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Abstract

Within the international community there is consitiéganterest in the socio-economic implications of
moving society towards the more widespread use ofvalie energy resources. Such change is seen to
be very necessary but is often poorly communicatgubtiple and communities who need to accept such
changes. There are pockets of activity across thé&lasking at various approaches to understanding
this fundamental matter. Typically, socio-economilications are measured in terms of economic
indices, such as employment and monetary gains, bdifieict ¢he analysis relates to a number of aspects
which include social, cultural, institutional, andveéonmental issues. The extremely complex nature of
bioenergy, many different technologies involved anduanber of different, associated aspects (socio-
economics, greenhouse gas mitigation potential, emviemt, ...) make this whole topic a complex
subject. This paper is primarily a descriptive researuh review of literature on employment and other
socio-economic aspects of bioenergy systems as dfivermplementing bioenergy projects. Due to the
limited information, this paper does not providedbte quantification on the multiplier effects ot

and or national incomes of any particular countryegiion. The paper intends to trigger a more in-depth
discussion of data gaps, potentials, opportunities aatlecges. An encouraging trend is that in many
countries policy makers are beginning to perceieepibtential economic benefits of commercial biomass
e.g. employment/earnings, regional economic gaimjritution to security of energy supply and all
others.
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1. Introduction

Biomass utilisation, bioenergy technologies, their reasghare, and research interests in these issues vary
considerably between different countries. Nevertlsglesmost of the countries socio-economic benefits
of bioenergy use can clearly be identified as a digmt driving force in increasing the share of
bioenergy in the total energy supply. In most cdestregional employment created and economic gains
are probably the two most important issues regardingdmss use for energy production.

Bioenergy has provided millions of households wittoimes, livelihood activities and employment. The
essence of sustainability of bioenergy projects frosoeial aspect is how are they is perceived by
society, and how different societies benefit from #mtivity. Avoiding Carbon emissions, environment
protection, security of energy supply on a natioaaél or other ‘big issues’ are for local communities an
added bonus, but the primary driving force are muobre likely employment or job creation,
contribution to regional economy and income improgat. Consequently, such benefits will result in
increased social cohesion and stability that stem fitmenintroduction of an employment and income-
generating source (table 1).

Table 1. Benefits associated with local bioenergy pdoction [1]

Employment-creation in the sector of bioenergy imtipalar, is a challenge. Millions depend upon
bioenergy as their main source of fuel not only fwoking and heating but more importantly, a source of
employment and incomes. Various regions throughaugtbbe have documented various experiences.
The cases have mostly been site-specific and situgfiecHic. This is particularly true in the case of
traditional use vis-a-vis modern uses.

A closer look at the role of employment in the bigggesector in general (without any reference to any
specific country) revealed the ambiguity of termimyds and operational definitions (i.e. full time
employment vs. part time employment; direct employmentindirect employment). Employment in
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bioenergy sector is better understood when fundahassumptions are clarified. These could pertain to:
Element in the system (process flows); type of sydemnversion process use hence type of system);
units of measure (energy units); scale (humber of holdlow people involved) and total number of
employment created per energy unit, per amountraf, lper GDP measures. The last one is particularly
true when bioenergy is for traditional uses. Addhtese, employment creation was distinct and different
for: traditional and modern bioenergy systems, skilbedunskilled labour, direct or indirect labour,
formal or informal sector and direct impact or iedit impact, to mention only few cases.

Apart from uncertainties and lack of precise deifinis mentioned above, it is clear that bioenergy can
significantly contribute to employment at local, imtal and national level. The exact numbers vary and
depend on methodology used and input data constréoime examples like country case studies for
Brazil showed the job potentials in tree plantatifom charcoal/steel production and sugarcane
cane/bioethanol industry. Similar findings also eofrom studies done for the Netherlands, Ireland,
Croatia, Nicaragua, the European Union, and sonmanAsountries [2, 3, 4, 5, 6, 7]. The results of all
these studies provided evidence in support of th@madhat bioenergy provide ample employment
opportunities. However this is not true for all coigdrat all time periods and there are certain camti

to be met and distinctions to be made prior to catictyuthat bioenergy may or may not be successful for
this or that country in question.

Socio-economic impact studies are commonly used tuate the local, regional and/or national
implications of implementing particular developmentcid®ns. Typically, these implications are
measured in terms of economic indices, such as empldyameh monetary gains, but in effect the
analysis relates to a number of aspects, which deckocial, cultural and environmental issues. The
problem lies in the fact that these latter elemergsnat always tractable to quantitative analysis and,
therefore, have been precluded from the majoritimgfact assessments in the past, even though at the
local level they may be very significant. In realitgcal socio-economic impacts are diverse and will
differ according to such factors as the nature oftélsenology, local economic structures, social prsfile
and production processes.

The 1990s have seen a substantial diffusion of margwalnle energy technologies, often showing two-
digit growth rates. In most cases, however, this gras/mot self-sustained. Apart from a lack of cost
competitiveness, for which policy-makers try to compenbg means of subsidies or quota targets, there
are numerous socio-economic and institutional bartieat need to be identified and tackled. In addljtio
there are a plethora of external net benefitsdhainot accounted for in the decision-making proogss.
this paper will show, gaps still exist in our undemsliag of the socio-economic aspects of bioenergy
system. Many assumptions will have to be made, distiretiorbe clarified, definitions to be outlined,
regional scenarios to be understood, experiencekeasons to be learned.

The objective of the paper is to review the most irgidrsocio-economic aspects of bioenergy systems
and to discuss them as drivers for implementing biogngmpjects. This paper is a product of
consultative and collaborative efforts among manyviddials and institutions involved in activities of
IEA Bioenergy Task 29 (www.ieabioenergy.comww.iea-bioenergy-task29hr

The termbioenergy sector is used throughout this paper as a concept and akeativ@ phrase to connote
all types of bioenerdyrelated activities encompassing production, conswmpénd distribution by
peoples and institutions regardless of geographicatrege. It is meant to be an aggregation of
bioenergy as a “sector” similar to the way one woeler to other sectors such as - the energy sector, the
household sector, the public sector or the businesssecto

2. Review of Socio-economic Aspects of Bioenergysiyms

2.1. The Social Dimension of Bioenergy Systems

In many ways the social implications arising from Idgi@lenergy investment represents tivedlly’ end

of impact studies, nevertheless they can be broken dotentwo categories: those relating to an
increased standard of living and those that contritiutecreased social cohesion and stability.

In economic terms the ‘standard of living’ refersacdhousehold’s consumption level, or its level of
monetary income. However, other factors contribote person’s standard of living but which have no
immediate economic value. These include such factorsdasaton, employment opportunities, the
surrounding environment and healthcare, and, aauglsdithey should be given equal consideration.

1 Bioenergy covers all energy forms derived fromamic fuels of biological origins that are useddaergy production. It
comprises all purposely grown energy crops, multippse plantations and by-products (residues, wadg-products include
solid, liquid and gaseous biologicay-products derived from human activities. Woogriesently the most widely used forof

bioenergy.
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Moreover, the introduction of a net employment andome-generating source, such as bioenergy
production, could help to stem adverse social artesion trends (e.g., high levels of unemployment,
rural depopulation, etc.). It is evident that ruaakas in some countries are suffering from significant
levels of outward migration, which mitigates againsipydation stability. Consequently, given
bioenergy’s propensity for rural locations, the dgplent of bioenergy plants may have positive effects
upon rural labour markets by, firstly, introducingedir employment and, secondly, by supporting related
industries and the employment therein (e.g., theifegrmoommunity and local/regional renewable energy
technology providers, installers and service providers)

Finally, it is often possible to achieve significamidasustained development of local initiatives given
genuine local involvement of key stakeholders. Thergaree and cultivation of local champions is an
essential area for study.

2.2. Macro-economic and Supply Security/ Diversit§gffects

Bioenergy contribute to all important elements of rdop or region development: economic growth
through business expansion (earnings) and employnmepdri substitution (direct and indirect economic
effects on GDP and trade balance); security of ensogply and diversification. For energy importing
states, biomass use translates into important local sgonand employment multipliers. In general
terms, biomass is better for national and local ecoesimecause the fossil fuel and utility alternatives a
very capital intensive, in comparison.

The increased use of bioenergy, which exhibits bdthoad geographical distribution, and diversity of
feedstock, could secure long-run access to energyissmtlrelatively constant costs for the foreseeable
future. According to some authors, one of the maistacles to the expansion and acceptance of
bioenergy into world energy markets is that the markletsiot acknowledge the real costs and risks
connected with the usage of fossil and nuclear fueie. costs of maintaining channels to fossil fuel
sources through military means, should also to be taiterctonsideration.

The security of energy supply, together with impogitat balance is obviousely one of the most
important macroeconomic and strategic issue for anytopuThe growing import dependence ratio in
European Union (estimated on 70% before 2030, 90r%ifp influenced several legislative initiatives
(Directives) intended to faciliate development affoels market in Europe.

The recently published EC Green Paper: ‘Towardsrafgaan strategy for the security of energy supply’
emphasise the importance of energy indepedence arb#sible role of bioenergy and other renewable
energy source in overcoming increasing external migrce. Among other solutions and proposed
action, the paper proposes to adapt existing fiscaldveork for renewable energies. This should enable
renewables to benefit from preferential condition®iider to be competitive with other energy sources.
Other recognised mechanisms include compensatiorsfuag incentives, fixed prices, aid for R&D,
priority rights to access electricity networks, depatent and operating subsidies, a contribution from
other sources which are now profitable, etc [8].

On the European market economic ‘disruptions’ causethé erratic fluctuations in the price of energy
products have been seen several times so far. Thegriplithe price of crude oil in 1999 and its effect
on the price of natural gas would have a signifigangact on the energy bill and the Member States’
economies, were prices to remain at the level. fheease in the price of crude oil led to a netsfan
from the European Union of nearly an extra EUR 2dllion between January and May 2000. The
spectacular rise in oil prices since 1999, combineith wie fall of the euro has already increased the
Union’s inflation rate by one percentage point. Emoit growth seems to be feeling the effects but
growth in GDP remains around 3%. The current situasoleading to a drop in growth rate: 0.3% in
2000 and 0.5% in 2001 [8]. Loss of confidence amontketaperaters and consumers would aggravate
the situation. Current events show that increasdadhprices can also cause serious social disruption.
The strike in autumn 2000 by those particularly etd by the rise in oil prices, notably truck drivess

an example of this.

2.3. Supply Side Effects

Supply side effects are rather subjective in regiimphct studies, as they are commonly deemed to be
those impacts, which are the result of improvementleéncompetitive position of the region, including
its attractiveness to inward investment. These effeetéileely to differ in kind and will depend uponeth
development, but generally such ‘economies of speonlatelate to changes and improvements in
regional productivity, enhanced competitiveness, @l & any investment in resources to accommodate
any inward migration that may result from the deveiept.

Taken together, these effects may result in the éstalsbnt of complementary economic activity, where
related (and often local) industries mushroom in respao increases in local demand. Accordingly,
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supply side effects have a much broader scope, andchsgsiantitative assessments are much more
speculative. Despite this caveat, some projects have justfied purely on the grounds that they may
have significant long-term supply side effects, evehay are difficult to quantify with any confideac
prior to the development.

2.4. Demand Side Effects

Demand side effects constitute the focal point ofrttagority of socio-economic impact studies, and are
concentrated upon for several reasons. Most notdigy, dre relatively easy to define and the scaleeof th
investment’s impact can be quantified with reasonabteiracy. Moreover, it is the economic impact that
is most important to regional developers and decisiakers.

Demand side effects are primarily quoted in termsrmpleyment and regional income. They can be
categorised accordingly into:

« Direct Effects

e Indirect Effects

e Induced Effects

e Displacement Effects.

The derivation of the above should form the basisosfoseconomic analyses. However, the extent to
which these effects can be totally captured at allevel will depend crucially on the quality ofeth
information available.

Considerable effort should be made to determinexttenteand direction of capital flows both within the
region under analysis and, more importantly, outhef $pecified region. If this ‘leakage’ element is
ignored, then it gives rise to misleading spurious ptigdis about future employment and income gains.
Furthermore, consideration should be given to thratéhn of the impacts, and only then can a tentative
evaluation of the wider effects pertaining to somelprof the other factors be attempted.

3. Bioenergy and its employment-creation function

What can the bioenergy sector offer in terms of employrgeneration? Global scenarios differ. Most
developing countries continue to use bioenergy in tfelitional way. As this trend remains,
unprecedented population growth add more pressuegisting resources. Developed countries, on the
other hand, continue to invest in RD&D in furtherimgvancement in bioenergy technology. International
commitments to cut carbon emissions push frontiers ansbiesge the use of better and environmentally
appropriate fuels in the years to come. Global diénm@nange coupled with the convoluting realities of
social, political, economic and environment issues makefar many challenges and opportunities.
Approximately 10% of the world’s primary energy is g@atly biomass used in developing countries. It is
used very inefficiently, and in very polluting wayspesing hundreds of millions of women and children
to indoor air pollution levels from cooking and hkieg. In addition they spend many hours a day
collecting and carrying fuel, instead spending thige in more productive ways. One option to improve
the situation of these people is to provide them waibess to cleaner fuels and to electricity, in tret f
place for cooking and water pumping, and also foornme generation (employment). The term ‘modern
biomass’ refers to its conversion into such energsierar

Modern biomass systems are clean, efficient and safglication of such a systems can also facilitate
changes in biomass-based employment in developingréesirit is obviously very different to work as a
wood-energy producer in a poor developing courttignta wood-energy producer in Europe or USA.
Employment in the biomass sector can be of low-wageittigicapacity. The fact that more people are
needed per energy unit is not necessarily a poghivig. Many biomass energy workers in developing
countries would like to have other opportunities wfpboyment to move up in the economic ladder. A
comparison of the wages in both developing and dgeel countries would show that in developed
countries the wood-energy worker earns the equivadentany other technically qualified jobs and can
have a average lifestyle. In developing countrieswiood-energy worker will probably earn well below
an average wage, being left in the lowest econoewviel$. Therefore, this paper approach is to modernize
bioenergy systems in developing countries, maybe Igagime jobs but raising economic level.

There are many promising experiences of modern biommadeveloped countries and some promising
experiences in developing countries. One of themasthanol programme in Brazil, partly described in
this study. The programme has desirable general ckasiicts of sustainability-the raw material is
renewable and it is locally produced reducing transpnd foreign exchange spending on oil imports;
ethanol is superior to leaded gasoline from an enwmental perspective and the production of sugar
cane-derived ethanol provides rural developmenefisne.g. 700 000 jobs were created.
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In Europe, policy makers recognise that there arec@donomic benefits from renewables (in this case
bioenergy), especially in terms of the potentialdorployment creation and the development of a strong
export industry. The renewable energy industry is one of Europeste& growing sectors. The Member
States encourage the deployment of renewables adteanative, indigenous energy source with low
environmental impacts.

What does the term employment from the perspecti@iagnergy projects meaiirect employment
results from operation, construction and productioncdse of bioenergy systems, this refers to total
labour necessary for crop production, constructigeration and maintenance of conversion plant and fo
transporting biomassindirect employment is jobs generated within the economy as a result of
expenditures related to said fuel cycles. Indirectleympent results from all activities connected, but not
directly related, like supporting industries, seegcand similar. The higher purchasing power, due to
increased earnings from direct and indirect jobs @mlag create opportunities for new secondary jobs,
which may attract people to stay or even to moveThese latter effects are referred toirduced
employment The main issue is: will the bioenergy project pdevearnings that are high enough to make
it worthwhile to mobilise local resources for implensign?

Table 2 lists estimated figures of bioenergy seetoployment among various developing countries. The
figures are approximations of employment in produrctod distribution of bioenergy resources. Hektor
[9], has provided a more detailed account of jolative, earnings and employment in bioenergy projects
(Table 3). Three types of systems are shown here: lagepsoduction in marginal lands, woodfuel
production with intensive inter-cropping, and lasgale woodfuel production on previously forested
lands. Total employment per unit of energy in pergears were derived for the activities of
establishment, weeding, harvesting, chipping and adtration.

Table 2: Estimated employment figures among variousountries [2]

Table 3: Employment and earnings from selected studieamong developing/tropical countries
(partial) biofuel production [9]

Another synthesis is offered in Table 4, which coesdd indirect and induced effects. In previous
examples, employment and earnings are held constahe heal world, woodfuel production effectively
catalyses other activities (indirect/induced) ani$ turther translates into more earnings and more
opportunties.

Table 4: Employment and earnings per PJ annual fuelconsumption among selected Central
European projects [10]

“Will an investment in renewables lead to more jobsand economic growth?”was the single question
that challenged the study carried out in 1998-98ualuate and quantify the employment and economic
benefits of renewable energy in the EU. The studydéd by the European Commission through the
ALTENER Programme was initiated by the European forfor Renewable Energy Sources
(EUFORES) and carried out by a consortium of orgéioisa led by ECOTEC Research and Consulting
Ltd. The study provided a complete analysis of emplaynimpacts from renewable energy (more
importantly bioenergy) taking into account jobs ¢eglaboth directly and indirectly as more renewable
plants are manufactured, installed and operatedsdt@nsidered jobs displaced in conventional (fossil
or nuclear) energy plants, or jobs lost because dfidigls provided to renewables that could otherwise
fund employment in other sectors of the economy. Kghllghts derived from the conclusions are that
the use of renewable energy technologies will moaa thouble by 2020 and will lead to the creation of
about 900,000 jobs by 2020. Approximately 500,00¢heke jobs will be in the agricultural industry in
order to provide the primary biomass fuels (table 5).

Table 5: Impact on employment in renewable technoldgs for European Union (new net jobs FTE
employment relative to base in 1995) [11]

4. Conclusions

Bioenergy continues to provide a significant amoahiglobal consumer energy. Modern biomass is

developing rapidly. Many new and improved bioenetgghnologies are reaching the market and, in

some cases, are successfully competing with fossil &wea without government incentives. Bioenergy

in its traditional forms, is still the main sourceasfergy in many developing countries, and will camnin

to be so in the foreseeable future. Bioenergy has diten associated with poor environment and health



BIOMASS & BIOENERGY

BIOMASS &
BIOENERGY

Volume 28, Issue 2, Pages 95-266 (February 200505106

hazards but these attributes are not inherent tonéigg but the consequence of underdevelopment,

cultural factors and so forth. In fact, modern bissaise systems usually results with local health

benefits, whether as a result of better wood stoviglésr people living in rural areas, as a consegeenc
of avoided emission of sulphur dioxide or particles ewb@®mass replacing coal in modern power plant,
or even more, as a result of reduced pollution bygukiafuels for those living in the many urban centres.

Amongstdeveloping countries, bioenergy is a source of fuel for people survivéiihghe subsistence level.

It is also a source of income of particular importadeeng the off-harvest season. Many of the practices

currently used by these countries are, however, waisasie due to a variety of factors. It is sometimes

suggested that modernising traditional bioenergy mag it into a more sustainable venture. This
hypothesis needs further research and investigatioordee it one way or the other. Certainly the
potential for generating employment opportunitiesniodern bioenergy applications among developing
countries is a topic worthy of serious study. It is érgtive to understand the implications (and impacts)
of these claims specifically from the socio-econonoinp of view as it touches on very fundamental
aspects of the ways in which people live, gender tiheahvironment, poverty and rural development
issues. Amonglevel oped countries, particularly in the EU, bioenergy (together witte other renewable
energy technologies) is being promoted due to its patenontribution to energy security and
environmental benefit (both local and global). Maver, there is the realisation that deployment of
bioenergy has the potential for job creation, impindustrial competitiveness, regional development
and the development of a strong export industnpeiences gained amongst EU member countries
relating to employment generation in particular sddug disseminated not only within the energy group
but to a much larger audience in terms of lessonsddatachniques derived, and case study experiences.

An encouraging trend is that in many countries politgkers are beginning to perceive the potential

economic benefits of commercial biomass e.g. employesmings, regional economic gain,

contribution to security of energy supply and allesth This represents a significant policy shift with
regards to the old view in which biomass was viewedrason-commercial rural source, or poor man’'s
fuel.

This paper clearly shows significant contributiorb@energy, as a labour intensive technology, talloc

regional and national employment. In particulae, fibllowing can be concluded:

0. Employment is a function of bioenergy The quantity and quality of “employment” depeng®mn
but not solely on:

» stage or stages in the overall bioenergy system cyelep(oduction, conversion, end use);

e conversion process and stage of conversion process tige. plantation for electricity
production);

* which setting is being referred to (developing cogliraditional/informal vs. developed
country/modernized/subsidized or formalized);

* isit labour-intensive or mechanized.

1. In every respect, there is a huge difference in the nderstanding and interpretation of
bioenergy as a sector between developing and developed coungiiebut one conclusion is
common: among other renewables, bioenergy has theagtest potential in job creation.

Among developing countries, bioenergy is a source of fuel for subsistence. kl$® a source of
income particularly during off-harvest seasons. Many tleé current practices however are
unsustainable due to many factors. It is said thatemmizing traditional bioenergy may turn it into a
more sustainable venture. It is imperative to undedsthe implications of these claims specifically
from the socio-economic point of view as it touchesyvof live, gender, health, environment,
poverty and rural development. Among other renewalblie®nergy is the most promising for the
developing countries as its mobilization can provialgé employment generation schemes, can be
linked to ecosystem conservation, and even rehaldlitafurthermore, investments in biomass
energy can be an effective tool to combat deseatifio, can have a significant impact on global
climate change and can become a valuable tool imgting gender equity within the associated
natural resources management activities.

Among developed countries, particularly in the EU, bioenergy (together witie other renewable
energy technologies) is being promoted due to itsnpi@lecontribution to energy security and
environmental appropriateness. Moreover, there igdghization that deployment of bioenergy has
the potential for job creation, improved industr@@mpetitiveness, regional development and the
development of a strong export industry. Experienceasrg EU member countries therefore in
terms of employment generation should be dissemimatednly within the energy group but also to
a larger audience in terms of lessons learned, tgobsiderived, experiences acquired, among
others.
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2. Among other renewables, bioenergy is the most labountensive technology and has the highest
employment-creation potential. The level at which ti can contribute depends on local
demographic and economic conditions. Other conclusis and findings include:

« the use of manual systems supplied the local econdthytlve highest earnings, while the use of
mechanized systems gave the local economy only &@dinact the earnings since most of the
revenues went to “outside suppliers”;

« large projects tended to give lower impact on emplaynthan small projects;

e projects based on agricultural crops generated mameings and employment. In EU, these
projects are subsidized and performed on set-aside lands

* investment cost per job created in the bioenergyséstiower than average employment costs
of industrial projects, petro-chemical industry aydro-power;

e electricity production from bioenergy involve nuroes potential external effects such as indirect
socio-economic and environmental external impacthefuel cycles;

¢ the level of direct jobs needed for the operatiorbioklectricity systems is about four times
higher than the one required for the operatiorossit fuel power plant;

¢ bioelectricity production requires several times dirgaibs than the production of nuclear
electricity;

3. From a macroeconomic perspective, bioenergy contrilia to all important elements of country
development:

e economic growth through business expansion (earnings) employment;

« import substitution (direct and indirect economic efects on GDP);

« efficiency improvement;

« security of energy supply and diversification.
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Tables

Table 1: Benefits associated with local bioenergylpotion

Dimension Benefit

¢ Increased Standard of Living
Social Aspects — Environment

— Health

— Education

e Social Cohesion and Stability

— Migration effects (mitigating rural depopulation)
— Regional development

— Rural diversification

e Security of Supply / Risk Diversification
Macro Level » Regional Growth

¢ Reduced Regional Trade Balance

* Export Potential

¢ Increased Productivity

Supply Side « Enhanced Competitiveness

e Labour and Population Mobility (induced effects)
e Improved Infrastructure

e Employment

Demand Side » Income and Wealth Creation

¢ Induced Investment

e Support of Related Industries
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Table 2: Estimated employment figures among varioustries

Name of country Estimated Description and nature of employment
employment
figures

Pakistan 600,000 Wholesalers, retailers in the Wietrilany are

involved in production, conversion, and
transportation. About three-quarters are full time,
the rest part time. the ratio between traders and
gatherers is 1:5

India 3 to 4 million The woodfuel trade is the larigesurce of
employment in the energy sector
Philippines 700,000 hhs Biomass energy production and trade
(productions)
140,000 hhs
(trade)
Brazil 700,000 Ethanol industry alone
(800,000) Ethanol industry
200,000 Charcoal industry
(120,000) (Charcoal production)
Kenya and Cameroon 30,000 Charcoal production only
Ivory Coast 90.000 Charcoal production only

Table 3: Employment and earnings from selected studiem@ developing/tropical countries (partial)
biofuel production

Estab- Weed- Harves- Trans- Chip- Admini-
(Person years/PJ) lishment | ing ting port ping Stration Total
Intensive production, farmer$

112 338 248 70 13 19 799
Intensive inter-cropping 71 196 251 71 13 19 620
Large scale “energy
Forestry 34 59 85 51 13 11 252

Estab- Weed-ing | Harves- Trans- Chip- Admini-
Earnings $ per PJ lishment ting port ping stration Total
Intensive production, farmers

82 305 205 761 257 202 68 587 13717 68 587 696 159
Intensive inter-cropping 54 870 126 886 257 203 588 13717 68 587 589 849
Large scale “energy forestry

17 147 27 435 37 723 20576 13717 34 294 150 892
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Table 4: Employment and earnings per PJ annual fugduroption
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among selected Central European

projects
Direct | Indirect | Induced | Total Labour
MWth | jobs jobs Jobs jobs Earning Country
keuro
Forest
residues, CHP 8.9 12 7 8 27 348 Croatia
Wood
Residues, CHA 6.8 16 4 5 25 974 Slovenia
Wood
Residues, CHH 15 40 9 14 65 932 Croatia
Wood Bosnia and
Residues, heat| 10 52 2 27 81 698 Hercegovina

Table 5: Impact on employment in renewable techgiek for European Union (new net jobs FTE
employment relative to base in 1995) [EU-ALTENER/EQRES 2000 study using SAFIRE model]

2005 2010 2020
Solar thermal heat 4,590 7,390 14, 311
PV 479 -1,769 10,231
Solar thermal electric 593 649 621
Wind onshore 8,690 20,822 35,211
Wind offshore 530 -7,968 -6,584
Small hydro -11,391 -995 7,977
Bioenergy 449,928 642,683 838,780
TOTAL 453,418 660,812 900,546




