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Preface

Employment is a key driver for development as ihgtitutes a bridge between
economic growth and poverty reduction. People angséholds moving out of poverty
most often do this through moving into more protgctand decent jobs or improving
existing jobs. Contrary, shortage of adequate dee&nployment opportunities is
recognised as a root cause of migration, becomiage mnd more critical in view of
demographic developments that will see record nusnbé youth entering the labour
market in the coming decades.

Placing the aim of achieving full and productive pdfoyment at the heart of
development policy is therefore critical for redugiand eventually eliminating poverty,
reducing inequality and addressing informality.sTisi also now globally recognized with
the adoption of Sustainable Development Goal (S®®romote sustained, inclusive and
sustainable economic growth, full and productivelayment and decent work for all”

The European Commission (EC) and the Internatibahbur Organization (ILO)
recognize that achieving this goal will require approach where the goal of more and
better jobs is also integrated into sectoral aadédrpolicies. However, this requires a
shared understanding among policymakers and squEdiners about the positive
interaction between sectoral, trade and employpelities and the elaboration of a policy
framework allowing sectoral and trade policies eéfbrmulated and implemented in a
coherent way to achieve employment and developotgattives.

The ILO clearly recognizes that putting the ainfudf and productive employment
at the heart of development policy is critical neating decent work and fostering social
justice. These perspectives reflect a commitmetitécobjective of creating quality jobs
globally and to pursuing cooperative solutions e tchallenge. In the “Agenda for
Change”, the European Commission (EC) calls foraaentomprehensive approach to
supporting inclusive growth characterised by pesmbility to participate in, and benefit
from, wealth and job creation while in its propofal a new "European Consensus on
Development" it is proposed to promote investmert imnovation to boost growth and
guality employment opportunities in partner colesri

In order to build a shared understanding amongyailakers through policy dialogue
and contribute to a coherent policy framework thaentred on generating and upgrading
employment, the EC and ILO have jointly initiatée fproject entitled “Strengthening the
Impact on Employment of Sector and Trade PolicieBhis project, being implemented
in ten partner countries and working with natiogaternments and social partners, aims
to strengthen the capabilities of country partneranalyse and design sectoral and trade
policies and programmes that would enhance employereation in terms of quantity
and quality.

This innovative project entails developing new rogihand capacities to assess how
sectoral and trade policies impact on both theitfizdle and quantitative dimensions of
employment. It requires new processes to bringthegeadifferent Ministries, public and
private stakeholders to have evidence-based dialagout how their respective policies
do, and could, better impact on employment.

This series of project publications aims to captheetools, methods, and processes
developed under this project, as well as the figsliftom implementing these in the ten
partner countries. By doing so, the experience kadning of the project can be
disseminated to other countries and partners feir thenefit, thus supporting the
integration of global and national employment objes into sectoral and trade policies
and consequently supporting the elevation of thebal employment agenda and
achievement of SDG 8.

Azita Berar Awad Jean-Louis Ville
Director Director Human Development and Migration
Employment Policy Directorate-General for Interoaél Cooperation

Department and Development
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1. Introduction and context

1.1 Access to energy

Energy enables virtually all of human activitieagderpinning both the economy and
employment. Access to modern energy is essentiamniyp to properly support a range of
economic activities, but also to provide criticalci®l needs, such as clean water,
sanitation, health care, lighting, heating and icaplwhich are indispensable for a well-
functioning economy.

Hundreds of millions of people have acquired act@ssodern energy sources over
the last two decades, especially in India and #apke’s Republic of China. Successful
initiatives have also been instigated in many otloentries. From 1990 to 2012, the global
electrification rate climbed from 75 per cent to @& cent (World Bank, 2015). This
reflects broad factors like economic developmentgoing urbanization, and grid
extension, as well as national and internatiorfaresf such as the Sustainable Energy for
All (SE4ALL) initiative.

Rural electrification efforts through grid-extensibave often entailed programmes
for the development of conventional power sourées. example, in Brazil's Luz Para
Todos programme, renewable sources of energy atambdor just a tenth of the supply
extended to 2.5 million targeted rural househofsisian countries have focused fairly
strongly on hydropower, which has not always bespialed at sustainable scales (IFAD,
2010).

Progress notwithstanding, as of 2012, an estimai285 billion people remained
without access to electricity, of whom more thanp®8d cent were living in rural areas,
where grid extension is often too expensive ordificult (IEA, undated-a) (table 1).
Others—perhaps as many as 1 billion people—haveliahte access and suffer from
chronic power outages or load shedding. As a UN&p@nt (2012a) observed, “many rural
industries (agro-based and non-agro-based) andpests of all sizes are unreliably
served or not served at all by grid or conventigr@der infrastructure. Such enterprises
have to create their own energy access (primarpamkup) to fuels, electricity and
mechanical power if they are to survive, let algnaw.”

Table 1. Electricity access and electrification in developing countries, 2012

Population without National electrification Rural electrification

Regions/countries electricity rate rate
(Millions of people) (%) (%)

All developina countries 1283 76 64
Africa 622 43 26
North Africa 1 99 99
Sub-Saharan Africa 621 32 16
Developing Asia 620 83 74
China 3 100 100
India 304 75 67
Latin America 23 95 82
Middle East 18 92 78
World 1285 82 68

Source: IEA, undated-a.



Sub-Saharan Africa and parts of Asia account farlgell of the population without
access to electricity (table 2). The largest pdpria without electricity are in Bangladesh,
Ethiopia, the Democratic Republic of Congo, Indiejonesia, Nigeria and Pakistan—
which together account for more than half of thabgl total. Rapid growth of energy-poor
people in sub-Saharan Africa has outpaced elexttifin efforts; more than 620 million
people (two-thirds of the region’s total populajitvave no electricity.

The average rural electrification rate in sub-Sahakfrica was only 16 per cent in
2012. Today, in developing Asia, the percentagedarthe most part much higher. The
lowest percentages are found in the Democratic|BsdRepublic of Korea (11 per cent),
and Cambodia and Myanmar (both 18 per cent). ImlAnerica, the only country with
a very low rate is Haiti, at eight per cent, althpowWNicaragua (50 per cent), Panama,
Argentina, and Bolivia (61-66 per cent) have loaehievement rates than the rest of the
region. Similarly, in the Middle East, only Yemeasha low rate at 29 per cent.

1.2 The promise of renewable energy in the
rural context

The literature on access to rural energy througtewable energy is expanding
rapidly, as are manifold initiatives to achieve wamsal access. However, much of the
literature is concerned with technical aspectsarfaing, and the policies needed to
generate an enabling environment. Only a minoi@oeddresses the employment aspects
in more than a cursory manner. This report marsieddsant information in an effort to
assess existing and potential employment impacts.

The most relevant renewable energy technologiesui@ energy access are solar
photovoltaic (typically in the form of small-scatesidential or commercial units and
portable solar lighting), bioenergy (biogas, bisgie biomass heating and power), and
micro- or pico-level hydropower stations. Smalliscaind systems are still very limited
in the developing world outside of China. With redyo bioenergy for cooking, there is
also the issue of clean (“improved”) cookstoveswieer, it is not discussed in this report
(table 2). Most attention and most financial inwesit revolve around solar photovoltaic
technology, especially in the form of small solante systems (SHS). An SHS typically
comprises a solar panel, battery and light bullss(raften LEDs), and is principally used
for lighting and to charge mobile phones.



Table 2. Renewable energy technologies and employment potential in rural areas

Energy technology Equipment Employment potential
« Distribution and retailing of solar lanterns / panels,
Portable solar lights (pico and of accessories (batteries, light bulbs, phone-
solar); chargers)
Solar energy solar panels (solar home * Installation of solar panels, pumps

systems);

Financing (microcredit operations)

solar pumps ¢ Maintenance and repair

« Decommissioning/recycling of solar equipment!

Growing/cultivating forests

Gathering of wood and agricultural/forestry wastes

Traditional biomass Fuelwood; charcoal

Production of charcoal

* Distribution and sales

Cultivation and harvesting of feedstock; gathering
of agricultural / forestry wastes; processing of

materials
Biodiesel;

Construction of biomass plants, biogas digesters

Modern bioenergy (masonry, pipe-laying, etc.)

Biomass heating and power;
Biogas

Operations and maintenance

Distribution of fuels

 Manufacturing of improved cook stoves

Construction of dam, penstocks, watermills

Manufacturing or assembly of turbines and other

Hydropower Small- or pico-scale dams .
equipment
* Operations and maintenance
* Import, assembly, sales of turbines
Wind power Small- or pico-scale turbines | ¢ Site preparation and installation

Operations and maintenance

Source: Author’s elaboration.

1.2.1 Supply chains

The deployment of various renewable energy teclyiesocan be looked at from the
perspective of supply chains, involving a numberfwfctions and a range of actors,
including international donor agencies, nongovemaerganizations (NGOs), or private
companies, as well as national government agerlcies, contractors or entrepreneurs,
community/user associations, cooperatives, etaddition to the main supply chain, there
are secondary value chains that provide suppdieifiorm of various inputs, services and
finance. There is also the broader enabling enwiemt, which encompasses political,
regulatory, and social and cultural dimensions (EPBF and Practical Action, 2015).

Figure 1 gives an approximate idea of the suppircfor rural renewable energy
deployment. Different arrangements along the suppgin are likely to have an impact
on how much employment is generated, and wherefigitne depicts the principal stages
of deploying and using renewable energy systerom fiesign and manufacturing all the
way to installations and maintenance (after-satgsice). It is most representative of



household-scale solar systems (which are prestmlgominant focus of energy access
efforts). For mini-grids or other systems that deployed at a scale greater than the
household level (such as community-scale biogaall $rydropower, or small wind), there
are additional requirements beyond simple insialta(i.e. project development, site
preparation and construction), as well as the peant of needed materials, with
additional employment opportunities. For mini-gritisere is also a need to install local
transmission lines to individual homes and busiegsand for grid-connected systems, the
construction of longer transmission lines is needed

The top of the figure gives an indication where Eyment along the supply chain
is likely to be generated. In most cases, the demigl manufacture of equipment, such as
wind towers and nacelles, hydropower turbines,rqudaels, etc., takes place outside of
poor developing countries. There are now a numbemall manufacturing or assembly
facilities in the developing world, but they reprasonly a small share of global capacity,
and most countries remain dependent on importedpemt. Therefore, employment
opportunities in rural parts of the developing wloake principally found in distribution
and sales, construction and site preparation, mstdliation, as well as in operations and
maintenance (O&M).

Distribution involves shipping of (typically, impi@d) equipment from ports or other
entry points to warehouses from where the equipmesites its way to local retail
locations. Employment in distribution is thus gexted in-country, but not in the rural
communities where the equipment is destined. Re@hmunity employment is
concentrated in the retail, installation, and af&les service stages. For community-scale
systems, there is also a need for local constnuetim operating personnel.

Figure 1. Schematic value chain, rural renewable energy deployment

Abroad (Imports) In-country Local (rural communities)

Manu- Distri- : Installa- Mainten-
‘> facture >> bution >> Retail >> tion >> ance >
Variants of supply Integrated (single company)
chain integration
m Distributor / retailer
Manufacturer / distributor Retail and installation franchise
Manufacturer / distributor Install and repair

Source: Author’s elaboration.

The bottom half of figure 1 shows variants of sypgain organization. Particularly
in solar lighting, there are multiple approachesm& companies run an integrated
operation covering the entire supply chain, notyafsigning and manufacturing the
system, but also controlling distribution and sateend users. An integrated supply chain
(with a single organization coordinating and impésiting all relevant activities) offers
certain efficiencies that may translate into a nEgdsomewhat less labour than other
models. The retail distribution and installationsofar equipment in particular is still at a
very early stage, with a number of start-ups rigmgrominence and different business
models in play.

In most cases, the manufacturer is not involvetbinnstream activities, so that retail,
installations, and after-sales services tend tprbeided by a range of actors (franchises,
retail stores, entrepreneurs, NGOs, etc.). Thedsigthallenge lies in last-mile distribution
in sparsely populated areas, where a central gueistivhether it is better to build a new
network from scratch (through a sales force thatke/mn commission) or to rely on



existing stores. These different approaches havmpact on the quality of installations
and the reliability of after-sales service, and,thraturn, has an impact on employment.

Once renewable energy systems are deployed in aveak, they enable greater or
improved productive uses of energy by existing andew enterprises. This opens up
downstream opportunities for rural employment gatien (discussed in chapter 6), in part
by improving education, building skills, communiocaits, and health and public safety.

1.2.2 Grid extension, mini-grids, and standalone
installations

Access to energy in rural areas can be providduée different ways, at deployment
scales appropriate for the different needs andicistances of communities, households
and small businesses. The first concerns grid siderfalthough the sharing of renewables
fed into the grid may vary substantially from cé&sease, to date, rural electrification has
in fact often been based on fossil fuels or largEes hydropower). Where the distance
from the grid is too far or too expensive to reamhwhere the population density is too
low to economically justify a grid connection, statone devices can be deployed at the
household level.

Community-level mini-grid systems offer an internagd alternative, powering
several homes and local businesses (box 1). Mdstirex mini-grids are currently
powered by diesel generators, but can be replacidld renewable power—solar,
hydropower and biomass (agricultural waste mateaad wood pellets), or with hybrid
systems that combine renewables and diesel. For Imgwids account for only 2—-3 per
cent of the world’s total diesel generator capadity there is huge potential for increasing
the share of renewable sources (IRENA, 2015a). Momsegovernments have initiated
policies in support of renewable mini-grids. In sséharan Africa, Mali is the country
with the most such systems; more than 160, eadtatjypsupporting connections to some
500 households or businesses (Knuckles, 2015).

Box 1. Mini-grids

A mini-grid is a village-level system that connects one or multiple generation sources to local households
and small businesses. The EU Energy Initiative-Partnership Dialogue Facility (EUEI-PDF) defines a mini grid as
“a power system where the produced electricity is fed into a small distribution network that provides a number of
end-users with electricity in their premises.” Mini-grids typically have a capacity of less than 1 megawatt (MW).

Customers may include farms and non-farm enterprises. Sometimes, there is an “anchor” customer such
as a mobile phone tower or a larger business. Mini-grids can be standalone systems or be connected to the main
grid. They are constructed, operated and maintained by a variety of actors including national-level utilities, private
companies, local entrepreneurs, non-profit organizations and local communities.

Hydropower mini-grids are prevalent in Asia, but less so in Africa. Recently, however, there has been
renewed interest particularly in the context of rural electrification and in the tea sector, with dozens of sites in
Cameroon, Ghana, Kenya, Malawi, Mozambique, Swaziland, Uganda and the United Republic of Tanzania.

Biomass mini-grids convert biomass to gas or combust it directly in generators. Some burn methane from
organic waste, while others generate steam by burning biomass in boilers. In Africa, such mini-grids are often
found on sugar and timber plantations, while they are still less common in community electrification.

Sources: Energypedia, undated; Knuckles, 2015 p. 46; Africa-EU Renewable Energy Cooperation Programme, 2014.

No one has a reliable count on the number of exjstiini-grids or their capacity and
power generation. The International Renewable Bnaggency (IRENA, 2015a) reports
that there are “a few thousand” renewably powerad-grids. Bangladesh, Cambodia,
China, India, Morocco, and Mali each have more tta000 solar PV village-level grids,
while India has a substantial number of grids reyon rice husk gasification.



The pace at which clean energy mini-grids are bdagloped remains slow for the
time being. A 2015 report by EUEI PDF and Practietion Consulting (2015) finds that
“mini-grids have struggled to expand beyond pilatjpcts and need to be scaled-up to
make a meaningful contribution to the SE4All tasgefs a report for SE4AIl (Wiemann
and Lecoque, 2015) explains, mini-grid developnfi@ees a number of barriers, including:
inadequate regulation, policy gaps and uncertangerly-stage market fragmentation;
capacity issues; a lack of standardization; a tfgkroven commercial business models;
and a lack of access to affordable longer ternrmfiea

According to IRENA (2015b), some 26 million housktsoworldwide have to date
gained energy access through off-grid renewableggngystems. Of these, 20 million
gained access through SHS, 5 million through miidsy and 0.8 million through small
wind turbines. (However, the relevance of smalldiior off-grid use in rural areas of the
developing world outside of China is minisctje.

IRENA (2013) estimates that almost 60 per cenhefadditional power generation
needed to reach the goal of universal access ttrielsy by 2030 will probably need to
come from off-grid installations. And the World Egg Outlook 2011 (IEA, 2011a)
expressed the expectation that more than 40 pérotehe capacity needed to achieve
universal access to electricity by 2030 would nezsthomically be delivered by mini- or
micro-grids.

1.2.3 Distributed renewable energy landscape

With the progression of the various distributed esgable energy technologies
(RETS), dramatic price reductions are making themelmmore affordable. For example,
the cost per watt of solar portable lighting tedbgies in 2015 was just one quarter of the
2008 level (Africa Progress Panel, 2015). BNEF haigiting Global (2016) similarly
report tremendous cost reductions for pico saagdr portable lights, and SHS. This trend
is aided by the spread of such technologies asllgbis and improved batteries. Together,
they are making growing adoption of renewablesiptss areas that have lacked energy
access entirely or had unreliable access in the pashe cost of renewables continues to
decline, expenditures are saved relative to conwaaitfuels; money that can instead be
invested in cleaner forms of energy, though theamfcosts of renewables can still be
barriers for poor communities (requiring approgifshancing arrangements).

Reliable quantitative data on rural renewable enegpacity and markets remain
relatively scarce. According to BNEF and Lightintpizal (2016), some 44 million pico
solar products (portable lights, low-power appliesicand mobile-phone chargers) had
been sold globally by mid-2015, up from just 1.9liom by mid-2011. REN21 (2016)
estimates that more than 6 million solar home systare in use worldwide, with by far
the largest number installed in Bangladesh. CloseOtmillion biogas plants have been
installed, with more than 40 million of these iniG@alone. No global estimate appears to
be available for micro- and pico-hydropower stagion

Efforts are under way to map the rather fragmemi@dent global landscape of
energy access initiatives, including funding angisut services. In the field of mini-grids,
SE4AIll (Wiemann and Lecoque, 2015) lists 75 difféer&ey stakeholders (including
national and international agencies, developmenkdaprivate companies, foundations
and NGOs). With the same goal in mind, the AlliafmeRural Electrification (ARE) is
compiling a second edition of its investment dioegt It should be noted, however, that

1 Close to 40 per cent of small wind turbines worldswvere installed in China alone, and another 4@t
in the United States and the United Kingdom, mostignected to the grid.



these mapping efforts tend to focus on projectraadcket development, technical issues
and financing, with little or no attention beingvdéed to employment aspects.

In contrast, the United Nations (UN) Foundation’'srvey (Energy Access
Practitioner Network, 2015) of members does oftans employment data, among other
information. Of a total of more than 2,000 memifeosn more than 170 countries, 210
responded to the survey (including mostly smalld amedium-sized enterprises, social
enterprises, entrepreneurs, NGOs, as well as imviestitutions and funds). During 2014,
the respondents reported having collectively pregidnergy products and services to 31.4
million people over the previous 12 months (and.&@ h3illion over the collective lifetimes
of the organizations). Cumulative installed renelwa@mergy capacity ran to almost 5,300
MW. Solar PV is the dominant technology. In the rh@&nths prior to the survey, the
respondents had distributed almost 5.6 millionrdalaterns, about 389,000 solar PV units
of less than 1 kilowatt (kW), and 47,000 units &rthan 1 kW. The respondents reported
employing about 17,600 peogle.

In 2014, the International Finance Corporation {lEGncluded that out of a total of
274 million households without modern lighting aldctricity, 256 million could afford
some form of modern lighting without subsidies.ngsilifferent levels of existing monthly
expenditures on lighting and charging as indicatfivesholds, the IFC analysis found that
112 million households could afford only low-costas and rechargeable lanterns. This
compares with 86 million households able to affanddular solar kits that allow a
household to run several lights and charge smallagxes; 10 million for more expensive
regular rooftop SHS, 29 million for mini-utilitieend 19 million for grid extensions (IFC,
2014).

1.3 The state of renewable energy employment

Rising investment has been a driving force in edpam employment in the
renewable energy sector, although most of monewntspge date, the bulk of the
installations, and therefore the lion’s share opkyment, has taken place in industrial
country settings. Rural deployment of renewablerggnén poorer countries has only
recently acquired a degree of dynamism.

Globally, investment in renewable energy projeeisaeded from US$ 46.6 billion
in 2004 to US$ 285.9 billion in 2015, excluding sgig on mergers and acquisitions
(Frankfurt School-UNEP Centre/BNEF, 2016). Of ti#d 2 figure, US $199 billion went
to asset finance, which typically supports reldyivarge-scale facilities. By comparison,
US$ 67.4 billion went to small, distributed capg¢down from a peak of US$ 79.3 billion
in 2012). Most of this, however, was invested innmarand developed countries. Flows to
rural areas of the developing world still accouot & minor share. For instance, an
estimated US$ 276 million was invested in off-gsmlar companies (solar lanterns and
home systems) during 2015, with a cumulative figafr&S$ 511 million for the period
2010-2015 (REN21, 2016).

Even though global renewable energy investmentedigp the period 2012-2014,
total installed capacity has continued to expamdngly (lower costs meant that even
reduced investments kept pushing capacity up). gdimte these trends, the number of
associated jobs has grown substantially. The §lsbal assessment, published by the

2 This employment figure does not include the workéoof Schneider Electric, a multinational company
whose business goes far beyond energy accessdralateities. Including its workforce of 170,000gmpée in
the tally would obviously distort the overall figtibeyond recognition.



United Nations Environment Programme (UNEP) and ih 008, put direct and indirect
employment (see definitions in box 2) at 2.3 miiljobs.

Box 2. Definitions: direct, indirect and induced employment

Direct employment refers to employment that is generated directly, without taking into account the various
inputs needed to manufacture a particular piece of renewable energy equipment or to construct and operate
plants.

Indirect employment includes the jobs along the supply chain, in industries that supply required material
inputs (such as glass for a solar panel or steel for a wind turbine) or financial and other services essential to the
deployment and use of renewable energy.

Beyond direct and indirect employment there is the category of induced employment. When people who
are employed directly or indirectly in the renewable energy sector spend their incomes on a variety of items in
the broader economy (such as food, clothing, transportation, etc.), the expenditure gives rise to induced
employment effects.

Direct employment data may be estimated on the basis of an enterprise survey, or data derived from
representative projects and facilities for the sector in question, or may be derived from economic data such as
labour input coefficients. Indirect and induced employment estimates require economic modelling such as input-
output analysis or a social accounting matrix. For rural areas in developing countries, the required underlying
data for such analysis may not be available, but can be generated for specific projects or areas.

Source: UNEP, 2008.

According to surveys and estimates undertaken dgrimalRENA since 2013, this
figure has risen to 8.1 million in 2015 (figure Zhe estimates summarized in the figure
reflect annual data collection efforts based on idewange of sources, including
government agencies, industry and NGO studies,eadai@dreports, and interviews with
experts. They represent successive efforts to Broadd refine data, although some data
gaps remain.

Most renewable energy employment is found in ChBazil, India, the United
States and member countries of the European URidhhich, led by China, are the key
equipment manufacturers (and account for the bulgaipment exported to developing
countries). They also account for the bulk of ihethcapacities. However, many other
countries are now developing and expanding theineddic markets, with employment
primarily being generated in installations and O&M.

Renewable energy industries directly employ a watee of workers in a variety of
trades and occupations with different skill setispioject development and engineering,
construction, equipment manufacturing, and divessevices in sales, installations and
O&M. However, disaggregation along the value chsiimequently not available.



Figure 2. Estimates of global employment in renewable energy
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Sources: UNEP, 2008; ILO, 2012; IRENA, 2014; 2015b; 2016.

The scale of operations makes a difference in teffh®w many and what kinds of
jobs are required. For instance, building and dpega utility-scale PV or wind facility
is more complex than rooftop solar assemblies siriduting and installing small SHS in
rural areas. Similarly, large hydroelectric damguiee engineers and specialists in
numbers and at levels of qualification far beyorftatvis needed for a mini- or micro-
hydroelectric facility. In the context of rural egg access, the more moderate levels of
skill required mean that local workers can be &dito carry out needed activities rather
than having to rely on foreign expatriates.

Unlike conventional fossil fuels, many renewablergy technologies do not require
fuel inputs. In the bioenergy sector, however, ihign important aspect. Most of the jobs
are in agriculture—growing and harvesting biofudelsdstock such as sugarcane or palm
oil, and gathering agricultural wastes. Procesgsimese materials into fuels requires
comparatively few people (box 3).

Box 3. Employment in Malawi’s sugarcane ethanol sector

In Malawi, processing of sugarcane ethanol is large-scale and mechanized, employing relatively few people.
Two ethanol companies in the country employ 220 people directly, and indirect employment amounts to another
280 people. Most employment is found in the feedstock supply chain, molasses residues from the country’s
sugarcane crop. The sugarcane sector employs about 10,700 people directly, along with another 7,500 people
in financing, transport and storage, and various supporting activities, and 3,850 people in distribution. However,
most sugarcane employment is at large plantations (smallholders account for only about nine per cent of
sugarcane production), which somewhat limits total employment. Furthermore, a United Nations Development
Programme (UNDP) report argues that more jobs could be generated if ethanol were produced and distributed
for use in household cook stoves.

Source: UNEP, 2012a.

One factor influencing employment concerns theesoébioenergy operations, and
the degree to which feedstock is grown by familymfars (outgrowers) or on large
monoculture estates. This work is typically seabamanature, rather than representing
full-time equivalent (FTE) employment. Mechanizatits another factor, although the
harvesting of some types of feedstock (such as malnis far less susceptible to
mechanization than others (such as corn or sugarcan



In parts of Brazil, manual labour in sugarcaneicgtis increasingly being replaced
by greater reliance on machinery (this has redtleedumber of direct jobs from close to
500,000 in 2007 to just above 300,000 in 2013) (MRAS, undated). The new
mechanized processes provide fewer, but highdedliind better paid jobs.

Making rural energy access a reality will most @ioly translate into a large number
of jobs created in the decentralized, off-grid gyesector. The 2012 edition of the Poor
People’s Energy Outlook (Practical Action ConsgtiR012) refers to the International
Energy Agency (IEA) estimates of the requiremeatauhiversal energy access by 2030.
It is likely that of the 952 terawatt-hours (TWH)atectricity generation required annually,
400 TWh will come via mini-grids and 172 TWh frosolated systems. However, it is
difficult to calculate just how much employment bbbe generated. Relevant data are
typically at best available for selected individymbgrammes and projects rather than
across entire countries or the developing world aole.

In 2012, IRENA (2012) undertook a rough calculatidpotential employment if the
rural energy deficit were addressed through rentasgdiy 2030. Based on the Energy for
All case from the IEA World Energy Outlook 2011 {A@), the agency estimated that
close to 148,000 megawatts (MW) of capacity wowddréquired for off-grid electricity
generation. IRENA then applied per-MW employmenttdes derived from an Indian
government/industry study (MNRE and CIl, 2010). N¥kthus estimated that some 3.7
million direct jobs in off-grid renewable electtigigeneration could be created by 2030 if
the Energy Access for All scenario were fulfillédie 3). This estimate is, however, quite
conservative in that it does not include indiraopéoyment along the value chain and also
does not consider the employment potential in retsvfuels for heating/cooling and
cooking.

Table 3. Potential employment creation through off-grid renewable electricity

RET' Energy use Load factor Capacity Jobs factor Employment
(TWh) (%) (MW) (Jobs per MW) (Thousands)
Solar 169.2 25 77 260 30 2318
Smal 3756 70 6132 4 31
hydropower
Biomass 98.7 80 14 084 15 211
Wind 131.6 30 50 076 22 1102
Total 4371 147 552 3661

' = Renewable energy technology.
... = data not available.
Source: IRENA, 2012.

Very little to no information is available concemgiqualitative conditions such as
formal and informal employment arrangements, wageerking hours, or skills
development and training. This is due in part te tact that, as the 2011 edition of
REN21’'s Global Status Report (REN21, 2011) expldirsich statistics “are not being
collected systematically.” In large part, the olvation, made in a 2011 United Nations
Research Institute for Social Development (UNRI$&per (Bimesdoerfer, Kantz and
Siegel, 2011), that “statistics on job creation &xxbr within this sector are not collected
at all and little is understood about the laborkaaand conditions within the sector” still
holds true today. The paper notes a lack of inféilenaconcerning “a range of social
indicators such as the total number of jobs credteritypes of jobs, payments, gender,
working hours, etc.”
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Focusing on the situation in sub-Saharan AfricaPPN2012a) similarly concluded:
“A gap in knowledge and practice remains regardiregextent to which decentralized and
renewable energy solutions can contribute to expans energy access at scale and in
particular regarding their potential contributianégmployment and development in sub-
Saharan Africa.” A review of key publications oreegy access undertaken for IRENA
(2012) confirmed that many case studies and ot@orts contain generic references to
opportunities for job creation, but lack detailedtalor findings.

One difficulty in assessing employment in the epeagcess field is that it is
characterized by fragmentation across a wide apr@écts and initiatives. Case studies
typically offer employment or livelihood-relatedfammation, which is location-specific
and of small- or micro-scale in nature. Their fimgh are thus not necessarily relevant in
other local settings. Informal, and seasonal ot-fo@e labour arrangements may be as
common as formal employment.

1.4 Intent and structure of report

Ensuring access to energy for the hundreds ofangliof people who do not have
electricity or other modern forms of energy is ja poiority for national policymakers and
for the international community. But there are @iéint ways to accomplish this goal.
Access to electricity has traditionally been enduhgough grid extension and reliance on
fossil fuels or large-scale hydropower. But rende@nergy has become an increasingly
available, suitable, and affordable alternativeeesally in areas where grid extension is
slow or may never materialize. Another fundameciaiice relates to the degree to which
local communities and actors are actively involeed empowered to shape the projects
that can improve their access to energy. It igibisted forms of renewable energy that
have the most promise for rural areas which, sdfare not benefited from energy access.
Strategies focusing on local areas offer the opdst to improve access, and contribute
to local employment opportunities, in contrasteatecalized grid extension efforts, which
typically rely on a workforce temporarily broughttd a given area, with limited
opportunities for people in local communities.

This paper marshals information from a broad rasfgeources in the literature and
thus tries to contribute to a better understandfrige local employment opportunities that
emerge from the deployment of renewable sourcegnefrgy in rural areas of the
developing world. The intent is to enrich the debabout the best choices for ensuring
access to energy, by adding employment considesaiio the decision-making process.
The paper also acknowledges the enormous, yet tatgd role played by traditional
biomass energy use. Fuelwood and charcoal accoutitd bulk of energy use especially
by rural communities (in sub-Saharan African coestrthey account for approximately
90 per cent). While reliable statistics are tydicalnavailable, indications are that the
supply chain provides livelihoods—mostly informabg—for many millions of people.
Fuelwood and charcoal are, in principle, renewabl&ces of energy, but tend to be used
unsustainably. Rendering them more sustainable dstigal part of the rural energy
challenge.

Chapter 2 of this report briefly reviews some o thain policies and financing
mechanisms to promote the dispersion of renewaidrgg in rural areas of the developing
world.

There are two types of renewable energy projeqitogled in rural areas. The first,
which is discussed in chapter 3, concerns largkesgimd farms, solar arrays, and other
projects that are producing energy for grid feearirfeedstock for large-scale biofuels
production. Unless rural areas gain grid-connectibe energy generated through these
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projects is destined for markets other than thal aneas where they are situated, e.g. urban
areas or even export markets. However, rural anegsstill draw some economic benefits
from such projects, in so far as that people frooal communities find employment in
project-related construction, infrastructure praons (such as road building) and
maintenance activities, that the projects stimulatethe local economy (induced
employment when project employees spend part afweges locally).

The second type of renewable energy project iswddd to serve the needs of rural
communities themselves. The discussion in thisrtépaplit into two parts. The first part
(chapter 4) focuses on fuelwood and charcoal. Huersd part (chapter 5) considers
“modern” forms of renewable energy (solar PV amilans, different forms of bioenergy
and small hydropower). These projects comprise hatii-grids and single-household
standalone systems.

Chapter 6 considers downstream linkages—econonvel@ement opportunities—
that arise due to new or improved energy accessighrrenewables. The chapter follows
the distinction made in the literature betweendesiial and productive uses of energy.
The latter, briefly considers the potential inhér@m agriculture (enhanced agro-
processing, improved food storage and refrigergtmymmunications, education and skill
building, and improved health.
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2. Introduction and context

2.1 The policy landscape

The promotion of rural energy access involves aathroange of actors (and
combination of actors), including national govermise regional developments banks,
international agencies and donors, the privateosdathich in itself involves a range of
actors at different scales of operation), smallest@cal entrepreneurs, as well as NGOs.
All have different roles, capacities and respotisigs. Policies address technical aspects
of renewable energy development, financing, capaciilding, and training. These factors
all impact on employment generation.

Governments have an important role to play in angahe right kind of conditions
and in providing financing, but most observers aghat they will also need to facilitate
the involvement of other actors, to increase thalability of capital and technology. This
requires appropriate institutional and regulatagnfeworks, incentives and enabling
policies, and suitable financing and business nsoBENA, 2013).

Programmes, targets and agencies number of national governments have created
programmes and targets for energy access. REN&dtsl Status Repo(REN21, 2015)
observes that Brazil, China, India and South Afamaamong the countries that have taken
the lead in rural electrification efforts, includimff-grid renewable energy programmes.
Numerous countries have also adopted electrificatergets. Nations as diverse as
Barbados, China, Ghana, South Africa, South SuddrSa Lanka are aiming for 100 per
cent electrification. Others, such as the Philippiwith its Expanded Rural Electrification
Program, aiming to achieve 90 per cent househelctrdfication by 2017, are almost as
ambitious.

In addition to rural electrification programmes,vgonments are also setting up
dedicated government bodies—either semi-autonoragescies or specialized divisions
within existing line ministries. A recent exampleemioned by REN21 (2015) is
Bangladesh’s Sustainable and Renewable Energy @@weint Authority (SREDA),
which was set up in 2014. The same year, Chileclagth an Energy Access Fund for
small-scale rural renewable energy projects. Clesdalso recently created an agency for
the purpose of promoting energy access throughluistd renewable energy.

Regulations, incentives and subsidiedn addition to governmental bodies and
programmes, regulations and financial incentive® gllay an important role. IRENA
points to the need to develop a sustainable mé&okedff-grid applications by breaking
down existing barriers and putting in place enaptonditions, including tariffs, tenders,
and other modalities for mini-grid projects. In Wigiso, “regulators should consider the
local socio-economic conditions as well as the centml feasibility for private sector
mini-grid developers” (IRENA, 2013).

IRENA further points to a broad range of tax measysuch as exemptions from
import duty or value added tax) and other finansigdport measures (including soft loans,
grants, publicly backed guarantees). Eliminatingksgdistortions such as subsidies for
fossil fuels (in the rural energy context, for kezoe in particular) is another
complementary and important aspect.

According to REN21 (2015), fiscal incentives haee used successfully by many

countries in their off-grid renewable electricityogrammes in an effort to address the
barrier of high upfront costs. Apart from reducorgphasing out subsidies for fossil fuels,
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a common practice is to provide subsidies for rexida energy solutions in remote
communities.

The same report offers an overview of governmelegory and financial policies.
Although this overview does not provide a breakd@f/policies targeted specifically at
achieving energy access, it gives a sense of vilipds of policies are most used around
the world. Many of the regulatory policies it suysdfeed-in tariffs, quota obligations, net
metering, etc.) focus on grid-connected projeabs.dthers (such as tendering or biofuels
obligations), no distinction is available betweeidff-grid or urban/rural purposes. But
it is clear that virtually all of the 146 countriém which information is available have
adopted renewable energy targets. Among finanolidips, there is again no breakdown
of energy access policies, but what emerges igéldattions of various taxes is one of the
major tools that governments rely on (lowering tlost of importing renewable energy
equipment). This is especially the case among loweome and low-middle income
countries (table 4).

Table 4. Regulatory and financial policies in support of renewable energy, as of 2015"

Countries by income Capital subsidies, InvgstT_enttor Tax reducggns : Pu:)hc t
group (number) grants, rebates production tax (energy, CO, investment,
’ credits VAT, etc.) loans or grants
High income (49) 31 20 32 33
Upper middle income (44) 11 10 26 23
Low-middle income (36) 14 11 26 17
Lower income (17) 3 3 16 10

“Includes national and subnational government policies.
Source: Adapted from REN21, 2016.

Bilateral and multilateral actors. Beyond national government action, many
international donor agencies, multilateral develepta banks and NGOs have become
involved in the promotion of decentralized renewadergy in developing countries. The
Renewable Energy Network for the 21st Century (RENits at least 30 individual
programmes and 23 global networks active worldwiglef 2015 (2016). Among the most
prominent are SE4ALL, ARE, the Renewable Energy Endrgy Efficiency Partnership
(REEEP), the EU Energy Initiative Partnership Diale Facility (EUEI PDF), which is
responsible for the implementation of the Africa-R¢newable Energy Cooperation
Programme (RECP), Power Africa (a United Statediainze), and Energizing
Development (EnDev), a joint undertaking by Aus&alGermany, the Netherlands,
Norway, Switzerland, and the United Kingdom. EnDeports that, so far, it has helped
14.8 million people gain access to modern energyices to date, and it has provided
training for some 37,000 individuals in solar P¥heology, cookstove manufacturing,
and other skills and crafts related to renewabérgndeployment (REN21, 2016).

There are also technology-specific initiatives fsas the Global Lighting and Energy
Access Partnership (Global LEAP), which has beeeéfén estimated 7 million people in
29 countries), Lighting Africa, Lighting Asia, artde Global Clean Cookstove Alliance
(REN21, 2015). Meanwhile, a 2016 report (EUEI P2P®16) counts 42 different
“operative programs and delivery mechanisms” as agahine “high-level initiatives” just
in the African context. It maps these efforts, uthg both renewables and other forms of
energy, grid and off-grid projects, as well as ngrids, covering electricity, heating and
cooling, cooking energy, and energy efficiency.
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The problem is certainly not a shortage of initied. Rather, there may be too many
of them. Amid the proliferation of initiatives apdogrammes, it is difficult to analyse the
overall impact, and especially specific outcomeshsas employment creation.

2.2 Local content and skill building

National governments will want to undertake poliogasures that provide energy
access as quickly as possible to as many peopesssble. But they will also want to
ensure that the capacities and structures that aris stable and sustainable over time,
which means that a significant part of the eff@éds to be well-grounded domestically,
rather than being overly dependent on foreign actor

For example, providing rural households and comtreswwith renewable energy
equipment such as solar panels, hydropower turbimediogas digesters in a timely
fashion, and ensuring affordability, may make ipérative that import duties for such
goods are low or non-existent. Because of theltelogical leadership and economies of
scale, leading international manufacturers typjcaten offer equipment at more
reasonable prices than domestic producers. Theigrence in the field may also give
them advantages in terms of equipment quality aldhhility. Employment in the
importing country would thus principally occur ialss, installations, and O&M, rather
than in manufacturing. Over time, however, suclicpes tend to inhibit the creation of an
integrated domestic renewable energy supply chain.

Scale makes a difference in the above observafltrestechnologically less-complex
renewable energy equipment relevant in the enecggss context can be more readily
produced (or at least assembled) domestically ihdéme case with large-scale facilities,
where additional experience is needed with indaistsite preparation, engineering,
procurement, project integration, etc. Equipmenthsas family- or community-scale
biogas digesters can also be more readily builtedtically. The same is true for small-
scale hydropower facilities. Still, even the expeoe with portable solar technologies
suggests how dependent most developing countgesresupplies from leading suppliers
(in this case, principally Chinese companies).

A number of governments in various parts of thelavdrave instituted so-called
domestic content requirements (DCR), sometimescadhed local content requirements,
in a bid to establish a domestic renewable energystry and to create and secure related
employment (Kuntze and Morenhout, 2013). In variouays, these rules compel
renewable energy companies to source a specifiak sif equipment, or a portion of
overall project costs, from domestic suppliers. D@dicies are often concerned with
manufacturing aspects, but they are also applidalitee planning and design of projects,
engineering, construction and installation, and Q&Mthe energy access context, DCR
policies need to be adapted to target small-segdpl®rs and rural entrepreneurs.

Experience suggests that without a stable andctrifly sizeable domestic market
that offers adequate economies of scale, DCR messwe unlikely to succeed. They need
to be part of comprehensive policies includingnirag and skill-building policies (IRENA,
2014). This is evident in a country such as Soufiticd, which intends to expand its
renewable energy sector, but faces skill shortage2012 study put the number of
engineers, technicians and skilled workers needdtld wind industry (manufacturing,
construction and installation) at 6,250 per yead astimated the number of skilled
workers needed for O&M at 2,000 by 2020, and 4502030 (GL Garrad Hassan, 2012).
A new South African Renewable Energy Technologyt@e{SARETEC) has been set up
to help fill this need.
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2.3 Investments and financing arrangements

The World Energy OutlooKIEA, 2012) estimated total “energy for all” inge®ent
needs at US$ 678 billion by 2030, or about US$iBidt a year, which is more than triple
the funds that were available in 2009. This wouNe giccess to close to 50 million people
a year. The IEA projects that some US$ 11 billiath meed to be spent annually for grid-
extension, US$ 12.2 billion for mini-grids and UB& billion for standalone projects. Of
the cumulative sum, it is anticipated that US$ Biibn would be needed for electricity
access. The remaining US$ 76 billion would be edkathfor clean cooking energy.

Other estimates vary in the projected investmemissneeded. For instance, a report
by the Finance Committee of the Sustainable Enfenggll Advisory Board projects that
the level of expenditures needs to grow to as nasddS$ 45 billion annually. It puts 2012
spending on universal access to electricity at [S® 9 billion (SE4AIl, 2015a and
2015b)? This is still a minor portion—about 3.5 per centi-toe US$ 257.3 billion in
global renewable energy investments for all purpdbat have been estimated for that
year by the Frankfurt School-UNEP Centre (2016)e[la least in part to market
fragmentation, it appears there is no reliable, m@inensive information on global energy
access investment trends over the years, and atdedebreakdown by geographical area
or by technology.

Even though it is growing fast, the global off-gsislar market remains comparatively
small; it was estimated at just US$ 200 millior2DL3, and may have grown to US$ 900
million in 2015 (A.T. Kearney, 2014). Sales of piwalar lights (Lighting Global quality-
verified products only) have grown from 0.6 millianits in 2011 to 5.3 million in 2014
(including all brands, the numbers are 2.4 millgord 15 million, respectively) (Orlandi,
2015).Still, it is believed that only about 3 per centtloé potential solar lighting market
(for SHS and portable solar combined) in Asia autatSaharan Africa has been tapped to
date (GOGLA, 2014).

REN21 (2015) and th&Vorld Energy OutlooKIEA, 2011a) identify a range of
funding sources:

National governments.Subsidies, grants and loans are made availabieatignal
development banks, state-owned utilities, and retattrification agencies or other
specialized institutions in developing countrie®nbr countries typically make funding
available as loans, grants, guarantees, and e@uity.as the British example illustrates,
such funding can be further improved in favouresfewable energy access (box 4).

Another, programme-specific example is CARE2 (Gdpiccess for Renewable
Energy Enterprises) which ran from late 2012 to28dd was supported by the Swedish
International Development Cooperation Agency (SIDwi)h US$7 million. Targeting
1,400 micro-, small- and medium-sized enterprigesas intended to improve access to
capital in the renewable energy sectors of Kenyaaritla, Uganda and the United
Republic of Tanzania, with the aim of creating 8,68ew jobs (GVEP International,
undated-a).

In 2015, the EU launched a new “ElectriFI" finargiimmechanism for rural
electrification projects to complement private finang. This grant programme will make
available up to 3.5 billion Euro (€) through to B0and is expected to leverage €15-30

3 Depending on the source, estimates of neededtineass actually vary widely.

4 The 2016 edition of REN21'Renewables 2016: Global status repodilates information on distributed
renewable energy for energy access in developingtdes (Personal communication with REN21 personnel
and with Fabiani Appavou, author of the relevargptbr in the report).
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billion in loans and equity investment. It is ligehat the eligible projects will be small-
to-medium sized projects (European Commission, P015

Box 4. United Kingdom government support for energy access in developing countries

A recent analysis by the Overseas Development Institute (ODI) found that the United Kingdom’s
government support for energy in developing countries during 2009-13 amounted to a total of US$ 8.23
billion. Of that sum, just 19 per cent went to renewable energy and energy efficiency. Just 8.5 per cent or
about US$ 700 million, went in support of energy access.

Yet, the energy access figure needs to be further broken down: close to US$ 47 million (seven per
cent) was spent on fossil fuel projects; US$ 38 million (five per cent) on efficiency; and US$ 246 million (35
per cent) on renewables. Another US$ 369 million (53 per cent) is identified only as mixed or unspecified.
Counting only the share unambiguously identified as energy access through renewables yields a share of
three per cent of total support for all energy projects in the developing world.

The sum of US$ 246 million is composed of: 29 per cent for geothermal projects; 19 per cent each for
solar and hydropower; seven per cent for wind; two per cent for bioenergy; and 24 per cent for mixed or
unspecified purposes. Disaggregated by stage of energy delivery: 48 per cent went to transmission and
distribution; 17 per cent to generation; one per cent to point of use; close to eight per cent was devoted to
research and policy; and about 26 per cent was “unclear or mixed”.

Source: CAFOD, undated..

International institutions and mechanisms.In addition to the World Bank, regional
development banks have a number of relevant pragesvand initiatives, including the
Asian Development Bank (Energy for All initiativehe Inter-American Development
Bank (Multilateral Investment Fund); the African\éopment Bank (Sustainable Energy
Fund for Africa); and the Islamic Development Baiienewable Energy for Poverty
Reduction Program).

However, NGO “scorecard” reports (Sierra Club aild@bange International, 2014
and 2016) argue that an inadequate share of ntefaladevelopments banks’ overall
energy portfolios is dedicated to energy access w&ithin the energy access lending, an
inadequate share goes to distributed renewableggnsolutions (as opposed to
conventional energy sources). During a 3-year pefiiscal year (FY) 2012—-2014, the
energy access lending of four multilateral develeptrbanks (MDBs) amounted to a
combined US$ 1.9 billion, or just under 15 per cefttheir total energy portfolio.
Distributed energy funding received US$ 244 milliohthe total energy access sum,
equivalent to only 12 per cent (table 5).
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Table 5. Multilateral bank support for energy access, FY 2012-2014

A: B: C: D: E:
International Total energy Total energy B as a share of Distributed D as a share
institutions/ funding access funding A energy of B
mechanisms (US$ millions) funding’
(US$ millions) (%) (USS$ millions) (%)

World Bank 892525 841.8 10.2 167.4 19.9
Group
Inter-American 11245 63.0 5.6 15.7 25.0
Dev. Bank
African Dev. 11274 293.1 26.0 0.5 0.2
Bank
Asian Dev. 29524 7942 26.9 59.9 7.5
Bank
All MDBs? 13 456.8 1992.0 14.8 243.6 12.2

1 Off-grid and mini-grid projects. 2 Multinational development banks.
Source: Adapted from Sierra Club and Oil Change International, 2016.

Similarly, an assessment published by the Intepnatilnstitute for Environment and
Development (IIED) and Hivos (Rai, Best and Soa@646) found that of the US$ 14.1
billion in approved climate finance between 2008 2015, US$5.6 billion had been
earmarked for energy projects. Of those, just U%%$ dillion had been allocated for
decentralized energy. Multilateral funds for eneaggess, and especially for distributed
renewable energy, need to be scaled up, if stdfedtoves are to be met.

The Green Climate Fund, a fund within the framewofkthe United Nations
Framework Convention on Climate Change (UNFCCC) s&t up to assist developing
countries with projects and programmes relateditoate adaptation and mitigation, and
to harmonize diverse funding flows from sourcedudmng the World Bank, the Global
Environment Facility, the Adaptation Fund, the @Ié&zevelopment Mechanism (CDM),
and other sources. Distributed rural energy is @inthe core focus areas of the Fund.
However, low-income countries have so far made litse of carbon finance mechanisms
such as the CDM for energy access purposes. Pdheofeason is that CDM project
approval is often a long, uncertain and expensivegss. Meanwhile, the United Nations
Climate Change Conference (COP21) held in Pari3eicember 2015, led to an array of
new financing initiatives, including the African Rewable Energy Initiative, which aims
to install 10 gigawatt (GW) of renewable energyamty by 2020 and 300 GW by 2030
(REN21, 2016).

Private sector sourcesThis includes international commercial banks, |dzahks,
microfinance institutions, venture capitalistsyagl as international and domestic project
developers and contractors. These actors rely gange of financing mechanisms
including equity, debt and mezzanine finaPddicrofinance can be useful in a number of
energy access situations. Incubator funding isteerqiathway. For example, the REEEP
offers seed-level grants for small- and mediumekigpterprises working on distributed
renewable energy programmes. In a new developrB&amberg Business (Hirtenstein,
2016a) reports that the nascent off-grid solar strguactive in sub-Saharan Africa has

5 The IEA characterizes mezzanine financing as “dabital that gives the lender the right to converan
ownership or equity interest in the company uneetain preagreed conditions.”
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now been “turned into an asset class for theftiirst, bundling contracts for thousands of
the sun-powered rooftop electricity systems toagbonds.”

Investments in off-grid solar are growing particiylarapidly, albeit from a small
base. According to BNEF and Lighting Global (201@&tween 2008 and 2015, some US$
511 million in private investment has materializethre than half of which since the
beginning of 2014. Most of the money has gone topamies following a Pay-as-you-go
(PAYG) business model (see below for a brief exalimm of the concept).

In order to scale up available funding, tiAéorld Energy Outlookeport (IEA,
undated-b) has called for the public sector “toitsstols to leverage greater private sector
investment where the commercial case is margindl emcourage the development of
replicable business models.” This means betterrgavee and regulatory frameworks, as
well as measures to enhance capacity in rural areas

Further, “government and concessional funds colsid lae used directly to support
microfinancing networks or local banks that, imtysrovide loans down the chain to end
users, as has happened, for example, in UNEP’s lBdiar Loan Programme ... and in
several African countries under the Rural Energyrieation ...” (IEA, 2011a). For the
poorest communities, subsidies are needed, thobgh question persists whether
subsidized projects can become financially selfa&nig.

Although the cost of renewables has declined iremegears, many poor rural
households are not often able to afford the uptfcosts. Also, most people in these areas
do not have access to commercial financing (oputoit differently, commercial lenders
do not see an opportunity for what they regardraadgequate return on loans) (Meier,
2014). As the Energy Access Practitioner NetworR1l® emphasizes, “access to
financing—in the right amounts, structured in a whgt is most useful to them, and
available at the time needed — remains their numberobstacle to further growth.”

At the same time, however, rural households speodsiderable sums on
conventional energy supplies and services sucleass&ne-fueled lamps, candles, and
battery-operated flashlights. In comparison wittolsene lamps, for example, solar lamps
offer lower cost and better lighting quality. Acdorg to estimates by A.T. Kearney
(2014), people who currently lack access to el@tgrspend an estimated US$ 30 billion
a year buying 25 billion litres of kerosene forhlilmg purposes, which puts the cost to
supply equivalent light through solar equipmenjuat US$ 2.7 billion. The transition to
renewables could thus, in principle, free up US®®ibn in spending (GOGLA, 2014).
A report for the 4th International Off-Grid LighinConference (Orlandi, 2015) suggests
lower spending figures for kerosene: US$ 11.5dsillin Africa and US$ 4.7 billion in
Asia.

Rural households’ ability to pay is a key distirglung factor for determining what
type of financing (loans, grants, etc.) and soumfefinancing (domestic government,
multilateral or bilateral development funding, dretprivate sector) might be most
appropriate. In an analysis published in 2011, (F®&11a) used an expenditure threshold
of US$ 5.50 per month to distinguish “lower” fromhigher energy expenditure
households.” The latter are considered more likatomers for private entities, whereas
the former will require government subsidies. Homto experiences in Bangladesh and
Nepal, minigrid projects for low-energy expenditure householasy best be
accomplished via governmeinitiated cooperatives or publfrivate partnerships.

A number of financing models—some old, some new—#ended to address rural
households’ circumstances and to allow them to hase or lease renewable energy

19



systems, particularly solar equipment. The falliogt of LED lights and the rising cost of
kerosene have helped to popularize these new agEsa

Microfinance. Microfinance schemes are, of course, not newam®they uniquely
addressed to energy access issues. But accordRigN@1 (2015), they have been among
the most popular models for disseminating energyesys in the developing world over
the past decade or so. Microloans allow househmidanall businesses to sidestep the
problem of high upfront costs in purchasing rendevamergy equipment since they pay
in instalments over time.

As we will discuss later, Bangladesh’s successbpr@ach to distributing SHS in
rural areas has centrally relied on microfinancitutions. They have a long history in
rural communities and have developed an approathrtegrated financial and technical
services for rural households (Sadeque et al.,)20hére is no comparable history in sub-
Saharan African countries, where microfinance tagtins typically provide financing
separately from renewable energy providers, oftéh imsufficient coordination. This
approach led to problems with regard to the respditg for issues of systems’
maintenance and repair. In recent years, howewernew concepts have emerged: “pay-
as-you-go” and “fee-for-service”.

PAYG. Customers pay a small initial fee, followed byulkeg micro-payments over
time for the energy they actually use. Price leagld payment schedules are typically set
to match households’ cash flows and their energysamption patterns. REN21 (2016)
counts at least 32 commercial companies operatingarly 30 countries under the PAYG
model. Equally important, this model is made pdsdily the spread of mobile phones. A
number of mobile payment schemes have emergediding M-Pesa in East Africas
well as others based in Afghanistan, India andséifiica (Lacey, 2014).

Fee-for-service (FFS)This model is similar in approach (REN21, 2015)stomers
pay regular fees for the use of a renewable engygiem that is owned, operated and
maintained by an energy service company. The coynpatains ownership of the
equipment, and is responsible for service and ma@tce (and replacement, if needed).

Both approaches have pros and cons. Under a FF&lnaggotential problem is that
users may not feel responsible for the careful lagdof the equipment (“lack of
ownership”). But the “ownership” model underlyinhet PAYG approach can be
problematic if there is not a strong and reliabievfsion for after-sales service to ensure
that the equipment functions reliably (Sadequel.e2814). Chapter 5 discusses some
examples of both concepts.
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3. Impacts of large-scale renewable energy
projects

As mentioned earlier, there are two types of refdsvanergy projects deployed in
rural areas, the first concerns large-scale faslibriented towards urban markets, and the
other, smaller scale operations focusing on rumhrounities’ needs. This section
addresses the impacts on the former. It beginsrieflyodiscussing employment factors
and the impact of scale on employment generatimhttzen discusses a number of specific
wind, solar and biofuels projects.

The project profiles presented in this chapterdat# that the employment and
livelihoods impacts are frequently mixed presentiogal communities with both
opportunities and risks. A key difference is whettie aim is mostly to produce for the
urban or global market, or whether there is a giraommitment to community
development. For the latter to succeed, theraéd to build skills, generate infrastructure
that benefits not only the project in question &lgb the surrounding areas, and to plan
carefully for the broader economic impacts that eamth an influx of labour and capital
into rural communities (some of which may have l@ited or no exposure to formalized
labour markets).

3.1 Employment factors

The employment impacts of renewable energy projntsbe assessed via a number
of methods, including input-output (I-O) modellinthe use of employment factors, and
supply chain analysis. Enterprise surveys can gémetaluable data, including detailed
labour requirements for specific manufactured isg&t are useful in supporting various
methodologies (Breitschopf, Nathani and Resch, 2011

The analysis of I-O, for example, permits a fulamination of indirect and induced
employment effects. But it requires I-O tables witighly disaggregated information
(Bacon and Kojima, 2011). Maia et al. (2011) paiat that the relevant existing studies
and models for the renewables sector are primbaged on the economic circumstances
prevalent in developed nations of the Organisafiamn Economic Co-operation and
Development (OECD). Highly disaggregated sect@at] up-to-date data are often not
available in developing countries. Furthermore, la@alysis typically focuses on
economy-wide or sectoral assessments, rather thapexific individual projects.

Another approach is to rely on employment factestimating the number of direct
jobs that may be created per unit of electricaheating capacity or per unit of fuel
(separated into manufacturing, construction, andvip&figure 3). The underlying data
for calculating employment factors can be deriveminf broad industry surveys, from
specific enterprises or projects, or from feadipilstudies and technical literature
specifications (Breitschopf, Nathani and Resch,1201
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Figure 3. Schematic view of employment factor calculations

Manufacturing / .
construction & . Nevszl\(/:l?,s)amty Jobs per MW . T°Ez'b“s’lc'
installation
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maintenance

Cg;g‘gﬁitt';’e Jobs per a Total O8M
(MW) MW jobs

MCI = MCI group.
Source: IRENA, 2012.

A number of different reports offer estimates ofpdmgment factors in the renewable
energy field, although they sometimes yield incologis results, focus on different
renewable technologies or time frames, and do hetys reveal the underlying
methodologies applied. The 2015 edition of the Bn¢R]evolution report (Greenpeace
International, Global Wind Energy Council and SBlawerEurope, 2015) offers estimates
of direct jobs per MW of installed capacity, baseddetailed work by the Institute for
Sustainable Futures at the University of TechnolSggney. It also offers estimates for
both the present as well as future years (202M)2ADat are based on projections of labour
productivity gains (table 6).

Table 6. Employment factors for renewable energy, global averages

Construction and
Rentewla:blel energy installation Manufacturing O&M
echnology (Jobs years/MW)

Biomass 14.0 29 15
Hydropower — large 74 35 0.2
Hydropower — small 15.8 10.9 4.9
Wind onshore 3.2 4.7 0.3
Wind offshore 8.0 15.6 0.2
Solar PV 13.0 6.7 0.7
Solar heat 8.4 01 n.a.

" Included in construction and installation estimate.
n.a. = data not available.
Source: Adapted from Greenpeace International, Global Wind Energy Council and SolarPowerEurope, 2015.
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The basic estimates are derived from condition®HCD countries, since this is
where most of the data are available. Bmergy [R]evolutiorreport uses “regional job
multipliers” intended to adjust OECD labour produties to regional conditions
elsewhere. These adjustment factors are based eragey economy-wide labour
productivity (excluding agriculture) in differerggions. For Africa the multiplier, relative
to the OECD value, is 5.7, for Latin America 3.d; the Middle East 1.4, and for non-
OECD countries in Asia 2.4 (but 6.9 for India and for China). In short, deploying a
given capacity of renewable energy in developingnties provides employment for
considerably more people than it does in OECD awsit

At best, these multipliers serve as an approximatiowever, because productivity
within the energy sector varies from that of thedater economy, and productivity among
individual RETs probably varies from that of theemgy sector as a whole. Excluding the
agriculture sector makes sense because its loweugtivity would distort calculations
for manufacturing-centred RETS, such as wind addrs®n the other hand, excluding
agriculture leads to an underestimation of bioepeigel-related employment. The
resulting figures thus need to be regarded witticapand théenergy [R]evolutiorreport
itself states that its estimates are only indieaiivnature.

3.1.1 Matters of scale: the Indian experience

To be more reliable, country-specific employmerdtdas are needed. The Indian
government published a report (MNRE and CII, 20th@} offers estimates per MW of
capacity installed (90 direct and indirect jobs/MuY off-grid solar PV; 43 jobs for on-
grid biomass power; 300 jobs for biomass gasifiiv® jobs for small hydropower).
However, no updates have been undertaken since.

More recently, the Delhi-based Clean Energy Actéstsvork (2015), which aims to
bring together stakeholders across the countrynfmave energy access, issued a report
assessing employment and skills development. Basddterviews, project field visits,
and a literature review, the study generated raegghmates for the number of people
needed for various types of renewable energy demoy. This is based not on capacity
figures, but on the volume of equipment installedl{ons of units, except for mini-grids
and small hydropower facilities, which are measumgtiousands of units). This approach
is thus not comparable with that of the Indian goweent (and it unfortunately also renders
cross-technology comparisons difficult). Job regmnents are indicated by major type of
occupation, and broken down by where the jobsheiljenerated. Most employment (sales
and installations) takes place in rural areas, dihers—higher skilled and paid—in
managerial and support functions are more likeliobated in semi-urban and urban areas
(table 7).
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Table 7. Job requirements for renewable energy deployment in rural India

Rural areas Semi-urban and urban areas
Renewable energy Jobs Occupations Jobs Occupations
sources (Employment per million units
installed)
Solar lanterns; improved ) .
cookstoves; portable 5000 Sales; service ?gg f/lzlr?:, (r;zrl;e;”}geers
biogas gers, eng
Solar home svstems 10 000 Sales; service 1000 Sales; marketing
y 2500 Service technicians 500 Managers, engineers
10000 | Installers 3000

Small biogas facilities Managers, engineers

1000 Site supervisors

(Employment per thousand units installed)

Solar and biomass mini- 1000 Electrical and civil works 200 Projeckt engineers
grids; small hydropower 1500 Operations; maintenance 200 Managers
facilities 500 Technicians 50 Design engineers

Source: Adapted from Clean Energy Access Network, 2015.

The extent and nature of employment that can betedeby renewable energy
projects depends strongly on the scale of deploymesrge-scale projects may, in
absolute terms, employ substantial numbers of pedjlit on a per-unit (of capacity or
production) basis, arguably they generate less@mpnt than smaller scale projects.

For solar PV, a joint study by Bridge to India arata Solar Power (2014) suggests
that small residential rooftop systems (1-5 kW d¢gpisize) deployed in India could
generate 39.3 jobs per MW installed. This compdagsurably with the number for
commercial and industrial rooftop assemblies, aftti wtility-scale projects and “ultra
mega-scale” projects. At assumed levels of capac#tylled, a far larger number of jobs
overall would be created in small-scale projeate (gble 8 for details). The smaller-scale
deployment could also, in principle, be completectinfaster and at a lower cost, although
it would face the challenge of creating sufficieonsumer market demand. It should be
noted that the analysis focuses on urban rooftpfogiment in 38 cities with at least 1.25
million inhabitants. Expanding this to smaller e#i—and to rural areas—would increase
these numbers tremendously, although securing atedinancing and skill-building
programmes in rural areas would present significaatlenges.
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Table 8. Employment estimates for solar PV energy at different scales, India

Solar PV deployment Residential Commercial Utility scale Ultra-mega
rooftop rooftop scale
Typical plant size 1-5 kW 10-500 kW 5-50 MW 1-3 GW
Projected total capacity 26-35 GW 3141 GW 32-42 GW 21-27 GW
Jobs per 1 MW, of which: 39.3 26.5 9.4 5.7
Supply chain 3.3 25 0.8 0.6
Installations (contractual) 6.7 4.0 2.0 1.0
Installations (permanent) 6.7 4.0 1.0 0.6
Design n.a. 2.0 0.1 0.1
Manufacturing 6.0 5.0 3.8 3.0
S:j'er:s;zz::’em 133 6.0 03 0.1
O&M 3.3 3.0 15 0.3
Jobs over 10 years (1000s) 325 220 7 63

n.a. = data not applicable.
Source: Bridge to India and Tata Solar Power, 2014.

In table 8, capacities given for any electricityrgeating equipment indicate the
maximum possible amount of power. For example MAAL facility running at maximum
power for a full year produces 8,760 MWh: 1 MW X&) [= 365 days x 24 hours].
However, capacity factors determine how much posesr actually be generated under
real-life conditions. Solar PV capacity factorsitgily vary between 15 per cent and 40
per cent. The U.S. Energy Information Administrati@ports that solar PV facilities in
the United States ran at 25.9 per cent capacitipg@014 (EIA, 2014). Using this factor,
a 1 MW plant would produce 2,190 MWh of electricijow many homes this amount
can power depends on households’ average energg,ushich varies enormously around
the world (and between urban and rural settingsindgJ2010 consumption data, the output
from a 1 MW plant would suffice for just 187 homaghe United States, but for much
larger numbers in developing countries like Indidaeria, as table 9 illustrates.

Table 9. Electricity capacity and output calculations, 2014 - India, Nigeria and the United States

Annual electricity capacity/output India Nigeria United States
Capacity Nominal Actual Household Household Household Household Household Household

output output used served used served used served

(MW) (MWh) (MWh) (MWh) (No.) (MWh) (No.) (MWh) (No.)
0.01 88 22 0.9 24 0.57 38 1.7 2
0.10 876 219 0.9 243 0.57 384 1.7 19
1 8760 2190 0.9 2433 0.57 3842 1.7 187
5 43 800 10950 0.9 12167 0.57 19 211 1.7 936
20 175 200 43800 0.9 48 667 0.57 76 842 1.7 3744
50 438 000 109 500 0.9 121 667 0.57 192 105 1.7 9359
1000 8760 000 2190000 0.9 2433333 0.57 3842105 1.7 187179

Source: EIA, 2014.

As this brief discussion indicates, employment destcan provide some broad
insights into employment generation by renewablergn projects. But it is useful to
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examine individual projects to gain a more detadetise of the specific impacts, as
presented in the next section.

3.2 Selected examples in wind, solar and biofuels

This section examines a humber of selected large-girojects in the wind, solar,
and biofuels sectors, and highlights key employnaerd other socio-economic impacts.
The examples demonstrate that large-scale corpa@terojects tend to have very
different outcomes to projects that incorporate teong community-development
dimension.

3.2.1 Lake Turkana Wind Power Project, Kenya

In Kenya, a number of wind farm projects are in phanning or construction stage,
including the Lake Turkana wind farm in the nortstean part of the country, the Kipeto
Project in the Rift Valley Province, the Electradsnproject in Lamu, and the Kinangop
project in central Kenya (Jacobs, 2014).

By far the largest of these is the Lake Turkanad¥ower Project (LTWP). It entails
a total of 365 wind turbines (supplied by Denmaiisstas) across 40,000 acres with a
generating capacity of 300 MW, making it one of lrgest wind farm projects to be built
in Africa. The construction of the facility was dgéd by difficulties in securing financing,
but it is expected to be fully operational by ARd17 (Jacobs, 2014). Some 70 billion
Kenyan Shillings (€625 million) are expected toibeested, the largest single private
investment in Kenya’s history (Lake Turkana Windwieo Project, 2015). Electricity
generated in one of the poorest parts of the cpuvitk be destined for the distant capital
of Nairobi.

According to impact assessments completed in 2089 2011, construction
employment will average 300 workers over the emtinestruction phase, reaching as high
as 600 workers during peak periods. Once operdtidh@ wind farm is expected to
provide about 150 permanent jobs (Lake Turkana ViAader Project, 2009 and 2011).
Arguably, these are relatively low employment figgigiven the scale of the investment,
which is explained in part by the fact that empleymin manufacturing the towers,
turbines, and other equipment will be created detsif Kenya.

Skilled jobs will overwhelmingly go to workers frooutside the project area, and the
impact assessment expresses concern about possipgive socio-economic impacts
from the influx of workers. Local employment wilkipcipally be for semi-skilled or
unskilled jobs, and it is expected that more th@@ geople will be employed locally as
drivers, masons, loaders, carpenters, cooks, sg@anisonnel, etc. (Lake Turkana Wind
Project, 2009 and 2011).

The project entails work to upgrade an existing-Ril@metre (KM) road to the wind
farm site, as well as an access road network imnaad the site for construction, and for
O&M purposes. Road construction will create abdi@ jpbs at any one time over a 15-
month period. Of these, it is estimated that thtiebe just 50 jobs available for people
from the area (AfDB, 2011).

An additional local economic stimulus from the jajand road construction is
expected as workers spend their salaries in ndaskygs and trading centres along the
road. Local populations may also benefit from inwaeb roads, facilitating the
transportation of livestock and fish products takas. The impact assessment also notes
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that a portion of the carbon credits that will lemgrated by the wind farm will be used to
fund unspecified local community benefits.

The employment impact of projects such as the LT8R some ways a two-edged
sword. While local populations can gain to somesixta significant part of the workforce
is brought in from elsewhere, with some potentialjgative repercussions. In order for
the local population to derive greater benefitsrithese projects, they need training and
skills development, which is a long-term process.

In early 2016, protests by local landowners anohéais led to the cancellation of the
US$ 144 million, 60.8 MW Kinangop project in cermtrEenya. Disputes over
compensation for land and other concerns coulcbeatesolved (Reuters, 2016). There
have also been land and compensation disputespaditoralists surrounding the LTWP,
although a Kenyan court rejected calls for a fattdnstruction (Williams, 2015; Waruru,
2016). The official Resettlement Policy Framewookcuiment for the Lake Turkana wind
farm acknowledged that the project would entaileber of negative impacts, including
loss of land and related assets such as trees@pe] toss of income, and loss of livelihood
(World Bank, 2011). The document suggested a numhmitigation measures to “avoid
or at least minimize involuntary resettlement,” \pd®@ compensation, ensure that
resettlement goes hand in hand with “appropriadelosure of information, consultation,
and the informed participation of those affecteatid improve or restore the livelihoods
and standards of those displaced by the project.

The disagreements that have ensued—together vate tim southern Mexico (see
section 3.2.2 below)—suggest that projects neduktevaluated not only with regard to
(promised) employment, but also in broader termas dssess overall livelihood impacts
and adequately weigh the pros and cons of large-geajects. In this regard, there are
commonalities of concern with other renewable epgupjects, such as large-scale
biofuels projects (which are discussed furtherwalosections 3.2.5 and 3.2.6).

3.2.2 Wind energy development, Mexico

The bulk of Mexico’s wind development is taking g#ain the southern state of
Oaxaca—the state’s superb wind resources werathiest to be mapped (Wood, Lozano
Medecigo and Romero-Hernandez, 2012). Since 2066wiad facilities have been
brought into operation with a total capacity of ab@.4 GW (AMEE, 2016). This
represented 82 per cent of total Mexican wind cispat 2015.

In 2011, the Inter-American Development Bank (IRproved financing for a 396
MW wind farm at San Dinisio, intended to be ondha largest in all of Latin America,
with a projected workforce of some 300 workers migiconstruction, but just 30 workers
for operations (IADB, 201la and 2011b). However, iatense conflict with local
indigenous communities developed. Residents citssl of land and detrimental impacts
on fish, mangroves and livestock among the reafwrtkeir antagonismBackwell, 2012;
Peterson, 2012; Smith, 2012; Stevenson, 0dng with complaints that the project owners
had failed to comply with the ILO Indigenous andb@t Peoples Convention, 1989 (No.
169), which requires prior, free and informed coni¢&odoy, 2015). Intensifying protests
and blockades, and a December 2012 federal cquinicition that put construction on hold,
prompted the project consortium to move to a nesation (Wilton, 2014).

The San Dinisio protests are part of a broader siipo in Oaxaca to the particular
way in which wind energy is being developed in #tate. Local communities have
complained about unfair contracts, bribing of |dealders, inadequate consultations, and
unfulfilled promises. Wind developers can secur@sent and ‘buy-in’ from local
communities when they have an adequate share etthemic benefits and employment
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(direct or indirect). But Wood, Lorzano MedecigadaRomero-Hernandez (2012) point
out that in Oaxaca, wind companies typically sharly 1 per cent of their profits with
local communities (serving as royalties for larakked to wind projects)—far less than the
five per cent that has been typical in industredizountries.

The case of Oaxaca highlights not so much the farebletter planning or project
design, but the stark asymmetries of informatiod power between project developers
and local communities. Many of the local commusitége poor and illiterate and have
inadequate information about the potential valuewofd energy and lack the legal,
technical and financial resources needed to enseneficial outcomes of large-scale
projects. They are consequently unable to determifagr value for the use of their land
(Cheng and Hertel, 2013; Wragg and Hughes, 2015).

Wragg and Hughes (2015) observe that “land is oitegally obtained through
settling of contracts individually rather than thghh the communal self-governing
community bodies that exist in most of Oaxaca ...rt#er, Cheng and Hertel (2013) note
that “land usage leases can extend up to thirtysyaad can be renewed by the companies
at their sole discretion. During the terms of theeatracts, companies have effective
territorial control and decide the terms under Wwh& community may use its own
territory.”

Mexican government policies prioritize rapid winévelopment and have thus
favoured project developers. Mexico’s Federal Eieity Commission (CFE), an agency
with broad powers to regulate and develop the eglanelectricity sector, has “allocated
communities’ land in a way that effectively createsritorial monopolies for many
companies, thereby further reducing each communiptions and bargaining power in
the process” (Cheng and Hertel, 2013).

Plans for a 44-turbine, 100 MW capacity wind fargntbe community of Ixtepec
indicate the potential for an alternative, commynaigntred approach. This will be the first
large-scale community-owned indigenous wind powejggt in Latin America. Ixtepec
is partnering with the Yansa Group, a social emigep to assist in tasks such as wind
resource assessment, infrastructure and logigiiosronmental permitting, and contract
negotiation (Yansa Group, undated). Electricityoide sold to the CFE (for feed-in into
the national grid) over a 20-year period at a fixeite, and operations are intended to
minimally affect local farming. The Ixtepec commiynand Yansa hold an equal share in
the US$ 200 million venture. Once built and opersdi, the wind farm is expected to
generate a total annual net surplus of about 5llomiMexican Pesos (US$ 3.8 million)
for the next 20 years (Environmental Justice AtkH,5).

To ensure that revenues are used for local comgnymitposes, the project is
controlled by the locadomuna a democratic agricultural body that operatesiagority
of Ixtepec’s land. In sharp contrast with corpoflatt wind farms in Oaxaca, it does not
involve the leasing of community land rights. Bamkel impact investors are providing
concessional loans that do not give investors gguwinership or shares. Half of the profits
will be reinvested back into the Ixtepec community a locally controlled Development
Trust (Wragg and Hughes, 2015).

Wood, Lozano Medecigo and Romero-Hernandez (2008 that, “increasingly,
Oaxaca is seen as a textbook case for how notvalafewind power in politically and
socially fragile areasProper consultation, sensitivity to local needs aodcerns, and
adequate profit sharing are key ingredients for @emsustainable approach. Baja
California offers a more positive model of how witelvelopment can move forward while
benefiting local communities. The La Rumorosa |dvpiant (built in 2009) involved a
strong local labour component, and the developmphasized the importance of gaining
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local acceptance, sharing data and informationtiargsparent manner, and involving the
community at every stage of the project. The mantractor and several subcontractors
came from the local area, as did 90 per cent ofpgrsonnel involved in planning and
construction. Local mechanical and welding workshfiqund employment opportunities
in the maintenance of on-site equipment, whilseotinembers of the local community
benefited from the rising demand for services agfood and lodging. Some 270 people
were directly employed in construction over a siarth period. In total, abous00 local
temporary jobs were created, although permanentioymgent in running the facility
turned out to be much lower.

3.2.3 Tafila wind farm, Jordan

Jordan’s planned Tafila wind farm, 150 km soutthofman, is the first of its kind in
the country and entails the construction and oeraif 38 turbines with a combined
capacity of 117 MW. Work on this project has natrtgd and details are not yet available,
but an initial rough assessment (IRC and Al Jida@d4a) suggests that during the 18-24
month construction period, labour equivalent to g8fson-years may be required, as well
as some 480 person-years during the 20-year pedjegterational life of the facility (table
10).
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Table 10. Tafila wind farm, projected employment generation, in person-years

i ) ) Estimated local staff Estimated foreign staff
Wind farm construction/operation phases (person-years) (person-years)
Construction phase
- Construction management and engineering 6 8
- Tower erection 10 30
- Construction works 90 10
- Support staff and security 40 10
- Commissioning works 6 20
Sub-totals 152 78
Operations phase
- Technical operations 60 60
- Commercial operations 60 -
- Maintenance works 80 40
- Support staff and security 160 20
Sub-totals 360 120
- = negligible.

Source: IRC and Al Jidara, 2014a

The project will be designed, built and operatedturopean wind company under
an Engineering Procurement and Construction (ERP@) 10-year O&M contract. The
share of non-Jordanian labour is expected to b dugh (34 per cent for construction
work and 25 per cent for operations). This is rtigether surprising, given that this is
Jordan’s first wind farm, which means the countity lacks experienced national labour.
It is primarily unskilled jobs, such as securityagus, drivers, and possibly equipment
operators that are likely to be filled by peoplenfr the local communities. The EPC
contractor will probably employ local subcontrastéor the majority of the civil works
such as foundations, buildings, access roadstiegiliand so on. However, only a small
proportion of the needed materials will be manufesd in Jordan, limiting domestic
multiplier effects.

3.2.4 Ourzazate concentrated solar power plant,
Morocco

The Ourzazate Solar Power project is a 160 MW goidrected Concentrated Solar
Power (CSP) plant (eventually intended to reachNd®{), and constitutes the first part of
the larger Moroccan Solar Plan, which aims to ihstane 2 GW of electricity-generating
capacity by 2020.

According to a 2014 assessment (IRC and Al Jidagd4b), EPC contractors,
including companies providing the water infrastawet drainage work and road access,
provided a total of nearly 950 person-years of eympent. These numbers and the
timeline for contract work suggest that an avem@igex person-years of employment will
be created per MW. An extrapolation to the full 3@W of capacity yields a figure of
almost 3,000 person-years. These numbers, howdwenpt include jobs generated by
local subcontractors, which account for the mayaftthe unskilled labour. Once the plant
is operational, it is expected that it will providel75 person-years of employment over a
25-year concession period (or 87 FTE jobs througtt@miduration).

The impact assessment estimates that during cetistiu70 per cent of all labour
will be unskilled and will focus on site preparatiand access roads. The report notes that
the construction of the CSP facility itself is nvatry labour intensive, relying heavily on
machinery. During operations, skilled techniciarnl account for nearly 50 per cent of
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jobs, followed by engineers at 26 per cent. Otlélesl labour will account for five per
cent of jobs, roughly the same share as for adtratign and security personnel each.

Because of the lack of local labour with the regdiskills, personnel from outside
the project area fill the majority of professiopalsitions. In fact, a considerable number
of top managerial staff and operational specialigts non-Moroccan. The majority of
construction workers are Moroccan nationals, waitime exceptions for highly specialized
work. In this regard, there is a marked differendiéh Jordan, for instance, where
significant numbers of non-Jordanian labour areleygal in construction activities. The
Ourzazate project is creating a pool of workersabom there will be substantial demand
as the country’s renewable energy strategy unfolds.

3.2.5Biofuels — general observations and experiences,
the United Republic of Tanzania

In a number of developing countries, biofuels depeient has been advocated as a
means of reducing dependence on imported energyngiing agricultural growth,
addressing pervasive rural poverty, and creatingmmeeded employment (Arndt, Pauw
and Thurlow, 2010).

While biofuels development creates jobs, the brodigelihood impacts require
careful analysis. The environmental and social itgpdepend strongly on the particular
way in which biofuels are produced: the type otiteck used (with different labour needs
for sugarcane, palm oil, jatropha, etc.); the scdléeedstock production (commercial
plantations versus smallholders); and the way iitlvfeedstock production is expanded
(via increased yields or expanded harvest areagereral, smallholder production tends
to generate larger benefits for local communiti@sereas plantations are more beneficial
for agribusiness investors (Arndt, Pauw and Thuy@®10). The degree of mechanization
also makes a major difference in terms of labouedsefor planting, growing and
harvesting of feedstock. Some feedstock sourcke flalm oil) lend themselves less
readily to mechanization than others.

When farming communities relinquish land to biofue¢éntures, they typically do so
in the expectation of gaining employment and imprgtheir economic status. However,
reviewing findings from a range of studies focusorgAfrica, Gasparatos et al. (2012)
note that, “the number of jobs being eventuallysgated (and the wages offered) by large-
scale investors has, in several cases, been far kwan initial community expectations. ”

Although estimates vary widely, there seems togreeament in the literature that the
number of new jobs created by biofuels plantatismslatively low. A modelling exercise
for Mozambique in 2010, for example, assumed aréigpf 0.33 workers per hectare at
plantations, compared with a much higher figur¢hoée workers per hectare for small-
scale operations (Gasparatos et al., 2012). Simildata for sugarcane and cassava
feedstock production in the United Republic of Tama show that smallholder feedstock
production creates a substantially larger numbgohie than plantation operations. Mixed
operations, which rely on plantations and conti@ehing, also fare better than plantations
alone (Arndt, Pauw and Thurlow, 2010) (table 11).
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Table 11. Employment potential of different types of biofuel operations, United Republic of Tanzania

Scale/emplt_)yment Sugarcane Cassava Jatropha
potential
Scale Large Mixed Small Small Small Small Small Mixed Small
Feedstock yield Low Low Low Low High Low High High High
Outgrowth Land Land Land Land Yield Land Yield Yield n.a.
Productivity
(MTtperson) 2011 96.6 19.0 20.4 85.9 4.6 30.0 13.0 3.1
Workers per 100 hectares of land
Farm workers 418 784 2252 209.5 815 215.7 66.6 153.3 130.2
Processing 3.36 3.15 2.33 10.33 418 0.45 0.91 0.91 1.36
Workers per 100 000 litres of biofuel produced
Farm workers 7.16 14.92 75.81 70.51 16.77 117.66 18.17 41.82 92.7
Processing 0.58 0.60 0.78 3.48 0.86 0.25 0.25 0.25 0.97
1 Metric ton.

n.a. = data not available

Note: “Large” scale denotes commercial plantations; “small” scale denotes smallholder outgrower land. Distrinctions are made between achieving
output growth by putting more land under production or by improving yields.

Source: Adapted from Arndt, Pauw and Thurlow, 2010

From an overall livelihoods perspective, tradingdagainst employment at biofuels
plantations may not be a winning proposition fongnaillagers. In the Tanzanian context,
a study by the International Food Policy Reseanstitlte notes that, “shifting resources
away from food production could increase househall®@nce on marketed foods, and
biofuels may not generate sufficient incomes foorpo households to offset rising food
prices.” (Arndt, Pauw and Thurlow, 2010.) ActiondAianzania (2009) suggests a similar
conclusion. Income from biofuels plantation jobdeaf do not represent adequate
compensation for local farmers’ loss of land, dugart to the fact that most of the jobs
are unskilled and seasonal in nature, and usuallyotl come with benefits such as social
security and medical assistance.

In the United Republic of Tanzania’'s Kisarawe Distfa coastal region south of the
capital Dar es Salaam), a large portion of landumed by SUN Biofuels (a British
company that acquired land in 2007 but ceased tpesathere in 2011) was previously
part of a reserved village forest area. The comtyuhus lost access to natural resources
such as fuelwood, food products, and medicinaltpland associated livelihood activities
(Mdemu, 2011). But wages at the plantation wereffitsent to offset the loss of income.
Bergius (2012) concludes that the affected comrasibecame financially worse off.
Mdemu (2011) and Sulle and Nelson (2009) repott¢cbenpensation for the loss of land
and other properties is frequently inadequate.

3.2.6 Makeni bioenergy project, Sierra Leone

Addax Bioenergy Sierra Leone's (ABSL) Makeni projeo/olves about 10,000
hectares of land for sugarcane production, as agl bioethanol distillery to produce
some 85,000 cubic metres of ethanol annually fppoebxto Europe and a biomass energy
plant that will generate electricity by burning bage (sugarcane residue). Slightly more
than half of the electricity is to power the comyparoperations. The remainder is to be
fed into Sierra Leone’s national grid, where it Wwbaccount for 20 per cent of the
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country’s total power supply (Davis and Fieldin@18). It has also been suggested that
the project has the potential to expand rural gnamress by building a mini-grid to
connect local communities to the ABSL power plamtpy selling some of the ethanol
locally. However, just as these facilities were pteted in 2014, the Ebola outbreak began
to take its toll on the country, including the Makeroject, delaying further development
(Burger, 2015).

A detailed assessment report by the Stockholm Resdastitute (Fielding et al.,
2015) finds that the Makeni Project had become maamnployer in the area, reaching a
peak of close to 3,500 workers in December 2014.isAgommon in agricultural
employment, many of the jobs are short-term or@sasalthough permanent employment
increased between 2012 and 2014. The share of vedrken the immediate area is about
half the total, although it has declined over titable 12.)

Table 12. Employment at the Makeni project, Sierra Leone, 2012-2014

February November December December
Employment type/share

2012 2012 2013 2014
Permanent employees 312 523 1108 1594
Casual workers 946 911 1044 1 861
Total employees 1258 1434 2152 3455
% permanent 25 36 51 46
% employees within 20 km 60 58 53
% local employees + Makeni 68 70 69
% female employees 10 8 12 10

- = negligible
Source: Fielding et al., 2015

Local hiring has been limited by the lack of neeegskills, especially for factory
construction and ethanol-related production. THexrof workers from elsewhere has had
somewhat contradictory impacts. On one hand, ittéed degree of price inflation and
attendant worries that the local people could gmgdaorer than before. On the other hand,
it brought some fresh opportunities for new busiessand small trade. Following a labour
dispute, the agricultural project workforce hasrbeeionized and employees subsequently
report that their household incomes had increafied ABSL'’s arrival (Fielding et al.,
2015; Davis and Fielding, 2015).

The Stockholm Environment Institute (SEI) analybis Fielding et al. (2015)
observes that the ABSL venture represented thé dipportunity for the subsistence
farmers in the project area to engage in formalewvkdpour. However, this can be a
challenge since “the jobs for which they qualifg éikely to be seasonal and may coincide
with the rice planting and harvesting seasons” t#ng “affect local food security”
(Fielding, et al., 2015).

Unlike many other biofuels projects, ABSL sugarcankivating is not carried out
on a single massive estate. Fields are interspessiadsmallholdings, and ABSL is
running a Farmer Development Program to promoteangd farming techniques, offer
ploughing services and other benefteads built by ABSL near villages can, in princjple
benefit the local communities, although the govesnimhas failed to make last-mile
connections (Davis and Fielding, 2015).
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4. The employment dimensions of kerosene
and traditional biomass

Before presenting the findings of the literaturevieey on the employment
implications of small-scale renewable energy demiegt in rural communities, we will
first briefly consider the following: whenever eggrservices are provided where
previously there were none or only limited onesy meonomic and job opportunities are
created, while few or none are put at risk; and rehenewable energy substitutes
conventional energy such as kerosene, fuelwoodharcoal, this new supply potentially
displaces labour.

4.1 Kerosene versus solar lighting

Many people who do not have access to electri@ty on kerosene lamps for
lighting. A study by Mills for UNEP (2016) draws @ata and experiences from projects
and the broader literature in order to arrive euggh employment estimate for kerosene
distribution among member countries of the Econdd@mmunity of West African States
(ECOWAS). The study estimates that kerosene digtab provides the equivalent of
about 20,000 full-time jobs across the region, me kerosene retailer per 10,000 people
without access to a grid. If the same ratio hold®ss all of sub-Saharan Africa, there
might be some 62,100 kerosene dealers.

As conventional energy such as kerosene is replaceshewables, what is the likely
net employment impact? Only very rough, back-ofe¢hgelope calculations can be made,
but the UNEP study does offer some evidence theatrtipact is likely to be positive. It
considers the job potential inherent in the spidagblar portable lighting (LED lanterns)
in the region.

In manufacturing, major companies report that oerage they need one worker (1
FTE/year) to produce 300 LED lanterns. It shouldnb&d, however, that as of 2012
manufacturers based in China (both domestic and@ean) accounted for about 90 per
cent of cumulative sales of portable solar lightsldwide. Indian companies accounted
for another 5 per cent, whilst local assembly imidsn countries was essentially limited
to a number of pilot projects (IFC, 2013). To charibis substantially will require a
number of obstacles to be overcome, such as theofaa well-developed component
supply chain, quality control, cost competitiveneasff structures, and skills training.

Greater local employment potential is found in rdisttion and especially in retall
sales. With the help of a survey of the numbeotdrdantern companies, the UNEP study
estimated that large distributors need one workeeéch 6,000 lanterns handled per year.
In retail, one employee is needed for 50-100 laustesold annually. It should be
emphasized that these numbers represent a miXloafd part-time jobs. The latter is
particularly relevant for the retail side. Howevtrere is no robust information on the
share of retail employees’ time devoted to seltialzar equipment. Overall, UNEP (2014)
estimates one FTE job per 58.8 lanterns. This neagirboverly generous figure but, if it
is correct, it would mean that for every million DHanterns sold annually, there would
be employment for an estimated 17,000 people atinesantire solar lantern value chain.6

6 UNEP (2014) notes: “These values should be redgaadeapproximations and will vary based on business
model, local conditions, the level of a companyatunity and efficiency, and full inclusion of a veidiariety

of job categories. Because the level of employmaries, these should be regarded as a combinatipartf
and full-time jobs.”
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This rough estimate will need to be validated byerfocused local studies, both in
West Africa and other regions.

The UNEP study (2014) further offers some calcafej which suggest that the LED
lantern sales volume to date may have generateé 48000 jobs across sub-Saharan
Africa. This is equivalent to 30 jobs per 10,00@pe living off-grid, and thus 30 times
the ratio of one kerosene retailer job per 10,080pte mentioned above. The net
employment impact of switching from kerosene tasd@ thus clearly positive, even if
further research were to yield a somewhat lowen 8@l ratio. Many kerosene vendors
sell a range of products, so a switch from keroseselar may be expected to be gradual.
However, such a switch to solar would need to lmempanied by skills training which,
for example, is what Solar Tuki has done in India.

The UNEP study points to the enormous employmetarial of switching to solar.
At a projected annual sales volume of 33 millionCLEanterns (it assumes that each
household in the ECOWAS region can afford thre¢elars with a service life of three
years), the future employment potential in solanafacturing/importing, distribution, and
retail sales is 561,000 jobs. Again, these numbéisieed additional scrutiny.

Mills (2016) subsequently undertook a study to sssbe number of livelihoods
globally supported by the kerosene distributionith@r other fuel-based lighting
products), and compared these estimates with paltgidbal solar-LED employment. For
distribution, Mills assumes a figure of three kemos sellers per 10,000 inhabitants. He
applies this ratio to a population of 112 millioouseholds; non-electrified households for
which solar-LED lights are deemed an appropriderative to kerosene. This yields an
approximate figure of 150,000 kerosene sellers {lmiowhom may be assumed to derive
part, rather than all, of their livelihoods fronrieene sales).

In order to estimate employment in solar-LED prddiistribution, Mills relies on
the figure of 17,000 jobs per million solar lantesold which he developed for the earlier
UNEP study (2014). Assuming annual lantern saled1¥ million, he postulates an
employment potential of about 1.9 million jobs.pkesent, global solar lantern sales may
run to about 10 million units, which would suggssine 170,000 distribution jobs. These
are of necessity very rough estimates and will rteede refined as better information
becomes available.

4.2 Fuelwood and charcoal

Wood remains a very important source of renewabbrgy, and demand for it is
growing. Wood energy currently accounts for momantiwo-thirds of global renewable
energy supply. In some developing countries, mban t90 per cent of people rely
exclusively on fuelwood, charcoal and crop residioesooking and heating. Globally,
some 2.6 billion people, principally in developioguntries, depend on wood energy for
cooking and/or heating, given that other sourcesnefgy are often unaffordable to poor
households (BMZ and GBEP, 2014).

Africa accounts for half the world’s charcoal protlan, and this section is based on
the African experience (IEA, 2011b). Statisticsdea be unreliable, but it is estimated
that African charcoal production has increasedeclossixfold between 1960 and 2011
(BMZ and GBEP, 2014). Charcoal is the dominant funelrban households, whereas
firewood is mainly a rural fuel, used by househaldd small enterprises for a range of
activities from tea drying and fish smoking to Brimaking, bakeries and others (Oduor,
2012). Even though it is mostly used in urban isg#i people in rural communities
produce charcoal to provide a source of incomecfla Action Consulting, 2012).
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Virtually invisible in official government statis$ due to its informal and seasonal
characteristics, this sector holds great economgitfecance. UNDP (2012a) estimates that
charcoal is the second biggest employer in rufaSaharan Africa, following agriculture.

Charcoal is a labour-intensive sector. A 2002 sfodgub-Saharan Africa (Neufeldt
et al., 2015) estimated that charcoal creates ZIDwrk-days per terajoule (TJ) of
energy consumed; a much higher figure than forgnalternatives such as electricity
(80-100), liquefied petroleum gas (LPG) (10-20) &erosene (10). Thus, increasing
demand in the charcoal sector has an importantraeating employment opportunities.
Studies carried out in Kenya, Malawi, Mozambiqie, nited Republic of Tanzania and
Zimbabwe offer some estimates of employment, alnedtbelow.

Kenya. Studies indicate that each hectare of woodlamsdtima potential to produce
on average 18 tons of charcoal and create two(fodsor, 2012). Total employment in
Kenya'’s charcoal production increased from 200j08@ple in 2004 to almost 254,000 in
2013. The number of people involved downstream, ti@nsporting, distributing and
retailing charcoal, has risen from an estima®®,000 to about 635,000 over the same
time span. Altogether, the sector thus provideditimods for close to 900,000 people, and
their dependents (KMEWNR, 2013).

Malawi. Openshaw (2010a) has closely examined the fuelvaoal charcoal value
chain in Malawi, which supports the livelihoodsamf estimated 133,000 people (table 13).
A 53 per cent increase in the quantity of fuelwand charcoal traded between 1996 and
2008 (driven by population growth) compares wittpagment rising by 42 per cent; thus
indicating an increase in labour productivity otlee observed period of time.

Openshaw (2010a) argues that an extrapolatiorsdfriidings to sub-Saharan Africa
(on the basis of estimated wood energy consumpyieigs a rough estimate of 13 million
people whose livelihoods depend on the producti@msport and trading of fuelwood,
and the production of charcoal. Openshaw (201@tthér estimates that nearly 30 million
people may be involved in all aspects of biomassgnacross the developing world. This
estimate is based on findings in Malawi of one pemmployed in the informal woodfuel
sector for every 100 users of all biomass energy.

Table 13. Employment in Malawi’s fuelwood and charcoal sector, 1996-2008

Fuelwood Charcoal
Fuelwood/charcoal production Total
(Full-time equivalents)
1996
Growing wood 4921 1492 6413
Producing, transporting, trading 56 131 30 934 87 065
wood
Total 61052 32 426 93 478
2008
Growing wood 5375 5178 10 553
Producing, transporting, trading 63 148 59 337 122 485
wood
Total 68 523 64 515 133 038

Source: Openshaw, 2010b
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United Republic of Tanzania.A 2002 study concluded that the charcoal industry
directly employed some 70,000 people in the coultowever, while acknowledging that
no reliable estimate was possible, a later studydry Beukering et al. (2007) argued that
the entire charcoal sector might provide employnfi@nbver a million people. The largest
numbers by far are found in transport, trade atadlréut most are informal jobs and may
not be FTE.

Mozambique and Zimbabwe.Estimates of people directly depending on charcoal
for their livelihoods in Mozambique and Zimbabwe 0,000 and 78,000, respectively
(Seidel, 2008).

Although the importance of employment in the fuebddoand charcoal sector is
difficult to overstate, there are also profoundiabinequities and significant health and
environmental impacts (Neufeldt et al., 2015) thed to be remedied:

* Inequality. Charcoal producers are the weakest link in theco@ supply chain;
with little negotiating power with their intermedi@s. A report by the World
Agroforestry Centre puts the revenue share of caroducers in Malawi and
Mali at just 20—21 per cent of the final valuelod product. Female producers are
especially marginalized.

» Gender.Wood gathering activities tend to be highly onarfar the rural women
and girls who spend hours every day on this baelidimg chore. And where male
labour is diverted from agriculture to charcoalguction, women end up with
extra work burdens.

» Pollution. Along with kerosene, fuelwood is a source of indaio pollution that
sickens and kills large numbers of people. Charpoatiuces less smoke than
firewood (causing fewer illnesses and deaths frespiratory diseases). But
traditional charcoal stoves still emit large amausitcarbon monoxide.

» Climate. The production and use of charcoal also contriblgege amounts of
greenhouse gases (carbon dioxide and methane).

» Pressure on forestsThe main driver of tropical deforestation is agttaral
expansion, but fuelwood gathering and charcoal ymtion can lead to severe
local deforestation (where wood harvesting excetits rate of biomass
replenishment), and to national and regional fodegtradation.

Given the extent of the fuelwood and charcoal sed® substitution by “modern”
forms of renewable energy is likely to be slowislttherefore important to render the
charcoal sector more sustainable. Better woodlaamtbigement and agroforestry practices
are required, as are tree planting efforts (aftatesi/reforestation), improved energy
efficiency in generating charcoal, and improvedkstoves to reduce indoor air pollution.

Openshaw (2010a) argues that generating more aecdata (of biomass yields,
demand, and areas of woodland shortages and sesplase of fundamental importance
for policy-making. Reducing deforestation requirdegrated rural development that takes
into account forestry, agriculture, energy, envinemtal, and other aspects. Small-scale
biomass energy producers need increased supptre iform of training (in woodland
management, charcoal production and marketinggheiarket information, micro-loans,
improved infrastructure, and other support measures

To improve sustainability in the charcoal secttwe WWorld Agroforestry Centre
(Neufeldt et al., 2015) recommends strengthenedmaamty-based forest management,
more secure tenure and property rights, increasadicipation by disempowered
stakeholders, and better governance and finaneiabgement to bring about a regulated
and more transparent sector, among other meag&esgan’s government, for instance,
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has sought to organize charcoal producers intoceggms, improving their bargaining
power.)

Under the right conditions, agroforestry has theeptial to be a sustainable
alternative, reducing pressures on fuelwood hangsin natural forests. This is
particularly the case if it is combined with assiktregeneration and short rotation
plantations. In Malawi, up to 40 per cent of allagiduel is sourced from agroforestry.

Improving kiln efficiency is another critical dimsion of a more sustainable charcoal
sector. Most sub-Saharan African producers uséitradl kilns with an efficiency of only
9-15 per cent. More advanced designs exist thataiae efficiency to as high as 70-80
per cent in some cases. However, some are onlyppgte for large-scale production,
and different designs have their own advantagesdaadivantages (including cost, ease
of construction, and other aspects) (KMEWNR, 20280, financing, capacity building,
and training are needed to successfully introduoeemadvanced kilns (Neufeldt et al.,
2015).

The employment implications of making the biomags @harcoal sector more
sustainable are somewhat contradictory. Replacaatitional kilns with improved designs
is positive for employment. But more efficiencyriglreduce the number of trees needed
per unit of charcoal production. In turn, this me#mat fewer people are needed to process
and transport the wood (unless overall demand geestrongly that similar volumes of
wood are turned into charcoal as before). In thaecimproved management of forests
and woodlands, agroforestry and afforestation wpubtbably create substantial new rural
employment opportunities.

A successful example of a community-driven comnadraiforestation project is
found in Siaya County in southwestern Kenya (boxAB) assessment by Practical Action
Consulting (2009) found that the project had inseebforest cover significantly, and that
training in farming skills had yielded positive ués.

Box 5. Rarieda Agroforestry Development Initiative, Kenya

A community-driven commercial afforestation project was launched in Rarieda District in September 2002
aimed at enhancing the livelihood of local communities. A group of 545 farmers set aside lots totalling 240
hectares to grow two species of acacia trees for charcoal production, under a 6-year harvesting cycle. The
estimated yield was 100 tons of round wood or 30 tons of charcoal per hectare.

The project was initiated by Youth to Youth Action Group (YYAG), which later became known as the Rarieda
Agroforestry Development Initiative Programme (RAFDIP), with financial support from Thuiya Enterprises Ltd.
The participating farmers were lent 500-2000 seedlings, at zero interest rates, to plant as woodlots for charcoal,
to be repaid at the end of the 6-year rotation cycle. Thuiya Enterprises supported the construction of six half-
orange kilns (with conversion efficiencies that can reach as high as 50-60 per cent). Staff from Kenya Forestry
Research Institute trained the farmers in their use, and teamed up with Moi University to provide other advice to
farmers on efficient growing and production methods.

The farmers were also given 40 kilograms (kg) of groundnuts and beans per hectare for intercropping with
the acacia trees (providing income during the first two years of the acacia trees’ growth). In the four years before
the trees reach maturity, they derive income from honey, poultry and dairy goats. Farmers are lent one beehive
for every 500 Acacia trees they plant, and repay RAFDIP with honey.

Source : Oduor, 2012.

Finally, improved cookstoves help reduce the amofienergy needed for cooking,
and thus contribute to reducing the pressure ordi@ads. Their production varies widely.
Some takes place on a large-scale, with centrafizeduction and distribution channels
and upwards of 100,000 stoves produced annualgoe firms. A highly efficient mass
assembly in a country like China is likely to chuawrt large numbers with comparatively
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few people, whereas the small-scale, hand-prodymediuction typical of many
developing countries requires more labour. Thedastlower cost and requires little or no
transportation to reach intended customers andsoffeal employment opportunities in
rural areas. There is now also a growing trend tdwsemi-industrial production of
improved biomass stoves, with imported componemtd,local production and assembly.
Depending on the type of stove and its durabithig, supply chain of materials and inputs
required for producing stoves, more labour maydogiired for an improved stove than for
a traditional one (IRENA, 2012). According to thikal Alliance for Clean Cookstoves
(2013), some 5.5 million clean cookstoves were pced by its partner organizations
(POs) in 2012 (out of a total of 8.2 million stovadotal), providing employment for an
estimated 76,188 people. By 2014, the number Isad tio 12.1 million clean stoves, but
there were no updated employment estimates. If@mpnt rose in a comparable fashion,
close to 170,000 workers may have found employrtettyear. However, the Alliance’s
report for 2014 notes that the gain is primarilyeda large companies that presumably
require fewer workers per unit produced and soldi§& Alliance for Clean Cookstoves,
2015).

Openshaw (2010a) argues that because biomass st@/gsoduced mainly by the
informal sector, which can ill afford to undertaiesearch and development, governments
should:

» offer programmes for training in stove manufactgritechniques, business
management and marketing;

» provide loans for micro-enterprise development;
» test stoves and materials; and
* undertake quality control.
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5. Impacts of investments in rural renewable
energy

The discussion now turns to the deployment of reddev energy technologies
intended to provide benefits directly to rural coumities. The principal technologies of
interest here are solar energy (PV and thermaliGgijans), biomass (especially from
agricultural waste products), and small hydropopéants. Small-scale wind power is still
deployed on a very limited basis, with very litttdormation available about its rural
employment impacts.

5.1 Rural renewable energy deployment: solar PV

Solar PV systems are being disseminated througlri@ty of approaches, and
business and financing models. In some casesutiie gector plays a central role, but in
others NGOs and the private sector are the drifonges. Bangladesh, for example, has
been running a highly successful programme drivgnabstate-owned company but
implemented by a large number of NGOs (profiledong! In other countries (such as
Ethiopia and Mozambique), similar efforts are joeginning to unfold, but on a small
scale. In other cases, social enterprises, somtiich have transformed into commercial
ventures, have taken the lead in making solar eggip available in rural areas. Finally,
the last few years have seen the emergence ofvangymumber of start-up enterprises.
The following sections discuss a humber of examfdesach of these approaches.

5.2 Public sector-led approach, Bangladesh

The experience of Bangladesh, which has the lamysdtfastest growing off-grid
rural electrification programme worldwide, indicatihhe tremendous potential inherent in
providing energy access and generating associatptbgment. Prior to 2002, the lack of
finance prevented the purchase of solar panelsobyep rural households. Many banks
were either unwilling to lend to the poor at all ioposed large down payments and
exorbitant interest rates (Rai et al., 2015). Budar the aegis of the government-owned
Infrastructure Development Company (IDCOL), sofestallations grew rapidly, reaching
four million units in May 2016 (figure 4). The tafgfor 2017 is six million units (Haque,
2014). The installed systems collectively geneaatsut 160 MW of electricitybenefiting
about 20 million people (D. Barua, Bright Green gye Foundation, e-malil
communication, 23 February 2015). In comparisoh B&ngladesh, SHS installations are
far more limited. REN21 (2016) estimates that s@xwe million systems were sold in
China, India, Kenya and Nepal combined by the drkDd4).

IDCOL channels donor funding into small-scale fioaysets technical specifications
for solar systems, certifies products and compaemd selects POs. Among the current
47 POs supplying SHS are NGOs and microfinancetttisns. Following screening
against eligibility criteria by IDCOL’s selectionommittee, the various POs are
responsible for conducting assessments of thedf/pelar system rural households need
and can afford, installing the systems, providifigresales services and maintenance, and
developing a viable supply chain (Rai et al., 2015)

7 As of late 2014, 3.3 million units were install@ith 135 MW of capacity (Saha, 2014). Extrapolatinghe
3.9 million units installed by late 2015, this wertut to about 160 MW.
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The World Bank and the Global Environment Fac(i®EF) were the earliest funders
of the SHS programme. The former has so far pravid€$ 560 million, enabling the
purchase of about 2.2 million SHS (Sadeque €2@1.4). In addition, support comes from
the ADB and the Islamic Development Bank, as welfram bilateral agencies — Japan
International Cooperation Agency (JICA), Deutsches@lschaft fur Internationale
Zusammenarbeit (GIZ) Gmbh [German Corporation mbernational Cooperation], KfW
Development Bank, U.S. Agency for International Blepment (USAID), and the United
Kingdom'’s Department for International Developm@dFEID).

Figure 4. Cumulative SHS installations in Bangladesh, 2002-2016
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Sources: Haque, 2012; IDCOL, undated

By mid-2015, IDCOL had channeled about US$ 700iomilin funds to POs in the
SHS programme (Haque, personal communication, 2065ddition to financing for
solar systems, IDCOL initially also offered “institonal development grants” to build the
capacity of these organizations. These grants ge@ually phased out, declining from
US$ 20 per system in 2003 to US$ 3 in 2010-11 tazéro in 2012 (Rai et al., 2015).

Figure 5 offers an illustration of the tasks anspansibilities of the various actors
involved, and table 14 illustrates costs and fimagéor two examples, indicating how the
loan terms have moved from concessional towardsrangial. The process works as
follows (Rai et al., 2015):

* IDCOL provides a “capital buy-down” grant up frotd reduce the cost to
households. (As SHS costs declined, the amountredgced from US$ 70 in
2003 to US$ 20 in 2013-14, and is now only avaddbl systems of up to 30
kWp, purchased by the poorest households.)

» The household makes a down payment equivalent fgefl@ent of the reduced
solar system cost.

» The remaining amount is financed by a micro-loa, rate of 15-20 per cent per
annum over a 3-year period.

* Following the down payment, a PO installs the eopgipt and provides free after-
sales service during the first three years.
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» Following installation, IDCOL inspectors carry aafphysical inspection of the
system. If it is satisfactory, IDCOL refinances 80-per cent of the PO’s loan to
the household at a lower interest rate.

IDCOL's top priority has been commercial viabilitfrom the beginning, it was
intended to align monthly payment costs for SH®witpenses for kerosene and dry cells,
to ensure that households could afford the systRiB81g kerosene prices, dropping solar
costs, and the advent of efficient LED lights havade it easier to reach this objective
(Tiedemann, 2015; Sadeque et al., 20M50, a World Bank analysis notes that rising
rural incomes in Bangladesh (a consequence ofegragticultural productivity and a huge
inflow of remittances from workers abroad) havepkdl make solar panels more
affordable (Sadeque et al., 2014). According to arlV Bank survey, these factors
permitted subsidies to decline from 25 per certhefSHS price in 2004 to under 10 per
centin 2012 (Samad et al., 2013).

Figure 5. Responsibilities under Bangladesh’s SHS programme
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Table 14. Financing of SHS in Bangladesh, 50 kWp and 20 kWp

50 Wp SHS (terms in
Terms 2012) 20 Wp SHS (terms in 2014)
Cost in USD

a. Market price! 400 193

b. Buy-down grant? 25 20

c.  System price to household (a-b) 275 173

d. Household down payment to PO (10% of c) 56 17

e. Loan payable by household to PO (c-d)
Loan period 3 years 3 years
Interest rate 12% pa 15-20% pa
Monthly instalment 8.50 5.50

f.  IDCOL refinance (70-80% of )3 255 109-125
Loan Period 5-7 years 5-7 years
Interest rate* 6-9% pa 6-9% pa

1 System costs in these two examples reflect not only different size, but also the fact that, over time, the cost of solar equipment

has generally declined.

2 Buy-down grants started out at 70 USD per system, but were reduced over time to 20 USD (and are now only available for small

systems of up to 30 kWp)

3 Refinance was available for 80% of the loan until 2011, but for the period of 2012-2015, it was reduced to a range of 70-80%.
4 Interest rates started at six per cent, but were subsequently raised.

Sources: Adapted from Islam, 2014, Haque, 2012
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However, many of the poorest households still find challenge to afford down
payments and monthly instalments, and the reductibrsubsidies may limit the
programme’s ability to reach some of the pooreshroanities (Rai et al., 2015). The
generous spread among interest rates charged thieradpain of intermediaries should, in
principle, allow for improved loan terms for thegoovithout undermining commercial
viability. While World Bank funds are provided tloet government at 1-2 per cent over
40 years, the government in turn lends to IDCO8-d per cent over 15 years. IDCOL'’s
refinancing rate of 6-9 per cent is substantiaikydr than the 15-20 per cent rate that
applies to households’ microloans (Bardouille et2014).

Employment has grown along with the expanding nurobenstalled solar systems.
Projects run by IDCOL’s implementation partners bapmn estimated 70,000 people.
This includes 39,000 direct jobs in IDCOL POs arid080 supply chain jobs (Haque,
2015). In addition, Dipal Barua of the Bright Grdemergy Foundation (BGEF) estimates
that there are perhaps 10,000-15,000 jobs in gotgects not linked to IDCOL, and
domestic solar manufacturing and assembly suppoadditional 30,000 jobs (D. Barua,
BGEF, e-mail communication, 23 February 2015). Tdds up to a total of 110,000 to
115,000 jobs in 2014 Thus, on average, one job in the supply chaiedsired to serve
the energy needs of 174 to 182 people (or abotd 38 households, assuming an average
of five persons per family).

Grameen Shakti (2015), the dominant PO, sold asi@lled more than 1.6 million
SHS units as of December 2015. During 2015, whemjiloyed 7,845 workers, the NGO
installed about 105,000 systems. These figures wotkat 13.4 systems per worker.
However, the underlying numbers have fluctuateansfly over the years. UNEP (2014)
cites an annual installation rate of 365,000 SH&kar and employment of about 12,000,
yielding a figure of about 30 systems installed ywerker, which is more in line with the
overall calculation for Bangladesh in the examileve.

Initially, almost all of Bangladesh’s solar systecomponents were imported
(Grameen Shakti, undated). But Bangladesh manageddevelop a domestic
manufacturing and assembly capacity, led by firmehsas Rahimafrooz Renewable
Energy Ltd. (RREL), which set up the country’s ffiselar module manufacturing plant
(Sevea Consulting, 2015). Nine domestic companée® ta production capacity of 80—
100 MW compared to annual demand of 60 MW, accgrdim the Solar Module
Manufacturers Association of Bangladesh. But theyhard-pressed to compete against
cheap (though often low-quality) Chinese importsnigstic plants are running far below
capacity; RREL, for instance, uses only about edtbf its capacity. Altogether, local
companies are supplying about a fifth of the tdahestic demand (Saha, 2014).

Comprehensive quality control has been a key asgatie SHS programme from
the very beginning, to build households’ confidetiwd the solar equipment they buy will
function reliably:

* IDCOL set up an independent technical standardsretige (TSC). The TSC
establishes (and updates as necessary) equipniseaiice standards, designs
guality assurance programmes, and reviews deal@rstuct credentials.
Equipment that does not meet the TSC’s specifinatis not eligible for
IDCOL’s grants and refinance.

» Suppliers have to offer 20-year warranties forisptmels and 5-year warranties
for batteries. Also, after-sale services have etsuhat customers remain

8 Based on Barua’s data, IRENA (2016) subsequentlynastid that employment might rise further to 127,000
jobs.
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satisfied with their systems over time (Sadequa.e£014).

 The number of IDCOL inspectors monitoring the qyabf equipment and
installation services, ensuring that installed eyst are fully operational, has
grown to 150 (Rai et al, 2015).

» Another important aspect, related to quality cdnttoncerns training efforts. By
2013, more than 15,000 PO field staff and managesrgell as local technicians,
had received training in SHS configuration, positiy of SHS, installation
procedures, maintenance and troubleshooting (HaR0#3). By late 2013,
Grameen Shakti had established 46 technology cewtinere locals are trained
as technicians to service and repair solar equipimetheir own villages. Most
of the trainees have been women (Khandker et@142

» Measures also include raising consumers’ awaresfeshlS and training in their
use to foster a sense of ownership (which helparergroper maintenance and
upkeep) (Sadeque et al., 2014).

Bangladesh’'s SHS programme has been successfub faumber of reasons
(Bimesdoerfer, Kantz and Siegel, 2011; Strietskellet al., 2011; UNDESA, 2011;
Sadeque et al., 2014).

Some aspects may be unique due to the countrgsmstances and thus difficult to
replicate in other countries, but other lessonsag@icable elsewhere (Sadeque et al.,
2014). Among the unique conditions are BangladesXisting strong network of
microfinance institutions, and the country’s higlral population density (which has
permitted economies of scale and fostered competaimong equipment dealers). The
replicable factors include a number of issues dised below:

* The need for a committed “local champion” (a raltililed by IDCOL).

» The design of the technical and financial aspeatthat they match the target
population’s needs and abilities. This not onlyludes the ability to pay (i.e.
matching solar costs with existing household exegrier conventional energy
such as kerosene), but also adapting technologigarticular local needs.

 The establishment and enforcement of product stded#éo ensure solar
equipment is of robust quality, which in turn wilster consumer trust.

» The training of technicians and quality assuranoaitars.

5.3 Social enterprises: SELCO Solar Pvt. Ltd.,
India, and lluméxico, Mexico

In addition to public policy as a driver of providi energy access as in Bangladesh,
private actors, social enterprises, some of theansforming into quasi-commercial
companies, are also playing an important role.

In India, SELCO Solar Pvt. Ltd. is a social enterprise established in 1995. To,date
it has sold more than 200,000 solar systems (ofmiio-thirds since 2007). SELCO has
also completed the construction of four solar PYiirgrids, and is planning another 10 in
the next two years. One distinguishing feature BEGO is that it customizes products
based on local individual needs instead of mermsiyiduting a given piece of equipment.
The solar equipment is manufactured in India. Titerprise offers installation and after-
sales services. It also offers end-user financthgb(gh rural banks, microfinance, and
farmers’ cooperatives) tailored to rural customesash flow. With headquarters in
Bangalore, SELCO has a number of regional branfibesf each of which oversees a
number of energy service centres that reach a@note villages (sales, installations and
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after-sales services). The number of energy sepgoéres has grown from 25 in 2010 to
45 today, and employment grew from more than 150l@yees to 392 people (mid-2015)
in Bihar, Gujarat, Karnataka, Maharashtra and T&mailu. Most personnel are recruited
locally. Some centres also rely on local sales sgwho work on commission. Just over
20 per cent of service centre employees are ferhateat headquarters this rate is 43 per
cent. SELCO also mentors a small number of soiiepreneurs at its Incubation Center
(Ashden Awards, 2009; SELCO, 2010; SELCO, undate8ed CO, undated-b; Energy
Access Practitioner Network, 2015).

In Mexico, lluméxico is of much more recent provenance, started in 2809 small
grant-supported pilot project. From its originsaasocial enterprise reliant on government
subsidies, it has moved to a more revenue-drivedetnand grown significantly, now
operating in four Mexican states. To date, lluméxias installed about 3,500 SHS (in
addition to other solar-powered products such asmamps, refrigerators, and electric
fences). Customers pay for systems eiiiéull upfront or via low-interest payments. In
late 2013, lluméxico received a contract from tlex@xa state government to install SHS
in unelectrified rural communities. It led to adar programme in 2014 and 2015, and
lluméxico is now collaborating with national andosational government agencies to
replicate its model across Mexico (Morris and def3&015).

Central to that model are a number of local brasdatied ILUCentros deployed as
part of a hub-and-spoke model. They provide cust@aesice and troubleshooting under
annual maintenance plans that include a free replant battery after three to four years
of subscription. They are also intended as hubsdormunity development (offering, for
example, workshops in local schools on workforcélssk Each of the ILUCentros
typically employs two or three technicians (Momisd de Been, 2015). As of late 2015,
the intent is to expand the number of ILUCentrasnr5—50 locations, with the goal of
distributing SHS to 50,000 off-grid rural homesa§20. It is estimated that this will create
180 new jobs, of which 70 will be based in ruraintounities. The plan is also for women
to occupy half of the additional jobs (The Guard2ml5).

5.4 Commercial enterprises

Since 2010, a considerable number of private sgsthave emerged and are now
rapidly scaling up, gaining prominence in sellingeasing standalone solar equipment.
This section discusses their approach and the ¢atmins for employment generation.
However, there are also some companies that hareibexistent for a whileChloride
Exide, for example, was established in the 1960s as\aepor of automotive batteries,
but it has more than 20 years of experience in pica-level SHS, and also installs solar
water heating and wind energy systems. The compasyl3 branches in Kenya, three in
the United Republic of Tanzania, and one each imamla and Uganda, each staffed by
technicians trained for installations and spardspdt also has more than 500 dealers
selling solar equipment in remote villages. Custanggther pay the full cost up front or
purchase panels through microfinance institutidnsi¢r, 2014; Cloride Exide, undated).
Sunlabob, a Laos-based company, has become known partictitarits Solar Lantern
Rental System (SLRS), which has been a catalysoéai-enterprise development. Since
2001, it has installed more than 10,000 systerogan 500 villages in Laos. SLRS consists
of a central solar lantern charging station (ableltarge 50 lanterns). A single station is
managed by a rural entrepreneur and maintaineddal, |Sunlabob-trained technicians.
SLRS is based on a FFS model (UNDP, 2012b). Sublhbse also branched out into SHS
and other solar technologies (water heating, watenping, etc.), as well as into hybrid
mini-grids. The company has expanded operatiomsAfghanistan, Cambodia, Liberia,
Mozambique, Sierra Leone and Uganda, (Sunlabatated).
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5.4.1 Start-ups

The amount of money invested by private equity $irdevelopment banks, and other
investors into off-grid solar companies has rigemf US$ 64 million in 2014 to close to
US$ 200 million in 2015 (Lacey, 2014; Wesoff, 201B)ost of these companies are
developing markets in sub-Saharan Africa, althoagters operate in Asia and Latin
America. Table 15 offers an overview of selectethpanies’ employment, countries of
operation, and number of customers reached. Latgbleshed companies like France’s
Engie and Italy’s Enel are also beginning to vemiato this field (Hirtenstein, 2016b).
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Table 15. Selected off-grid solar companies operating in rural areas, mid-2015

Full-time ) . Number of people reached
Company name Countries of operation .
employees (last 12 months/cumulative)
] : Kenya, Rwanda, Sierra Leone, Uganda, na.
Azuri Technologies 15/ 465
9 United Republic of Tanzania, Zambia 75 000 (total; early 2014)2
23105
BBOXX 168 Kenya, Rwanda, Uganda 250 000
d.light >400 i i na.
ig China, Kenya, India, Uganda 10 000 000
i i Kenya, Uganda 115000
Fenix International 120 ya, Ug 165 000
Foundation Rural Energy 53373 Burkina Faso, Guinea Bissau, Mali, South 30 000
Services (FRES) Africa, Uganda 330 000
8000
Mera Gao Power 125 India
22 000
M-KOPA >700 i i i 11100 000%
Kenya, Uganda, United Republic of Tanzania 3750 0002
) ) ) 70 000
Mobisol >500 Rwanda, United Republic of Tanzania
110 0004
. . ) ) ) n.a#
Off-Grid Electric® >8006 Rwanda, United Republic of Tanzania
n.a.
n.a.
Renewable Energy >400 Sub-Saharan Africa
Foundation >93 000
55000
Simpa Networks 300 India
75 350
. Kenya, Malawi, Uganda, 519 212
7 8
Solaraid / SunnyMoney 130/600 United Republic of Tanzania, Zambia 10 000 000
Botswana, Ethiopia, Ghana, Kenya, Rwanda,
Solar Kiosk’ 70 United Republic of Tanzania 802 500
’ 1000 000
Viet Nam
. . . 3114
Solar Now 194 Uganda, United Republic of Tanzania 8476
152 000
I S
Solar Sister 58 Nigeria, Uganda 281000
Sunlabob 4 Afghanistan, Cambodia, Laos, Liberia, n.a.
Mozambique, Sierra Leone, Uganda >25 000
- L 2000
Tessa Power 300 Mali, Niger, Nigeria 5000

1 Headquarters in London, the United Kingdom: 15; in the field: 465 full- or part-time. 2 Azuri and M-KOPA report the number of households they
reach; these numbers (15,000 cumulative for Azuri; 220,000 and 750,000 for M-KOPA, respectively) were multiplied by five on the assumption that
a typical rural household comprises five people. 3 Five at headquarters, 337 direct and indirect jobs at FRES companies operating in the field. 4 By
mid-2016, this number had risen to 250,000, indicating rapid expansion. 5 Off-Grid Electric reports it installs solar equipment in more than 10,000
homes and businesses per month. & According to a mid-2015 survey, 570 jobs; more than 800 at year-end 2015. 7 Solaraid, Solar Kiosk, and Solar
Sister include solar lanterns in their offerings. These much smaller, more affordable units may explain why the numbers of people they reached are
quite high relative to the other companies listed. & In addition to 130 regular staff, a network of 600 independent sales agents.

Source: Adapted from Energy Access Practitioner Network, 2015; and IRENA, 2016. Data for Azuri, d.light, M-KOPA, and Sunlabob, as well as
employment estimates for FRES, Mobisol, Off-Grid Electric, and SunnyMoney are derived from company websites
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The companies selling standalone equipment difftanfeach other in a number of
ways:

» Companies like Azuri and M-KOPA focus on pico-scatddar products (10 W or
less), whereas other firms like BBOXX or Mobisok@loffer more powerful
equipment affordable to wealthier customers orrmsses (BNEF and Lighting
Global, 2016). Off-Grid Electric and Fenix Interivatal occupy somewhat of an
intermediate position, selling above the pico-ldpebducts up to about 50 Watt).

» Another distinction among these companies is tratynuse a PAYG approach
(see the profile of M-KOPA in section 5.4.2 belowhereas some others rely on
a FFS model (see the profile of FRES in section3).4According to REN21
(2016), there are at least 64 enterprises usind?k¢G model in developing
countries, 45 of which in sub-Saharan Africa.

» Finally, some companies have decided to build thein distribution networks
with commissioned sales agents (this is prevalemrg firms relying on the
PAYG model), while others prefer to rely on exigtiftocal stores and other
distributors. Also, as the report by BNEF and LightGlobal (2016) points out,
“Telecom operators have emerged as a natural pafomethe PAYG industry,
largely because they are among the few brandsricathat reach far into rural
areas, and because many PAYG companies rely otelgmom industry’s data
networks and mobile-money systems. ”

The extent to which differences in business modal® a noticeable or even decisive
impact on economic success, and on employment gigmeris still difficult to discern,
given the limited length of time during which thdgens have been in existence and the
very limited data available about their operationke local employment impact is in
distribution, installations, and after-sales sesyithe equipment is typically produced in
China and some other Asian countries, and systeigrdasually takes place in the United
States or Europe.

To be successful, an FFS model can be expecteldde p premium on equipment
reliability, since this is a critical aspect. Trathstaff to provide quality maintenance and
troubleshooting is a must (as is the availabilitgpare parts). Nominally, for the PAYG
approach this applies only to the period of timélwam SHS is paid off, plus whatever
warranty period is offered. But it is important avender that model to ensure that solar
panels and other components are fully functioniay. start-ups in a still new business
environment, customer satisfaction is essentidisfied customers are more likely to
recommend a given piece of equipment to friends aeighbours, and to consider
upgrading to a more powerful system themselvesgr@mpedia, 2015).

Partnering with an existing local distribution netl can be a critical advantage. On
the one hand, these companies (most of which veemeched, and may even have their
headquarters in industrialized countries far fréwva tural areas of developing countries
they intend to serve) may find it difficult to bdildistribution and after-sales service
structures that function smoothly. On the otherdhaexisting networks of stores and
dealers do not focus exclusively on solar equipiaritrather sell a broad range of goods
and services (Energypedia, 2015). Attracting stetables personnel and technicians, and
providing adequate training, is thus a criticahedat.

The experience to date of a number of start-upgighes a set of early indications of

the employment impacts of off-grid solar developmesnd gives a sense of the
distribution networks that are emerging. Four bdempany snapshots, Azuri, BOXX,
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Off-Grid Electric, and Mobisol, are followed by sewhat longer profiles of two
additional companies, M-KOPA and Foundation Ruraigy Services (FRES):

Launched in 2012, Azuri, based in the United Kingdases a PAYG business
model. In addition to an installation fee of US$ tQstomers either purchase
weekly “scratchcards” (US$ 1.50 to US$ 2 a weekpay via mobile phones to
activate energy service. Customers own the soktesyafter about 18 months.
By early 2014, Azuri had about 15,000 SHS unitsailted. It is involved in an
effort with GVEP International to distribute 10,0@@re in Rwanda. Unlike
competitors BBOXX or M-KOPA, Azuri relies on lodalisinesses in 10 East and
West African countries for rural distribution; tleepartners are responsible for
installation, selling top ups, and after-sales iser¢Meier, 2014 Azuri, undated;
GVEP International, undated-b). The company replotitat its partners in the
field had added some 465 full- and part-time empésyin a 12-month period
between 2013 and 2014, selling, supporting and taiaing solar systems. Azuri
also estimates that approximately 25 jobs are edeiat the field for every new
headquarters employee in the United Kingdom (atithe of writing this report
there were 15 employees at headquarters). The emlgoment is manufactured
in Malaysia (Azuri, 2014).

Headquartered in London, BBOXX had, as of mid-2G#d some 50,000 SHS
units in East Africa. Design engineering is caried at its headquarters, and the
panels are produced in China. The company had & tft 130 full-time
employees at the end of 2014 (BBOXX, 2014), growingl68 by mid-2015
(Energy Access Practitioner Network, 2015). Theeexation is that by 2020, it
will employ 2,000 people as operations expand ait@r African countries, as
well as Colombia and Peru. Of the current staffaBbbased in Kenya, Rwanda
and Uganda, with women accounting for more thanp8® cent of their
employees. BBOXX runs its own shops (a network@b@ end of 2014), rather
than relying on existing distributors. Each shopplys a manager and a
technician. Groups of about 10 shops are managex b that employs five
middle-management personnel (Kent, 2015).

Off-Grid Electric is the implementation partner of the Tanzaniaregoment’s
“One Million Solar Homes” initiative, which is exped to supply 10 per cent of
the population with solar-generated electricitytiyy end of 2017 and create more
than 15,000 local solar jobs in the process (USAIM,6). The company installs
solar equipment in more than 10,000 homes and éssés per month and
employs more than 800 workers in the United Republi Tanzania. Having
raised US$70 million during 2015, it plans to exppamto Rwanda next (Wesoff,
2015). The company relies on a network of localimsses and agents for door-
to-door sales.

Berlin-basedMobisol focuses on larger capacity panels (averaging M)k
than some of its competitors. A third of its cusewgare small entrepreneurs in
Rwanda and the United Republic of Tanzania. Thepaom claims that it has
installed the largest total capacity (3 MW) of aeynt-to-own provider in sub-
Saharan Africa. The ambitious aim is to reach asynag 10 million households
by the end of 2020 in Africa and Asia. As of NoveanBRB015, Mobisol has trained
about 750 people as sales personnel and technamghsays it directly created
over 500 jobs in East Africa. On average, this \daukan one job per 60 units
installed (Mobisol, 2015).
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5.4.2 M-KOPA, East Africa

Based in Nairobi and operating principally in Kengs well as Uganda and the
United Republic of TanzanfaM-KOPA has become the global leader in the PAYG
market for off-grid customers. It sells small sadguergy systems to people in poor rural
communities. A SHS unit includes an 8-Watt solarghatwo LED bulbs, a portable solar
torchlight, a portable solar radio, and a mobilerghcharger with five USB connections
(M-KOPA, undated). Following an initial deposit bfS$35, customers purchase daily
“credits” over a 12-month period, after which theyn the solar system (to date, 80,000
units have been fully paid, and the company haspayment rate of 90-95 per cent).
Payments are made via Safaricom’s M-Pesa, a mpbidae app (Maritz Africa, 2015).

Since June 2012, M-KOPA has sold a cumulative I8DSHS units (Mutemeri,
2016) (figure 6). In 2015, it sold an average ofrenthan 600 solar systems per day (or
about 220,000 per year), a number expected taais@®00-1,200 units soon. The goal of
1 million units by the start of 2018 thus seems within reach (Maritz Africa, 2015).

Figure 6. Cumulative SHS sales by M-KOPA, selected data points for May 2013-May 2016
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Sources: M-KOPA, 2015a; M-KOPA, 2016; Mutemeri, 2016.

By August 2015, when M-KOPA had reached cumulatigkes of 225,000 units,
the company calculated that its customers weredlely saving some US$ 170 million
compared to what they would have spent on kero@rmonventional lamps (the figure
is based on US$ 750 saved per household over &ars) Assuming that each SHS unit
avoids 1.3 tons of CQover four years, total emissions reductions ruatiout 260,000
tons of CQ (M-KOPA, 2015a).

M-KOPA expects to increase the number of permaeemtioyees from 757 in 2016
to about 2,000 by 2018. Jobs include software agest, technicians, payment and credit
analysts, accountants, and others. Through the@oyg“M-KOPA University”, training

91n late 2014, K-KOPA also licensed its technologyersistent Energy Ghana (PEG), which is follgnatime
same business model. With financing from invesitiofSrance, German and the United States, PEG hopes
reach more than 100,000 households by 2016 an®@@D@cross West Africa over five years (PEG Ghana,
undated).
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is provided for all employees, and middle and senianagers (Maritz Africa, 2015).
Among the company’s workforce are more than 25@lee@s of late 2015) working in a
customer care centre in Nairobi, Kenya, addresgugstions from customers and sales
agents (M-KOPA, 2015b). These numbers suggest ttiexe is one customer care
employee for each thousand units sold. It is netrclwhether this relationship is
sustainable, but it might serve as an informal whyalculating employment as sales
continue to expand.

M-KOPA also has a fast-expanding workforce of satgwesentatives. Their ranks
have risen from just five in 2012 to 232 in 2013,6DP in 2014, and 1,500 in 2015 (M-
KOPA, 2015b), and are currently expanding at aoét0 additional workers per month
(Runyon, 2016). Dividing the number of total ursitdd per year (220,000) by the number
of sales agents (1,500) yields a figure of 147vpaiker. How robust an indicator this is
for how many jobs could be created as sales sgale the coming years remains to be
seent® The model of sales representatives travellingetoate villages and cultivating a
customer base limits economies of scale.

Initially, M-KOPA relied on d.light to design thelsr equipment it sells, but in 2014
it decided to set up its own in-house unit, ancéyoeimploys about 40 hardware engineers.
The equipment is manufactured in China and shipp®tbmbasa, from where it is trucked
to Nairobi and then on to some 60 retail outletdairger Kenyan towns. The sales
representatives pick up the solar products at tbatlets and take them to rural villages
(Maritz Africa, 2015).

The use of a mobile payment system like M-Pesawallfor a versatile business
model, but it also implies some limits to employmgeaneration, with regard to finance
and repair. Mutemeri (2016) explains that with ni@lpiayment systems, there is no need
to dispatch large numbers of loan officers to reamwitages: a SIM card in the solar system
can shut off the unit in case a customer fails éx@required payments. Also, because M-
KOPA's network-connected system allows remote nooimg of battery and solar panel
performance, repair workers are sent out only asled avoiding the necessity for a
permanent maintenance workforce in villages. Wiikeprecise arrangements vary, other
companies have similar capabilities.

5.4.3 Foundation Rural Energy Services (FRES) SHS

In contrast with M-KOPA's approach, FRES uses a Ffé8el (an initial installation
fee, plus monthly payments). FRES has set up a euoftsmall commercial companies
in Burkina Faso, Guinea-Bissau, Mali, South Afracad Uganda (with Cameroon soon to
be added). FRES companies are mostly installing, ®id6the Mali venture (known as
Yeelen Kuxra or “New Light”) had also establishaédensolar/diesel mini-grids as of the
end of 2013 (FRES, 2013).

FRES data indicate that by August 2015, it had 888500 customers; 29,500 SHS
units and 4,000 mini-grid customers in higher dgnairal towns (Nijland, 2015). This
number is expected to grow to 100,000 by 2020 (FREB3 and undated). System
components are mostly imported from Europe anaioesextent from Asia (EUEI PDF
and Practical Action Consulting, 2015). Howevercalo employment is created in
assembly, installation and maintenance of SHS andgrids, plus in producing support

10 However, Mutemeri (2016) refers to a number of51,3ield agents. These sales reps are paid on a
commission basis, on average earning between 15200000 Kenyan Shillings (US$146-194) per month.
For many, this is not necessarily a full-time jdhose who treat it as such, however, may earn deredily
more (Maritz Africa, 2015).
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structures (frames, etc.), control panels, angbakioxes. At the end of 2014, the number
of direct and indirect jobs totalled 337 (Nijlar&f)15) (table 16).

FRES data for Mali and South Africa reflect morartha decade’s worth of
operations; in contrast, operations in Burkina FF&uinea Bissau and Uganda are more
recent, and there may be efficiencies, productigitins, and other learning curves yet to
be mastered that could influence the outcome asSF&ales up operations there. This
seems to be borne out in calculating installed ciapg@er employee ratios (which are
lower for the newer operations but higher for therenestablished ones, and average 10
kWp for all FRES ventures). The customer-to-empéosadios are less conclusive.

Finding qualified local staff in rural areas is ajor challenge for FRES operations
and, since 2004, it has sent trainers to all dbitations to ensure standardized installation
and maintenance practices. In January 2015, FRE&ted a new train-the-trainers
programme for selected staff. The participantsraended to serve as future focal points
for ongoing local training, pass on their knowledg&dditional local technicians as they
are recruited (Service, 2014).

Table 16. FRES customers, stores and employees, 2014

Customers per
SHS capacity Employee employee
Countries installed Customers Capacity
(kWp) (kWp) per
Employee*
Direct Indirect
Mali? 902 6314 54 18 88
(Since 2001) 12.5%
South Africa 1317 18 065 96 23 152
(Since 2001) 11.1*
Burkina Faso 342 3365 30 7 91
(Since 2008) 9.2*
Uganda 544 3482 53 8 57
(Since 2010) 8.9
Guinea Bissau 279 2041 6 42 44
(Since 2011) 5.8*
99
Total 3384 33 267 239 98 10.0°

" In Mali, FRES also installed mini-grids with a combined generation of 825 MWh.

Note: Ratios in the final column are the author’s calculations.

Source: Nijland, 2015

needs and intensities

5.4.4 Some preliminary conclusions about labour

The various solar programmes and ventures that agtined above permit some
preliminary conclusions regarding labour needs iatehsities in distributing, installing

and maintaining distributed solar products, i.atdans and home systems.

The work of Mills (2016), referenced in chaptesdggests that global solar lantern
sales may involve some 170,000 people. It is estidihat Bangladesh’'s SHS programme
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alone, which is the largest in the world, may hprevided employment for some 127,000
people. Installations in other countries are &itl more limited, but extrapolating from
Bangladesh’s experience, they may have requiredrfédvan 100,000 workers. Solar start-
ups selling and installing a range of solar equipnage still relatively small. Table 14
above suggests that they only have a few thousandar employees, with larger numbers
of independent sales agents (who may, however,deriye part of their livelihoods from
such sales).

Calculations by Mills (2016) suggest that saleé million solar lanterns may
require some 17,000 workers. This translates ibtwa59 lanterns per worker. Among
the implementing partners of Bangladesh’s programmglied labour requirements vary
widely, ranging from 13 to 33 SHS per worker (whishprobably a reflection of the
different scales of operations). Similarly, amootas start-ups, Mobisol data indicate that
there is one job per 60 units sold, but for FRES,ratio is 1 to 99, and for M-KOPA it is
1 to 147. Of necessity, these ratios are very rpbglsed essentially on snapshots of
ventures that are scaling up and changing rapidigir business models vary widely, as
do the scales of operations, and the length of tiney have been in existence. The
population densities of different rural areas afgtuence the nature of the distribution
networks needed (a factor that may limit econorofescale). Reliable conclusions about
the labour intensities of distributed solar eneagy still hard to draw.

5.5 Rural renewable energy deployment: bioenergy

Biomass can be used in a variety of ways to gememagrgy services; biofuels for
transportation, biomass power, and biogas, whssgifitan be used in power plants or for
household cooking purposes. This section brieflystters the employment aspects of
selected examples.

5.5.1 Biofuels

Chapter 3 discussed a number of large-scale bmfpmjects, whose output is
principally destined for urban or export markets @niven by their prerogatives, so that
the benefits for rural communities are likely tolineited. However, biofuels projects can
in principle also be oriented much more towardsrteeds of rural areas. In addition to
growing feedstock for the express purpose of energguction, rural projects can use
crop and forest residues, animal wastes, as wdélygsoducts from food processing and
food wastes.

Concerning dedicated feedstock operations, outgmovesd similar contracted
smallholder arrangements can avoid the negativacdispthat result from outright land
acquisition for biofuels plantations. Smallholdees improve their negotiating position
in relation to biofuels investors by organizingnfer associations (Sulle and Nelson,
2009). This is a conclusion supported by the erpee of sugarcane outgrowers’
associations in Kilombero and Mtibwa, in east cardnd northeastern United Republic
of Tanzania, respectively (Matango, 2006).

Prospects can be further improved by building Iezedply chains and downstream
linkages (Action Aid Tanzania, 2009). For instarkc@KUTE Ltd. , a venture established
in the country in 1995, has been involved in aeseof projects and efforts to develop local
value chains related to jatropha, developing jdtespased products and technologies such
as cookstoves, lanterns, biogas (from jatropha sekel), and soap (KAKUTE, undated).
A pilot project was undertaken to promote microegptises at the village level, training
women’s groups to establish and manage commeatiapha nurseries, soap making and
market development, and training youth in jatroph@rocessing. Working with 17 local
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women’s groups, KAKUTE trained over 1,500 people@r&ithan 400 hectares of jatropha
was planted on marginal lands donated by the loocaimunities involved (UNDESA,
2007; LAMNET, undated).

5.5.2 Biomass power

In India, Husk Power Systems (HPS)which was founded in 2007, has been a
success story. The company has installed 84 miwep@lants in the state of Bihar,
providing electricity to over 200,000 people. Aadiog to the company, a single one of
its 25-50 kW plants provides electricity to 200—6@useholds and shops, and provides
four full-time jobs and five to 10 part-time job&lomen mostly fill part-time jobs. The
plants built so far have thus created some 350tifut jobs and provide part-time
employment to 420-840 persons. Each plant on agesages about 42,000 litres of
kerosene and 18,000 litres of diesel per year.edyecing communities’ reliance on these
polluting fuels, the plants help to reduce inddompallution and improve rural residents’
health. There are additional (unquantified) ecomonhevelopment impacts, since the
electricity generated by HPS plants allow localibesses to stay open after dark and
makes it possible for children to study at nighP3dcreates additional employment
through its livelihood programmes (such as an iseestick manufacturing programme
which largely employs women) (Husk Power Systemsated).

5.5.3 Biogas

Biogas can be used in a variety of ways; as feekdtar electricity production in
larger facilities, or for cooking and lighting imall household-scale plants. The SNV
Development Organisation (undated) explains thafamily in possession of a few heads
of cattle can generate sufficient gas to meet tiesic cooking and lighting needs and use
the residue of the process, bio-slurry, as a pataganic fertilizer to enhance agricultural
productivity. The technology is suitable for botbuseholds and small and medium-sized
enterprises.”

A report by SNV offers a glimpse into the variouaysw in which biogas is used in
rural settings in addition to household use. In ¢ioas, biogas is used for electricity
generation benefiting coffee farmers. In Peru,lrpoaver production is based on biogas
generated from cattle waste. In Uganda, manuréraagdive water hyacinth are processed
into biogas for battery-charging purposes and fwogrocessing (rice milling). In Mali,
a biogas-powered multi-function platform (MFP) ieq@s diesel use (SNV and FACT
Foundation, 2014).

The construction of household or village biogasedigrs is a labour-intensive
process requiring masons and technicians. Employis@ot always formal, but could be
casual or involve cooperatives at the communitgllei joint report by World Wildlife
Fund (WWF) India and the Council on Energy, Envinemt and Water (CEEW) found
that when a typical family-type biogas plant igétied, nearly 30 per cent of the total cost
is spent on providing wages to local workers. Rl construction, O&M activities
provide employment to local technicians (WWF-Indied CEEW, 2013).

Worldwide, China, followed by India, has built bwarfthe largest number of
household biogas digesters. From about 400,00076,1he number in China went up to
just under four million in 1984 (a lack of maintexe skills, however, prevented the
government reaching an ambitious goal of 20 mijli&ut by 2006, the number had risen
to about 18 million (IRENA, 2012), and with the pelf generous subsidies by 2011 it
soared to a total of 42.8 million systems (SNV, 20T his implies close to five million
units constructed per year. For this period (200882, ILO offers estimates that biogas
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digester construction in China created close t0@Ddirect and indirect jobs (table 17).
These figures suggest that on average, one FTIS jaguired for 55 digesters per year.
China’s goal is to install 80 million household tsrby 2020 (Raniger, Mingyu and Renjie,
2011). Thus, it is anticipated that recent emplayimievels will be maintained for a

number of years.

Table 17. Employment effects of biogas digester construction in China, 2006-2010

Types of jobs Direct jobs Indirect jobs Total
Construction 4500 6600 11100
Non-metal mineral products 13100 35100 48 200
Electronics, machinery and equipment, 2400 8700 11100
manufacturing
Metal smelting and pressing 500 2100 2600
Technical service industry 3400 3500 6 900
Residential service and other services 2400 7700 10100
Total 26 300 63 600 89 900

Source: ILO, 2010

India constructed 150,000 biogas plants from April 26dMarch 2011, with a
cumulative total of 4.5 million units installed ($N2012)!* WWF India and CEEW
(2013) refer to a 2012 estimate that the instaltatf one 2-cubic metre biogas plant
generates about 30 man-days of employment. Thisigrtbat one FTE job is required to
build 12 plants per year (a lower rate than Chif#sbut not directly comparable as it
excludes indirect employment). At this rate, th®,080 plants constructed in 2010-11
would imply a total of 12,500 direct jobs. Includisupply chain employment, a 2010 joint
report by the Ministry of New and Renewable EngigNRE) with the Confederation of
Indian Industry (CIl) estimated the number of jobghe biogas sector at 85,000, and
anticipated that eventually some 200,000 jobs cbaldreated (MNRE and ClI, 2010).

Outside of China and India, SNV has for the pastrtgu of a century been one of the
most important promoters of biogas plant constomctin a wide arc of developing
countries. By 2014, SNV-supported programmes hesdalied more than 600,000
biodigesters worldwide, benefiting about three immllpeople (SNV, 2012). The pace of
installations appears to be accelerating. As récastthe beginning of 2010, the number
of small digesters stood at 300,000, and, by tlieoér2012, it was about 505,000 (SNV,
2010; 2013). By far the most active SNV programiaesin Nepal (with about 268,000
plants by end of 2012) and Viet Nam (152,000),cfetd by Bangladesh (26,000) and
Cambodia (19,000). Unfortunately, SNV does notrdffeiormation about the employment
impacts.

In Viet Nam, a total of 500 technicians and 2,000 masons exguected to be trained
in 2007-2012 under the country’s biogas programimeddition, some 7,000 training
courses were organized for biogas users (Verbwmt, dnd Phlix, 2013). According to
IRENA (2016), more than 150,000 digesters have Iestalled since 2003. Employment
creation is estimated at four construction jobs pagester.Cambodia’s National
Biodigester Programme (2011) is providing employtie®50 persons (370 farmers and

11 A large number of India’s scale plants face quatisues, the main reason being the lack of apjatapr
skills among installers and training for users. Agmtly, many plants become non-functional withyrear or
so of construction.
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80 technicians). There are 66 biodigester companiése country, which by the end of
2014 had built more than 20,000 biogas plants, tighexpectation of another 9,000 in
2015 (Climate Investment Funds, 2016).

SNV started supporting biogas activitiedNapal in 1989, and the country’s Biogas
Support Programme (BSP) was initiated in 2013 wstipport from UNDP. The
programme relies on a private-public partnershigisseminate biogas plants, which are
financed through subsidies, loans and micro-cigtitDP, 2012b). Employment figures
vary in the available literature, but it is clehat the programme has provided training
opportunities for many poor rural youth to beconmghs masons. SNV (2010) refers to
“at least 9,000 people [who] have obtained employnrieom different organizations,
especially biogas companies and appliance workshopDP (2012b) mentions a figure
of about 2,000 biogas masons employed through B8Rhe full employment effects are
larger than that. The BSP has facilitated the eererg of a private biogas industry
encompassing at least 55 construction companidsipgias appliance manufacturers, and
80 financial institutions. By the end of 2005, #havere 11,000 direct and indirect jobs
(ADDCP, 2009). No newer comparable figures seeextst. Further, UNCTAD (2010)
refers to an additional 65,000 jobs through spis-@ut does not explain how it arrived
at this figure and what it entails).

Skills and workers’ rights are central to BSP’s kvdrhe programme conducts biogas
construction training for masons, who are subsefjemrtified by the Council for
Technical Education and Vocational Training. Skillmasons are encouraged to become
entrepreneurs and are given the authority to emipéagees. Working with enterprises in
the private sector, BSP is also emphasizing theitapce of protecting workers’ rights
for masons (a minimum wage, which is specified idsbhas been integrated into a
company code of conduct, and is used to assessariespperformance (UNDP, 2012hb)

Biogas digester construction has clearly genenai@aly thousands of jobs in a range
of Asian countries. Biogas still plays a much seralble in Africa and Latin America. But
there are a number of efforts to raise the biogafil@. For instance, the Africa Biogas
Partnership Programme (ABPP), funded by the Dutnlegiment, focuses on reaching
out to 22,000 smallholder coffee farmers in Kerlyganda and the United Republic of
Tanzania (SNV, 2015). Programmes in these and sahex African countries (Benin,
Cameroon, Rwanda, Zambia and Zimbabwe) have todgiported the installation of
nearly 60,000 biodigesters (Hivos, 2015).

5.6 Rural renewable energy deployment: small-
scale hydropower

Large-scale hydropower projects require many meapfe during construction than
smaller projects, but much of the workforce maydbewn from outside the location in
question. Large projects can also be highly desueiand thus displace rural populations
or cause loss of livelihood resources. The bourddretween small- and large-scale are
not globally agreed. Th#&vorld Small Hydropower Development Rep@NIDO and
ICSHP, 2013)uses 10 MW as a cutoff, but some national govermsnéike those of
Canada, China and India draw the line at a muchenitpvel.

According to Small Hydropower World (undated), by the largest installed capacity
of small hydropower worldwide is in China and sfieaily in East China (40.5 GW out
of the global total of 75 GW). East Asia also Haes largest remaining small hydropower
potential (34.8 GW), followed by Southern Asia 84&W), South America (7.7 GW),
Western Asia (7.3 GW), East Africa (6.1 GW), SoatiteAsia (5.4 GW), and Central Asia
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(4.7 GW). But relative to total potential, the lastj undeveloped resources in the
developing world are in sub-Saharan Africa and srefutside of East Asia.

Employment data for the small-scale hydropowermeate scarce. Worldwide, a
rough calculation suggests that there may be s@8®Q@0 jobs. China officially puts the
number of jobs at 126,000 in the sector, but fonynather countries there are no robust
figures. In rural areas, small operators may beleyed under informal arrangements.
Another difficulty is that it is hard or impossilie distinguish between large- and small-
hydropower projects in certain segments of the lsugain (IRENA, 2015b).

This section surveys a small number of experieng#sregard to small- and micro-
hydropower projects. In Nepal and Sri Lanka, these supported by multilateral
development agencies. Examples from Guatemala, Utaadand the Philippines are
drawn from the realm of commercial projects. Fompale we also discuss impacts of
improved water mills. Off-grid hydropower projecisectly serve rural energy needs, but
grid-connected projects, too, provide local emplegiropportunities during construction
and in O&M.

5.6.1 Nepal

Two successive UNDP/World Bank programmes — theaRiEnergy Development
Programme (REDP), which was implemented from 199@Q10, and the Renewable
Energy for Rural Livelihood (RERL) from 2011 — hapeovided support for micro-
hydropower (10-100 kW) (in addition to support fiS, biodigesters, and improved
cookstoves) (UNDP, 2012b). By late 2011, a totab6% micro-enterprises had been
established in REDP/RERL programme areas, of wiB2B were micro-hydropower
projects (MHPSs).

A typical MHP requires two operators. Running thevgng number of MHPs
required 24 FTE jobs in 1998, rising to 618 in 2040d 323 for the first half of 2011
(IRENA, 2012). Employment has continued to climincgi then and, by 2014, the
cumulative number of MHPs stood at 423. At two jples MHP, this implies a total of
846 FTE jobs created to date. These MHPs providetradity for more than 94,000
households (UNDP, 2014). This translates into obeer 111 households.

Given the two programmes’ objective of increasimglitable access to energy
services for the poor, women, and socially exclugtedips, an important element is active
community involvement and ownership of local préggan addition to supportive district-
level and national structures). Therefore, REDP/RERCIuded training (in running
MHPs, planning, and book-keeping) for personnel @mmunity representatives. As of
mid-2011, a total of 34,050 people, including 1B,@@0men, had received training. Of
these, some 2,596 people received technical t@iftRENA, 2012). The REDP/RERL
programmes also put strong emphasis on local aigergevelopment. Thus, the turbines,
penstock pipes, and accessories for the MHPs eadlydabricated, and electronic load-
controllers are locally assembled, although theeggtors are imported (IRENA, 2012).

In addition to the electricity generated by MHP#igh is mostly used for lighting),
improved water mills (IWM) are another importantisze of energy access in rural Nepal,
which are used mostly for agricultural processiatjvdies such as grinding and hulling,
but also for electricity generation. Nepal hasast 25,000 traditional water mills (Eagle,
undated), but IWMs are more efficient. Nepal's Cefdr Rural Technology (CRT) argues
that IWM installations have brought about dramatcio-economic improvements and
rural employment. The number of IWMs keeps climbingom 6,349 in December 2010
to 8,493 in late 2013 (serving about 450,000 hooisish. According to a survey carried
out in 2012 these installations employed 7,572@ern operations; about one person per
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installation. Each IWM provides 53 households wvettergy services. In addition, service
centres and kit manufacturers for IWM together miedt employment for more than 750

workers in December 2010. The CRT study pointdiwattIWMs serve as important hubs

in the value chain of various products in the re@dnomy, and have promoted cottage
industries and employment (Kapali, 2014).

5.6.2 Sri Lanka

In Sri Lanka, two projects (Energy Services Delwyer997-2002, and Renewable
Energy for Rural Economic Development, 2002-20ta&Yyided access to energy for some
175,000 households through on- and off-grid hydvegrg SHS, wind and biomass. Each
of the grid-connected mini-hydropower projects berployed 8—11 local people during
a construction period of about 18 months. Once ¢eteg, each project employs 3-4
people for operations and maintenance. This O&Mrégalso holds for off-grid village
hydropower projects. Over a period of 15 yearsd-gannected projects reached a
combined capacity of 152 MW (with an average ptamacity of a little more than 2 MW),
while smaller off-grid projects collectively ranless than 2 MW (and a per-plant capacity
of just 10 kW) (UNDP, 2012c). Skills developmentsagn important aspect; the project
succeeded in building the capacity of professiomald organizations specializing in
renewable energy, and provided training for logaith in various aspects of renewable
energy, creating a skilled workforce that coulddedily tapped by companies. The World
Bank (2013) reports that 742 off-grid enterprisenddited from small hydropower
development.

5.6.3 Philippines

A number of projects in the Philippines make foiirgeresting contrast with those in
Nepal and Sri Lanka, given that they are at theeuppd of what is typically defined as
small hydropower. An 8 MW plant in Antique, Westafisayas, employed about 1,000
workers for the construction (three years), andbieitding access roads and terracing
around the facility. Most of the jobs went to peopiom the local community. But
management, engineers, and accountants were branglftom elsewhere in the
Philippines. After completion, the plant providésrmanent full time jobs (Greenpeace
Southeast Asia, 2013). It was estimated that daisized facility, the 7 MW run-of-river
Tudaya 2 project in the Davao region of Mindandand, would employ some 400 people
during the 14-month construction phase (Philippilmformation Agency, 2012).
Information for plants operated by Hedcor in Luzmdicates that smaller capacity
facilities tend to require more labour per MW opaaity, with a range of 1-4 jobs (table
18).
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Table 18. O & M workforce at Hedcor hydropower plants, Philippines

Plant name Capacity (MW) 0&M workforce Jobs per MW
Ampohaw 8.0 8.0 1.0
FLS 59 10.5 1.8
Bineng? 4.5 8.0 1.83
Lon-oy 3.6 6.1 1.7
Bineng' 3.2 9.0 2.82
Lower Labay 2.4 54 2.3
Bineng? 2.0 3.0 1.5¢
Bineng® 0.75 3.0 4.0

Note: Jobs per MW at Bineng plants in descending order.
Source: Hedcor, undated.

5.6.4 Guatemala and Honduras

Both countries offer examples of small existing toygbwer facilities whose capacity
was expanded. In Guatemala’s rural municipalitfEbRodeo, an existing 400 kW plant
was upgraded to 1.1 MW. This took place under eypbly the state-owned utility Instituto
Nacional de Electrificacion (National Institute Blectrification — INDE) to promote the
connection of remote small hydropower plants ihtortational gridThe turbine and other
equipment for the plant were purchased from armatiadwned company manufacturing in
Guatemala. Construction materials (wood, steel, ecém etc.) were purchased
domestically. Construction employed 96 workers dhiftom the local community from
2008 to 2009. The O&M workforce at the hydropowkmp comprises 14 persons: one
manager, three engineers, and 10 operators anahiathaive personnel (IRENA, 2012).

In Honduras, the capacity of a run-of-the-river togdectric project in the department
of Intibuc& was raised in phases from 1.4 MW t&18W over a period of five years. As
with the El Rodeo facility in Guatemala, electiycgenerated by the plant is fed into the
national grid. Two local communities with aboutdQdnhabitants gained grid connection
as a result of this project. From 2004 to 2008,ertban 100 workers from the community
were employed when the plant was constructed. Tdm'p turbines were purchased from
an international supplier. Construction materiadésewsourced in Honduras, thus providing
employment within the country. The O&M workforce ngprises 83 workers (or six
employees per MW of capacity): four managers, seeehnicians, and 62 workers. In
addition, specialized contractors are hired ase@éor construction and installation tasks
(IRENA, 2012).
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6. Downstream employment impacts

Beyond the direct employment impacts of renewabbrgy deployment considered
in the previous chapter, this chapter discussesngweam impacts; the economic and
employment benefits that may arise when accesstiem energy is improved or provided
for the first time (Practical Action Consulting, &) Wilcox et al., 2015). It also
specifically discusses the impacts on agricultcompmunications, education and health.

6.1 Residential and productive uses of energy

A basic distinction concerns residential and preiglacuses of energy as described
below:

* Residential uses of energyimprove the quality of life and offer daily
conveniences, and reduce household drudgery. Regltioe time spent on, for
example, gathering fuelwood or other physically dading household activities
frees up time that can be spent on other pursuitether they be more leisure or
income-generating activities (paid work). Howe\ke shift in time use does not
always translate into greater productive actiBgmetimes, free time is simply
used to increase leisure and for social activities.

* Productive uses of energythe use of electricity or mechanical power; calph
enterprises improve their productivity, the quabfitheir products and services,
thereby increasing sales and profits. This enatbles to create new jobs and
earning opportunities or improve existing earnimgj\vaties that would not be
possible without energy access. However, such oppities depend on
enterprises’ access to capital (for expansion)gaake demand for such products
and services, on the amount of capital to be ieeestind other factors.

Productive uses require energy systems with greafeability than residential uses,
such as provided by mini-grids (or by grid accestyher tier electricity access (i.e.
greater voltage) tends to be more conducive fol@ynpent generation. Most PV systems
in rural areas lack the voltage to power machingng,thus are mostly restricted to lighting
purposes (Wilcox et al., 2015; MFAN, 2013).

In the context of the productive use of energy, UNIistinguishes between “demand
pull” and “supply push” conditions as the two pijppal pathways in which energy access
can enable downstream employment. On the one taderdand pull characterizes a
situation in which the energy needs of an existungl enterprise or of an entire rural
industry stimulates the provision of improved enesgrvices (replacing more expensive,
less reliable, or insufficient sources of energdrpvision of new (renewable) energy thus
secures existing jobs and enables the creatioawofomes. On the other hasdipply push
means that after energy access has been secueegarticular area, it helps stimulate
economic activity and employment in rural enteggiand value chains (UNDP, 2012a).

Cabraal, Barnes and Agarwal (2005) argue againkingaoo stringent a distinction
between residential and productive uses, noting thay use of energy that contributes
toward education, health, and gender equity shbeld¢onsidered a productive use of
energy.”Improvements in lighting, refrigeration, heatinghdamodern communications
boost health and educational services. Access tiemenergy also reduces the time spent
(mostly by women and children) collecting fuelwaaad performing household chores.
The time gained “can be used on more productiviviies, including the pursuit of
educational, income-generating, and leisure aEsuit[...] Generally, everyone agrees
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with the notion that healthy people are more prtidet (Cabraal, Barnes and Agarwal,

2005).

Box 6. Investment and employment, DESI Power’s EMPower partnership model

DESI Power is building and operating a number of rural power plants in rural India under its EMPower
Partnership model. DESI Power installs hybrid power plants, which are locally suitable combinations of
renewable energy technologies including biomass (for combustion, gasification, and charcoal), biogas, solar
PV, solar thermal energy, and wind. The EMPower model is built on close cooperation between power
generation, energy services, local micro-enterprises and farmers to develop appropriate technical and
commercial solutions on the basis of local resources. The company’s website offers information on what it

calls the “performance metrics of a typical plant’, some of which are presented in the table below.

Business activity Investment Qirect Investment Jobs foor
(US$) jobs per job women (%)

Power plant 42 000 5.0 8400 30
Mini-grid 7500 20 3750 30
Local business activities:

Briquetting machine 9000 25 3600 50

Irrigation pumps 9000 1.5 6 000 25

Rice huller 1125 3.5 315 50

Chura mill 1200 25 480 75

Flour mill 1125 2.0 570 50

Fishery 3000 1.0 3000 -

Ice factory 10 500 5.0 2100 30

Battery charging 300 1.0 300 75
Total, all businesses 35250 19.0 2 085" 45

'Per job average value.

- =negligible.

Note: Original investment data in Lakh rupees converted into US$ by the author at a rate of 1 rupee = US$ 0.015.
Source: Adapted from DESI Power, undated

There are various ways in which energy accessraaslate into economic benefits
and provide greater employment-generating oppdiésniThe following list provides a
summary, and table 19 offers more detail, organtaedype of energy use and energy
technology.

More reliable energy supplies for existing busineges Economic benefits arise
from the provision of electricity and mechanicaiygo. This could simply mean
avoiding situations in which existing, yet unrelmbenergy supply cause
problems, for example, blackouts or fluctuatingtagk, which may damage
appliances and other equipment. But there is asenpial for productivity gains

as presented in box 6 above.

Enabling new enterprises Where modern energy access becomes available for
the first time, it may foster opportunities for nemall businesses (restaurants,
retail stores, mobile-phone charging, tailoringawiag, carpentry/masonry, etc.).
For existing local businesses, modern lightingveslcextended opening hours
(although this depends on sufficient demand), And enhances incomes.
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» Agriculture-related benefits. Renewable energy can be used to enhance local
agro-processing capacities, water-pumping and aitiog, which can boost
productivity and raise agricultural yields. Fooaiage can be reduced through
improved storage and refrigeration.

* Communications Energy access makes available or improves conuations
(i.e. mobile phones), which in turn can facilitamnomic transactions and assist
in building rural markets.

» Education and skill building. Lighting expands the hours in the evening during
which students can study in their homes. Elecjrigit schools enhances the
educational experience. Better education leadsate rekilled workers with the
expectation of future income benefits.

» Health and public safety Energy access can help improve the provisioteafrc
water and sanitation, as well as better health (caid storage for medicines, use
of medical equipment requiring electricity). Anatheenefit is improved health
through reduced indoor air pollution. Improved tigly improves public safety
allowing people to be outdoors after dark, whichyni@nslate into greater
economic activity.

Table 19. Economic development opportunities of renewable energy deployment

Type of energy use  Relevant technologies New or enhanced economic opportunities
Lighting Small solar, pico-wind, micro- » Extended business hours (higher incomes)
pico-hydropower, biodiesel « Extended hours for student learning (improved skills)
» Creating new business opportunities
Cooking Cleaner biomass stoves, biogas, * Sales and distribution of modern fuels and stoves
solar cookers + Time spent on fuel wood collection can be spent on other
economic activities
Refrigeration Larger scale solar PV and wind, ~ * New markets for refrigerated products; reduced loss from
micro- and pico-hydropower, agricultural and fishery spoilage (higher incomes)
biodiesel « Safe storage of medicines (better health translating into higher
productivity)
Heating Solar thermal water heaters, * Process heat for agro-processing, industrial processes
biogas, biomass * Improved comfort in commercial buildings and homes (higher
productivity)
Information and Solar PV, pico-wind + Direct employment and income opportunities (Internet cafés,
communications mobile-phone charging, radio stations)

* Indirect benefits (improved business communications; access to
real-time prices in different markets)

Irrigation Pumps powered by biofuels, * Improved yields relative to rain-fed agriculture; higher crop
micro-hydropower, solar PV, production (greater income security; higher incomes)
wind » Growing crash crops in addition to staple crops
Agro-processing Biodiesel pumps, micro- * Adding value by refining agricultural products; increased
hydropower, micro-grids, solar throughput and lower costs (higher productivity)
dryers * Less time spent manually grinding, pounding, etc.
Mechanical energy  Biodiesel pumps, micro-hydro * Enabling welding and metal work

* Improved carpentry
* Time saved by mechanization (strengthened local economic base;
productivity gains)

Source: Adapted from REN21, 2015; UNDP, 2012a

The benefits derived from energy access may beadpumevenly across rural
communities. Practical Action Consulting (2012) toans that in cases “where greater
energy access increases automation and mechaniztii® can make workers with less
training and educational access redundant” . Sinsé&illed labour is typically provided
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by poor people, “greater energy access in ent@pian sometimes produce threats, at
least in the short term, to poor people’s abiltyearn a living, displacing traditional
employment opportunities.” .

Another dimension that needs to be kept in minchwitgard to downstream
enterprises concerns the issue of whether an eipan$ economic activity through
energy access leads to an expansion in formal,graoyment or, as in other instances,
continued reliance on members of the extended yafidr instance, a study by Kooijman-
van Dijk and Clancy (2010) focusing on Bolivia, teited Republic of Tanzania and Viet
Nam concludes: “Employment opportunities as a cgueece of access to electricity do
occur but they consist mainly of flexible and urgpisivolvement of family members, and
real jobs are typically of a precarious nature ...”

6.2 Impacts of electricity access on rural
enterprises

How well do the points listed above hold up in pi? There is a substantial body
of literature examining the economic impacts ofrggeaccess, much of it focusing on
electricity access. However, a joint report by Bcat Action Consulting, Institute of
Development Studies, and TERI (Wilcox et al., 20b8jcates that 71 per cent of studies
included in its literature review did not analysepdoyment impacts per se. The majority
of the studies’ objectives concentrated on assgs$ia creation of new enterprises,
production increases, productivity, extension oéraging hours, better product/service
quality, and production cosfBhese obviously bear on the issue of employmentobly
indirectly. In general terms, it stands to readmat positive developments with regard to
income and poverty reduction are likely to trareslsto employment gains. Still, what
emerges from the literature is that the linkagesoften complex and influenced by factors
beyond access to energy or electricity.

Concerning electricity access, a 2013 literatuvéere concluded that, “there is some
micro-level evidence on positive labor market effeaf electricity use” . But the study
also cautioned that, “results differ across tinoepsas countries and in some studies across
different segments of the labor force” (Mayer-Taddlukherjee and Reiche, 2013). An
earlier study (Maleko, 2005) examined micro-entegs in three villages in Kilimanjaro,
the United Republic of Tanzania, engaged in grailing, furniture manufacturing,
welding and tailoring. It found that, “the growthte of microenterprises was noticeably
higher in areas with electricity services thanfi@as without electricity services” . But it
also concluded that the availability of electrigiyded up creating more enterprises of the
same kind, which led to market saturation rathenth sustainable expansion of economic
activities.

In an assessment report of the work of FRES innalreu of African countries (2013)
refers to a general assumption that access torielgctan trigger a virtuous cycle of
economic impacts. “Electricity use is expected ¢ad to more productive processes.
Businesses and farms will grow using renewablegnand this growth in itself will then
increase demand for electricity, leading to a aus growth cycle profitable to both
electricity providers and rural communities.” ThRES report (2013) refers to multiple
studies that have shown how electrification camliate micro-enterprise development,
as long as other enabling elements such as firarterganized local markets are in place.
The report notes that inadequate electricity suigdymajor constraint to private enterprise
development. Similarly, a 2009 enterprise surveysib-Saharan African countries
(Practical Action Consulting, 2012) referred tootfieity as “the top elemental constraint
on enterprise growth in 11 of the 30 countries syed, and second in nine more countries
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Among the rural businesses benefiting from eleityriaccess due to the work of
FRES in Mali, 70 per cent confirmed that they hathgd from such access. About half
cited the possibility to expand their business,le/i0 per cent indicated the ability to
operate for longer hours, and another 10 per eéatlsey were able to develop other small
businesses. Two-thirds of FRES’s small enterprismenss in Uganda indicated that
business had improved. The most important readmrohad not seen improvement was
a lack of access to finance (FRES, 2013).

Among the potential benefits of energy access evdygtivity gains and the ability
to operate a business for longer hours. Farmersraifitd people can process their products
after dark and sell more during the day, shop os/can attract more customers to their
shops in extended opening hours, and people casansggs to invest in their own small
businesses (A.T. Kearney, 2014).

In Burkina Faso, a 2010 study by the Internatiofaind for Agricultural
Development (IFAD) noted that people using biodigssvered ‘multifunctional
platforms’ have been able to extend working hoorsférm-related activities (grinding
cereals, de-shelling nuts, etc.) and support non-gtivities such as welding. Elsewhere
in the country, tailors with access to electriadgre found to work around 17 per cent
longer hours per day than those without accessilaé8iyp small- and micro-sized
enterprises in the service sector in Uganda witesgto solar lighting work for about an
hour longer, thus attracting more customers andeasing income. Still, positive
outcomes depend on sufficient demand for produnts ervices warranting longer
opening hours (Mayer-Tasch, Mukherjee and ReicO&3R

6.3 Agriculture, communications, education and
health

6.3.1 Agriculture

In the agricultural sector, energy access can geod number of advantages,
including improved processing, refrigeration, whieduces spoilage, water pumping, and
others.

Kenya'’s tea sector is an example of demand pukk Jédctor consists of both large
plantation companies and cooperatives of smallelesgrowers. According to UNDP
(2012a), it employs some 800,000 people. Tea psowgss energy intensive, and requires
both thermal energy and electricity. The tea segtss an estimated 1.3 million tons of
fuelwood per year. Although most tea estates diawep from the national grid, reliability
and supply costs are a problem, as is the fluectgatibst of diesel used for back-up
generators. These problems have made renewablgyenugaplies an attractive alternative.

On the supply-push side, energy for agro-processargimprove the incomes for
smallholder farmers. Farmers who sell only unprsedscrops typically receive only a
portion of the price of finished products. As Pi@aitAction Consulting (2012) points out,
such processing can be done at the level of indalithrms, but community installations
(whether community watermills, multifunctional gdladms, or mini-grids) offer
economies of scale. In the Philippines, a coconoitgssing cooperative involving some
200 families is an example of the successful useeéwable energy. This enterprise,
which mostly employs women, has enabled employedsuble their household incomes,
and has made it easier for previously unemployeth@oto earn a regular income
(Manapol et al., 2004).
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Local processing and refrigeration of food helmhume food spoilage. This improves
small farmers’ incomes and also generates additiocal jobs. In India, for example,
WWF-India and CEEW (2013) note that 100 solar fdogers with an annual processing
capacity of 250 tons can generate 125 jobs. A prdjended by the World Bank's
“Development Marketplace” programme in cooperatiith Solar Ice Company and
Heifer Project International installed three solaemakers in each of two rural
communities in Kenya. With these icemakers, moanthh00 farmers improved their
ability to market milk, increasing their income#iegiating poverty, and contributing to
food security (Erickson, 2009).

Renewable energy helps to reduce the drudgery afuatawater pumping for
irrigation and drinking water supplies (where matbal or electric pumping is not
available and where pumps are run with diesel ,wabes provide a cleaner alternative).
Typically, irrigation more than doubles agricultuygelds compared with rain-fed farming.
Renewable energy technologies ranging from solasy®ems, wind pumps to hydraulic
ram pumps are available. Various types of PV pump@ystems are in use across the
developing world, typically consisting of a subnikles pump, PV array, inverter, and a
storage tank. Operating costs are very low, buh ldgpital cost is the main barrier
(IRENA, 2013).

In the Nalanda district of Bihar, India, solar wapeimps were installed in 2012 to
power 34 existing tube wells in 20 villages, inhadiby more than 3,400 families. The
installed systems supply water to 1,600 acresrofléand. The project has created 45 direct
and 80 indirect jobs (WWF-India and CEEW, 2013).

In Kenya, since 2009, the private company Gruntssimplemented more than 40
PV pumping demonstration projects (Grundfos Lifiglifbenefiting about 100,000 people.
Donors provided the initial investment, and usesfpay for water service. The projects
also include training for community members (MeR614).

In Ghana, since 2009, an EnDev project has suppefterts to improve productive
uses of energy among small-scale farmers as waétl amall-scale manufacturing, with
irrigation (pumping energy provided by grid elecity and standalone solar PV) a major
aspect. By 2015, the project had provided suppmrtsbme 1,000 micro-, small- and
medium-sized enterprises (MSMEs) creating approtéima 3,000 employment
opportunities (of which 417 MSMEs with 700 employsecured access to electricity for
the first time) (EUEI PDF, 2015).

6.3.2 Communications

Energy access either improves, or makes availabléhé first time, mobile phone-
based communications. Across the developing wtrede are more than 640,000 off-grid
mobile telecommunication towers (out of five miliitowers worldwide), mostly powered
by expensive diesel generators. But solar PV offerslternative source of power for
telecommunications base stations as well as fargeigahundreds of millions of mobile
phones. Most mobile phone subscribers without agitkss are in sub-Saharan Africa and
South Asia. But in other regions, too, there amailar challenges. In the Caribbean and
Latin America, 31 million people live without gridccess, but have a mobile phone
subscription (GSMA, 2013).

UNDP (2012a) points to macro-economic studies, lvimclicate that a 10 per cent
increase in the number of telephone subscribessdauntry contributes 0.6 per cent to
growth domestic product (GDP). In rural areas, rf@olphones have become service
delivery platforms for agricultural, health, finaal and educational transactions. They
are thus helping to expand economic activity anttibural markets, and therefore create
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new jobs (IRENA, 2013A number of mobile payment systems have emergedngm
them: M-Pesa in East Africa; MTN MobileMoney in BenCameroon, Cote d’lvoire,
Ghana, Rwanda, Uganda, and other African countriggp Millicom in Ghana,
Guatemala, El Salvador, Honduras, Pakistan, Payaiyganda, the United Republic of
Tanzania; and Easypaisa in Pakistan, among others.

Data from Zimbabwe (figure 7) highlight the emplagmh potential. According to
UNDP (2012a) estimates, the country’s mobile phoperators directly employ 1,400
personnel, which is relatively few people, althouaggny of them are well-paid jobs. Rural
and urban mobile telecentres employ another 15@lpedt least 15,000 people are
involved in retailing mobile recharge cards (altjlowrobably not full-time). There are
also some 500 street phone vendors who offer ealices to people who do not own a
phone.

Figure 7. Zimbabwe mobile telecommunications sector market map
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Source: Adapted from UNDP, 2012a, p. 37.

Constructing the mobile base stations and towegded for a mobile phone system
offers additional employment. The largest operatd&imbabwe, Econet, was thought to
build one base station per day, with each siteireguat least 300 person-days of local
unskilled labour. Together with other operatorsyuat employment in the country has
been estimated at 108,000 person-days (and ruggsvaf US$ 1 million, at US$ 10 per
day) (UNDP (2012a).

Emerging experience in India suggests that thandeamportant energy access co-
benefits from the spread of a renewably powerddleeltower infrastructure. As of early
2013, 150,000 of the country’s then 400,000 mopilene towers were either located in
off-grid areas or in areas with unreliable grid glyp The government has mandated that
50 per cent of the rural sites be powered by rebgay 2015 and 75 per cent by 2020,
up from just 9,000 in 2013 (IRENA, 2015a). Thisueéds the economic burden on the
government, which has heavily subsidized diesets&lidemand by the Indian telecom
industry had been expected to rise from 3.2 billimas in 2011 to 6 billion litres by 2020,
but the new rules would save more than 540 militnes annually (Tweed, 2013).
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Uttar Pradesh is India’s most populous state with @illion people (three quarters
of whom live in rural villages). Th@®mnigrid Micropower Company (OMC) has been
operating thersince it was set up in 2011 building hybrid micrayeo installations, with
a capacity of 50 kWp or less each, combining selangl, and bioga¥ OMC has explicitly
linked its strategy to telecommunications infrastowe. Mobile telephone towers thus
serve as anchor customers, but it is the combmmatianchors, other local businesses, and
rural households that have made for a commerciadlple business model (Almgvist
and Rao, 2015). OMC'’s micropower installations gfesmn 10 at the end of 2012 to an
expected 100 by the end of 2015. Each site eml2y45 locally recruited workers. The
company aims to have 500 facilities by the endGif&2and 3,500 by 2018, providing a
projected 10 million people with access to enerdengnbaum, Greacen and
Siyambalapitiga, 2014)n 2015, Omnigrid and SunEdison announced a plafjoied
venture to build 5,000 micro-power plants in ruaatas (Krishna, 2015). Applying the
present per-site employment rate, this could tedashto 60,000-75,000 O&M jobs, not
counting construction employment.

African countries face similar challenges and opputies: in 2014, 145,000 of
240,000 mobile phone towers were located in ruffagjad areas. Only 4,000 relied on
renewable energy (IRENA, 2015a).

6.3.3 Education and health

Education and health are two factors that, whis lenmediately related to economic
activity than the other factors discussed so fahale an impact on how well an economy
performs. In general, a more educated and heatihylption can be expected to be more
productive and fare better economically.

The lack of adequate lighting and other forms oflera energy severely compromise
the quality of the learning environment in rurahgals in the developing world. Some
140,000 schools in Africa alone do not have acteske grid, and this disadvantage is
reinforced in homes that lack access to energy.

According to one recent assessment referenced EREBNstudy (2014), children in
homes with solar systems are able to do twice ahrhomework a day as children who
only have kerosene lighting in their homes. Edweedind literacy are important precursors
to future employment and wages. Findings concerlanger hours of study and higher
educational attainment are replicated elsewhereE@;R2013). Similarly, a literature
review on the impacts of energy access publishetthépDutch Foreign Affairs Ministry
(MFAN, 2013) concluded: “Eight out of 10 evaluatsoimdicate that in households with
electricity, children do study more at home andltsahool enrolment and number of years
at school completed increased.” Interestingly, éoav, better school performance was
not so much associated with additional study hath®me, but rather with schools’ access
to electricity, “enabling the school to attracttbeteachers and to offer better education.”

A FRES report (2013) found that: “Although the d&ahility of electricity in
households per se seems to have no significardt effeadults’ and children’s propensity
to read and study (i.e., whether or not they wandestudy), once individuals choose to
read or study, electricity was found to increase time children spent studying by 77

12 0MC'’s experience indicates that a 50 kW peak (k\®)installation plant with battery storage is atue
power a range of small businesses, schools, heelttres, two telecom towers, and over 500 homes, (Rao
2016).
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minutes and the time adults spent reading by 2Tit@inper electrified household per day,
compared with non-electrified households.”

More time spent studying and greater educatiotaiamhent is likely to translate into
better economic prospects, higher incomes andrhelis.

Regarding health, World Bank macroeconomic datdcatd that the level of
electrification is very closely related to the hkeatxpenditure per capita and hence the
guality of health care (FRES, 2013). Across theetliping world, an estimated 1 billion
people are served by health facilities that havecaess to electricity. This puts severe
limitations on health care. For example, healthlifeas cannot operate at night, and
sophisticated medical equipment cannot be usedth&ndssue concerns the refrigeration
of medical supplies. At present, rural clinics rely some 100,000 kerosene vaccine
coolers, but they lead to local air pollution ardise dependence on supplies that may not
be reliable. According to IRENA (2013), off-gridn@wable energy applications, such as
solar vaccine coolers, are essential in improvirglrhealth-care services.

6.4 Enabling factors

Some analysts, such as Kooijman-van Dijk (2012)Raad (2013) argue that detailed
understanding of the economic impacts of energgss¢such as economic growth and
income generation) need greater study, due to dheplexities of causal chains. One
difficulty, as Rao points out, is that regional lcal case-specific studies make
generalizations difficult. Also, most case studieger very small numbers of households,
and it is difficult to know whether micro-scale &circumstances are sufficiently similar
across the developing world to enable wider comshssto be drawn. Further, the needs
and characteristics of different rural enterpriGasch as fruit processing, flour milling,
tailoring, etc.) vary in the degree to which theg bkely to benefit from the provision of
modern energy services (Wilcox et al., 2015).

There is broad agreement in the literature ‘teaergy is a necessary, but insufficient
condition”. Among the additional enabling factors are availgbf finance, knowledge
and skills, and access to markets (which relatésctttion, physical access through roads,
as well as appropriate social networks). Ploer People’s Energy Outlook 20{Rractical
Action Consulting, 2012) adds “access to resouro@scucive regulatory environments,
managements capacity, and other” to this list. @abBarnes and Agarwal (2005) argue
that an even broader context is necessary as & fvthreference: “... energy in the context
of failing schools, poor health facilities, and powater supply will not lead to
development” . Below, we consider some of thestofac

6.4.1 Knowledge and skills

Skills are an obvious enabling factor, and arei@agrly important with regard to
electricity. In a study Wilcox et al. (2015) writd:-ow skill levels and capacity act as a
barrier to local people securing economic bendfitough involvement in electricity
provision. Knowledge of the benefits and possilsledpctive uses of electricity is key in
the take up of electricity access, and potentiatsusilso need the skills to operate and
maintain electrical machinery. Finally, entrepremawskills are required to identify new
opportunities created by electricity access, creat® enterprises and find and access
markets for the new products and services provideabraal, Barnes and Agarwal (2005)
agree that, “machines must be used by educatedeaithy people to be effective in
promoting development and improving income.”
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6.4.2 Access to markets

Access to markets is being identified as one ofkéhefactors. Energy access may
enable rural enterprises to expand their produaidmprove the quality of their products
and services, but it will matter only if they arbleato reach more customers, which
typically means that they have to gain access t&keisbeyond their local customers.

However, a study for the Dutch Ministry of Foreigffairs (MFAN, 2013) regards
one of the key challenges as “the ‘insular natw&'many small businesses; the
‘constrained rural markets’; the lack of electriegjuipment that enables a producer to
make use of the power.”

The Poor People’'s Energy Outlook 201Practical Action Consulting, 2012)
explains: “Most micro-scale enterprises sell toalomarkets. In rural areas with high
occurrence of poverty, the local customer baseinstdd and customers have low
expenditure flexibility. For new enterprise produeind services, and also for increased
volumes of production, saturation of local marketa risk, and disappointing profits due
to fast emerging competition in case of successfiubductions of new products or
services is a widespread phenomenon.”

Similarly, Wilcox et al. (2015) write: “In the albsee of adequate access to external
markets, demand in rural areas is often constraareti unable to absorb additional
production, leading to market saturation with newd aewly electrified enterprises simply
competing with existing and un-electrified firmg the same overall “pool” of value. In
the absence of access to wider markets, the ail@jlaif additional labour freed-up by
electrification is likely to simply drive down wag@nd the prices of goods and services
produced informally so that even those able toadkhtional time productively may well
not see any increase in incomes.”

6.4.3 Location and equity

However, not all rural enterprises face the sart@rina. There are differences, and
inequities, in their ability to take advantage okeryy access. Kooijman-van Dijk and
Clancy (2010) point out that “Modern energy acasssot only generally gained earlier
by households and enterprises with better finarst@ting positions and assets, but also
in villages with better conditions for enterprisevdlopment such as larger concentrations
of population and locations along roads” . Theyatode: ‘Not surprisingly it is the
wealthier members of communities who benefit mblsey are already well placed to take
up modern energy carriers and are already runmtey@ises.

6.4.4 Social networks

Kooijman-van Dijk (2012) argues that, “the stimidatof access to markets should
focus on social rather than (only) physical accessthe social distance is at least as
inhibitive as the physical distance.” This relatea point raised earlier, namely the danger
that purely local markets are easily saturatediabskills and networks are essential “to
access new markets and business and technical &kithnovate products. Without such
skills and networks, the impacts of modern eneggyises remain largely in the domain
of comfort and flexibility of operation, with onlymall or no positive impacts on income
generation for the typical rural entrepreneurs.”

The Poor People’'s Energy Outlook 201@Practical Action Consulting, 2012)

concurs: “For poor entrepreneurs without sociavogts based in larger markets in towns
or with middle or high-income customers, it is pieally impossible to understand and
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serve external market demands, including trendskaaging up with latest developments
and standards. For this reason programs suppatiaggy access to rural MSEs should
always integrate a market demand-side element basexh assessment of the overall
market system, and in particular demand volumechiagiacteristics.”
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7. Conclusions

Renewable energy technologies are having an iriageascio-economic impact due
to growing technical maturity and falling costsfdgfs to improve access to energy in the
rural areas of developing countries are accordipgbfiferating. Much of the available
literature about existing initiatives and ventui@auses on technical aspects and financing
guestions, leaving the employment dimension contivaig unexamined. There is an
uneven patchwork of data and information on jolato® as well as on future employment
potential. One handicap in any assessment is tlatynof the relevant projects and
enterprises are still quite recent. Thus, with Eweptions, there is little in the way of
robust data (and especially time-series or otheg-term values) to draw upon.

This report has examined three ways in which thgayenent and use of renewable
energy translates into employment impacts in rareds of the developing world:

» Conventional forms of biomass (gathering of fueld/@md processing, trading
and retailing of charcoal.

» Large-scale wind, solar and biofuels projects (etenigh the energy generated
itself is destined for urban or export markets).

» Decentralized, small-scale deployment of renewahtethe household, village
and small enterprise levels (solar PV, biomasssnall hydropower; too little
information is available for small wind projectSplar PV projects are receiving
by far the most funding and analytical attentioriha literature, and this fact is
inevitably reflected in this report.

7.1 Fuelwood and charcoal

The economic importance of fuelwood and charcoatamy developing countries is
hard to overstate. Globally, the livelihoods ofhagrs 30 million people, some 13 million
of whom live in sub-Saharan Africa, depend on tevfood and charcoal supply chain.
Rendering this supply chain more sustainable istiaa task, requiring: better woodland
management and agroforestry practices; afforestatinl reforestation efforts; improved
energy efficiency in generating charcoal; and imprbcookstoves. However, on the one
hand, more efficient charcoal kilns reduces the warmh®f wood required per unit of
charcoal produced, thus reducing the number of Ipenpeded to grow, gather and
transport the wood. On the other hand, positiveleynpent impacts are likely to emerge
especially if they are accompanied by adequataitrgi micro-loans, and other support
measures, such as secure land tenure and assoetticharcoal producers, which would
increase people’s bargaining power. This supplyrcheeds to be pursued with as much
vigour as the deployment of modern forms of rendavahergy.

7.2 Large-scale renewable energy projects

The employment impact of large-scale projects ialrareas can be ascertained from
individual case studies and impact assessmentseXtemt and nature of employment
depends strongly on the scale of deployment. Waiitge-scale projects obviously employ
more people overall than smaller ventures (on aupérof capacity basis), smaller
deployments tend to require more people per unibwput. From an employment
perspective, it is preferable to have a larger remab small projects rather than a small
number of very large projects.
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This report examined cases of wind and solar prejeclordan, Kenya, Mexico and
Morocco. In each case, rural areas can benefit éimployment generation in construction
and related activities (including induced jobs frém spending of construction wages).
But these are temporary benefits, and residerdteaf communities can expect to be hired
mostly for unskilled or low-skilled jobs, wherea®m technically advanced jobs go to
workers from outside the area in question. Jobsrareh more limited during O&M than
during the construction phase.

The experience with wind development in southermxibte and with numerous
biofuels projects in various countries also sugg#sit a broader livelihoods perspective
needs to be employed in order to assess the ecorimpact on rural communities.
Biofuels plantations in particular can occupy sabsal stretches of farmland. Incomes
derived by rural communities from leasing land itfieels companies may be insufficient
to offset the loss of food and income from the la@dntract terms are critical to the
outcome, though rural communities are often at sadiiantage in negotiations with
companies. Meanwhile, jobs on biofuels plantatiares often seasonal and low skilled.
Experience suggests that communities tend to fettetowhen farmer cooperatives enter
outgrower arrangements (avoiding outright land &stjon by biofuels companies), and
when communities manage to build local supply chain

7.3 Decentralized renewable energy projects

Chapter 5 of this report examined the employmepeets of a range of solar,
biomass, and small-scale hydropower projects. G#Hger employment-related
information for these projects is limited, but thgs more the case for biomass and
hydropower (and even more so for small-scale windh for solar projects.

A range of entities are involved in the fundinges{dational, multilateral and donor
agencies, micro-credit organizations, and privatestors) as well as on the operational
side (NGOs, cooperatives, entrepreneurs, Uniteibhatagencies, government entities,
social enterprises, and commercial companies, witgcbld be either established
companies or start-ups). Presumably, the varyimqmeaters, scales and institutional
arrangements will impact employment generatiomgalgh more information is needed to
reliably analyse differences in impact.

In the solar PV field, a state-directed, NGO-impéernted, and international donor-
funded programme in Bangladesh has been extreraebessful in deploying SHSs and
creating large numbers of jobs. As this reportused, it offers a number of lessons for
similar efforts elsewhere, although some factorsugcess are specific to Bangladesh and
may not be easily replicable (for example, the tigtmlong track record with rural micro-
credit organizations is fairly unique). The SHS ggeonme succeeded due to strongly
defined parameters, which emphasized commercidilitia and the quality control of
equipment and installations.

The other major approach that is now emergingusidoin a number of commercial
start-ups operating under PAYG or FFS models. Wtlike number of solar systems
installed by these ventures is still far fewer timBangladesh, they are expanding fairly
rapidly. Household affordability and commercialhildy are as central to these efforts as
they are to Bangladesh’s initiative. The major wett@n is the use of mobile phone apps,
which allow customers to make incremental paymemd permit the companies to
monitor the systems in use and offer troubleshgotin needed. To date, the PAYG
approach is dominant among these new venturesnorg experience with both models
will be needed before it is possible to judge wtocie is more suitable (and what impact
it will have on employment creation).
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Among small hydropower facilities, there is als@age of different institutional set-
ups and driving forces. In some settings (suchnallapal, which has a considerable
number of micro-hydropower plants), the commungpr@ach is key, and this means that
people from the community are involved both in dixi-making and O&M. This is in
contrast to other approaches that rely on a laaepreneur to take care of these tasks.
Employment information about these kinds of prgastscarce, but it appears that in the
community approach, the necessary labour is shareekeas an entrepreneur may rely
either on family members or local workers. Elsewh&specially at the upper end of the
small hydropower field, commercial companies aredaors. They employ local workers
during the construction phase, and a few duringpfferational phase. However, workers
from outside the area often fill skilled positions.

With regard to biogas facilities, there is a simgpread of approaches, ranging from
a state-directed approach in China to one focusimig on the communities’ efforts, which
are often assisted by international NGOs. Theeerslative dearth of information about
the employment implications, which makes it difficio make reliable observations about
which of these approaches is more beneficial vatfard to employment generation. It is
clear, however (for example, from the experiencedia), that quality control and skills
training are essential for biogas facilities todtion reliably. The experience in a number
of Asian countries shows that skill building anddbenterprise development efforts are
critical not only for setting up household- and coomity-scale biogas plants, but also for
creating a local supply chain and downstream dietévi

Across the various renewable energy technologidgnj-grid installations offer
greater local employment opportunities than stamdahousehold units do, which mostly
focus on lighting and mobile-phone charging. In fhet place, building a mini-grid
involves greater scale and complexity, and requippropriate wiring and other
infrastructure within a given community, and moaddur. But mini-grids also offer
greater power and versatility than a householdesysproviding a broader array of energy
services needed for agro-processing and other éntatprises and stores. Thus, there is
greater scope for downstream employment. Howeveata dyaps prevent reliable
employment and livelihood assessments. Case stoiesious types of mini-grids could
shed light on this dimension.

Several dimensions are critical in interventions pvide or improve rural
communities’ access to energy. Table 20 offers\arvwew of the ways in which they
impact employment generation:

(a) financing arrangements (sources of funding, tygdmancing);

(b) technologies and designs (material inputs and sergplscale of infrastructure,
issues of imported versus local content);

(c) implementation approaches (distribution and retaitstruction and installation);

(d) maintenance arrangements (including quality control

Given the prominence of off-grid solar PV venturethe field of energy access, table
21 offers more detail on this particular technolody summarizes employment
implications specifically for the growing varietyf acommercial solar start-ups,
particularly, but not limited to, the countries @ifb-Saharan Africa. These observations
should be seen in tandem with the lessons thatgenfieym the experience in Bangladesh,
where a more state-directed effort has proven sstae
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Employment opportunities in rural areas are predamtiy found in
sales/distribution, installations, and O&M of stalahe projects and mini-grids, since the
bulk of equipment manufacturing takes place elsesvte the world. This report has
sought to marshal available information regardinghs employment opportunities.
However, as stated earlier, appropriate data alteredtatively limited, and are only
available on a project-by-project or an enterpbgesnterprise basis.

It is possible to generate some approximate empdoyrastimates; i.e. personnel
needed per unit of capacity or sales, and thisrtgpesents a number of them for various
projects and enterprises, mostly in the solar fiBlat at this early juncture, it remains to
be seen how valid they are. Over time, labour iefficies and productivities are likely to
increase, as operations become more mature amirlgaurves are navigated. However,
it seems unlikely that there will be massive prdoiity improvements, given that
customers in rural areas are dispersed in relgtamhbll and sometimes remote locations.

Thus, it is important to generate additional angriowed data on employment in
distributed renewable energy projects (mini-gricd estandalone systems). As solar,
hydropower and bioenergy ventures become morels$tatd and are scaled-up it will be
critical to assess how labour requirements willngjea Enterprise surveys and project
evaluations can provide such insights but whatss aeeded is a better sense of future
requirements for local skills, and for skills argpacity building. Ultimately, these data
are as critical to success as is ensuring propanding, and developing reliable and
affordable products for people living in rural ssea
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Table 20. Major determinants of employment generation in rural energy access efforts

Determinants
of employment

generation

Solar PV

Biomass

Small hydropower

Financing

Micro-credit for SHS programme to create a commercially
viable market; employment for micro-loan officers
(Bangladesh)

Financing for commercial enterprise start-ups (PAYG and
FFS models)

Government or commercial financing for biogas digesters
and biomass power plants

Subsidies, loans, and micro-credit for household- and
village-level biogas digesters

Multilateral development agency funding to
support community micro-hydropower plants
(Nepal)

Government funding or commercial project
finance (debt, equity) for grid-connected
facilities

Technologies
and inputs

Solar equipment (panels, lanterns, LEDs, etc.) is mostly
imported, thus limiting domestic employment opportunities

Limited domestic assembly is taking place in some
countries

Local employment in producing frames, mounting
structures, accessories, etc., for solar systems

Substantial employment in growing and harvesting of
biomass, gathering of agro-wastes

Biofuels: issues of scale; plantations versus out growers);
few jobs in feedstock processing

Better local outcomes through farmers’ growing
cooperatives and development of local value chains

Biogas: manufacturing appliances offers substantial
employment

Charcoal: cutting/gathering of wood entails substantial
informal labour

Larger, more complex turbines and
generators are typically imported, thus, limited
domestic employment

Smaller turbines, penstock pipes, and
accessories for micro-hydropower plants may
be locally fabricated or assembled (need for
enterprise development programmes)

Implementation
approaches

Considerable employment in distribution, retail, and
installations of household- or enterprise-level SHS

Different last-mile distribution models to reach remote
customers (reliance on existing stores vs. sales agents
working on commission)

Additional labour requirements for building mini-grids
(construction, power lines)

Biogas: building household and village-scale plants is
labour intensive (need for masons and technicians), but
employment may be informal

Biomass power: employment at rural enterprises (such as
sugar mills and other agro-processing)

Charcoal: large-scale (but informal) employment in
processing, transporting, and retailing

Considerable, but time-limited employment in
construction activities (including
infrastructure, access roads, watershed
management and terracing)

Project development for larger facilities
requires some highly skilled external labour

Grid-connected plants require additional
labour for building transmission lines/stations




8.

Determinants

of employment
generation

Solar PV

Biomass

Small hydropower

Maintenance .
arrangements

Bangladesh: employment for quality control inspectors,
village technicians

FFS: emphasis on energy services, thus great importance
given to reliable equipment (after-sales service jobs) and
training of local technicians

PAYG: emphasis on equipment sale, but reliability and
after-sales service (trained local technicians) still
important

* Biogas digesters: adequate construction-related training
and servicing needed to ensure plants remain functional

« Charcoal: no maintenance activities required, but
management of woodlands (including
afforestation/reforestation) requires substantial amounts of
labour; plus: employment opportunities for improved cook
stoves (may be imported)

Management and engineering jobs may be
filled by external labour

Smaller scale plants require fewer operations
personnel than larger plants (but more jobs
per unit of capacity installed)

Some initiatives (Nepal) are characterized by
strong community involvement (shared
responsibilities and work/training needs)

Elsewhere, entrepreneurs or commercial
enterprises play key role (fewer jobs but FTE)

Source: Author’s elaboration.



Table 21. Typologies of off-grid enterprise models and employment implications

Typology

Description

Implications for employment

Standalone systems

Distribution:

Retail

Direct marketing

After-sales service:

Full service support

Service centre

Sell only

Payment options:

Upfront payment

FFS

PAYG

 Network of franchise shops

* Independent (village-level) sales
agents working on commission; “last-
mile” distribution

« Company technicians visit customers’
homes for servicing

« Customers required to travel to
authorized centre for maintenance

« No explicit service/warranty
commitment

« Off-the-shelf purchase; no financing

« Customer pays daily or weekly fee for
energy (lighting, charging), but does
not own the equipment

« Customer pays regular fees toward
ownership of the equipment

These are likely to be located in market towns and
be smaller in number; limited employment (but likely
FTE)

Larger number of agents than under franchise shop
model, but may not be FTEs

More people needed than under service centre
model; ease of servicing arrangement may gain
greater number of customers (and thus contribute to
growing employment over time)

Fewer technicians needed than under full-service
support model

No dedicated staff for servicing; customer trust likely
limited, clouding prospects for longer term sales and
employment

Limiting the range of households able to afford
equipment, and thus capping employment prospects

Well-functioning, reliable equipment is key, putting a
premium on adequately trained staff; but lack of
ownership may limit longer term customer loyalty

Tailored to customer's ability to pay (enabling a
growing market, and employment); “energy ladder”
(buying more powerful systems over time) supports
employment generation over time

Mini-grids

Institutional set-up and management:

Community-managed

Entrepreneur

Commercial business

* Responsibility shared by community
members (with agreed costs, shared
maintenance costs, etc.)

« Responsibility rests with a local
entrepreneur (delegated or self-
initiated)

« An outside (larger) business builds
and operates the mini-grid

Community members may be designated to serve on
management boards; maintenance tasks may be
shared among residents (part-time)

Entrepreneur and local hires are likely to be FTEs

Depending on the complexity of the facility, jobs may
go to workers from outside the community, though
training may be provided for locals

Source: Author’s elaboration.
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