibrium, and thus by definition, no spontaneprgcesses can occur.

Gibbs in 1873 first identified that not all energys available for work and introduced the
concept of “free” or “available energy” for work. definition of “available energy” in a system
was called “exergy” and was first proposed by ZoRamt in 1956. Exergy is defined as the
maximum theoretical useful work obtained when atesysis brought into thermodynamic
equilibrium with the environment by means of praessin which it interacts. This suggests that
the focus needs to be on the capacity of the ersogyce to perform useful work (see energy
services later). Exergy is defined as the maximumunt of energy that under given (ambient)
thermodynamic conditions can be converted into @hgr form of energy; it is also known as
availability or work potential (WEC, 1992b). Thevet, exergy defines the minimum theoretical
amount of energy required to perform a given tasle determination of exergy depends on the

surrounding environment or reference state. Indage of gravitational, electric and kinetic

! Goldemberg in Cleveland et al. 2004 provides somgnitudes of energy inputs required for different
kinds of social and production organization.

2 The thermodynamic roots of the concept go back8®4, when Carnot determined the principle that
applies to the work that can be extracted fromat bagine. See Sciubba, Enrico and Géran Wall, 2007
for a complete historical development and reviewtttd applications of exergy and page 4 for the
definition.



energy, the entire energy can be completely reeavas mechanical work and so the exergy
and energy are equal for these types of energyevasiffor heat, the exergy is much lower and is

defined by the work output possible by an idealnGaenginé’.

1.6 Energy efficiency

Energy efficiency is commonly understood as thétghido produce the same, or greater (more),

output (work, services) using smaller inputs ofrgge

Given that the energy entering a process equalenkegy exiting, energy efficiency is most
often defined as the ratio of the “useful outpulf fhe given energy input. In an electric motor,
efficiency is the ratio of the shaft power produtedhe electrical energy input, and for heating,
energy efficiency is the ratio of the heat enengypdied to the home to the energy of the natural
gas entering the furnace in the home. This dedinitf energy efficiency is sometimes called
first law efficiency. In 1990, 385 EJ of primary exgy produced 279 EJ of final energy
delivered to consumers, resulting in an estimate?l BJ of useful energy after conversion in
end-use devices. The delivery of 112 EJ of usafatgy left 273 EJ of rejected enelyThis
would provide a global energy efficiency accordiaghe first law as a total useful energy/total

primary energy to be around 29 percent.

Efficiency as defined by the second law (whichea=lon the exergy concept) uses not only
energy quantity but also energy quality as thetinpne method here is to compare the amount
of work done with the minimum amount of energy tbatuld have been used. The first law
efficiency, on the other hand, is simply the ratfouseful energy output to the total energy

input. Electric baseboard heaters provide a goainele to illustrate the difference between

3 The exergy calculations for many processes camdoeplicated. Wall (1986) provides a detailed
description of the exergy flows in pulp and papemnfacturing, in a steel plant and in agriculture i
Sweden. Hermann (2006) provides some estimatedobgligprimary exergy reservoirs and a research
group at Stanford provides a chart of global exeegppurces.

1 Nakicenovic, Nebojsa, et al., 1995, page 78.

10



two efficiency measures. The first law efficiendyetectric baseboard heaters can be considered
as being 100 percent because all purchased energgnverted into heat. However, if the
system is expanded to include a power plant, dveffatiency drops. Ross and Williafsave
calculated the second law efficiency of electricsédzoard heaters to be 2.5 percent,

considerably less than the value of first law éfficy.

Other factors remaining equal, higher energy efficy means that less primary energy is
needed to achieve a given level of output (GWP)rdViefficiency means less need for the
combustion of fossil fuels and less GHG waste domissto the atmosphere. To move from the
physical definition of energy efficiency to econaally useful measures, the most common is
the energy intensity measure. Energy intensityirgply a ratio of energy input to economic
output; an economic-thermodynamic type of effickenmeasur®. In comparison to the
application of thermal efficiency measurement, d¢edi of energy consumption per output
defined in monetary units (or physical units fangar economic sectors) can be used to assess
and compare energy performance for a broader sajetts: processes, factories, companies,
and even countriés Unfortunately, intensity measures are a rougtrogate for energy
efficiency. They mask the difference between figsid second law efficiency, and mask

structural changes that do not represent efficiempyovements.

Output and efficiency measured in common physicéisuare only possible at lower levels of
aggregation, but even at the two or three digell@¥ industrial classification, common physical
output measures are often not possible. Differehedseen intensity measures using physical

output and others using economic output vary duertors in price indicé§ the nature of

!> Ross, Marc H. and Robert H. Williams. "The Pot@nfor Fuel Conservation" in Technology Review,
February 1977, pp. 49-57.

16 Compton, Mallory 2009.
" Sometimes, the inverse measure or energy prodydswsed.

'8 Nordhaus, William D. (1998) provides a thoroughedission and calculation of this fact using a sémpl
energy service, namely lighting. He estimates thatchange in efficiency in energy required fohtigg

11



specialization and products and others. Most ingmbl for this paper is the point made by
Nordhau¥’ that price indices do not capture well the sectuth rapid technological change,

almost two thirds of the modern economy. For a ndetailed review, see Compton (2009).

1.7 Economic growth

There is a fundamental issue concerning the relstip between energy and economics - the
extent to which energy availability and prices efffeconomic growth and whether economic
growth can be decoupled from rising energy inffutS&conomists normally use “economic

growth” as a measure of the increase in the gyaofitgoods and services produced in an
economy. In practice, it is most often measuredth®y increase of gross domestic product
(GDPY* or a similar measure of aggregate income in anauog, and measures the net total of
market transactions as the product of all individgaods and services multiplied by their

market price/value.

Economists have considered that outputs in an esproe generated from a set of inputs. The

production in an economic process is a functiothefinputs, the production factors:

Y = F (X, X200 %);

Where Y is the total output; are the key inputé

means that in the hundred years of the twentietitucg, the work required by an average worker i th
US is roughly 10,000 times less than what was reduat the beginning of the century.

¥ bid.

% This is crucial because the threat of GHG-drivemate change means that measures to reduce fossil
fuels for energy production has become increasiimgportant.

2L Other measures used can be the Gross Nationali@r(@NP).

22 This is a very general formulation on which théselittle disagreement. As discussed later, the
questions that are important are what are the itapbrinputs; their nature; their dependencies or
independence; the nature of the function F and theasurements. For simplicity and to use calcutus,
is assumed that the function is continuous andithaliows a particular shape called the Cobb Dasg

12



1.8 Factors of production

In economics, the “factors of productf@hor “key inputs” that are utilized to produce geod
and services were initially seen to be land (ndtesources, ‘gifts’ from nature), labour (the
ability to work), the human effort used in prodoctiand capital goods (human-made tools and
equipment), which are used in the production oeothjoods. These include machinery, tools
and buildings. Classical economists such as AdanthSmavid Ricardo and their followers
focused more on physical resources in definindaitsors of production and the distribution of
cost and value among these factors. Land or natesalrce includes naturally-occurring goods
such as water, air, soil, minerals, flora and fatlaa are used in the creation of products. Land
was considered a key factor of production in thdiexapre-industrial and more agricultural
periods by all classical economists. The rise ohufacturing in the nineteenth and twentieth
century reduced the share of GDP from agricultar®\Viestern countries to below 10 percent
and the importance of land in economic considematideclined. Over time as manufacturing
industry became more important to the economy, @nisis tended to drop land as an
important input and economists began to focus @tiap features of manufacturing such as

increasing specialization and increasing returrscsé®.

Robert Solow is considered the exponent of thedst@hmodern growth theory (Solow 1956)
where economic outpiitis defined by inputs of labour and capital andwgtocan take place

due to increased capital, labour or to an envirorialevariable called technology. Theory

and is differentiable, as closed form solutions areilable. Under these assumptions, the priceaoh e
factor unit is its contribution to the marginal put.

% They facilitate production but do not become drthe final product, as do raw materials, nor lueyt
become significantly transformed by the productimocess. Here, energy can be seen to occupy a
peculiar role. As we claim in the first law of thewdynamics, the total energy in the system remains
constant, neither created nor destroyed, and amudt as a factor. But according to the second they,
useful component of energy (or exergy) is usednufiié production process as is the case with feedi u

to power machinery or vehicles.

4 The famous example of the pin factory provideddoam Smith.
% This is on the supply side and the model assuh#stiere are no demand constraints.
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assumes that production of goods and services @netary terms) can be expressed as a
function of capital and labour (though in realitye major contribution to growth is attributed to
the remainder that is not explained by capitalatrolr inputs, but is an unexplained driver

called technological progress).

Thus, we can write:

Y = A*F (K, L)

where K is the capital stock, L is the stock ofdaband A is a productivity factor which
reflects the existing stock of knowledge and theulteng efficiency of capital and labour in
producing final output. Growth in output thus reésu(i) from the accumulation of production
factors K or L (one could also include human capitain addition to K and L); (ii) from
increases in the productivity factor A, that ignfr productivity growth. As mentioned before,
land was important in earlier models developed bgnemists, but was seen to be less
important for industrialized countries and was gegp even though its importance in
developing countries remained. Notable for thisgpap that energy is also a missing input in

this model.

This model could only explain about one third a¢ #tonomic growth and the balance “Solow
residual” which is attributed to exogenous techgmlal progress. The main advantages of the
Solow model are the relative simplicity of the mipdle fact that it is tractable, and that it
highlights the role of capital accumulation anderwnore important, the role of technological

progress.

Ongoing work has since then been undertaken toawepthe Solow model and to increase its

descriptive powers. Additional variables have béstorporated to make the model more
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adaptable to the empirically observed growth expees of countries and to remove the
residual of technical progress and make technabgitange an endogenous variable, which is
generated by the economic proé&s®ver time it was agreed by most economists thatam
capital and technology were certainly linked toremoic growth. However, later it was argued
that they could well be the proximate causes ofnemoc growth, but might not be the
underlying factor. Some consider the more fundaalerguses of economic growth to be some
luck or random event, geographical factors, instihal or cultural differencé§ Important
additions have included "human capital” (laboudsaation and skills), with some decomposing
it further to education, experience, "social cdffttaand intellectual capital. Ultimately, the
number and definition of factors varies, dependingtheoretical purpose, empirical emphasis
or school of economics. Marx considered the "prtidadforces" to be labour; the subject of
labour or the objects transformed; and the instnimef labour or means of production. For

him the subject of labour referred to the natueaburces and raw materials, including land.

Both casual observation and physical intuition haanvinced many investigators that
production in the real world cannot be understodthout taking into account the role of
materials and energy. The standard theory of graasbumes that energy (or work) is an
intermediate good that is produced by some combimatf capital and labour or just capital (or
‘human capital’). The implication is that energynist a factor of production, hence, growth can
take place with or without energy, and there igdf@e no reason why energy should not

decouple from growth in absolute terms.

% For instance, Mankiw, N Gregory & Romer, David &eily David N, 1992. "A Contribution to the
Empirics of Economic Growth," The Quarterly JouraBEconomics, MIT Press, vol. 107(2), pages 407-
37, May, found that the Solow growth model’s explamy power is improved when accumulated human
capital is added to the factors that promote gro®thbert E. Hall and Charles I. Jones in “Why Darn®go
Countries Produce So Much More Output Per WorkeainT®thers? February 1999, Vol. 114, No. 1,
Pages 83-116 found that beyond the above prodiytiyiowth and output are driven by differences in
institutions and government policies, which thdyelled social infrastructure.

2" Knowledge, ideas and values, and human relatipesirie transmitted as part of the culture.

%8 The stock of trust, mutual understanding, sha@ddes and socially held knowledge that facilitate t
social coordination of economic activity.
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According to the mainstream, scarcity and high gnerices should not have any effect on total
economic output, but the recessionary effect ofpithee shock induced by the rise of oil prices
in 1973 initiated increased interest by econonasis policymakers on the role of energy in the
economy (as well as on energy conservation andieffiyf®. Several attempts to incorporate
energy as an additional factor of production in thee 1970s and early 1980s ran into a
problem, namely that economists were convinced tttimportance of a factor (as measured
by its output elasticity) must be equal to its ‘tebare” of GDP° There have been many
observers who have noted the critical role of ep&réput overall, their work did not influence
mainstream economics. Several researchers Hotedependently following the global
economic slowdown with the oil shocks of the 19&0d 80s and wondered whether the role of
energy in the economy was being under-valued. Tdr&tysis convinced them that the price of
oil (which was used by Solow in his analysis) uedémated its productive contributftn
They find that the primary energy consumption ighhy correlated with growth. Ayres and

Warr 2009 argue for an even stronger causal raekstip between economic growth and

? Georgescu-Roegen, N. 1971. The Entropy Law andEdmmomic Process actually predated the rise in
interest in energy and the economy caused by s$lkedrrithe price of oil.

Robert U. Ayres, If industrial energy efficiencyysa- why is it not happening?, version 15 July 2010

31 One of the earliest is W.S. Jevons, who in 18&f8tdeith questions on the depletion of coal resesrc

in his book “The Coal Question” and first raised/al@s paradox, which is of great relevance to the

question of impacts of energy efficiency and eneargg. Frederick Soddy, a chemist who was awarded
the Nobel Prize in 1921, undertook a "quixotic caigp for a radical restructuring of global monetary

relationships" (see wikipedia) offering a perspecton economics rooted in physics and the laws of
thermodynamics, in particular, and was "roundlymdgsed as a crank". In 1921, he published "Wealth,
Virtual Wealth and Debt," one of the first booksatgue that energy is at the heart of economics.

H. Hotelling did early work on the economics of aubtible resources (incl. fossil fuel), developthg
Hotelling rule. Georgescu-Roegen was one of that f expound on energy in the economy in 1971.
Georgescu-Roegen, Nicholas, 1971. The Entropy Lasvthe Economic Process, Harvard University
Press, 1971.

32 See, for example, Kummel, Reiner, 1982 and AyRedert, 1976.

% Hannesson, Rognvaldur, 2002. Energy Use and GDWiBy 1950-97, OPEC Review, Vol. 26, No. 3,
pp. 215-233, September 2002. The models by Kummel A&yres predicted that for every 1 percent
increase in energy inputs there is a 0.7 percamease in GDP on average and hence a 1 percent
reduction in energy could cause a corresponding oir@DP of 0.7 percent.
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primary energy as converted into “useful work”. Wat al. in a study on economic growth in
the UK between 1900 and 2000 find it fully explalnley a 3-factor production function -
capital, labour and exergy - without recourse tg assumptions of technological progress or
total factor productivity, suggesting that usefubriW/ exergy is an important factor of
production. Another paper examining US economievgincsince 1900 shows that exergy inputs

in a production function accounts better for grafith

All of this strongly suggests that less “availableergy” (capable of doing useful work) from
fossil fuels would mean less economic growth infiltere. To make this point clear, should
energy prices double, many transport operationddvioeicome unviable, reducing agricultural
outputs. Similar slowdowns would affect all economsectors. Should there be an

energy/carbon constraint, then GDP will be highdyrelated with energy availability.

Ultimately, the nature of the link between energypsumption and GDP remains a subject of
considerable debate among econonifstajt what can be concluded from this review is that
some of the efforts to link the scientific factsttwieconomic theory have not worked well
enough to convince all sceptics so far. Nor do vedielbe the approaches of applying
econometrics to determine whether energy use caysegh or growth in production drives

energy use, are likely to produce confirming evitefor several basic reasons in statidtics

3 Ayres, Robert U. and Benjamin Warr, 2002.

% Banerjee, Abhijit V. & Esther Duflo, 2004 show thiae evidence does not support the assumptions of
the aggregate production function, whose properdies tied to the assumption of optimal resource

allocation in the economy. They show that extensvalence contradicts the assumption of optimal

resource allocation and highlights the more fund#aierole of credit and capital constraints due to

poorly functioning credit markets.

% zaman, Asad, 2008. Causal Relations via Econoese®0 August 2008.
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2. Poverty

A general and dictionary definition of poverty iBhe state of one who lacks a usual or socially
acceptable amount of money or material posseséioriEhis definition already begins to
suggest that the meaning could be seen in terma laick of absolute levels of material
possessions or relative levels. It also suggeststiiere is a dynamic aspect of poverty and that
the concept of poverty varies from time to time dman society to society. What is "socially
acceptable” in many poor countries is quite diffierigom the acceptable levels in Europe or

North America.

The most basic definition of poverty in its classiform is the absence of incomes necessary to
acquire the minimum calorific inputs required testain life. This was the approach used by
Rowntree (1910) in his study of the city of Yorlgdtand. Poverty can be defined as a lack of a
socially acceptable minimum amount of money or mat@ossessions. This can be in terms of
an absolute level of material possessions or diveldevel. There are further issues of its
constituents and components over time (which wethtaypon later). The most basic measure of
poverty is the absence of income necessary torobtai minimum calorific inputs required to
sustain lifé®. Most poverty lines today use a similar approactirst defining a basket of goods

considered to be the minimum necessary to sustaif |

This concept is also applied to the widely knowramee of poverty introduced by the World
Bank in the 1990 World Development Report. The \W&&nk defined the poor as those whose
per capita expenditure was below US$ 1 per'tidhe concept of a US$1/day poverty line

3" Merriam-Webster's Collegiate Dictionary, 1995.
% Rowntree (1910)

% The MDGs refer to US$1/day per person poverty, limbich is characterized by simplicity and
convenience. This concept, more specifically of gagita expenditures below US$ 1 per day (expressed
in 1985 PPP dollars) was introduced by the Worldi8a its 1990 World Development Report.

“0 This is expressed in 1985 PPP dollars, where BfPsrto per capita household expenditure converted
by adjusting for the purchasing power parity fdfetent regions.

18



appears to be a simple and convenient benchmadefiae poverty. But such definitional
simplicity obscures many contentious issues indgdhe measurement issue. The 1980 World
Development Report described poverty as a condifaracterized by malnutrition, illiteracy
and disease. This is also in keeping with the d&fimof Sen that poverty ian absence of
certain ‘capabilities’ required to function effectively as a human bewbich includes
education, health care, and so on. This increasingposite view of poverty in turn led to the

development of the Human Poverty Index by the UNDP

The World Bank and others concerned with the redocof poverty acknowledge the

importance of the other dimensions for defining grty. They cite access to health services,
education and power or decision-making as welegsl$ of income, consumption and exposure
to risk as issues affecting the poor. A reasonald practical approach to the multiple
dimensions of poverty is a hierarchical matrix deped in the Philippines (ADB, 1999). This

starts with the premise that the highest need iigival. The survival need requires a basic
minimum of food / nutrition, health, water / satib@ and clothing. The second level is
security. Here, the needs are defined as shelsenae of violence, security of income (a
dynamic and not static concept) and employment.tfing level includes ‘enabling’ conditions

which includes education, skills, participationmily network and psycho-social needs. For

these three hierarchical levels, a total of 33dattirs have been developed.

Finally, many argue that poverty cannot be meassiegly by the presence or absence of
‘adequate’ levels of consumption and certain gaous services, however defined, but that it is
a relative concept. It should be analysed by tl&idutional effects within a given society and
also between societies. Taking a consensus ofi¢hes\expressed in the documents and from a
number of country dialogues of the ADB, we may d¢ode that some basic indicators of

poverty are inadequate levels of:

“1 A composite of three values, per capita incomestaddards of education and health.
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Tablel Some standard components of poverty

1. Food

2. Nutrition

3. Health

4, Water/sanitation

5. Clothing

6. Shelter

7. Security

8. Income

9. Employment

10. Education

11. Skills

12. Participation

13. Family

14. Psycho-social needs
15. Equity and distribution

We will use these 15 indicators later to see wilagd how energy interventions improve their

availability.

2.1 Poverty beyond income

A way to capture the multiple dimensions of povagyhrough a hierarchical matrix which
starts with the premise that the most basic nesdngval. Survival requires a basic minimum
of food/nutrition, health, water/sanitation andtblog. The second level is security. Here, the
needs are defined as shelter, absence of violsacarity of income and employment. The third
level includes ‘enabling’ conditions and these casgeducation, skills, participation, family

network and psycho-social ne&ds

Finally, we must also remember that many argue ploaterty is not only the presence or

absence of somabsoluteminimums, but must also include the distributiorthivi groups and

“2 For these three hierarchical levels, a total oirficators of poverty have been developed by tB8A
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individuals. Poverty is also a dynamic concept hattit can vary over time and between
societies. What is "socially acceptable" in Hagtilikely quite different from what is “socially
acceptable” in Chile. As economic conditions irpaisty improve, the perception of "minimum

necessities" evolvés

/ Survival

Security

AN

Enabling conditions \

We must mention the work of Amartya Sthere, as it is seminal in the field of povertynSe

states that poverty is an absence of certain ‘Ghtpesd required to function effectively as a
human being, including better education, healtle,cand so on. In his formulation, ‘capability’
improvements lead to higher incomes but higher rime® do not necessarily lead to higher
capability. Similarly, in accordance with Sen’s ntking, there are a number of poverty
dimensions which underpin the MDGs, such as actmdwealth services, to education and
decision-making, as well as levels of income, camstion and exposure to riék. Keeping a
multi-dimensional perspective is important for genavork as when poor people, including
women, describe their own situation, they oftenirgetheir well-being as being inadequate
because they lack access to sufficient food, watething, shelter, sanitation, health care, and

education, as well as income. Women and men plaeset needs in different order of

3 Kanbur and Squire, 1999.
* Sen 1981.
“5 For example see World Bank.
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importance and that is another reason for havinglge disaggregated data, and we discuss

some of the special concerns of women later.

2.2 Strategies and approaches towards poverty reduction

If we take the definition of poverty to be the lawkincome and capacity to acquire a minimum
basket of goods and services (as defined by the 8BG current practical purposes), then
economic growth and the redistribution of incomedaods increased equality clearly become
the two principal mechanisms for poverty reductiBoonomic growth has a positive effect on
poverty reduction through increased employmentiandme earning opportunities. They can
be followed independently (provided the chosen eowdo growth strategies do not worsen
income distribution) or simultaneously. Economiowth has a positive effect on employment
and poverty reduction. Overall, the poor gain frlornad-based economic growth (Kanbur and

Squire, 1999), and on average, absolute poveiyath economic growth.

There has been considerable debate on the vakehbfof the above strategies and the extent to
which there are tradeoffs — that is, whether gregttmoting strategies worsen distribution and
whether distributive strategies reduce growth raggshis time the consensus of economists,
policymakers and the international development camity is that “economic growth is

necessary for poverty reduction, but most likelydsa sufficient condition to reduce poverty”.

But what causes economic growth? Hogendorn (198@)nsarizes the five different factors
which influence economic development in very gehdmams: (1) increasing savings,
investment and technology adoption, (2) agricultimgrovement, (3) increasing international
trade with a focus on comparative advantage, (gyawing economic efficiency (of the system

and its agents), (5) human capital formatioEconomic growth is not the result of any single

% Note here that in this review of the literature @owth, there is little or no acknowledgement n§ a
role for energy. The same lack of discussion caom$nin most standard discussions and organizational
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one of the above factors, but rather a complex gamalof economic and social determinants.
These include, among others, initial endowmentjlavitity of capital (physical, natural and

human), technical improvements, cultural and ingtihal differences, etc.

The most dramatic evidence of the largest povemyoval effects has been observed in the East
Asian countries. In 1975, approximately 60 peragnthe population lived below the poverty
line and after twenty years of high rates of grow#mging from 6 — 12 percent annually,
reduced the numbers of absolute poor to 20 per&hmtlarly, poverty in India has declined
from a range of between 50 and 65 percent in tliel@60s to less than one quarter today. This
steady decline in poverty was strongly associatigld agricultural growth. Public investment in
rural areas benefited the poor through its impacthe growth of the rural non-farm economy.
And government expenditure on rural poverty andlegympent programmes, which has grown
rapidly, has directly benefited the rural poor (Fdral. 1998). As the noted Indian economist
Pranab Bardhan states "In the areas where grovstié®n the strongest poverty has fallen the
most. The problem is that by itself (growth) is motough” (IFPRI, 200 In Brief, September
1999).

Considerable debate remains on the value of vargrosvth strategies and redistributive
measures. At this time, the consensus of econgmpsticymakers and the international
development community is that economic growth isessary and the most important
requirement for poverty reduction. Yet, other sitanéous mechanisms focused more directly
on the poor are also required. A significant slaireconomists would also suggest that not all
growth is equally desirable. The new paradigm oftainable development” is encapsulated in
Agenda 21'. Here, while growth is given the highest priofity poor countries, a distinction is

made that growth strategies must be sustainabletbgdong term. This requires simultaneous

responsibilities on macroeconomic issues where tiras/ located versus the micro-economic issues
where energy is one of many sectors reducing tiheeimce of one or the other.

47 Seehttp://www.un.org/esa/sustdev/documents/agenda@dxihtmfor details.
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consideration of environmental and equity dimensidrhe earlier concern of tradeoffs between
growth and equity has given way to a general ageaerthat” paths that promote growth
together with equity and a concern for environmleassets and constraints are available and
provide the best course for long-term developméktiinnasinghe, 1999). Thus, investments
and policies that complement each other and promib@imensions simultaneously or at least
do not worsen one dimension while promoting anotwer to be favoured. Many of these
recommended policies, however, are broad in thgpti@ation and do not specifically target the
poor. For example, such policies may promote macaomic stability, increases in overall
productivity, infrastructure such as energy sewjceoads and communications, good
governance and expansion of education. Nonetheddk®f the policy-related issues have
considerable impacts on all dimensions of poveltyis, therefore, very difficult, often
impossible, to isolate the cause and effect relatip between these broader actions or a single
intervention and their direct impact on poverty.e¥b broader policies and actions must
ultimately rest on a theoretical understanding efiedlopment processes and desired social

goals.

Most policies today attempt to support broaderoastiwhile at the same time directing some of
their efforts at targeted programmes of povertyuetion. Such pro-podt programmes aim to
provide income generating opportunities for the rpdbrough public works and rural
enterprises; furnish assets such as finance aastdigk; promote micro and small enterprises;
strengthen organizations of the poor; protect agaiisks, increase access to education and
health care, and so on. In the next section, wese# how increased energy access and use are
important in both promoting growth and poverty refibn, and how shortages have

significantly constrained both growth and povedguction.

“8 The term “pro-poor” does not mean encouragemempbeérty, but policies, programmes, and actions
that focus on ultimately improving the welfare afgp people in a sustainable manner.
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Almost all poor people, particularly poor women,ffeu from an interlocking set of
disadvantages including inadequate incomes, assétgation and health, lack of security,
violence and lack of voice. The rural poor ofteffesueven more from these disadvantages than
others. For instance, the rural poor often liveniore remote areas for which it is more difficult
to provide infrastructure and services, and actessarket opportunities is severely limited.
Additionally, they are often less involved with timore productive formal sectors of the
economy. What this means is that income and emm@aynwo intertwined aspects, are both
highly precarious, unstable, provide few non-moneteenefits (i.e., minimal health packages
that might be offered through formal sector emplewt)y, is primarily survival oriented and
may often have the whole family, including childrémvolved. Therefore, just as poverty has

many dimensions, efforts to reduce it must be dguallti-faceted and synergistic.

In general, food production, income from livestocksh crops, non-farm activity and other
informal economic activities, which provide most tbe income for the rural poor, must be
taken into account. The rural poor have specialsde improve access and to make better
productive use of local resources such as landveatér and their local knowledge assets.
Often, higher shares of these resources, improgeesa and control of the assets, institutions,
improved technologies and markets, and public stfteture investments are needed in order to

increase their shares of economic growth.

2.3 Energy as a part of the solution to poverty

The removal or significant reduction of povertywiinproved equity is the overriding objective
of the MDGs. The MDG declaration often refers te th2 billion peopl€ who are mired in
"extreme poverty", living on less than one dollatay® as being totally unacceptable. Most of

the Millennium Development Goals and poverty tasgeduld potentially be achieved if the

49 people is used in this document throughout tor refegroups of men, women and children where
common group characteristics are being discusséteoe is no gender disaggregated data available.

% |FAD- Rural Poverty Report 2001 — The Challeng&néling Rural Poverty.
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poorest and most disadvantaged people achievedilmtased incomes and increased access
to a number of enabling services. Increased incathes people to acquire most of their needs
from the market, including many energy servicess limportant to note here an additional
difficulty with accessing many network needs prexddby infrastructure, such as transport,
energy, health and similar services that often hscade requirements (for instance, a road
cannot be acquired individually) and frequently cdhe®mmunity or public investments and
management above the requirements of income. $hespecially relevant for poor women in

rural area¥.

The (MDG) goals are designed towards providingadifsprovements in poor people’s lives
and are ends in themselves. They are arguably“laigoan capital inputs” for further human
development and remain the best examples of “paoy*ppolicies that we have today. But
energy services, which can make a significant dmution both to growth and to the extent to
which growth impacts on poverty levels have beetetremphasized in the early formulations.
This has been highlighted in the report by the UNddnium Project and several other reviews
of MDGs. To date, the role of infrastructure andestment in energy services have remained
limited, either by a lack of clarity on the morelirect mechanisms through these investments to

reduce poverty and by a lack of methods to assesry impacts?

*! It is useful to note that many deprivations, imlihg of energy in urban areas, are simply due lack

of income, which prevents the poor from purchagdimg bundle of goods and services available in the
market. In rural areas, on the other hand, indizidncome alone does not necessarily resolve tieda
access as the generation, distribution and seivicestructure is also required and absent.

*2 Millennium Project Report to the Secretary Gené2a05) Investing in Development: A Practical Plan
to Achieve the Millennium Development Goals, page Zhe report is especially noteworthy in its
consistent focus through the entire document orettexgy needs of the poor. It is likely that theklaf
attention on energy services in the MDGs stems filsenabsence of energy in the economics of growth,
discussed in the earlier section.
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Box1 Energy servicesand MDGs
Improved energy services - including modern cooKimgjs, access to electricity, and motor powere{ ar

necessary for meeting almost all MDGs. They camucedchild mortality rates and improve maternal

health by lowering indoor air pollution. They cagduce the time and transport burden of women and
young girls by reducing the need to collect bioma&sd they can lessen the pressure on fragile
ecosystems. Electricity is critical for providingdic social services, including health and educatnd
for powering machines that support income-genegatipportunities, such as food processing, apparel
production and light manufacturing.

Source Millennium Project Report to the Secretary Gehé@05), page 30, Box 3.1

Given the importance of the MDGs, it is notewortinyd highly positive that the new repdrt

goes a long way to reintegrate energy services emgally into the plan of action to achieve
the MDGs and reintroduces energy as a key inputighlights that a key infrastructure for
achieving the means to a more productive life idekiessential “energy, including electricity

and safe cooking fuel¥"and it acknowledges that “energy services aréiiehe goals.

We conclude here that appropriate energy servimethé rural poor and women can increase
their assets, productivity and health can be design small packages, run by decentralized
local institutions, increase participation, voigadasecurity. When the actual energy needs and
the local energy resources form the foundationdesigning solutions for energy poverty,

keeping the above characteristics in mind, theyarah have been shown to act synergistically
to improve multiple dimensions of poverty as wellmeeting immediate needs. The synergy
unfolds with access to assets and technology redwasset inequities, empowering the poor as
well and increasing their incomes. Decentralizelditsans contribute by being divisible into

small low-cost units and by increasing local coindreer local natural resources which generates
access to financial services, and acquisition amtributions to locally relevant knowledge and

increased participation in local markets.

%3 |bid., page 8. This report also integrates dieext indirect mechanisms in Figure 3.1.

* |bid., page 8, Box 1.3. It also lists other condrastructural services required for the MDGs and
recommends that infrastructure investments musttbeduced early in the cycle.
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Participation gives poor women a voice. Voice atdheir power to discover and adopt means
to improve their own lives. Policies must integratgal women and girls, in particular, to

remove cultural, economic, legal, infrastructurald aknowledge-based obstacles to equity.
When women are empowered to make decisions comgerhousehold and productive

resources, hence resulting in higher incomes, tre@ee many subsequent benefits that
materialize for women, for men, and their childimremll survival dimensions and with respect to
nutrition, health and education. Influence in amdranstitutions that serve them, often badly, is

critical if public infrastructure investments acelte increased and made more effective.
The diagram below illustrates the role of increasegrgy services and energy efficiency

improvements that provide additional energy resesirat a lower cost to improve the overall

performance of all energy and economic goals, dinlypoverty and growth.

Energy Goals Linkages Poverty and
Growth Outcomes
Ezpand Access Esgzential mput for production
Enhances labour and capital procductivity
Improve Supply Security Inecrease output of goods and services

Austainability Eszential for health care and education

services
Reduce Health and Eszential for complementary Canabilities
Envirorumental Costs infrastracture services — water, transpor, ¥
commmuication

Health improvements — reduced indoor

V

pollution

Numination & personal security
Environmental sustainability

Source Diagram based on the World Bank Poverty ReducBtmategy Sourcebook and Lamech et al.,
2000 p.3.

&ccess to information (radio, TV and

COfnrc atiom)

V

Apart from the energy sector’s link to poverty, Bamlinks also operate through energy inputs
for other basic infrastructural inputs such asgpamt, communications and others. Each one of
them can have a targeted and direct impact on tloe o the extent that they utilize these

services. In all of these cases, the indirect effeamuch larger and yet more difficult to
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establish. Adequate energy services in all cowaie growth promoting and their shortage is a

critical barrier to poverty removal.

It does not immediately follow that all actionsgmmote energy supply will lead to positive
developmental outcomes. This is because it isheenergy itself which we value but the uses
that stem from the availability of energy servic€ven that energy supplies carry with them
additional capital, resource and environmentals;adternatives which enhance the efficiency
of energy use are to be preferred over an increasmergy supply, if both options provide
similar economic rates of return. Hence, econonicdtractive energy efficiency opportunities
provide larger contributions to economic growth ahds to poverty removal than similar

increases in energy supply.

The table below combines the various points ofabeve discussions. It presents the impact of
increasing energy inputs for the poor and in thenemy at large, as well as of improving
energy efficiency for the poor and in the produetsector for the fifteen indicators of poverty
identified.

Increasing Energy Inputs Improving Energy Efficiency
. In the
Indicators For the Poor In the Economy In Uses by the Productive
Poor
Sector

1 | Food Improves Improves Improves Improves
2 | Nutrition Improves Improves Improves Improves
3 | Health Worsens Worsens Improves Improves
4 | Water/Sanitation| Improves Improves Improves Impeo
5 | Clothing Improves Improves - Improves
6 | Shelter - Improves Improves Improves
7 | Security Environmental | Environmental Environmental | Environmental

security security worsens, jolb security and job security

worsens security improves improves improves
8 | Income Improves Improves Improves Improves
9 | Employment Improves Improves Improves Improves
10 | Education Improves Improves Improves Improves
11| Skills Improves Improves Improves Improves
12 | Participation - - Improves Improves
13 | Family - - - -
14 | Equity and| - Tends to| - Possible

distribution improve/Associated
with improvements

29



The diagram below details how improvements in itriisenergy efficiency can bring benefits to tleop
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Just as there are strong direct and indirect liakdgetween energy services and poverty, there
are equally strong direct and indirect linkagesMeen efficiency and poverty. The direct links
come from the fact that everyone needs minimumgnésr basic survival - for cooking,
lighting, often for drinking water, irrigation, hiéa care, sanitation, education and employment.
And, almost always, the poor pay excessively ferghergy they use in terms of time or cost or
both. In almost all cases, poverty forces the goause energy with poor efficiency as in the
case of kerosene for light, wood stoves for cookdnd in many production activities as well.
This often forces the poor to cause and suffertgremvironmental harm. Thus, improvements
in energy efficiency directed at the poor incrediseir well-being by reducing costs and

increasing opportunities.

Examples of direct impacts for those who live ololeUS$ 1 per day include lighting where
CFL and LED options can increase disposable incdmges-20 percent (by reducing costs); in
cooking, more efficient stoves can similarly inceancomes; home heating is a major cost in
colder regions and the potential for direct besdfit the poor with more efficient systems are
significant. The costs can be as high as 30 pemfetdtal income. Finally, in all production
activities such as irrigation, thermal applicatidios post-harvest processes and others can

increase production and income with efficient egenguts.

It must be noted that the indirect impacts can bendarger. In countries like India with
electricity shortages of 25-30 percent, a greatidrato increased access is the inefficient supply
and use which reduces pressure to increase adeess. if climate change is completely
ignored, energy supply and use are the single sarcguse of environmental damage in most
countries; in some, the environmental penalty orPG®over 5 percent, penalties often borne
more by the poor. An efficient energy system (sypohd use) goes hand in hand with an

efficient production system, competitiveness, iratmn, growth and a host of positives.
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2.4 Energy and poverty

"Poverty means, among other things, limited actessnergy sources for the required energy
service®’. Poverty influences and determines energy chai€gmor households®. The most
important point about energy is that no one wan& gy for itself, unlike food, shelter or clean
air; rather, people want energy for what it allothem to do. People have two basic energy
needs for survival in mild climates, energy for kiog food and energy for lighting at night. In
colder regions, people also need energy to prdvede. These three together are the most basic
survival needs and many poor people do not havesacto sufficient energy supply to meet

these basic needs.

People need additional energy to increase theidymtion, and mobility. Energy, especially
electricity, allows for other benefits includingfnigeration and cold storage, motors for pumps

and machinery, and communication (telephones) atattainment (televisions, radios) services

productive purposes such as grinding, husking, pogpgdransportation and communication,
people, often women, are forced to spend the ntgjofi their time and physical energy on

subsistence activities. The poor invariably usditi@nal energy technologies that are inherently
very inefficient in that the final useful energyrgee derived from them is a small fraction of
the energy input. Lack of energy services is diyecorrelated with the major elements of
poverty, including inadequate health care, low atioa levels and limited employment

opportunities. Energy povertyis the lack of adequate, affordable, reliable hhigiality, safe

and environmentally benign energy services to sugmmnomic and human development.

2.4.1 Energy services for survival

*° See earlier section on the many different formerwfrgy.

% Celeski, E. (2003) Enabling Equitable Access taaR&lectrification: Current Thinking on Energy,
Poverty and Gender, World Bank.

*" Reddy 2000.
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The linkages between energy and poverty are bogictdand indirect. The direct linkages come
from the fact that whether poor or non-poor, evagyneeds a certain minimum energy for basic
survival because of the energy required for thekiompof food, lighting and in colder and

higher altitudes for heating of living space. Tlagtdr is a need that is relevant for smaller
numbers in developing countries and hence is aftgngiven much priority in development

efforts. The need for energy for heating, howeigemuch more significant where the poor live
in high altitudes and/or in colder climates. Henites need for energy for heating should be

factored in in energy-related development plansHemrelevant region%

2.4.2 Energy services and other enabling conditions

Energy is often required to provide clean drinkimater, health care, sanitation, education and
communication. We will not repeat here the mangrgjrarguments made by Barnett (2000)
and many others to show the very strong link betwepergy use and availability in the
economy with production, growth rates and a pasitduman Development Ind&x All of
these tasks are important to the survival of theshbold, involving drudgery and time that
could be reduced by the availability of modern ggeservices. Improvements in energy
services, both on the supply side and for increased efficiency, will require higher skills
from those involved. This requires training andtimn increases capacity with additional
indirect benefits in terms of empowerment and fienssto other activities. Similarly, micro-
credit programmes and institutions can help prortiogeshift to better energy services and also
for increased saving, investments in other arga$itaereby promote multiple objectives. These

are all too often neglected areas of energy plannin

°8 Many of the poorer regions of Latin America areatd in the Central Americas and the Andean
countries where the rural poor tend to be in highevations and need energy for space heatinggkner
required for space heating can be much higher fvanooking, which in turn is much higher than for
lighting. In the colder regions without providinglstions for more efficient and cleaner space heati
the benefits from improved cooking stoves are whiko be significant.

¥ Barnett, J. (2000).
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2.4.3 Energy, production and income

Additional energy inputs remain a key supplemeriuman energy in order to increase outputs
per person. Beyond these effects directly affeciimtividual welfare, energy is an especially
important input for economic growth. A correlatioatween per capita energy consumption and
per capita incomes in different countries and dirae shows that low energy consumption is
associated with poverty and that the demand forggnases roughly in step with economic
growth. The correlation between energy use andanangrowth is further confirmed by the
counterfactual in that energy shortage constratenemic growtf’. Many activities and
investments are simply not possible without com@etary energy inputs. Historically, in all
societies increased agriculture and food produdimh farm-related services have provided the
locus of most employment activities in rural areasd for the poor. Additional production and

employment opportunities thus demand complemermagygy services.

Micro, small and medium firms (including largernfis) play an increasingly important role in

promoting employment, a major element of povergudion. The MDG goal of halving the

share of people living in extreme poverty cannotrdmized without durable, sustainable and
broadly-based economic growth, much of it in thelen scale and in a vibrant private sector.
Small scale firms can belong to the energy servssedor. Here, they serve to enhance the
livelihoods and employment of the poor directlypasviders of energy services, as well as the
other benefits of employment and income. All mantueng firms have a special role in energy

efficiency as they provide the equipment and sesstbat lead to the efficiency improvement.

Energy resources and their exports are criticalsimme poor developing countries such as
Bangladesh, Bolivia, Ghana and Mozambique. Theyb&ssed (and sometimes cursed) with
important oil and gas resources which can proveeta major source of economic growth, for

growth of the private sector development, and feetimg energy services gaps of local people

% |bid. page 6.
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and businesses. They face great opportunity toelarthe resources for economic growth and

increased employment.

Theory and experience suggest that the promoti@nafficient manufacturing sector requires
an enabling business climate characterized by fwetitioning public institutions and policies
that are needed to support a dynamic private semtdrinclude low transactions costs, efficient
credit institutions offering various types of fircmg, efficient regulations and procedures,
increased transparency and reduced corruptionthegeith access to infrastructure such as the
required energy, transport and communication sesvit®Veak public institutions that fail to

deliver the required services add to the diffi@dtof production, growth and profitability.

The enabling environment for growth is not only the macro level, but needs to be
complemented by micro-economic reforms and infeastire services that help competitive
forces. Actions by policymakers in developing coigst have focused heavily in recent decades
on improving macro-economic policies, undertakitmctural reforms including trade policy,
privatization and improved financial markets inéhgl micro-finance, yet attention to other
elements of the microeconomic foundations -- thiecigs and institutions that support efficient
economic activity -- has been uneven. The WorldkBeaims that more attention is currently
required to meet the significant infrastructure idtf, including energy service needs in
developing countries, to enhance production andi@mpent opportunities, as well as to help

the poor access basic energy serVices

2.4.4 Energy services on production and growth

In most developing countries, firms suffer fromdes in production and productive capacity
because of poor infrastructure. Inadequate enegyces is often the biggest problem and is

cited as an obstacle by up to 30 percent of filmdaveloping countries as a whole, but by 50

1 World Bank 2004.
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percent in South Asia and 70 percent of businessesfrica®’. In Nigeria, poor electricity
service was reported by 93 percent of firms agrbst significant problem. They reported loss
of power more than five times a week meant 88 \awtking days per year, and incurred the
loss of raw materials and damage to equipment. |8nfains were more vulnerable and lost 24
percent of their output. In Tanzania power outagféscted over 25 percent of the work days
and inadequacies in the energy infrastructure \masldrgest cost element for business. In
Bangladesh, conditions are even worse with firnffegng from power loss on over 250 days
per year. The World Bank has estimated that Baegladoses around US$1 billion per year in
economic output due to power outages and unreliabégy supplies. At a macro level, the
World Bank estimates that with higher investmemtddlecom and power generation Africa
would have achieved an increase in growth ratéisarmagnitude of 1.3 percent per year during
the 1980-90s.

A USAID evaluation in Bangladesh showed that withal electrification interventions, the
households which had access to electricity hadnesothat were 50 percent greater than those
who did not; the rate of poverty declined by 20ceet; the income of the poorest (the lowest 10
percent income group) was higher; there was ineckamgricultural productivity due to
irrigation; those with access increased their sga/ioy 30 percent and thus had better access to
credit. Commercial activities increased from 9 tbHours per day; turnover increased by 34
percent and electrified businesses employed momiken® and paid higher wages than non-
electrified businesses, with all contributing to'vatuous cycle' of increased incomes and
productioft®. Another study in Indonesia established the ingrar¢ of electricity for the

development of enterprises and businesses inatgak. It found that footwear enterprises with

%2 World Bank (2005) World Development Report, pagé and DfID (2005) P 17.

% See USAID in Bangladesh’s website, http://www.dsgov/bd/Economic Growth.html; Bangladesh —
Second Rural Electrification Project, Project Coetipin Report, World Bank, 1995; Bangladesh - Third
Rural Electrification Project, Implementation Coetfgbn Report, World Bank, 2000; Bangladesh - Rural
Electrification and Renewable Energy Developmenbjdet Information Document, World Bank 2001,

and Jocelyn A. Songco (2002) Do Rural Infrastruetovestments Benefit the Poor? World Bank.
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electricity had twice the revenue of those withaotl small enterprises doing embroidery work

had eleven times the revenue when they had aacessctricity”.

2.5 Sustainability issues

The growth in energy demand means that many ceasnéie facing financial, operational and
environmental constraints independent of any camatebn of carbon emissions. For all
countries, and especially for developing countriesergy and economic development are
closely linked. Economic growth, the primary metHod eliminating poverty, requires growth
in energy services. But the use of modern energgndogiven that global warming, acid
deposition, urban smog, and so forth are key enmiental concerns, and because of national
financial, operational and institutional issues,oives challenges. Specifically, emissions from
the burning of fossil fuels for industry, trans@tion and power generation are the largest
sources of urban air polluti&h These issues are critically important and nedgktdealt with at

national and global level, as all current formoérgy are highly pollutirf§

With the acknowledgement at Copenhagen in 200%hefseverity of climate instability and
GHG, the issue of reducing G@om fossil fuels has gained prominence in gladrad national
policy discourse and could consequently divertndib@ from the energy needs of the poor.
Here, the issue of focus is on the fact that apprately 2 billion people in the world,
predominantly women, depend on traditional fuele.(idung, crop residues, wood, and
charcoal) for cooking, and a similar number useltemand kerosene for lighting as they do not
have access to electricity. Both cooking and ligiptare basic and primary needs and (for those

without the need for space heating) account fol98Qsercent of their non-human and animal-

%4 K. V. Ramani and Enno Heijndermans (2003) EneRpuerty, and Gender: A Synthesis, World Bank,
Washington D.C. P. 89.

® Industrial production processes add particulabes sis sulphur dioxide (S nitrogen oxides (NQ),
carbon monoxide (CO) and other pollutants to oomosphere.

% Rath (2002).
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derived energy. These needs are met by the pobrsigihificant negative effects for themselves
and their families. It is important to point ougttsolutions for the rural poor do NOT put stress

on the global commitments.

If we expand the poor who do not have access tmgrie the entire group of the world’s rural
population, it is around 3 billion people. If weethtake a rough estiméteof the minimum
useful energy required by each rural person fokicgpand lighting as their basic requirements,
and multiply it by the total number of people, tieual energy requirement is around 3000 PJ.
The WEC states that “[i]f we were to stretch ourmgimations and suppose that these energy
needs could all be met by electricity, assuming8a% conversion efficiency of the electrical
appliances used, this would translate into 3472P964 TWh, or only about seven percent of
the world's total electricity production in 1996dadless than the residential energy consumed in
the USA in 1993!"” Given the additional contributiof fossil fuels used for transport, even if
we supplied the world’'s entire rural population'askt energy needs entirely with polluting
fossil fuels, this would not add more than 3 or ercent to global pollution and carbon

emissions.

Global emissions have grown by much larger amoimtslmost all countries over the past
decade without any benefits to poor people. Thigsikhput at rest the almost mindless debates
and gross policy distortions whereby the most egpenforms of renewable energy are
reserved in donor funding for the poorest! The psayuld be provided access to the cheapest
energy services that improve their well-being. dms cases, the solutions will lie in improved
renewable technologies - biomass, small wind arttd)ybut in a large number of cases, it will

involve fossil fuels such as LPG for cooking andséi for transport and electricity. To fully

®" Developed by the Indian Planning Commission fae tlooking and lighting needs of the Indian
population as being 1MJ/per capita per year ofl firseful energy. It must be noted that there isidew
range in per capita rural household energy usethmitiata suffers from so many inaccuracies, and of
course, there is wide variance in practices thahawe not attempted to determine a more accuratag|
number here. See WEC19%ral Energy in Developing Countriésr more details.
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take advantage of growth options, programmes muostre that the poor have access to

investment options for more efficient technolodmsenergy services.

2.6 Penalties imposed by inadequate energy services

In many cases, the poor pay excessively for theggribey use in either time or cost or both;
this cost is typically borne by women and childfeffor example, traditional biomass stoves
have very low energy efficiency and this increatestime burden of those who collect the
larger quantities of fuel required than with ariciéit stove, a task overwhelmingly allocated to
women and children. Beyond the fuel needs, they mlsrease the time for cooking, again a
task typically undertaken by women. In many capeserty forces the poor to use energy with
less efficiency in production activities as welliaghe case of wood stoves for commercial food
preparation, in pottery, brick making, drying anebgessing of agricultural products and in

many other traditional activities.

Inefficient production activities often force theoqr to both cause and suffer greater
environmental harm and damage to their health. Tiyzrovements in energy supply directed
at the poor increase their well-being both by rémyitheir costs and increasing opportunfies
Fuel wood and crop residues, for example, are ioiefit energy sources for cooking in
comparison to gas and electricity, which can be fivten times more efficient. Electricity can
be up to 30-100 times more efficient than a keresamp in converting energy to useful light
Thus, where the poor use cash, a greater perceotapese cash resources are used for low
quality, less efficient fuels at a greater codieirms of the health impacts of respiratory diseases
and premature death, higher demands on time andetthéced ability to accumulate the
necessary financial resources for improving livetids. While using fuels more efficiently and

in ways less damaging to the environment and tplp&ohealth is possible, this is not occurring

% Lamech et al 2000, p. 2.
% ESMAP 1999.
®Nordhaus, 1998 and similar calculations done yailithor.
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in large regions of the world; nor is a potentikm@native, which involves shifting to modern
fuels and* which most rural poor in developing countries vebutonsider a blessing,

progressing as rapidly as it could.

There was a time when energy was considered aatequart of the process of economic and
social development. Albeit exaggerated at timesn&# (2002) laments that energy for the poor
often appears to fall off the development agendarasmportant factor in the development
process, and similarly, the Millennium report conmtsethat over the past 20 years, donors have

moved away from the provision of efficient energyvices.

2.7 Increased & efficient energy services and poverty

All the evidence available suggests that the redadh poverty levels will require increased
quality and levels of energy services beyond thaickv is currently available. Clearly,
alternatives which use renewable energy and/oeas® the efficiency of energy use are always
to be preferred when the economic and financiatscase appropriate; too often, efficiency

options are completely overlooked.

2.7.1 Manufacturing

Both theory and empirical evidence reviewed herdicate that energy efficiency in the
economy and also in the manufacturing industry dagtrong link with competitiveness for
firms, sectors and the economy through variousalyels in all countries. It begins with the fact
that firms pay for the energy services used andhgavranslate to the bottom line. The no
regrets potential or the win-win potential for ef@incy gains range from 10-50 percent of the

energy of most firms and this is significant. Laggens in manufacturing energy efficiency are

™ The term modern always includes liquid petrolelam (_PG), kerosene; electricity and coal. It should
also include, and increasingly does, modern biorbassed technologies such as improved stoves,
gasification and other new energy technologieswels as renewable sources such as wind, solar and
small-scale hydroelectric resources.
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associated with newer plants and new technologiésyith higher overall productivity gains.
Hence, economy-wide competitiveness would be erdthmdgth increased energy efficiency.
There is plenty of evidence in developing counttiedt IEE is profitable. The evidence comes
from hundreds of individual firm-level case studi#salso comes from econometric evidence
from a World Bank study cited by UNIDO for 24 demging countries between 2000-2005 and
10,600 enterprises that Total Factor ProductivitfFR)? is negatively related to energy

intensity in almost all countries as well as cdpdabour.

These productivity results again translate to ghowttrade, narrowly first in the energy sector,
whether energy is imported or exported, but alsouth increased trade flows related to
investments, technologies and final products. lidial countries that take a lead in the market
for energy efficient technologies would gain in g innovations and productivity growth.

Further, all supply of energy efficient technolagiboth for use in manufacturing and in other
sectors would be provided by the manufacturingmecthus, the manufacturing sector is
critical to the building up of technological andhavation capacities, together with first mover

advantages for trade and grofith

Very often measures to increase energy efficieramyymit of output in industrial production

activities are highly correlated with an overaltigase in production efficiency. Therefore,
increases in energy efficiency are likely to beoamepanied by lower inputs of other materials,
lower wastes and reduced pollution loads. Besidesssues specific to energy production and
use, there is concern that unless the impactsafamgic and production activities are reduced,
they will increasingly generate environmental caoaiats, which will further limit the scope for

economic development besides their negative impatthe health of human and other living

things (World Commission, 1987). More efficient aridaner technologies are those designed

"2 TFEP is related to the Solow residual for techngldigcussed earlier.

3 See Eichhammer, Wolfgang & Rainer Walz, 2010 féorager and more detailed discussion on these
points.
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to reduce the throughputs and waste streams ofjgnemater, materials and byproducts and
these provide developing countries the choice,nofegmed “leap-frogging”, to follow less

polluting options rather than using outdated tedtoo

Furthermore, energy efficiency options offer a posd for improving the technology services

provided to small and medium industries. SMMEs mtevthe maximum amount of

employment in all countries and are seen as a nagonent of any employment generating
developmental path. At the same time, small anditmedized businesses tend to be less
efficient and more polluting (per unit of produet)ahan many larger units and do not have the
in-house capacity to resolve their technical protdeWe therefore need to review the special
role of SMMEs in growth and employment generatizategies and their special problems and

needs.

2.7.2 Small and micro enterprises

If we apply a comparative framework to developmend accept that in certain respects the
development path followed by developing countriB<Cg) will include some of the same
elements and follow some of the same trajectometustrialized countries did, then the
following historical facts may be considered toviaéid. Historically, in all societies the majoriy
of people were involved in agriculture and fooddarction, and farm and farm-related services
provided the locus of most employment and defiraaiad organization (English, 1993, p. 3). In
all countries, additional employment opportuniigeserged first with increased farm production
and with related off-farm industrial production,tb@emanding complementary services. It is
natural for all such additional production actegito mainly start in small establishments, some

in rural and some in urban areas. It is only inlétter stages of development that many of these
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small establishments grew to become large, sanhhe industrialized countries a high share of

all employed persons worked in large establishmiénts

Over time, with industrialization, there is a mowarh of labour from the farming sector to
manufacturing, with a growth in SMMEs and their ésyment share. Ultimately, the structure
of employment and firms in the industrial sect@bdtzes with a certain distribution between
larger and smaller firms. This structure and disttion, always a dynamic one, depends on the
history, economic policy and industrial environmenithin which different sizes of firms
exhibit optimal economic efficiency. The economagit for the initial growth of SMMEs is
based on the initial scarcity of capital and scdilmarkets. This is true for all new entrepreneurs
in all countries. And, capital scarcity is a moognenon characteristic for most entrepreneurs in
DCs”®. Over time, some of the SMMEs move toward moreitabjmtensive technologies as
their supply of capital increases. Since capittd+igive technologies tend to be characterized by

economies of scale, large firms evolve and becoonérthnt in many sectors over time.

The fact that there is not enough capital to gasagoin DCs (i.e., not all workers can be
allocated similar amounts of capital as in indadized countries) leaves a country with two
alternatives. It can concentrate a high sharesofapital on a few workers who will have high
labour productivity and high wages and leave tls oé the workers with very little, or it can
attempt to distribute the capital more evenly amalhgvorkers (English, 1993, p. 6). Normally,
one can get more total output by using all of therkers together with intermediate
technologies than allowing a few to work with advea technologies while the rest have so
little capital that their productivity is very lo@English, 1993). Intermediate and less capital

intensive technologies are used in SMMEs to a nguehter extent than in larger enterprises.

" The definitions of “large,” “medium,” “small” animicro” establishments vary considerably across
countries and in many countries there are legahitiehs for the different size classes.

> Banerjee, Abhijit V. & Esther Duflo, 2004 show thide role of credit and capital constraints is
fundamental and pervasive due to poorly functioriregit markets.
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Among the most commonly stated rationales for tigpert of smaller production units is their

employment creating capacity. This almost univepgfa@nomenon arises from the fact that
generally for the same product, SMMEs use greabodr and less capital and in most
countries, most start-ups are in SMMEs. Also, SMMBsally hire a work force with lower

skills and thereby provide a large number of uhasttilworkers valuable work experience and
skills. Evidence also shows that SMMEs often teaduse more appropriate technologies,
produce products with more appropriate attributed at scales more suitable to small DC
markets. Finally, it is postulated that, unlike tlaeger scale manufactures that rely more on
imported technologies, SMMESs can provide the madmket for DCs’ research and technology
development capacity. Recognition of the signifamrof the small-scale sector (SMMES)

increased almost two decades ago, together wigttarbunderstanding of technology issues and

the nature and pervasiveness of employment andtyqu®blems.

The potential socio-economic contribution of snmalinufacturing enterprises is considerable
and will remain so for some time in most partshaf tleveloping world. The countries that have
shown exceptionally high economic growth rateshhégployment rates and a more equitable
income distribution are Japan, Korea and Taiwad, alhof them have depended on a strong
base of small enterprises. In the poor countriesrat the world, it is clear that this sector must
play an important role for the foreseeable futifréhey are to increase their economic growth
rates while increasing employment opportunities @mality. Another reason for the importance
of SMMEs is that in many sectors, production tisatlosely coordinated between large firms
and many small subcontractors has proven to be moommomically efficient than that
undertaken by vertically integrated large scalmdialone. Other advantages of SMMEs are that
their development is important for the promotionr@gional economic development. It is also
argued that small enterprise development is impoft the more efficient functioning of the
market by increasing the number of participants gedicing dominant power. Finally, it is
argued that small enterprise development promaesodracy and a civil society by increasing
the participation of a larger number of stakehader the economic, political and social
systems. (Additional discussions of the reasonstdipporting SMME can be found in the ILO

reports and in English, 1993).

All these advantages and benefits of SMMEs do mobec without some attendant costs. In
many cases, it is understood that the economiclipesaf not taking advantage of scale
economies when available are simply too high. Bveare SMMESs are economically attractive

on various grounds they tend to be less energgieffti and contribute higher emissions than
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larger enterprises per unit of production, and igitreeir geographic dispersion and lower capital
and skill base, provide greater challenges for neldgical upgrading. In general, they are
weaker in their capacity to generate savings angketeerate technological change. Finally, the
reality of health, safety and working conditionslgray, for SMMEs is in general inferior to
conditions in large enterprises, although at thecroeconomic level, it may be more
“appropriate.” As in the case of small farmerdgsigenerally accepted that a healthy, efficient
and dynamic SMME sector necessarily requires tlowigion of technological inputs from

outside the sector.

For a consideration of energy efficiency, produttigrowth and poverty, SMME provide
special challenges and opportunities for publiégyolTo take an example from India, the total
number of SME units in the country was estimatetd¢caround 0.31 million employing 17.1
million people as of March 1999, thus being theoséclargest employer of human resources
after agriculture. The total production in the seavas US$ 120 billion of which around US$
11 billion was for exports. The SME sector thus accounted for around 40 peroktotal
manufacturing production and a third of the coustitgptal exports. It is clear that the sector

plays an important role in economic growth, empleptopportunities and equity.

The study’ found that over a period of 50 years, the exiskingwledge base of the small firms
in the sector remained well behind the knowledge tachnology available in the country, but
at the same time, knowledge levels were dynamiccantinuously improving. Lower levels of
skills and formal training and capital barriers amajor factors preventing faster learning and
higher energy efficiency. The key findings reveadtt many examples of energy efficiency
options exist that are financially attractive, lauset of existing and complex barriers prevents

their implementation. The evidence demonstrates tis2ful programmes can indeed be

® Rath, Amitav, 2001. Mechanisms to Improve EnerdficiEncy in Small Industries, Part Five:
Conclusions, Policy Research International, DFIDj&st R7413; page 1.

7 bid.
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implemented in all countries and that these prograsi can demonstrate immediate and
achievable energy efficiency gains which are asmemically attractive. Many of the possible
interventions were found to be highly cost effeetifor the user, the economy and the
environment. Our findings in Khurja add to the glbbvidence and confirm the earlier findings
that such opportunities are quite extensive andifseggnt in Khurja. But we also found that
much of the literature promoting energy efficiengnds to be “noisy” — with degrees of
misidentification and misspecification, thus rechgcithe efficiency of the knowledge

transmission process. That adds to the risks ®EMME sector.

2.7.3 Consumption/income

Energy efficiency improvements generate savingsianpdovements in the production process
through lower energy costs, reduction of wastegased productivity etc. By reducing resource
use, energy efficiency improvements will increabe tndustry's overall efficiency. This

increased efficiency will inevitably lead to incseeal profits. These higher profits can benefit the

poor in various ways:

- If the enterprise is a micro size enterprise, tlogkers and owners of the enterprise are
often the same. Thus, reduced costs translate imtegdinto increased earnings by the
poor families working in micro enterprises.

- Where the units use hired labour, the chain ofceffeecomes more indirect. Profits can be
utilized in several ways and normally some or &lthe effects below should take place.
Some of the increased profits may be redistribtiteaugh the industry as increased wages
to employees; or, the increased profits can be usedadditional investments and
production, purchases of inputs and services, iageapin-offs in input-providing and
output-using industries and thus promote economuw/ty. Economic growth has a positive

effect on employment and poverty reduction as dised earlier.

On the other hand, increased savings may be passtmithe user of the output in lower sale
prices. If the users are low-income groups, theimjiroves their incomes. In all cases, the
increased competitiveness of the sector should teddgher production and employment. Or
even in the worst case, where the profits are aotyued by the owner who may not be poor, it
will lead to higher profitability for the sector,hich in turn will lead to expansion of production

by others.
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2.7.4 Health

As many industrial areas are clustered, the enmssimm its factories, stemming from large

guantities of fossil fuel burning, tend to haveglmegative local environmental effects. Small
plants, in general, are more pollution-intensive graployee and presumably per unit of output
(Dasgupta et al. 1998). By reducing energy requergs through the introduction of energy
efficient technology and conservation practicesyeiolevels of pollutants such as NOx, SO2
and airborne suspended particulates will be prasahie area (in addition to the global benefit
of reduced CO2 emissions). This benefit will begoater importance to the poor, as they
generally live in the proximity of these pollutif@ctories. Pollution-intensive industries have a
tendency to locate in low-wage areas (Dasguptal.e1998) for various reasons. Firstly,

pollution regulation is often weaker or absent ooger regions (Pargal and Wheeler, 1996;
Wang and Wheeler, 1996; Dasgupta et al. 1996). ifhig be attributable to the lower relative
value assigned to environmental quality by the paad/or because low-income communities
may be less informed and/or less organized to atgydollution effectively (Dasgupta et al.

1998).

2.7.5 Education and skills

Any improvement in energy efficiency will requirégher skills from workers. It is assumed
that important training and education benefits aacrue to workers with reference to energy

efficiency and conservation.

2.7.6 Risk and vulnerability

The problem of risk, as Kanbur and Squire (1998piiy, is that it keeps the poor in low-risk,
low-return activities and it endangers what thegady have. One of the greatest barriers to
investment in new (higher-risk, higher-return) teclogy is access to capital and this problem is
even more acute in poorer countries. By providirmghbinformation and energy efficient
technology, the risk level for pottery entrepremseisrreduced. This gives them access to a high-
return activity with a reduced corresponding rikkalso reduces future risks of owners and
workers not meeting higher environmental standarts$ the risk of not being competitive in
domestic and export markets.

Following Bruno et al.'s (1995) conclusions, allogithe poor to make productive investments
through either lowered credit constraints or byréasing the available information about new

technologies leads to a higher and more equitablety process.
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2.7.7 Sustainable development

Overall, energy efficiency promotes sustainableettgpment strategies. According to Repetto
(1986, p. 15), "sustainable development [is] a tpraent strategy that manages all assets,
natural resources and human resources, as wahascifal and physical assets, for increasing
long-term wealth and well-being. Sustainable dewelent, as a goal rejects policies and
practices that support living standards by depdetine productive base, including natural

resources, and that leaves future generations pather prospects and greater risks than our

n

own. More simply put, the Brundtland Report atsefSustainable development is
development that meets the needs of the presehbuwtitompromising the ability of future
generations to meet their own needs" (World Comiotisen Environment and Development,

1987).

As the main energy source for the pottery induistigerived from the burning of non-renewable
fossil fuels (as is the case for most other indestand consumers), this practice is both
polluting and unsustainable. By finding energyaéfint technology for the pottery industry, this
will lead to decreased energy consumption and cpesdly will reduce polluting emissions.

The use of energy and its implications are of iasimeg global and national policy concern.
These concerns stem from the perception that a euofchuman activities and developmental
goals and objectives are not sustainable undeemuand existing "Business as Usual” policies
and practices, especially with regard to the usemnergy. Detailed critique of developmental

trajectories that are not sustainable are fourtberBruntland Report and in Agenda 21.

Specifically with regard to energy, the currentrggeuse patterns and their anticipated increase
and the need to reduce global greenhouse gas (Qi&uction and global warming have
become important. The majority of GHG, carbon diexiis produced by the burning of fossil
fuels for heat and energy. If these are not addbdhe resultant warming is likely to have a
number of negative impacts which will reduce thtufe security of the poor (and the rich as

well, but the poor always suffer more as they Hagse capacity to mitigate risks).

2.7.8 National level issues

The anticipated growth in energy demand which d®iaely countries with financial,

operational and environmental constraints faceratependent of any consideration of carbon
emissions. Beyond the issue of greenhouse gasetharmbssible impacts of climate change,
many developing countries are already sufferingnfigevere environmental degradation and

negative effects from their energy production. Emiss from the burning of fossil fuels for
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industry, transportation and power generation laeelargest sources of urban air pollution and
add particulates, sulphur dioxide (SO2), nitrogerdes (NOx), carbon monoxide (CO) and
other pollutants. Worldwide, the cities with theopest urban air quality are in the developing
countries; with increasing urbanization and enepggduction and use, this situation will

deteriorate even further if no ameliorative measuage taken. Even the relatively clean
resources from the point of view of emissions, saiydro power, flood agriculture and forest
lands, force the resettlement of people, usualtypihor, and disrupt their local environment for

sustainable livelihoods.

Taking again a specific case from India, this prbjeas to first examine the energy efficiency
opportunities in the small foundry and glass sactorindia. In both cases, the current practices
which are highly polluting and energy inefficienavie drawn attention from the courts for
violating local pollution standards and many umite threatened with closure or have closed.
Under the circumstances, it was decided to seledli@rnative sector which is not facing a
similar crisis. Clearly, the loss of employment faolations of environmental quality affects

poor workers in these industries more than the tivieslconsumers.

For all countries, and especially for developingirdaes, energy and economic development
are closely linked; their economic growth, the @ignmethod for eliminating poverty, requires
growth in energy services. Policymakers everywlagesconcerned that energy services, which
are too expensive, will affect employment, growtil @evelopment negatively. Both India and
Ghana currently have significant energy shortaigethe range of 30-40 percent, unreliable and
poor quality of energy infrastructure and productamd high inefficiencies. These in turn result
in high economic costs because of material waste;chpacity utilization and investment in
standby equipment as a stop-gap measure. In masitres, it is argued that improved
production and use efficiencies, promoted and impleted through appropriate policy reforms

and technological applications, could reduce tetergy use by over 50 percent.

Improving the economic efficiency of energy prodoictand end-use has the potential to allow
developing countries to meet their economic groartd improved living standard needs with
their own economic, financial, operational and emwinental resources. This is a classic “win-
win” option in which the economic needs of devetgpcountries would be matched with their

environmental needs and also the global need teceedarbon emissions.
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One principal direction to the solutions to the rggedilemma developing countries (and
industrialized countries) face is to treat theirergy, economic development and growth
strategies with environmental problems as intetgelassues and look for more immediate
solutions to all three. This calls for increasihg energy efficiency of all energy uses, reducing,
where appropriate, the demand for certain energnrgive uses and generating and transmitting
the reduced requirements of energy with the basibaration of high technical efficiency, high

economic efficiency and low environmental impact.

3. Efficiency, growth and rebound effect”

Energy efficiency that is economical makes enermgyuis cheaper. Cheaper energy has two
distinct effects that cannot be denied. At a mienel, and in the near term, individuals and
firms which had been constrained by energy inpatsease their use of energy services and
thereby increase outputs and, hence, growth. Tliliscantinue until the constraint is not

binding.

In sectors and activities where the demand for@nes reduced below the availability or is
unconstrained, the energy services obtained woeldan constant, would make energy

available for other uses and potentially lead tieerease in energy to GDP.

Over time, on the supply or production side, andeardirectly relevant for firms, there would
be a substitution of energy for other factors aduction, which now become relatively more
expensive. And this is one of the factors highkghby Jevons on the coal question, where the
increasing efficiency of the steam engine resuitethrge increases in its use and hence large
growth in the use of the energy from coal. Therg lbeen an increased discussion of ‘rebound

effects’ from more efficient use of energy.

8 The issues of the “rebound effect” have been wesitby Dimitropoulos, John, 2007.
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There are several levels at which the rebound teffan be considered. First at the micro,
individual or firm level, evidence suggests that tirect’ rebound effect varies depending on
the elasticity of demand, which in turn dependstion nature of the energy service. Until a
certain minimum level of services is used, for eglamfor lighting or space conditioning, there
will be some increase in use with a resultant desgen cost. When the level of energy service
is above an adequate level, there need not becegase in energy use for the same service. But

the release of income could then be reinvestednsumption and new production capacity.

One fundamental goal is to promote economic graamith prosperity that is sustainable, which
in turn in the case of energy requires decreasdds@ns. For this to be combined with the
reduction of greenhouse gas emissions there wik @ be a "decoupling" of economic growth
from its environmental impacts or continued anddapop in energy intensity. However, the
same benefits of efficiency may not apply to ‘iedit and ‘economy-wide’ effects as in all
cases, an economically and technically energyiefficsolution releases income or revenue that
can be spent for acquiring additional units of Haene energy service or additional units of
outputs that require additional energy inputs. Hesveral authors suggest that improved
energy efficiency may increase energy consumptiothé medium to long term, a view that
undermines the rationale for energy efficiencyragatrument of climate-related energy policy.
The proponents point to evidence from a variety aoéas, including economic history,

econometric measurements of productivity and macaomic modelling.

Thus, theory suggests that in the longer term,eemed growth with lower GDP to energy
intensity may well allow for increased energy cangtion and so has no value to resolving the
problem of energy waste. However, to date, the engd base is relatively small, highly
technical, lacks transparency, rests upon contektEatetical assumptions and is inconclusive.
The paper provides an accessible summary of the staknowledge on this issue and shows
how separate areas of research can provide rel@wsights: namely, neoclassical models of
economic growth, computable general equilibrium E}@&odelling and alternative models for
policy evaluation. The paper provides a synopsisos¥ each approach may be used to explain,
model and estimate the macro-economic reboundteffeiticisms that have been suggested

against each, and explanations for diversity imtjtative estimates.
Data shows that in almost all IEA member countrgggrgy intensity has fallen by more than a

third in 30 years. In particular, there is a schoblthought deriving from the work of the

nineteenth century economist Stanley Jevons, wiaiddues that while increased energy
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efficiency at the microeconomic level may lead toreduction in energy use at the

macroeconomic level, it in fact leads to an incesiasoverall energy use

4. Conclusions

It is worth recalling our comment at the beginnaighe paper. The list of topics that have been
assigned to this paper occupy a very large setsokeis, and within this large boundary, many of
the issues interact with one another both direatig indirectly. Given the large number of

issues outlined above, most of them cannot be dataltdirectly and in great detail here.

This review highlights that certain important qimss on energy and growth; between energy
and poverty; and energy efficiency and technicange or technology and their drivers have
not been posed by researchers and policymakers swfficient depth and thus many issues
remain unresolved. There are also issues suchedsitdamental nature of energy and energy
efficiency and economic growth, where key piecegwflence that exist have been ignored.
Some of the difficulties arise due to the intergliboary nature of the questions raised, but
many others arise within the discipline of econ@mihere the causes and factors of growth

remain debated and in dispute.

Many difficulties in our understanding have alsoeeged from the fundamental facts that
increased energy use and increased energy efficidrave been one of the primary
inputs/drivers of output and economic growth fag #ntire modern industrialization history of
over 200 years, but the increased focus on enerdyeéficiency have only a history of three
decades. It will take time and concerted and ongeifiort by researchers, governments and
agencies such as UNIDO to determine some of thégaiitiles and also develop a more robust

longer term data sets and empirical evidence tedhie new policy frameworks.

" This proposition is known as the "Khazzoom-Brookestulate" after economists Daniel Khazzoom
and Leonard Brookes, who independently publishgesaputting forward this argument in 1979-80.
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We conclude that overall, energy efficiency produomultiple “win-win” outcomes as overall
increased energy efficiency accompanies technabgitange that increases the efficiency in
the use of both raw materials and energy; theréleyiminates or reduces emissions of harmful
wastes generated in production; hence, it ensumresnom hazards to human and ecological
health for a given level of output; and it drivesoeomic growth and expands employment
opportunities. There are now hundreds to thousaridsase study exampfswhich are
available where “cleaner” approaches produce ‘wim-wituations for the firms, the economy
and the environment. The general conclusion isithah extremely wide variety of situations,
efficiency gains of 50 percent in energy intengitgvides high economic gains for firms, with
pay-back periods of a few months to a few years.tivetake-up of such opportunities by firms
is relatively slow. While the reasons remain detbated the discussions are extensively covered

in the other UNIDO chapters, the facts cannot bputied.

It is our view that some of the important barriare institutional, resulting from the nature of
the market for environmental technology and sesviaad almost all fall under barriers to
technological change and innovation in generaklinost all manufacturing and other sectors
there are a range of technologies available whachimprove the efficiency of use of energy,
which combine not only new machinery and equipmbat, also "softer" options such as re-
engineering of processes and housekeeping meashigs can be implemented with minimal

capital costs. Yet the spread of such technoloigiedeveloping countries has been relatively
slow, and is slower still among small- and mediired enterprises (SMEs). This is the

challenge for UNIDO and for developing countries.

Energy efficiency is a core issue for security,vgtg poverty, local pollution and climate

change. It needs to be reframed as such and tHd mast move beyond “demonstrations” and

8 Many cases, sectoral studies as well as othererafes are listed in the UNIDO chapters.
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testing of efficiency approaches to longer term emalsistent efforts, develop indicators, macro
and micro, and promote policy and institutional raya in all countries. At the same time,
efficiency must incorporate poor people, povertg @ccess and cannot be defined narrowly.
Lessons and analogies from public health and dtbks, incorporating inputs from a much
wider set of knowledge — beyond engineers and en@mi® — is required to fill the gaps and
missing dimensions of political economy, sociologgmmunications, behavioural studies and
others. As we struggle to adjust to a new carbarsttaint — unprecedented in history — many

old paradigms have to be abandoned and new onke$rboi the ground up.

Finally, while we believe that energy efficiencyga@lprovides a key tool for the transition to a
lower carbon economy and for the greater use @wables, we do agree that much more work
is required to determine the extent to which growsdim continue with absolute reductions in
energy inputs. But at the same time, while the angw this question will become clearer over
time, Khazzoom-Brookes’ hypothesis on the rebouifielcts, while very important, does not

negate the role of energy efficiency at least i lear term as a solution to the mitigation of

greenhouse gas emissions from energy use.
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