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ABSTRACT

Provision of electricity is assential for economic and social development, It renders possible
modern communications, industrial and business deveiopment and provision of public
services such as improved education and healtheare. But in rural Tanzania and Mozambique,
less than 5% of the people have aceess to electricity from the national grids, and at the current
pace it is unlikely that the majority of the rural population will be connected to the grid within
a foresceable future. Therefore decentralized, off-grid electrification is needed as a
complement. These countries are rich in renewable energy sources, which could be utilized to
meet the energy needs of rural people.

The overall aim of the thesis is to identify and understand — from the perspective of involved
actors — couniry-specific drivers and barriers, and prerequisites, to rural electrification in
general, and offegrid electrification using renewable energy fechnologies in particular. The

thesis includes a review of previous literature, presenting an exbaustive list of barriers to rural

elecirificaiion (RE) in sub-Saharan Africa. The theoretical contribution is a bridging between
research felds, done by a conceptualization of RE processes that combines a socio-technical
system perspective with a user perspective that focus on how actors gain, control and maintain

access to electricity and related benefits. It opens up. for a valuable discussion on system

functionality and susiainability. There is also a methodological contribution and discussion,
developed in article 3, which highlights the impertance of scale of observation and
epistemology in research on compiex processes of societal, technological and environmental
change. :

The empirical work is based on qualitative interviews, project site visits in Tanzania and
Mozambique and literature review. The results are presented in articies | and 2. The findings
are in line with previous studies, but some barriers not previously emphasized in literafure
come out as important and ambiguous. The thesis aiso discusses why productive uses of
electricity, which are seen as highly important, do not oceur as much as hoped for and the
multiple roles that private sector actors can take in RE, as producers, electricity consumers
anid service providers. So far, RE projects have not paid enough attention to what happens
afier introduction of electricity, and to possibilities for enhancing the capabilities of local

actors to make full use of development potentials.

Keywords: Rural electrification, Africa, Rural development, Renewable energy, Off-grid, Drivers and
barriers, Access to elecwicity, Socio-technical systems
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important instrument in helping promote economic growth, socizl equality, and envirenmental

sustainability” (UNDP 2003: 1).

This thesis focuses on rural electrification (RE) in anzania and Mozambigue. Provision
of electricity is essential for mederm communications, industrial development and provision of
public services such as street lights, improved education and healthcare. Providing electricity
in the roral areas of these countries is very important, Ibul where basic fuel needs are not met,
electricity is a luxury item that few people can afford’ (UNDP 2005). But intégrated with
other development efforts, the short- and Jong-term benefits of eléc‘arifying rural areas can be
substantial. RE removes a barrier to economic development and creates opﬁartunities for
sustainable livelihood strategies.” Electrifying the countryside is also considered a possibility
for slowing the urbanization process by providing better ecenvimic opporfunities and qualiti}

of life for the rural population {(e.g. Wilkins 2002; Winther 2608).

The popular demand for electricity is generaily very high, and is a political priority in

East Africa (Winther 2008). However, less than 5% of the people in rural arcas of Tanzania

and Mozambique have access to eieciricity from the national grids, and at the current pace it

is unlikely that the grids can i)e extended sufficiently to provide the majority of the rural

population with electricity within a fareseeable fufire {Karekezi and Kimani 2002). This

situation with low tural access and slow RE pace is what motivaled the fesearch presented in

“this thesis. There are some optlons for faster development: the acters now exiending the
national gfid could improve their performance, off-grid electrification (stand-alone.

decentralized systems) can complement grid extension, and new actors from civil society and

the private sector could engage in both activities.

What then are the prospects, the drivers and the barriers for faster grid extension and
aff-grid development? Grid extension efforts are constrained by costs.and organizationa]
capacity. Building up the energy infrastructure is particularly expensive in Tanzania and
Mozambique, due o large gedgraphical distances and low popula-tion density. There is little
rural industry, and few households cen afford the connection charges. 1t is a long-term and
hugely expensive investinent, currently funded largely by international donors and undertaken

by the national wtilities (EdM 2007; MEM 2009). So far, there has been no interest by the

! Therefore, when discussing the possibilities for providing rural people with aceess to electricity and related
sclvmes it should be remembered that electricity is often net the first priority for local peaple.
* Livelihoods are defined as “the Lapabl]l‘tiﬁs, assets (stores, resauregs, claims and aceess)y and activities reqmred
for a means of living” (Chambers and Conway 1991:7).
4 .

private sector to invest in transmission and distribution, as it is so costly. This thesis is
concermned with possibilities for improved performance of the key organizations, but aiso what

role the private sector might play in the future,

Off-grid systems ‘bésed on renewable energy techmologies (RETs) are nowadays
acknowledged as an important complement to conventional RE and to diesel generators {WB
2008). in araés where the national grids do not reach, people rely on small-scale off-grid
systems — primarily diesel generators - to generate electricity, Using off-grid electrification
can be seen as a forerunner to grid access, but in many cases it is more than a temporary
sotusion as there will be ne other alternative within the coming decades. For very remote
locations, transmission is 55 expensive that off-prid systems using RETs are considered an
economically viable altemative by many scholars {Chakrabarti and Chakrabarti 2002;

Katsaprakakis et al. 2009; Pepermans et al. 2605; Tutkson and Wohlgemuth 2001).

RETs are promoted globally for environmental reasons, and there are hopes of sub-
Saharan Africa avoiding the ‘parbon lock-in’ of industrialized countries and Eeépfregging
ézrcctly to modern and environmentally sustainable energy systems (Karekezi 2002},
According to Karekezi (2002), a development towards renewab1c~enﬂrgy -hased decentraiized
systems would have important economic benefits 11 compar:son o conventional and
centralized energy systems, and is a particularly 'competilive option for delivering modem

energy te Africa’s rural poor.

It is however imperative, according to SEI (1999), that the primary goal of RET
programmes is to meet the energy needs of the target popuia'iion rather than promoting certain
techmologies, which leads us to ask whether small-scale RETs are syitable for that parpose in
rural Tenzania and Mozambique. Smali-scale RET off-grid systems giffer in many respgcls
(technically, financiaily and socially} from grid extension and diesel generators. There are
seme jmportant advantages in this context that merit attention, the most important being that
renewable energy sources are available also in remote jocations, that they can be harnessed
locally, and that transportation and distribution costs are minimized (Karckexzi 2002; Wilkins
2002). But there are also, as will be shown in this thesis, barriers specific to off-grid sysiems

and various RETs.

The use of RETs in off-grid instailations in this région is still in an early phase, and
expetiences are varied. There are difficulties in making these systems function as planned,
end meny systems fail after some years. What is required for off-grid RETs to _w_ork

5
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refers hack to the research questions — and takes one step further. Fiﬁally, conclusions are

~ drawn, and the next step explained.

14 The case study countries _
Tanzania and Mozambique are neighbouring countries, along the coast ;)f\ south-cast Africa,
and they face similar challenges when it comes to rural development and poverty alleviation.
The countries are rich in natural resources and have populations spread out over vast arcas
There is very limiled rural infrastructure, and industries and businessés are mainly
" soncenirated in urban areas and some rura} centres. The majority of the population lives in the
countryside, but urbanization rates are high, draining rural arcas of younger people. Tanzania
is ranked 152nd and Mozambique 184th out of 187 countries on UNDP’s raultidimensional
“ povesty index (UNDP 2011a, 2011h). The large majority of poor people rely on bioenergy to
meet their energy needs, in terms of wood, charcoal, energy crops of different kinds and
agricultural residues. In peneral, poor households have ne extra disposable income, and
resources are priontized to cover basic needs. Expenditure on energy is mainly for food
preparation and basic lighting. Expenditure on .e]ectricity is likely to be limited to replacing
what is currently spent on Kerosene and watteries, and electricity may not even be a high
. priovity {EdM 2007).

There is kttle political and economic exchange between the neighbours, and there are

important differences in their history, culture and social siructure.

1.4.% Life in raral Tanzania
The United Republic of Tanzania was formed in 1964 after independence from the United

Kingdom. During the first 20 vears after independence, the government, with Julius Nyere as

president, ruled Tanzania according to his vision of African socialism. The socialist rule of

Nyere was controversial, and he is remembered both as ‘the Teacher’ for trying fo install
national unity, making Kiswahili the national language and for enforcing'the Ujamaa system
and repressing potitical opposition (Hillbom and Green 2010). When Nyere banded over
power in 1983, the economy had stagnqted and the country depended on external aid. During
the 19903, economic and political reforms took lplace, including market liberalization and
multi-party elections. During the past decade, econemic growth rates have been around 6%

sind the economic prospects are currently locking bright (African Economic Outlook 2012b).
s . .

Key drivers of growth include private copsumption, exports and gross fixed capital, tourism
revenues, foreign investment and aid. The main ecconomic sectors are agricufiure,
manufacturing, tourism, mining and infrastructure. However, poverty remains & major
challenge and wealth is very unequally distiibuted. The pepulation of 46 million is growing
rapidly. According to UNDP (2011a) life expectancy at birth is 3%.2 vears and the adult

literacy rate is 73%.

1.4.2 The power sector of Tanzania

Tanzania’s electricity generation reliss primarily on hydropower and natural -gas,
complemented by imported oil and. cogeneration from agro-industry (MEM 2009, Otieno and
Awange 2006). Ths; dependency on oii i'mporis is problematic and strains the national
budgets. Renewable encrgy sources other than hydre, such as wind, solar and gcotherfﬁal,
account for less than 1% of Tanzania's national energy balance, but the potential is deemed

good and of high importance (MEM 2009 313, In 2008, the total insialled power production

_capacity was 1100 MW, but due to climatic conditions with little rainfall, breakdown of

instatled infrastructure snd mrandatory shutdown for maintenance, only 630 MW on the
average was being produced that year. The recorded neak demand in 2008 was 787 MW
{MEM 2009). In 2008, generation was 4358 GWh of which hydro accounted for 2579 GWh
The technical losses amounted to 19% of generated power. The transimission grid reaches
only part-of the country, and large areas, ,pé]‘ticuiai‘ly the sparsely popujated western and
southern regions, are still beyond reach. Here, district capitals and other important centres are

supplied by diesel generators. The percentage of rural population that is connected to national

" grid eleciricity is estimated io be 2-3% while the urban raie is 14% (MEM 2009; Otieno and
~Awange 2006). '

The power sector is dominated by the national electric company TANESCO (Tanzania
Eleciric Supply Company Limited}, operating under the Ministry of Energy and Maierials. As
part of the power sector reform over the past decade, the sector was restructured and the
power markes liberalized. Measures have been taken to attract privaie sector involvement, and
sotne independent power producers have engaged in generation. A new government agency
called the Rural Energy Agency (REA) became operational in 2007. REA is responsible for

“promotion and facilitating access to modern energy services in rural areas of mainland
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much ecsnomic_lbeneﬁt from an electricity supply, though they may derive substantial social
benefits from' better lighting and communication” (2001 29). It is likely that many
comnmnities i the coastai regions of Tanzania aﬁd Mozambique will fall into this category of
very poor communities.

Currently, the rural economy is severely hampered by lack of energy infrastructure. In
the absence of electricity from the grid, rural indusiries, well-off farms, workshops, mills etc.,

rely on expe;nsi{ae diesel generators. Industry and manufacturing need power of high capacity

and high quality, and diesel generators are often used as backup even after connection to the .

main grid (WB 2008; VPC 2008). Low power quality, exemplified by blackouis and power
rationing in national grids, is a common phenomenon in sub-Szharan Africa, incurring costs

associated with production siops and damage to equipment (W5 2009).

When economic development does take place, hindsight assessments of RE strategies
and projects have repeatedly cencluded that productive use of electricity - Le. eleciricity used
divectly for income-generating activities such as agricultural production, refining of tradable
goodé, and commerce — is crucial if RE is to boost economic development in riral areas
(Holland et al. 2001; . Peters et al. 200%9; Ranganathan 1993). For exampie, the study by
Akesson and Nhate (2006) of the RE project in Ribdué and Tapala in Mozambique, showed
that RE contributed to economic development and reduced poverty by positive effects on
production of cash crops, farmers’ incomes, increased purchasing power of houscholds and
local small-scake businesses. However, the proiect generate-d iess employment and productive
activities than expected by local government, a major reason being the lack of local markets,

banks and adequate infrastructure,

Other examples from the region show that productive use of electricity in RE projects
has been limited and less than expected (ilskog and Kjellstrom 2008; J. Peters et af. 2009;
Wamukonya and Davis 2001), What can be leamed from earlier rescarch is that productive
uses of electricity should be a priority for RE policy so as to maximize the benefits of
i‘nvestmems. However, since there is little rural industry, economic development will
primarily take place at micre- and small-scale level. Further, a conclusion made by several

scholars is that integrated development and coordination between actors are needed for access

" to electricity to generate economic growth (Kirubi et al. 2009, Ake_sson and Nhate 2006).

There are hopes that RE il help reduce poverty, create emplayment and improve the

well-being of people (MEM 2609), but it is clear that alleviating poverty by electrifying rural
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areas is difficult, 1b"ecause RE primarily benefits the better-off minority whe can afford 1o use
the services {Tiskog and Kjellstrém 2008; Marandu 2002; WB 2009). Poverty is both a barrier
to successful electification and a problem lefi unaddressed in many places where electricity
has it the night (S:EE 1999; van der Yieuten et al. 2007). SEI {1999) concludes that encrgy
prajects can contritute to poverty alleviation in economic terms, either directly — by
delivering e1lerg3f services to poor people that help raise incomes or decrease expenditures
(Madubansi and Shackleton 2006} - or indirectly by creating cconomic growth that éventuaiiy
generatés employment and cleaner, less expensive onergy services (SEI 1999}, Energy
services can also release time — especially for women — and the provision of social services
such as street lights, better healtheare and education, water pumping and grain mills may all

benefit the poor.

For the majority of rufal people, there are a number of economic barriers such as
comnection fees, fixed charges, lack of access to credit and high prices of househoid
appiiances, taking elecwicity out of reach. Initially, electrification is combined with the
procurement of electric appliances that can-bf: very costly. In combination with the fact that

rural Hveliboods are adapted toa Jife without electricity, this means that many houscholds will

“inerease their electricily use very slowly or simply not use it at all. The access to micro

finance or credits can be decisive for poor people’s abilily to afford eleciricity (Louw et al
2008, SEI 1999; van der Vleuten et al. 2007). According to SEI (1999, where care has been
taken to find least-cost solutions, to adapt regulations on payment and to target subsidies to
the needs of the poor, the rate of elettrificaion among the same has increased significantly.
Based on these finding, | draw the conclusion that public and collective services, especially
for impraved health, education and easing of heavy and time-consuming worlk lasks, are vital
for the poorest people who cannet afford connection to be able to benefit from RE. It is
beneficial for the rural economy at large as improved health and education enhance the

general productivity of the population.

The goal of poverty alleviation is still part of RE, but the primary focus has partly
shifted, Tn the 198(#905, the World Bank strategy on RE lending shifted from sector support
towards promotion of energy sector reforms, with increased .focus on economic efficiency and
strong emphasis on private sector involvement (Nawaal Gratwick and Eberhard 2008; WB
2008; Weisser 2004). The emphasis on economic as..pe“c.;ts ha‘s. increased at the cost of the

social aspects (equity, public services and ‘electricity for all’}. According to Zomers (2603},
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be analysed at several levels (Painuly 2001). When reviewing the literature, [ find that many
studies identify various barriers to RE and RETs, but few studies (except Péinuly (2001) and
Wilkins (2002} that [ know of) take a systematic approach to drivers and barriers, and much
more atfention is generally given to {&) barriers than to drivers, {b) to grid extension than to
" off-grid systems and (c) to national level rather than to local level. From my review of the
scientific literature, reports by consuliants and international organizations, and documents and
homepages by power sector actors in respective cbunn'y, T also conclude that, so far, most
studies of electrification projects in sub-Saharan Africa are on large-scale, grid extension
projects based on hydropower or fossil fuels. The development of RET-based off-grid systems
in rural Africa is still in an early phase, which explaing why off-grid systems and RETs are
less studied than large-scale systems and/or grid.extension projects. This thesis provides an

overview of the challenges that is not provided slsewhere.

2.2.1 Drivers identified in literature

_ There seems to be a general lack of factors driving rural electrification in sub-Saharan Africa,
while the number of barriers seems endless. The region is underpowered, and generation
capacity has remained largely stagnant during the past three decades, according io the World
Baﬁk (WB 2009}, There are piénty of unexploited energy resources, especially hydropower,
and ;iemand has outgrown supply. During the past decade, official deve%opl_ném assistance o
public investment in the power sector has been the main funding source averaging USD 700
million per year, while private investinent has averaged USD 300 mijlion per year. In recent
years, China has invested heavily, on average USD 1.7 billion per vear, primarily in large-
scale hydropower (WB 2009). Some scholars (Akelia et al. 2009; Wilkins 2002) suggest that
the Clean Development Mechanisms’ can become an important source of funding for
developing countries. Karekezi (2002) sees two major drivers for development of RETs on
the continent — the economic burden of oil import and the crises faced by most power utilities

in the region — with power rationing and negative consequences for the countries’ economies.

Although the interest and investments made in electrifying rural sub-Saharan Africa
have been rather low for some decades, the energy issues are making a comeback on the

global development agenda in relation to pelicies of climate change mitigation and adaptation.

" CIDM is an emissions trading mechanism between developing and indusirialized countries that could potentially
provide finding for energy projects that reduce carbon emissions. So far, the share of COM prejects in African
host countries is about 2% {Unfecc 20123
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The interest in RETs seemns to be growing also among African poEicyméke-rs as i 18
increasingly seen as @ complement and altemative W large-scale energy infrastructure, with
the potential of meeting energy needs of the poor rural populations {(Karekezi 2002). At the
same time, one must not neglect the fact that there are significant challenges to be overcome
for any sueccessful deveiop:ﬁem of moders and sustainable energy systems in rural Africd io

emerge, as the following discussion will highlight.

2.2.2 Barriers identified in literature

Barriers; to rural electrification i sub-Saharan Africa have been identified through reviews of
scientific literature and evaluation reports. Table 1 below shows a compilation of barrers
found in literature, for rural electrification in general, and off-grid electrification based on
RETs si)'eciﬁcally. E)iampies of literature are given for each barrier. 1 have grouped barriers
mio Barriers io R_E, Barriers to RE resulting in rural development, Barriers to off-grid
renewable energy systems, and Barriers fo sustainability in off-grid renewable energy
systems, There are other possible classifications and many barriers are closely related, while
some helong in more .than one category (see article 2 for an example of a differeﬁt
classification). However, | have not found such an exhaustive list of barriers élsewhere, with
references to the literature. The country-gpecific reports (EdM 2007; MEM 2009) published

by domestic actors, which discuss challenges in detail, are not included in Table 1.

Table 1. Barriers to rural electrification (RE), barriers to RE resulting in rural development, barriers to
off-grid renewable enerqgy systems, and barriers to sustainability in off-grid renewable energy systems.
These are found in scientific literature and organization reports on RE in sub-Saharan Africa with
exemplifving references.

-Barriers to RE

" Little transfer of skills

Scattered population {Karekezi 2002; KirubT et al. 2009}
Long distance transmission ' ~ [Kirubi et al, 2009}

Lack of generation capacity {Marandu and Luteganya 2005}

High technical fosses {liskog and Kjellstrdm 2008; WB 2009}"_;i

{Karekezi and Kimani 2002; Marandu 2002; ). Peters et
al. 2009}

" (Pigaht and Plas 2009}
{Murphy 2001; Pigaht and Plas 2008}

Lack of financial capital

Dependency on forelgn consultants
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2.3 Off-grid electrification and renewable energy techuologies

The currentiy slow pace of grid extension maices off-grid systems the only available option in’

many places in Tanzania and Mozamb;que As current use of dicsel generators is considered
problematic for 1echmcal economical and environmental reasons, there is need for alternative
off-grid soiutlcms that can make use of available renewable energy sources. So far, in
Tanzania and Mozambique, mainly hydropower and selaf phmovo]ta;c (PV) have been
utifized. E“here is a declaved intention to better utilize the renewable energy potential,
pariicularly in the context of RE (FUNAE 2607; MEM 20093, in Mozambique, no expansion
of large-scale hydropower has taken place since colonial times and pico/micro- hydropawer
systems for poor ruzal communities are still at pilot project stage in the region (Maher et al.
2003). At the rt?gional jove!, the commercial market for solar PV is growing — in Kenya
driven by the increased rural use of TV, cell phénes and radio among the rural middle class
(Jacobsen 2007} — and there is a process of technology transfer from more established
markets in and outside of Africa. In addition to hydropower and solar PV, some utilized RETs
are wind power, and bioenergy (in this region bioenergy is primarily used for heating and
fuel, but also forelectricity generatien in the sugar industry, and in S0me rare cases for waste-
to-energy combustion of agricultural residues or the use of biodiese! in generators) (MEM
2009).

The potentials of RET-based electrification is considered to be high in sub-Saharan
Adfrica (Bugaje 2006, WB 2009), and Karekezi (2002) gives a number of reasons for this:

— Renewable energy sources are quite evenly distributed throughout the continent.

— The lack of a weli-established energy markel for conventional fuels brings the
opporwmity for investment in RETs without the need for any major system

restructuring.

- Investment capital needed for RETSs s generally smaller than for conventicnal fuels, as

smail/medivm-scale technologies and systems can be established and enlarged

' graduatly.

— Decentralized systems are often the least-cost alternative in rural areas of Affica with

" seattered settlement patterns.

! The pmemiél for a RET can, according to Painuly, refer to its technological potential, techno-cconomic
potential or cconomic potential. See Painuly (2001: 76) for further definitions. -
. 20

- The number of actors within the energy field has grown, and {echrical competence i
catching up with demand. National and regional networks of actors are increasingly

building cdpacity and spreading knowledge ar,.d technology.

~ RETs are often techmically iess advanced than “mature”, large- -sgale conventional

energy systems, which makes it casier to provide technical capacity locally.

There has been a lot of debate regarding whether or not RETs are competitive in comparison
(0 fossil fuels (Akella et al. 2009; Chakrabarti and Chakrabarti 2002; Lucon et al. 2Q06).
There ave different ways of comparing and counting, and although comparisons are ofien
made with electricity from the national gnd (Brent and Rogers 2010), in reality often the only
option is a diesel generatar (Bymme et al. 2007). Proponents of RETs argue that Lhese
technologies usually become competitive when aspects other than instaliation and running
costs are taken into account such as existing subsidies for grid-based electricity and fossil
fuels (Lucon et al. 2006; Wilkins 2{16’)) and costs and benefits of environmental and secial
impacts — thal 1§ an understanding of value that lakes energy seourity, environmental
sustainability and economic development into account {Doulkas et al. 2008; Lucon et al. 2006;

Owen 20006).

There is evidence that micro-scale RETs are suitable for houschold needs of eleciricity

and can contribute to higher incomes and small business activities, and also, that provision of

such energy services and technical support services to rural poor people can be profitable for

private companies (Bairiganjan et al. 2010; Chaurey and Kandpal 2010). Wilkins (2002} _
considers off-grid elecirification an important and potentially huge niché market for RETs,
and Akella et al. (2008} suggests that RETs promoie a diversification of the rural econamy. If
small-scale KETs replace imported | diese! the dependency on imported fuels decreases, which
reduces vulpersbiiity related to Tise n prices and fuel transport, simultaneously with a
strengthening of local production and energy markets {Akelia et al. 2009). Further, diesel~
based off-grid systems suffer from frequent power blackouts in many countries, duc o
insufficient maintenance (WB 20()8 VPC 2008) and can be major bottlenecks ‘for rural
industrial production {VPC 2008). '

The prospect for RET-based off-grid RE in sub-Saharan Africa, founded on the progress

and constraints of previous impiemeniations, is covered in an extensive lterature (Brent and

Rogers 2010; Chaurey and Kandpal 2010; Elleghrd et al. 2004; Guilberg et al, 2005,

Gustavesan 2007; Tlskog et-al. 2003; Jacobsen 2007; Kirubi et al. 2009; Murphy 2001; Pigaht
21
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causes and effects of social change. Power systems reflect and influence the context, but they

also develop an internal dynamic” (1983: 2.

- Based on general systems theory, Hughes uses both a broad definition of “system™ as

interacting components of different kinds, and a more spesific definition of a system:

A system 13 constituied of related parts or components.. These components are
comnected by & network, or structure {...). The intercannected components of
technical systems are ofien centrally controiled, and usually the limits of the
system are established i:)y the extent of this contro). Controls are exercised in order
to optimize the system’s performance and to direct the system toward the
achievement of goals. The goal of an electric nroduction system, for example, is
i transform available energy supply, or input, into desired outﬁm, or demand.
Because the components are related by the network of interconnections, the staie,
or activity, of one component influences the state, or activity, of other components

in the system. {}983: 5).

Setting of system boundaries is a difficult task and can be done by different rationales.!
When Hughes defines the technical system,of electric power, he writes: “Flectric power
systems of the technical kind consist of power generation, transformation, control, and
utilization components and power transmission and distribution networks.” {1983 7). But
technology is not onky artefacts or hardwark, but alse software, or the knowledge needed 1o
nroduce and use the artefacts (Gribler 19'98). Definitions of a technological system inclnde
not only the artefacts, but also the network of actors interacting in a specific
economic/industrial area, under a particular institutionai infrastructure and involved i

generation, diffusion and wtilization of technology’” (Carlsson and Stankiewicz 1991: 111).

9o how do electric power systems evolve? Hughes uses an overall madel of systems
evolition, in which electric power systems go through (1) invention and development, (2)

technology transfer, {3) system growth, (4) substantial momentum and (5) reaching a state of

1 gystern delineation can be thought of as an iterative process, a3 systems change over time. System boundaries
can be defined in relation to the research question, or identified from the data and there are merits and
shottcomings with each approach.

B Definitions of innovation systems: b'ui!d on this definition of z technological system, and also see aclors,
networks and institutions as system components. Innovation system studies have lately been more focused on the
function of the system than its components, that is, the processes or dynamics of what is actually achieved in the
system (Bergek et al. 2008), ° :

24

pianned and evolving regional systems. At the most general level, technelogy evolves from
invention (discovery), to innovation (the" first commercial application) land diffusion
(widespread replication and growth) (Gritbier 1998). Different models of technological
development have the S-shaped development curve in common, with time along the x-axis
and a performance indicator, e.g. percentage adoption, along the v-axis (see e.g. Gritbler

1998: 51; Rogers 2003: 11).

Tn vural areas of East and Southern Africa, the building of large-scale power systems is
based on technology transfer of mature technologies, according to established technical
standards and know-how. In comparison, development of small-scale off-grid RETs is &t an
early stage in the region, and many of these technologies are less mature. The literature on
t_c:c]moiogy ransfer offers some insights regarding the conditions under which successiul

transfer takes place,

3.2 Transfer of renewabie energy technologies to new contexts

- Anthropologists were among the first to study the importance of tocal cubure for success of

technology ransfer between societies (Rogers 2003). Apart from Winther's {2008) study of
the electrification of Zanzibar, few anthropologists have engeged with electricity. In the field
of techmology transfer, Wilkins (2002) focuses specifically on diffusion and adoptio-n of
small-scale RETs in poor rural areas of the world. Wilkins sees successtul technology transfer
as & complex process, where not only equipment, but also “the information, skills and Jmow-
how which are needed to fund, manufacture, instal], operate and maintin the equipment” are
gransferred (Wilkins 2002: 44). Murphy (2001} has a similar focus but uses the concept

“techinological capabilities” 1o define the information and skitls — technical, organizational

- and imstitutional — that allow technologies to be absorbed incrementaily into domestic

production systems. Wilkins process of technology transfer also includes adaptation of the
technology to local cenditions and requirements, that is, mature technologies may alse require

adaptation o meet specific needs and local conditions.”

The innovation and diffusion of RETs has also been theorized by innovation system

scholars. Innovation system (IS) studies bave empirically studied and theorized S0CiO-

* Wilkins (2002) general conciusion is that for new RETS (o be successful in rural areas of developing countries,
the tectmology must be adapted 1o the local context, there must be a market for the service and the price at which
the service is delivered must be affordable to the users. :

.25
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The theory of access to resources by Ribot and Peluso {2003} highlights the complexity
of resource use. They define access as “the ability to derive benefits from things — incheding
material objects, persons, institutions, and sﬁmhﬂls” {Ribot and Peluso 2003: 153). Applying
this definition to electricity, I find that access in this context would be defined as the ability to
derive henefits from electricity in terms of: (2) being connecied to the technical syster either
individually at home/business and getting direcr benefits from use of electric appliances, or
(b) having indirect access to benefits through somebody else’s use (e.g.. a neighbour), or
collective services {education, healthcare, electric mills). The access may be scasonal, regular
for a time period of the day or continuous, The definition also iﬁciudes {c) benefits from
employment in relation to electrification, e‘.g. construction works in the project, working with
technical service provision, or getting employment in eleciricity-based preductive activities.
The ability to derive benefit from {d) instinurions could include benefitting from formal legal
frameworks (e.g. Teceiving economic compensation for power lines passing one’s land) and
formalized decision-making, such as being part of the Jocal masagement committee. But also
informal institutions decide who gets access to electricity, such as decisions of where to draw
a local grid as to connect focal elites. Having electricity in the house and being a member of

the management commitiee alse gives {¢) symbolic benefits and social status.

From this definition it is clear that access to electricity and related benefits can be
derived in many ways. It may not be easily quantified, but 1 think it is more refevant than
current definitions based on percentage of people {:(;nnected to nattonal grids. Ribot and
Peluso (2003) focus on the dynamic processes and relationships of 4cCess 10 resources,
resulting in an empirical focus on issues of who does or does not get to use wha, in what
ways and when? For various reasons, people have different abilities to benefit from resources,
Their analysis of access invelves identifying and mapping the flow of benefits, identifying the

mechanisms and underlying power relations by which actors gain access, control the aceess of

others and maintain access to the resource. It is a sophisticated framework and well adapted to ’

poor rural contexts. When L apply it to eleciricity, it helps me identify the many ways in which
people can derive benefits from electricity, and distinguish between mechanisms by which the

introduction of a new energy resource has different outcomes for different groups in society. 1

in relation to land and resource use, ecological processes and environmental transformations, political ecology

has challenged dominant development paradigms and blue-prints.
* The sustainable livelihoods approach has been very influential, see e.g. Pound et al. (2003} and Scoones
(1998) as well as writings on social-ecological systems (Folke 2006; Ostrom 2009, Peterson 2000},
* See for example Juul and-Lund {2002,
28

will now explain how 1 conceptualy refate this definition of access to electricity and related
benefits, and the analysis of how aciors gain, control and maintain access 1o vesousces, to the
rich understanding of technology and electricity coming from Hughes (1983), Winther (2008),

and socio-technical systerns scholars (Bergek et al. 2008; Geels et al. 2008).

N

2.4 Combining a system perspective with a user perspective

I study the RE process as a dynamic system where the introduction of new technology in a
rural society creates new interfaces between technology, people and their societal and natural
surroundings. 1¢ is often a rather long process before electricity can be introduced in a rural
community. In grid extension prejects, the planning stage includes a number of activities,
such as the political process of priority-making, identification of project area, securing
funding and terms of agreements, tendering, technical plenning, feasibility studies, risk
identification and assessment and agreements with customers. Local people are often imvolved
on a consultant and conwactual basis even during planning, Off-grid _pl'ojeéts may be initiated

by local or external actors and may be more or less formalized. In all cases, there must be

“actors and factors that drive the process of providing electricity in the community, and the

basriers hindering the process need o be overcome (see left-hand side of Figure 1).

Figure 1. A conceptual modet of introduction of electricity in a rural community.
Development of the technological system in relation to how people access electricity
and related benefits, -

GAIN ACCESS

. Direct/indirect access
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The second and third questions reflect the earlier theoretical discussion on the Important roles
of actors for diffusion of new technologies, but aiso the understanding that actors have

different perceptions of the functioning of technology and related problems and solutions.
1. From the perspective of power sector actors in Tanzania and Mozambigue:

a. What are the drivers and barriers fo rural electrification through grid extension

or off-grid renewable energy systems?

b. What are the prospects for private sector actors to take a more active part in

rural electrification and development?
c. How do productive nses of electricity relate to outcomes of rurai electrification?

2.To what degree do the perspectives converge or differ when it comes to key chalienges

for RE and the potential for off-grid RE?

3. Based on actors” perceptions of RETs, what come out as key challenges to be addressed

for off-grid renewable energy systems to diffuse successfully?

" There are three appended articles, ali of which have been submitted to journals, The first
articte conducts a broad analysis of the power sectors in boil countries and identifies drivers
and barrjers to rural electrification by grid extensian and off-grid solutions, as perceived by
power sector actors. The second article looks closer ai two questions that have gained much
attention by scholars: the tole for private sector and the importance of productive uses of
electricity. Articles 1 and 2 also briefly discuss questions 2 and 3, which are then more fully
developed in the discussion chapter of this thesis. The third article deepens. the
episternological discussion of this thesis by reflecting on politics and knowledge in natural
resource management, The article illusirates a methodological approach 10" studies ‘of
management of resources and environmental change, which mirrors the theoretical
understanding of how actors interpret situations differently, based on their interest, values and

needs.

All research guestions are answered in the discussion chapter, building on findings in
articles T and 2. 1 also draw on the theoretical discussion for my reflection on the picture that

emerges from our interviews with actors, readings and experiences from the countries.,
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4 Methodology and method

In this chapter, | present my methodelogical approach, how 1 understand my roke as a
researcher in relation to questions of episiemology and cntology, and choice of scale of
observation, T discuss how claims of knowledge and relations of power emerge in processes —
in which 1 as a researcher become ‘in‘:ro]ved - df societal, technolegical and environmental
change. The second part of the chapter presents the methods used to conduct the empirical
studies, Article 3 provides an in-depih theoretical discussion oﬁ these matters, and illustrates

empirically why researchers should reflect uporn them, -

4.1 Epistemology and ontology

My approach to science is based on'the philosophicat debates, following the work of Kuhn
(Kuhn 196271976}, in sociology of science and feminist critiques of science that have created
an awareness of the plurality of kmowledge systems, and the normative underpinnings in how
we do science (B. Barsnes and Bloor 1982, 27; Haraway 19913, Science is, as Mendelsohn
(1977) says, & social activity. Haraway (1991} uses the concept of ‘siated knowledges’, to-
explait: how all knowledge is partial and linked to the contexts in which it is created. Social
scientists have engaped with natural and engneering sciences and ‘deconstructed’ key
concepts and objects of analysis, For example, the field of §TS is, according 1¢ Sal Resiivo
(1995}, strongly based on: the constructivist parauiigm'9 and sees techmology as ‘l'un&amemaiiy
social. There aré important insights coming from the C{)ﬁstruclivisl paradigm, but in my view
some social science scholars take deconstruction too far. 1 believe that this tendency to sec
everything als ‘sociaﬂyl consirocted” is partly because some have not done away with the

{false) dualistic thinking that sees nature and society, matter and mind, as oppaosites.

In the interdisciplinary fields of envirenmental science, rural development and socio-
technical systems many paradigms meet, M'y ewn-' approach to research includes an
assumption that crossing disciplinary boundaries, and to work transdisciplinary, Le, to also
engage with actors outside the universities, actors from pulblic and pﬁvale sector and civil
society (Hirsch Hadorn et al. 2008), is necessary for solving important societal problems, and
for studying complex phenomena at the mierface of societyfechnology/natore. My work is
based on the following principles: (1) to be problem-oriented and explicit on the normative

underpinnings of my worle, e.g. that 1 try to contribute to ecological sustainability, social

P %l introduced the concept of “paradigm®rwhich we can understand as the worldview of the scientist,

including a nurnber of general theories and values, Kuhn saw the paradigm as 2 prerequisite to perception itself,
33
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fu'hctioning of a micro-hydsopower plant in a rural community from the perspectives of the
focal technician responsible for mmning the plant, 2 visiting hydropower expert from a Nordic
country, and people with electricity at home in the village. While (he visiting expert s likely
o :judge system performance as rather peor according to his or her experience and technical
training, the local technician with in-depth knowledge of the system, may consider the system
ds working rather well as long as problems encountered are pessible to solve, The preferred
sutput is one that balances capacity and load, adapts 1o seasonal water flows and stays within
budget. From the local villager’s point of view, preferred ontput is one that meets specific
needs and expectations, allows for activities at certain hours of the day and over the year, and
minimizes cost. Diverging views and lack of coherence is, rather than a methodolegical

problem, an interesting reflection of underlying assumptions and ip itself an object of study.

In the tesult chapter and in article 3, a method used 10 explore diverging perceptions is
presented: triangulation for divergence (Nightingale 2003, 2009). What is commonly referred
to as triangnlation of data is a key method for validation of results, i.e. cross-validation or
comparisen of data from different sources. There is also the approach of iriangulation for
complementarity (e.g. Gagnon and Berteaux 2009, Humtington et af, 2004). All three

ful for analysis of perceptions of various actors, and for contrasting

approaches are help
different data sources, such as interviews with documents and observations. Triangulation for
validation is, for example, used by Nightéréga]e {2003) for a quantitative analysis of changes
in forest cover. This datz set is-thes contrasted (triangulation for divergence} with- a
qualitative analysis of people’s perceptions of changes in forest cover over the same time
period — revealing intéresting differences in interpretation and new questions being asked.

Complementarity as an approach is used by Gagnon and Berteaux {Gagnon and Berteaux

2009) to integrate traditional ecological knowledge with scientific knowledge, and thereby

improve the knowiedge base.

4.2 Conducting the study

The empirical contribution of this thesis is presented in articles 1 and 2. These articles are
based on literature studies, an interview study undertaken {ogether with colleagues in
Tanzznia and Mozambique in January to March 2010, and interviews with three Swedish
experts in 201 1 -

36

The study presented in article 1, on drivers and barriers to RE, has been guided by the
study design proposed by Painuly (2001), and included a literature survey, interviews with
power sector a{;t'ors, andd site visit obse_rvations. Through the literafure survey, we identified a
list of barriers, which were sorted into barrier calegories {see atticle 1), It became clear that
our analysis necded to inciunde all sorts of as;pects, including aspects that were beyond our
expertise. Therefore we chose to work with qualitative, semi-structured interviews that asked
open-ended questions facilitated by an interview guide. Each interview is also adapted to the
professional experience and role of the respondent (Mildeelsen 2005). Through the hterature
review, the lack of private sector invﬁivement and the importance of productive uses of
eleciricity (the.mpic for article 2) came out as crucial issues, which were therefore included

among topics to investigate.

4.2.1 Selection of respondents and interview topics

The study of drivers and barriers was carried out in 2011 and includes 16 interviews with
government officials, international donors, techn.ica] consultants and the civil society
organization TaTEDO. For the study on prbductive uses and the role of private sector, three
interviews were excluded but three new inferviews wers made in 2011, tiiereby the study
includes 16 interviews. In total 19 interviews have been made with Afncan actors.

Respondents were selected on the basis of their influence in and experience of RE processes,

-and it was our colleagues at the universities of both countries thet provided many of the

contacts. We also asked in inlerviews, which actors are influential and important to talk to.

"Due to time Hmitations and for practical reasons, we could not meet all the actors we wanted

10 interview. Wilkins {2002) provides a list of key actors in RE, which includes:
policymakers, legal and reguiafor)-f bodies, development agencies (international donors),
ufilities, consultants, academic institutions, NGOs, community groups, recipients and nsers of
technology — all of which we have met with — and financiers (banks), manufacturers,

supphers, developers and installers, that we have not mferviewed.

The studies partly differ in interview fopics, the analysis of drivers and barriers

explored, social, technical and economic aspects of RE, off-grid and RETs: (1) current state of

the electricity infrastructure in rural areas, (2) RE strategies {including capacities of both own

and other organizations), roles and relations befween actors, (3) institutional, social and

economic drivers ané barriers to RE, (4) potential for off-grid and renewable energy
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The analysis identifies drivers and barriers that are: (a) general for the region; (b}
country specitic; (c) specific for national or local level, or actors involved; and (d} technelogy
specific, The result largely corresponds to what has been identified by previous studies, but
-there are also some factors not previously merntioned, and some not much emphasized before,

“that come out as important country-specific constraints.

" It was found that the main drivers in both countries are political priorities and
development policies, The RE strategies are laid out by ministries and government utilities,
supported by international donm’s‘ who push for RE and power sector reforms. Bottom-up
demand for electricity services is also a driver, although less significant. The countries have
chosen different development paths: Tanzania has recently carried out a power sector reform,
inclading debundling of the naticnal utility, establishment of a rural energy agency (REA) and
encouragement of fhe private sector, including the iniroduction of standardized small power
purchase agreements, working as off-grid feed-in tariffs for small power producers.
Mozambigue has chosen not to encourage private sector mvesiment or i debundle the

national wtility, which is expected to remain the only actor for grid extension.

Tanzania-and Mozambique face the seme challenges of large geographical distances,
tow population density and rural paverty, .working as barriers to grid extension. Traditional
building fechniques also come up as a technical barrier in grid extension projéets, a barrier
that has been mentioned by Murphy (2001) but net emphasized. Further, the results show that
both couniries experience institutional and organizational weaknesses impeding the
performance of national utilities. The lack of coordination, plarming capacity and énough staff
are perceived as important barriers, particularly it Tanzania, where the utility has failed to use
large amounts of available funding. The problems associated with donor dependency also
‘come out as important constraints for both countries. This has not yet been discussed in detail
in the RE lierature. The role of donoss in relation to domestic actors is ambiguous and has
come out both as a driver (when providing funds and pushing for reforms) and a barrier (by
adding to the work Joads of already pressed staff in povernment, agencies and wiilities).

According to utility staff in Tanzania, donor-funded projects sometimes subsidize the

connection fees, which results in more connections but also leads customers to complain in

_govermnment-funded projects, if there are no subsidies. The same conflict applies to the
compensation levels (for property loss) that are lower in government-funded projects than in

donor projects. The use of subsidies can also create another type of bamrier. By some actors,

a0

subsidized tariffs are considered to be very problematic, as they tend to make RE

economically unviable and hinder private sector invelvement.

Although most actors recognize off-grid systems and renewable energy as a necessary
complement to grid extension, speciﬁé barriers to these sysiems are related o young
organizations responsibie for s implementation and to guili-by-asscciation with
dysmnctionai diesel-based of:f-grid systéms. Actors also relate off-grid to problems’ of
maintenance and lack of entrepreneurship, but have different perceptions regarding specific
parriers of RETs. In Tanzania, the newly introduced feed-in tariff may become an important -
driver for new actors to enter into off-grid RE. There are no such incentives in Mozambigue,
but there is an ongoing process of deceniralization that may, if successful, empower the

districts to take an active part in small-scale off-grid RE for productive uses.

5.2 Article 2 - preductive use and private sector invoivement

The second article is also an empirical contribution, co-authored with Linus Hammar and

. Sverker Melander, It has the tite Productive use and private sector in rural electrification of

Mozambigue and Tanzanic. In this study, power sector actors in Tanzania and Mozambigue
were interviewed on their perspectives regarding productive use, private sector involvement
and off-grid solutions in the RE undertakings of their respective covntries. The results were
also discussed with three Swedish experts. The aim is to reveal how these important matfers
for successful RE are perceived by poticymakers and implementers of RE in respective

country, and to contrast actors’ perceptions to the experts’ views and carlier research.

The article identifies a stronger emphasis on social development goals in Mozambique,

while Tanzanian actors have a more pronounced focus on economic development. Productive

- uses of electricity are seen as the most important loads for successful RE, by most actors, but

Mozambican actors also stress administrative/offiicial buildings and public services. The
aclors reporied a high potential for increased- agricultural production and manufaciuring in
both countries, but alse described a poor rural market with very few industries. The resulis do
not support the previous suggestion made by Muider and Tembe (2008), that rural industries
(in their case a cotton factory) are generically available ‘anchors’ for RE in thé regron,
Instead, small-scale rural production and business activities — such. as mills, pumps for
irrigation, mechanical workshops and pouitry farming — are seen as having the largest
development potential. With electricity, there are also direct benefits from income generation

a1
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representative of iocal needs and interests. Taking scale politics and mismatch between
knowledge scales into account requires a different organization of the decision~-making
process, one which can allow open dialogue between actors without striving for .a single
dominant story as 5utput. The negotiation process does not necessarily become more equal,

but more transparent regarding the trade-offs at stake.

&  Discussion

Going back to the overall aim of the thesis, the discussion has revolved around country-
specific drivers and barriers, and prerequisites, to rural electrification in general, aﬂé off-prid
electrification using renewable energy technologies in particular. The resilts for cach article
have been p?'esented, and 1 will now discuss the empirical results so as to answer the research

questions.

From the perspécrive of power sector actors in Tanzania and Mozambique: What are
the drivers and barriers ta rural electrification through grid extension or off~grid renewable
energy systems? Whai are the prospects for private sector actors to take a more active part in
rural electrification and development? How do productive uses of electricity relate to

outcames of rural electrification?

From the anatysis of drivers and barriers (article 1), and.actor’s views on private sector

engagement and productive uses of electricity (article 2), a pretty clear picture emerges

tegarding what are perceived as major drivers and barridrs to grid exfension. Importantly,

drivers and bariers strongly relate to the roles of international, national and local actors in
planning and implementatior.” In both countries, the main driver at national level is political
ambition to develop the rural areas and alleviate poverty. In Mozanibique, the focus lies

primarily on social development, while hope for economic benefits are more pronounced in

Tanzania, where the power sector has moved fowards commercialization. Demand for

electricity is expected to grow faster than supply in both countries. Bottom-up drivers such as
initistives by local actors also exist, but mere so in Tanzania where civil society is more

active than in Mozambigue.

The major barrierto higher pace of grid extension is, according to domestic actors, lack

of funds. This view has generated some debate regarding Tanzania, where one actor points t¢

mé.f.éct that the domestic actors did not use more than 4% of available funds for enex:gy'

4

projects in 2008-2009 (MEM 2009). The external actors agree that RE is costly, but rather
smphasize institutional and organizational weaknesses as the major barriers in Tanzania. One
reason why RE is considered so costly is the low rate of return on investment due to the low
affordability of consumers and the lack of industry. The use of subsidies works as both a
driver and barrier. It is considered an important driver, and a necessity, when being used to
overcome initial costs, such as for capital investment and subs;dlzed connection fees. The use
of subsidized (social} tariffs as 2 pro-poor pohcy for small consuners, however, is considered
counterproductive by Tanzanian actors. The government utility Tanesco runs al 2 loss, selling
electricily at tariffs below production cost. Accerding to the World Bank, it is a general
probiem in sub-Saharan Afiica that residential, commercial and industrial costomers do not
pay full cast-;ecovery prices, although the situation is worse in countries relying on diesel-
hased power generation system (WB 2009). At the same time, some Tanzanian actors refer to
studies™ showing that the better-off rural elite can afford higher, commercialy viable taritfs.
A gradual increase in tariffs would improve the financial viability of RE and the money could
be invested i better service and more connections. The view that current subsidies primarily
benefit higher-income groups and should be removed is shared by the World Bank (WB
2009). Some actors alse see the low tariffs in Tanzania as a barrier to private sector
engagement. In contrast to Tanzania, the Mozambican actors did not bring up the guestion of
subsidies in the discussion. There, the discussion about tariffs concerned the ‘Cahora Bassa
effect’, with comparatively cheap electricity supply from iargc:—sca}e. hydro, which the private

sector considers it is unable 1o compete with.

Many actors, including the donors themseives, consider donor dependency to be a
crucial barrier, It has not been given much atténtion in previous studies, but in our inferviews,
the role of donors comes out as ambiguous and imporiant. Denors push for RE and provide
major narts of the'budget, but dependency on external funding impaets the budgeting and
planning process negatively, as government development plans develop the character of wish-
lists, Some actors direct critique at donors for not coordinating with one mnother, creating
unnecessarily heavy workloads for domestic actors. There are no signs of decreasing
dependency on donor fanding for RE, and the couniries need the external money, From a
research point of view, and emphasized by the external experts, donor funding comes with

time constraints that endorse short-term thinking, while experience from other countries

2 . )
An example comes from Zambia where Ellegérd et al. (2004) found high willingness to pay for electricity
from solar PV systems and in the study by Jskog et al. (2005) on an off-grid system in Tanzania.
45
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industrialized countries. Due to lack of domestic human capital, the countries have relied on
international consultants. The process that Wilkins defines as technology transfer {see section
3.2} — which includes transfer of skills and know-how to a degree that domestic actors feel
ownership of the eniire process — has still to take place. Grid extension is based targely on
industrial-country-perspective, while technology transfer, according to Wilkins, includes an
adaption of the technology to the local conditions. As l.see it, such adaption requires a shift of
persﬁective. For example, our interviews show how traditional huts built from: grass and mudl
are not considered for conneetion in grid extension projects in Tanza&ﬂa. In Mozambique, on
the other hand, there are examples of technical solutions so as to also connect traditional
houses, resulting in higher connection rates. With a shift of perspective, traditional buitding
techniques can be taken as the starting point, instead of being seen as an obstacle. Wiﬁh such
an approach, RE projects in rural Africa would apply technical standards that match local
realities, and engineering solutions could take a broader perspective on p;r{widing rural people
with access to electricity and relaged benefits. It would require redefinition of goals in RE
projects, shifting from a focus on connection rates to a broad array of benefits and possible

ways in which access can be provided,

To what degree do the perspectives converge or differ when if comes to key challenges
Jor RE and the potential for off-grid RE? Based on actors’ perceptions of RETs, what come
out as key challenges fo be addressed for off-grid remewable energy sysiems fo diffuse

suceessfully?

There is general agreement on the challenges facing the power sectors of both ceuntries
regarding the difficulty of providing the rural populations with modern energy services and
sccess to electricity from the main grid within the coming decades. Lack of enough funds
within the sector and dependency on donor financing are considered to be erucial issues by
most acters involved, but some — especiatly external experts, donors and consultants — actors
stress organizational weaknesses, fop-down management and low institutional quality rather
than lack of funds. Seme issues reflect diverging perspectives between the countries, for
example critique against use of subsidies in Tanzania and the low expectations for/interest in
private sector involvement in RE in Mozambique, The focus on economic aspects of RE is
stronger in Tanzania, while in Mozambigue more aciors refer to social benefits, There is

general agreement in both countries, somewhat contradictory, on the need for productive uses

48

of electricity, integrated development and cross-sector coordination, but still this rarely takes

place in practice.

For off-grid electrification using/RETs, the aclors’ perceptions of drivers and barriers
are less clearly formulated. Although full grid coverage is currently seen as the goal by most
actars, a couple of respondents su gg.eisl, 1]131 demand is so small in remote areas that it can be
met with solar PV systems.™ Currently, the number of actors in the field working to promaote
RETs is small, and at national ievel the interest in RETs for off-grid RE is rather weak, with
only a few actors showing. enthusiasm. Off-:gréd RE is still seen as an exception, and not
expected to contribute substantially lo improving access raies because most rural people
catnot afford to buy a selar home system. But some actors express divergent views, and see
large potential in using available renewable energy sources. One actor strongly believes the
introduction of the off-grid feed-in tariff in Tanzania will boost private sector imvolvement.
There are positive experiences, for example from Rwanda, of private sector involvement in
micro—hydropqwer development (Pigaht and Plas 2009). As RETs are at a very carly -
development stage in the region, attitudes can change quickiy‘. For exampie, at the time of
nterviews, arﬁong the Mozambican aciors only Funae showed interest it solar PV
technologies, but a process is now initiated (o build a solar PV factory in the country as fo
supply the regional market. ¥ is likely that attitudes towards these {in ihis context) new
technologies will change concurrently with growing evidence of their applicability (or net) in

these specific contexts.

As grid’ extension represenmts the dominant teghnélogy, there is need for supporting
policies for off-grid RETs, which encourage boﬁom-up initiatives as a complement to top-
down implementation. What policies could enhance development of a RET ciuster in the
region? Innovation system studies argue that generic policy issues are of little relevance in the
specific case. An informed answer demands a more thorough znalysis. Bergek et al. (2008)
propose a combined structural and fimetional analfsis for identification of key policy issues in
emerging innovation éystems. For the RET cluster to strengthen in the region, efforts can be

directed at supporting key aclors and processes™ of the innovation system. Lessons from

23 . . - n N

Based on what the evolution of technologica] sysioms and examples from other fields, c.g. communication
infrastructize teach us, we should not preciude the possibility of future decentralized energy infrasiructure
making extremely expensive full grid coverage unneckssary, also where there is higher demand.

- The processes that should be strengthened in an ianovation system are: (1) knowledge development and

diffusion, (2) influence on the direction of search (3} entreprencurial experimentation, (4) market formation, ($)
legitimation, (6) resource mobilization, and (7) development of positive externalilies (Bergek et al. 2008},
a5
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between the countries: while Tanzania has underiaken power sector reforms and gradual
commercialization, and now encourages private sector actors, Mozambique has recent}'y
decided to not undertake further restructuring of the secior, and does not provide incentives
fof private sector (WB 2007). There may still be & possibility of new actors entering RE; but
at local Ievel as a result of ongoing decentralization of district planning. This difference in
approach opens the way for a very interesting future comparison between tivo countries that

share many other characteristics.

From ihe anabysis of drivers and barriers {article 1), and actors’ views on private sector
engagement and productiﬁc uses of electricity {article 2), a pretly clear picture emerges
regarding what are perceived as majo.r drivers and basriers fo grid extension. Importantly,
drivers and barmiers strongly relate to the roles of interational, mational and local actors in
planning and implementation. The main dr.iver at national level is political ambition to
develop the rural areas and alleviate poverty. However, the implementing organizations face
maeny financial, technical, institutional and organizational barriers ~ some of which have been
highlighted in earlier studies and some not previously emphasized. For example, it is found
that traditiona} building techniques are considered a problem in grid extension projects in
Tanzania but not always in Mozambigue, The role of donors is ambignous because the Jarge
mvolvement of international donors works as an important driver for RE, but also as a barrier
with regards to difficuities m funding, plénning, conflicts reiated fo subsidized connectinns_.

and increased workload for domestic actors.

ft is also found that the role of private sector has, in Tanzania and Mozambique, so far
been discussed mainly in terms of private generation, fransmission and distribution, but a
broader discussion could focus on the private sector as customer and productive user of
electricity, and provider of electricity-related services. The interviewed actors perceive the
largest economie potential to be found in small-scale productive uses of electricity, such as
agria;uiture, mills and mechanical workshops, and at household level where access to
electricity helps improve incomes through micro-scale business and replacing expensive fuels.
However, large-scale grid extension projects have paid little attention to what happens after
clectricity is provided, and to possibilities for enhancing the capacities of local acters to make
full use of development potentials, Although there is a broad consensus that infegrated rural

development and cross-sector coordination are needed, it does not take place in practice.
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The review of previous literature has resulted in an exhaustive list of barriers to RE and
off-grid renewable cnergy systems, which provides a good guide to the research field.
Together with the systematic study of drivers and barriers, as perceived by power sector
actors in Mozambique and Tm&zani.a, the thesis provides a good base for understanding the
challenges for grid extension and off-grid systems, including the globally wished-for
increased use of renewable eniergy technologles. It suggests & conceptualization that links the
technological systems to the local context, through an assessment of system functioning
taking technical, social, sconomic and environmentai aspects, and the perspectives of actors,
inte account. System outpyt is related fo perceived functioning and the muitiple ways in
which rural populations can gain, control and maintain access to eleciricity and related
benefits. Importantly, the thesis looks at :rural eleglriﬁcation through theoretical glasses that
encourage a shift in perspective and the use of multiple viewpoinis. It thereby provides a hase
for creative solutions for pr(.)viding rural people with access to eEectricity.in a way that gives

wmmediate benefils, but also contributes to a better life In the long-term perspective.

7.1 The way forward

The empirical work presented in this thesis will be further discussed in stakehoider workshops
in Tanzania and Mozambique, so as fo eshance the sharing of knowledge and critical
reflection together with power sector actors. The main focus is Lo undertake vase studies of
existing off-grid projects in the region, using the methodological approach of multi-scale
assessment and triangulation for divergente. The next step for me is to confinue ongoing case
studies of two diesel-based mini-grids, and two micro-scale hydropower systems in Ténzauia.
The studies will be based on the theoretical work presented in this thesis, and use multiple
data sources and methods. 1 will interview -actors with different roles in the project; the
financiers, implemerters, Jocal managers, technicians and users as well as non-users, thereby
different perspectives on system functionality will be explored. On-sife dbservation of the
technical system design and technical evaluation {through documentation and interviews with
technicians} of the system operation will be contrasted with what comes out in interviews
regarding actors’ perceptions of benefits, functionality, problems, possible solutions and
meeting of needs. The analysis will explore how actors experienced the. efectrification
process, what they see as drivers and barriers, how they undersland-the roles and relations

between- actors, and thelr own participation in the process. The analysis will finally map the
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Agppendix. The energy dimension of the Millenninm Development Goals

Goal 1; To eradicare exireme poverty and hunger! Access to ,.e.lectricity and other modem
energy services for heating and cooling/ light/ mechanical power/ transport can greatly
improve agricultural output, the taking care of and storage of feod, and food preparation. With
electricity, the benefits include for example water pumps and irrigation, fridges and freezers,
machines for processing agricultural products, pasteurization of milk products, ovens,
electrical cookers, water heaters, and kiichen appliances. With electricity some types of

animal production such as poultry breeding can greatly improve,

Goal 2: Achieve universal primary education: Access te light, video, radic and television are
cmcia] for improved educational services, and increese both quality and gquantity of education,
by offering better teaching and leaming conditions to teachers and their students, Schools that
use efficient stoves save fuel cost and encrgy services create opportunities to carry out

productive activities and raise incomes.

Goal 3: Promote gender equality and empower women: Access 10 electricity and modem
energy services in rural Africa is of large importance to women, primarily by cost saving, and

reduced effort and time spent on heavy work tasks. The drudgery of collecting firewood and

. water eases. More girls are sent fo school. Electricity for mills, water pumps, light indoors and

outdoors improve working conditions and security. TV, mobile phones and radio are much
appreciated for information and enterfainment. Existing gender relations impact women’s
access fo nmew energy services but gender refadoms also change with infroduction of
electricity. There is a correlation between access to TV and family planning, and lowered
tirth rates. Education for women is correlated to decreased infant mortality and number of
births (Sen 1999).

Goal 4 and 5 . Reduce child mortality and Improve maternal health: Electricity at dispensaries
improves health care in general and matemal and child care in partiolar, Light at night during
deliveries, refrigeration of vaccines and medicines, sterilization of equipment, access to clean
water and commmunication fechnologies, impfove survival rates for mothers and children. In
the home environment, efficicnt stoves improve indoor air quality and reduce respiratory

diseases that are especially common among women and children,
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Drivers and barriers to raral electrification in Tanzania and Meozambique -
grid-extension, off-grid, and renewable energy technelogies

Helene Aﬁiborga*, Linus Hammar”

“*Exvironmental Systems Analysis, Chalmers Univérsity of Technology, 412 96 Géteborg, Sweden
*Corresponding author. Tel: +4G 3] 772860). Fax +46 3 7722172: E-muil: helene.ahlborg@chalmers.se

Mozambique and Tanzania are countries with very low rural electrification (RE) rates as far less ihan 3% of the
rural population use electricity. Despite efforts to extend the national grid in rural aveas, most remote areas will
not be reached within the foresesable fature, Off-grid (decentralized) electricity grids arc seen as a complement
and forerunner to the national grid, making electricity available vy vears in advance and creating demand and
a cusiciner base. Renewable energy sources ave plentiful in the region and may be particularly useful for off-grid
systems. The countrics’ power sectors are undergoing inferesting changes with potential to speed up the pace of
RE. However, there are significant barriers to effective RE by grid-extension and off-grid installations.

In this study, the specific drivers and burriers for RE in Mozambigue and Tanzania are explored across a
spectrum of invelved acrors. By cualitative methodology. drivers and baricrs were first iderdified through
ierature survey, then dite was colle both in semi-struciured interviews carried out with power sector actors
from national to local level and in visits to offgrid electricity users in Tanxania and Mozambique during eight
weeks in 2010, Findings ustrate generic, country-specific, and renewable-energy-technology-specific drivers
and barriers to grid and off-grid rural electrification, as perceived by different power sector actors. Resulis were
validated and discussed with three external experts. Drivers and barriers sirongly relate 1o the roles of national
and loeal actors iy planning and implementation. The main drivers are political ambitions based on expected
growth of demand, but bottom-up drivers such as loval initiatives by industries or churches also exist. The
barriers are related to lack of access to human capital, to difficuities in planning and donor dependency, fo low
rural markets and Hitle imierest from private sector, and {0 more siraightforward technical matiers such as
difficultics with installing eleciric equipment in traditional buildings. Although off-grid systems and renewable
energy are recognized by the actors, specific bariers to these Systems are related 1o young organizations
responsible for its implementation and to guilt-by-association with d};sfunctiona} diesel-based off-grid systems.

Keywords: Rural Electrification, Off-grid Systems, Renewabie Energy, Africa, Drivers and Barriers
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The combination of high abundance of renewable energy sources and the aim of
mitigating global climate change makes the use ;)f RETs in off-grid electrification an
increasingly aftractive option, at least in theory. However, the rural energy sransition process
is not unproblematic and, as we will present, several barriers have previcusly been identified.

. With the exception of Painuly [30]and Witkins [31] few studies take a systematic approach to
drivers and barriers and much more attention is generaily given to barriers (constraints) than
to drivers, to grid-exiension than to off-grid systems, and to national level than to Jocal.

The concepis of ‘drivers’ and ‘bamiers’ are commonly used by actors in the field, to
signify factors that enhance or hinder the wished-for development. Foliowing Wilkins [31],
barriers can be defined as any technical, economic, instituti(mal,l organizational; political,

social, or environmental factor impeding the deployment of a new technology. Barriers tend

to be interrelated and therefore it is difficult to isolate the impact of one sitigle barrier, Drivers

signify any technical, economic, institutional, organizational, political, social, or
‘environmental factor that enhances the deployment of a new techmology. We basc our
analysis of drivers and barriers on the analytical framework by Painuly [30].

Much experience of successful RE is derived from Asia and Latin America, but the
understanding of provailing drivers and barriers on these continents may not be directly

transferrable to the context of the poorest African countries [33]. On the basis of previous

research, the aim of this study is therefore to identify the specific drivers and barriers to

effective RE through (1) grid-extension and (2)_aff»grid renewable energy systems, in
Mozambique and Tanzania, as perceived by those who are operat.ional — the power sector
actors, Drivers and harriers at different jevels are distinguished (c.g. international versus
national or local; generic versus technolopy-speeific) and the findings are contrasted to

existing literature.

2 Method

Datz collection was conducted in Tanzania and Mozambique in January to March 2010 by

qualitative methodology, following the study design proposed by Painuly [30], including

115 this article, institutions refer to bath formal (e.g. laws, policies, regulations) and informal (e.g. values and
norms, traditions, and ‘comman sense’) institutions shaping and constraining human behavior. Institutions can
be thonght of as ‘rules of the game’ and different from organizations and their structures [32) B.G. Peters,
Tnstitutional theory in political science: the "new institutionalism', Continuum, London, 1995, Wilkins use of the
concept of institwtions is slightly differemt [311 G. Wilkins, Technology wansfer for renewable energy.
Qvercoming barriers in developing countries, Barthscan Publications Lid, London, 2062,

4

literature survey, interviews with power secior actors, and site visit observations. The

literature survey [author cite] exposed six RE barrier categories, relating to: institutions and

~aciors performance; economy and finance; social dimepsions; technical system and ifs

management; technology diffusion and adaption; and rural infrastructure. The subsequent
actor interviews covered seven themes that included soc’ia}:,' technical, and econgmic aspecis”
of RE, off-grid, and RETs: {1} current state of the eiectri;:z'ty infrastructure in rural areas; (2)
RE strategies (including capacities of both own and other organizations), roles, and relations
‘belween actors; (3) institutional, social, and "economtic drivers and bamiers to RE; {4
productive uses of eleciricity; {5) potential for off-grid and renewable energy technologies;
(6) local parficipation in elecirification processes; and (7) impact of electricity on people’s
Eilves. Sixt'een inferviews were carried out with povernment officials, international donors,
technical consultants, and the civil society organization TaTEDO. The respondents were
selected on the basis of their influence in and experience of RE processes.

The interviews were semi-struciured, i.e. asking open-ended questions facilitated by an
interview guide, taking professional experience into consideration when framing the k;ucstions
{341 Intervjews were recorded, transeribed, and analyzed by content analysis, combining a
deductive and inductive approach 1o identifying drivers and barriers in an iterative process
[34].

- As suggested by Painuly [30] we visited operating off-grid systems using solar, wind,
diesel generators, and small-scale . l'lydro to complement the interviews. At each site
discussions were held with invelved zaclors (entrepreneurs, management staff, and local
L{sers). These visits provided valuable understanding but the limited data is not included in the
analysis.

Some methodological weaknesses should be pointed out, Firstly, the analysis is fimited in
scope both in terms of the number of respondents and time a!ioéat«;:d to each interview.
Strictly, the anatysis reflects what actors found important or relevdnt at a specific point in
time even though the respondents; are very knowledgeable i their field. Howéver, Semi-
structured interviews allow for respondents to reflect on their own answers @nd bring up .
additiopal aspects that they fmd important.  Secondly, there s always a risk of.
misunderstandings as regards Janguage. Inconsistencics are addressed through trianguiation of
findings, but only some facts can be trhiangulated, differing viéws and perceptions are seen as
part of the results. Possible biases in iniervie@s, the concepts of reliability and validity, are
discussed at length in the literature for this type of qualitative analysis [34]. In this study,

trustwoﬂhin_ess of results is sought by two researchers scrutinizing the material, searching for

-5
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In both countries, the iﬁower sectors are cenfralized and dominated by the ministries and

government uiilities. Stil} there are cifferences in sector structure and legal frameworks
between the countries, In Tanzania, TANESCO is the main actor for grid-extension prajects,
following government poliéies as laid out in a distribution master plan. The main policy is to
electrify all districts by- starting with their headguarters, After headquarters, villages are
electrified along the distribution line. An energy sector reform has taken place during the past
decade, leading to the enaciment of the Electricity Act in 2008 [16, 37] which is considered a
" gdriver for RE. Donors were actively involved m the energy sector reform process, providing
financial, organizationat, and legal assistance. The important changes after the reform are that
private sector is now encouraged to take an active rote and standardized small power purchase
agreements, working as off-grid feed-in tariffs for small power producers, have been
introduced [381. This may tum out to be of importance. The encouragement of private sector
involvement is considered a driver, but in 2010 Litfle private investment in RE had taken
place. The reform included sector restruceuring, and regulatory oversight of the tariff system
is now emsured by EWURA (Energy and Water Utilities Regulatory Authority). Flérthermore,
a iew agency, the Rural Energy Agency (REA), was established and became operational. in
2007, with responsibility for coordination and facilitation of RE (both grid-exiension and ofi-
grid systems). REA facilitates RE by supporting applicants with grants for organizational
capacity buiiding and for capital investment. in addition to scaling up RIZ the ambition is to
mcredse the use of RETs. REA also ]obbw; donors for better financial support to loeal
investors. Most respondents expect that REA will become an increasingly important actor for
driving RE. When asked about the pelicy and legal framework, ali mtcrwewed actors
expressed their congent with the outcomes of the Tanzanian reform process.

In Mozambique, the national electricity company EdM is the governmenta! utility
responsible for RE, conducting both planning and implementation. Restructuring has been
suggested by the World Bank, but this process was siowed down after strategic analyses [10].
The Ministry of Energy and EGM outline grid-exiension and new generation, and the recently
formed regulatory agency, CNELEC (injtiated 2006) monitors the performance. The

. provincial directorates, and to sofme degree the districts, are also involved in planning. So far,
EdM has been almost the only actor in RE and there has ‘been a focus on grid-extension.
According to the interviewed donor, EdM is ambitious and well-performing, EdM’s strategy
is to electrify rural centers with administration, schools, hospitals, industry, and business. The
focus on poverty alleviation is strong. There is a new Energy Policy from 2009, and an action

plan, but according to the doner it has been more of a wish-list because 1mp}emcmatmn

8

ultimately depends on external funding. Current development is based on the Distribution
Master Plan from 2004 {8]. The power sector was opened to private investment in 1997 [8],
but so far, i has not played a significant role. .

" Regarding off-grid projects, the main Mozambican actor is the publ;c institation FUNAE
{(National Fund for Rurai Electrification), founded i 1597 and sirongly supported by donors
[15]. In practice, FUNAE is responsibie for rural off-grid electrification; 1t installs off-grid
installations (mainly diesel penerators and solar PV systems} in district headquariers, schools,
and clinics, according to planning by central government and provincial directorates, Through
their projecis they implement off-grid projects and build somé capacity in local communities,

In the two countries, some REA.iS also driven by local actors, e.g. local politicians and
entreprenewrs, The reform process n Tanzania is an impariant step fowards a more dynamic
sector with more actors, and the feed-in tariff has now (2011) }_{ad some .positive impact on the
number of privately funded off-grid projects, ac.cording to Hindman Persson {pers. comm.).
Local Tanzanian actors who engage in off-grid RE projects are church organizations,
entrepreneuss and small industry, international and domestic NGOs, and local authorities. The
churches are ofien considered as actively driving RE by implementing their own, small-scale
projects to power rural hospitals and communities. Civil society is weéker in Mozambique
and we have not encountered the same importance of church organizations or NGOs in the
Mozambican power secior as in that of Tanzania. Nevertheless, a few local entrepreneurs and
small industries sefl electricity to the grid, or install off-grid systems; also in Mozambique.
The number of smallAproducers may improve over the coming decade, according to Akesson
{pers. comm.), since Mozambique has started a process of decentralization of both state
administration and planning. This may poientially also affect the power sector. Furthermore,
there are district development funds that can be used in off-grid electrification for productive
uses. A Tew local entrepreneurs have taken over power distribution to run it commercially
{Akesson, pers, comm.). Such development, with entering of new aciors, can make the
Mozambican power sector more dynamic.

Another driver for RE is the increasing local electricity demand. In Mc')zambiqae, EdM
and the donor both report an urgent need for new generation to-meet the demand from
industry in urban areas and to allow for growth of productive electricity uses in rural areas. iﬁ
Tanzania, both TANESCO and REA regard the high costs of grid-éxtension as a driver for
off-grid solutions. According to Consultant A,' it is necessary to seriously develop ofi-grid RE
if the political geals are o be achieved. According to some respondents, electricity generates

posx:tive feedback once it is prévided.. For example, TaTEDO says that electricity may boost

9
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Gender issucs ' B

Fechnical spstem and local managemnsent

Weak maintenance eulture B B B B
" Low generation capacity . 8 B B 13
_Low access fo required materials B B B
Lack of access to skilled personnel B B B
Low capaci.ty of solar PV systems ) ) ] : B B-
Technology diffusion and adaption
Culiural mindset : B B B .
Lack of local entrepreneurship . . B B
Rural infrastrucinive
Scattered population B B B B B
Jong-distance transmission ) B B B
Nature reserves and national parks 38 B B
Traditional houses (electricity prohibited) B -B _ _
Seasonal draughts/cyclones B B
Limited rural inﬁ;aslmcmre (roads-clc.} B

Another problem is that traditional building techniques make the houses unsuitable for
elec&iﬁcation according to technical standards. In Tanzania, traditional hoqses built of mud
and grass arc not considercd for connection. According to Consultant A, this means that only
about 10% of the rural population can both afford connection and have houses where
electricity can be instalied. However, Akesson (pers. comm.) reports that traditional houses
have been clectrified in Mozambigue, using more secure (and expensive) connections.

The problem for poor potential customers to cover connection fees, or take economic

risks in general, is well known but is nonetheless an important barrier [24, 26]. In response,

government and donor projects use subsidies and differentiated tariffs with subsidized rates -

for fhe-Jowest users to increase canncction rates. Despite the low tariffs, most people cannot
afford it, according to interviewed actors, Accarding to-Tiskog and Hindman Persson {pers.
comm.), those rural customers that currently connect to the grid could also afford higher

commercially viable fariffs. Hindsman Persson argues that the problem is rather the cash flow,

t0 be solved with suiteble payment systems. A gradual increase in tariffs could improve the

12

financial outiook for the power sectors, bl according fo lskog, raising the tariffs is a
politically sensitive issue. Also, there are examples of grid and off-grid projects without
subsidies where customers can still afford 1o pay [29, 411, The use of differentiated tariffs
with reduced fees for the smallest users has another downside és, according to Consultant A,
the threshold value keeps the consumption at minimum level,

The use of subsidized tariffs makes power generation rather unatiractive for privae
mvestment. According ic Consultant A, ﬂie production cost for grid electricity in Tanzania is
almost twice the current tariff (which is politically decided), so disiribution is a constant loss
and TANESCO cannet cover ils operational costs. Subsidies can thus be a double-edged
sword {24, 42] working as both driver and barrier. TANESCO staff recall how the subsidized
connection costs in donor projects lead rural customers to be obstructive towards oiher,
government funded, projects where they are required to pay full conpection cost. There are
also complaints over low compensation for loss of property (e.g. farm land) along power
lines, because donor-driven projects pay higher compensation than government RE projects,

' There are no formal barriers stopping the private settor from entering RE, but at the time
of the interviews (2010) most actors argued that they couldn’t see why private investors
would want to engage in RE, the main reasen being the lack of profit — rural areas are of little
interest to private investors. However, Hindman Persson (pers. comm.) disagrees, arguing that
the private sector will soon play an important role in Tanzania, especially on the generation
side. In Mozambique, EdM and Consultant C note that private actors cannot possibly compete

with the low prices of hydropower electricity from Cahora Bassa, FUNAE adds that privateiy

- generated electricity cannot be sold without permit and there are no incentives for industry to

supply nearby communities with eleciricity. Another Mozambican problem, which

historically has affected privately managed grids, is the occurrence of cyclones along the

‘coast. Power infrastructure is easily damaged or destroyed in the strong winds, and

investments are thus impeded.

The slow pace of RE is also associated with institutional and drganizational barriers, as
previously argued by [23, 43-45% The top-down structure is considered a problem in both
countries and by all three external experts. According to Akesson (pers. comm.), lack of local
participation in .plarming, results in electrification of less suitable areas, and inefficient use of
resources. From the perspective of donors and consultants, there are problems at national
level, invelving low institutional guality (in terms of comuption, in both countries, and
inefficient legal frameworks in Mozambique) and organizational barriers such as lack of

human capital, and insufficient project coordination and planming. For example, most .
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ot previousty mentioned, and some not much emphasized before, that come cut as important
country-specific constraints.

it was found that the main dnvers in both countries are political priorities and
development policies. The RE strategics are laid out by ministries and government utilities,
supporied by international donors who push for RE and power sevtor reforms. Bottom-up
demand for slectricity services is another driver, although less significant. The countries have

" chosen different development paths: Tanzania has recently carried out a power sector reform
including debundling of Tanesco, establishment of a rural energy agency, and encouragement
of the privaie sector. While the private sector is expected 1o contribute more to generation,
none of the interviewed acto.rq helieves that the private sector will engage in grid-extension,
which is seen as economically unprofitable. Mozambxque has chosen not 0 encourage private
sector investment or to debundle EdM, which 1s expccted to remain the only actor for grid-
extension. Regarding off-grnid RE, FUNAE is the main actor, but the ongoing process of
decentralization, if successful, may empower the districts (o take an active part in small-scale
oft-grid RE for productive uses.

Grid-extension is expected %o remain a public sector investment and, for the pace to speed
up, the national utilities must improve their RE performance, which might include further
attention to off-grid solutions, The results show that both countries experience institutional
and organizational weaknesses. The lack of coordination, planning capacity, and enough staff
are percewed as important barriess, particularly in Tanzania, where TANESCO has failed to
use large ammmts of availabie finding. Overcoming nstitutional and organizational barriers
is a complex matter, and we do not pretend to bave the answers. However, atiending to the
lack of human capital Tequires proactive and long-term investments in educational systems
and organizational capacity building. .

In this context, the problems associated with donor dependcncy, and how this affects
budgeting and implementation, come qut as important constraints for both countries, This has

ot yet been discussed in detail in the RE literature. The role of donors is ambiguous in that
they push for RE and provide major parts of the budget, but they could spare time and work
for domestic actors if they were better synchronized and aligned in terms of standards,
reporting, and evaluation systems. Donors could also facilitate civil society actors to apply for
donor funding, as suggested by REA.

There is another issue related to denor dependency that comes out as a challer;gc the use
of subsidies working as both driver and barvier to RE. In Tanzania, donors have used

subsidized conneciion fees, resulting in more connections. Donors also compensate more
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" generously for property loss. This creates discontent among rural customers in govermment-
funded grid-extension projects, where cusiomers are expecied to pay full price, and
fc()mpensatian levels are lower. However, the most appropriate solution is not evident.

There are different opinions about subsidized tariffs, but there appears to be a éonnsensus
about the rieed for and desirability of subsidies for capital investment. The poor rural market
is a major barrier, but subsidized tariffs for households are considered cimnterprodu‘ctiva by
some actors, as the better-off minority now connecting can affor(.i higher, commercially v'iable
tariffs.- A gradual increase in tariffs would improve the financial viability of RE and the
money could be invesied in better service and more connections.

RE connection rate would further benefit from taking traditional building techniques as a

starting point, instead of regarding it as an obstacle. This is an important barrier, mentioned

by Murphy [26] but not previously emphasized. RE projects in rural Africa should apply
technical standards that match local reality; with engineering solutions, ail buildings could be
electrified instead of just a fraction.

From the study, we conclude that there is political recognition that off-grid systems are

necessary to complement grid-extension, bt the responsible agencies are yet to become fully

~ operational. We see the need for encouraging bottom-up initiatives to complement the top-

down implementation. With the off-grid feed-in tariff there is now an opportunity for the
private seclor and civil society in Tanzania to play a bigger role in RE. Mozambique has had
few local injtiatives so far, but if the national level supports the districts, they could become
actors in off-grid RE. ' ‘ -
Currently,  dysfunctional diesel generators creaie skepticism towards off-grid systems.
Back-up diesel generators will continue to play a reie in the future. but other off-grid
solutions are urgenily needed. Although full grid coverage is currently seen as the goal,
technological developments in other fields, e.g. communication infrastructure, should remind
us of the possibility of future decentralized energy infrastructure making full grid coverage
unnecessary. Appropriate RETs could contribute to expansion of off—gri'd RE, but the interest
among several actors is halfhearted. Still, interest seems to be growing, and current RET pitot
projects might change attitudes if' successful. Important bamiers to overcome relate to
maintenance culture and lack of entrcﬁrcneurshi—p. Earlier research has emphasized the need
for RE to-be integrated with, and complemented by, other investments in infrastructure, social
services, local finance institutions, and education {1, 29, 33, 46). Political and economic
incentives for thorough rural development are required. For example, REA and FUNAE could

take strategic rofes in encouraging and supporting local initiatives and entrepreneurship, and
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1. Introduction

Current lack of access te electric power in rural sub-Saharan Aftica hinders SO.{;E?C?:ZE;
development. Where access 1o {;iecu-écity is provided, there havell been s’ub'nslsan:aI 2 o
benefits — refated to lighting (Davis 1998, Gustavsson 20078), educatlonv(EHegar e oad. t l,
WEB 2008, Daka and Ballet 20}'!), health (Spalding-Fecher 2005)., Teisure (F]]egar} € ai
2004, W 2008) and security (WE 2008) — bus evidence for enhanced economic d%\}c}gﬂgggegn)
from rural electrification (RE} is weak (Bames and Binswanger 1986, ]ll‘oley 1992, bs
To boost RE under the impediments of weak rural markets and a growing global energy-crisi
is an enormous challenge. o

Hindsight assessments of RE strategies and ‘projects _have repcatedi..y conc.h.a.f-ei :;:
productive use of electricity, i.e. electricity used directly for mcame-genergﬁmg af:tldvi] !t; m;ib]e
as agricultural production, refining of tradable g(v)ods and commerce, 1; an}g}g}sg{ e
com;.ﬁ‘ment for RF to boost economic deyc]opmem m Tura] areas {Ranganat z;n o l,w o
et al. 2001, Peters et al. 2009). Hence, ﬂ'ie]'ﬂ‘is a growing awarenes's that the | 1.n (l L e m_-;
and economic development must be reinforced. W.here produ'ctwe uses of e e;tr:; S)gneqs
facilitated by complementary services such as 1.mproved iﬂﬁ'zi‘leructu;e?ll lant i ar;d
assistance, access to eleciricity may increase business opportusities, a. z ity- Mg p;d; e
demand for electricity — eventually leading to structural c.‘rfange of clommuz'u‘i.les .( i;[ gt and
Tembe 2008). However, contrary to expectations productive use ?f elec"tm.;goz; (\)V . ZOOé
timited in RE projects (Wamukonya and Davis 2001, 1lskog and Kjetlstrim , o tha;
Peters et al. . 2009). A review by Brew-Hammond and K?mausuor (20{)‘?) cor;f L-: hat
“fforts which succeed in intf:grating productive u§es and income generlmion a(’:uv:n ;cj e
energy access initiatives, whether based on conventional fuels or z‘.em:wwlbs'eht:nerb)}/‘;fﬂC;x el
turn out to be the deciding factor if the dream of energy for all in sub-Saharan :
become a réality in the foresecable future” (s 83). . .

The road o most effective RE in developing countries is ?Ot slralghtforw:;-'d and \;{h;;ztiiz
targets possible improvements of the] process inhTan:;?:xa;v zx:id I\éz;z:r:; r;q\;;poﬂam e

ini scholars and international actors such as t I are important,
]2211::};??0:5{2;:11;2.% those involved in the daily RE work are decisw.e. It ]Stlndl:;d";l::dazgi
who take part in developing and interpreting p?ilCIES, learn frem project outcomes, y
out the detailed planning and field implementation. . o ]

In this study, 16 power sector actors in Tanzania and Mozamblquc w;:re f;t:—;z::ﬁoir;
their perspectives regarding productive use; private. sector involvement anl o di 14 sotitions
in the RE undertakings of their respecﬁve countries. »"I'he resuits w-ere then Iscuss a e
three Swedish RE researchers with experience of work in _the two Af:l”]C&ﬂ coum.nes. mt s certo
get additional perspectives and minimize thefri]sk I:é mlslmeg;:i:gﬁiyﬂ:o;:j n:\ o reven

i i atters for successiu are | :
]i:;‘];erT:;fer:E?(;?I; ::spcclive- Fountry, and to contrast acig)rs’ perceptions to the experis
‘views and earlier research. ’ - .

VThe paper first provides a background on important RE %s§ues allong wn?: ar;rintr;)ei:;tlgx

to the power sectors of two stu.died countries, Method and interview results P .

followed by a discussion on each covered topic. Lastly, the findings are summearized in a
sonclusion and some suggestions are given for particular issues of concern.

2: RE history and strategies

Historically, national or private utilities have been the main actors for buil
infrasiructure in generation, transmission and distribution '(leglwgi 1984},

Africa, elecirification was initiated during colonization but was often }
and industries. Since independence, the extension of national grids into
been slow and in most sub-Saharan African countries, electricity genera
electric grids are deeply underdeveloped (Karekezi et al, 2004). For an
electric grids in rural areas is a massive and expensive undertaking,

are therefore dependent on financial assistance from donors and fina
the World Bank.

ding electricity
in sub-Saharan
imited to main cities
rural areas has often
tion and covetage of
Y country, providing
and developing countries
ncial institutions, such as

In Tanzania and Mozambique, the power sectors have been controlled by the states, and
the private sector has largely been absent. International institutions end donors provide the
bulk of funding and are hence very influential with respect to budgets for RE. In the 1980~
90s, the World Bank straiegy on RE lending shified from sector support towards promotion of
energy sector reforms, with increased focus on economic efficiency and étrong emphasis on
privaie sector involvement (Weisser 2004, WB 2008). In short, emphasis on the economic
aspects has increased at the cost of the social aspects (equity, public services, ‘electricity for
&1)"). The World Bank scheme has been persuasive and most developing countries have now
undertaken, or are underteking, corresponding energy sector reforms. Following suit,

Tanzania and Mozambique have introduced energy sector réforms during the last two

decades, including commercialization and market liberalization. Although there is no
universal answer to the outcome of these reforms the policy has been widely .criticized
{(Karekezi and Kimani 2002, Wamukenya 2003, Karekezi and Kimani 2004, Weisser 2004},
tn essence, the criticism is related (o the low inferest of the private sectar to getting involved
in RE, due to weak ruraf markets, and the genera] failure of reforms to provide RE benefits for
the poorest. These shortcamings on poverty reduction have correspondingly been recognized

in the hnpact evaluation report published by the World Bank {2008).

Further, the World Bank evaluation report states that future investments in African electric
power infrastructure and efficiency have to be massive, and that off-grid (deceniralized)
solutions may be justified as complements to grid extension in order o ensure the inclusion of
remote areas (WD 2008). The report suggests that renewable energy fochnologies (RETs)
should be more invoived and that particutar support for productive use should be included n
the schemes for RE projects. The option of off-grid RE supplied by smail-scale RETs is not -
new to the discussion (Murphy 2001, Brent and Kruger 2009, Kirubi et al. 2009} but may be
eontroversial in economic and efficiency-related ierms. because. such solutions may incur
higher costs and reduced power guality in comparison to main grid extension. Despite this, it
is suggested that micro-scale RETs are suitable’ for household needs for electricity and .can
contribute to higher incomes and small business activities {(Chakrabart! and Chakrabarti
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al. 2004, Bugaie 2006, Gustavsson 2007a, b} and micro-scale productive uses {WB 2008).
Although electrification by RET-based off-grid systems is more expensive per connected
costurner in comparison to grid extension (Brent and Rogers 2010, it might still be justified
in order not to leave remote areas behind in the RE process. Moreover, technical development
is making RETs increasingly competitive (WB 2008), Where water streams are available even
pico-hydro (<5 KW) svstems can be cost-effective (Maher et al. 2003). Being expensive or
not, only a minosity of rural peaple can afford connection: or a stand-alone-systerm. For the
less affluent majority, access to electricity is possible mainly through public or collective
services which generate longerm economic benefits derived from betler health and
education. i - i

5. RE and power sectors in Tanzania and Mozambigue

Accurate figures for RE levels' are difficult to derive, and estimates depend on Which

definition of ‘rural’ is being used — which rarely is clearly stated when RE numbers are .

presented. The World Bank (2008) reported RE levels of 1.6% and 1.1% for Tanzania and
Mozambique, respectively (data from 2003-2004). A Tanzanian household budget survey
from 2007 estimated the RE Tevel to be 2-3% (REA 2611). Electricity access was between 2.2
and 8.2% for a sample of Mozambican provinces {including beth towns and countryside} in
2005 (EAM 2007). With RE levels in this order of magnitude and the great majority of the
population living in rural areas, both countries are among the least electrified in the world.

5.1 The Tanzanian power sector

Tanzanian power generation s based on hydropower and natural gas (the latter suppiied from
the private company Songas), with some coniributions from agro-industry cogeneration
{Otiene and Awange 2006). The off-grid systems are based mostty on diesel generators,
slthough a few RET-based systems have been installed along with a growing numbor of
private solar home systems, Before the energy sector reforms, the public utility Tanesco
(Tanzania Electric Supply Company) was responsible for RE. As part of the reform, the
power market was opened up and measures were taken 1o attract private sector invelvement.
The responsibility for RE then shified to the Rural Energy Agency (REA, operational in 2007)
which is operating under the Ministry of Energy ané Minerals (M’EM). REA aims lo facilitate
RE through financial support (up to 30%) of RE projects, io enhance private sector
involvement, and 1o incréase the use of RETs. Thus far (2010), however, interest from the
private sector has been limited and most funding has entered Tanesco-driven RE projects.

Tanesco carries out RE by following a master plan which prioritizes electrification of
district capitals, Both grid extension and off-grid projects are undertaken, 2lthough the former
alternative is favoured. Along the transmission lines, villages meeting cconomic
development-oriented criteria are electrified. Tanesco tariffs are negotiated through the
Energy and Water Utilities Regulatory Authority {EWURA), which also negotiates the price
of electricity sold by smali private producers to the Tanesco grid, including a recent {2009)

! Proportion of population with direct access to electricity

6

. financial condribution from donors to the energy sector is fundamental

feed-mn tariff for Tanesco connected off-grid systems that aims to attract private producers j
rural ares?s. The purchase tariff offered 10 small private producers is based on Ta:csco’s c;v\::
costs, using existing diesel generators, and is consec;ﬁcntiy much ‘higher (about a factor of
thrge) for clectrici_ly sold to off-grid systems in comparison to electricity sold to the Tane
main gfid.(QWURA 2011a, b). In addition to the undertakings of Tanesco, off-erid REST:':
Tanzf'sma is carricd' out by non-governmental organizations (NGOs), chz.Jrc};es a;:d roject-
funding donors (all of which can aceess the feed-in tarifl in case they sell tc'h?ganeqcz) jThe

. ) ] - , and international
consultancies play an important role in planning, both at the strategic and the project [evel

5.2 The Mozambican power sector

Most (?f Mozambique’s electricity infrastructure was destroyed during the ci\f-i! war, whicl
ended in 1992, Since then, the public power utility EdM (Electricidade de Mogambi sue} ha;
undertaken massive grid extensions (Amado 200%). The main power source in Mozamqbi TUE |

the Cahora Bassa hydropower dam situated in the far mid-west part of the countr fq "i?hls
almost 2 GW capacity of Cahora Bassa far exceeds domestic demand and much ao}grer Z
exp‘orted to neighbouring countries through jong-term contracts, There are few othéz' powir
stations in Mozambique, although there are plans for expansion of hydropower. In addition

substantial coal reserves have been found in the same geographical area ag éahora Basse;

" (Tete province). As the available power is geographically cencentrated, a diversification of

power generation locations is sought (EdM 2007}

Although the market was opened to private companies in 1997, as part of the energy sector
reform (EdM 2007), the private sector is virtually absent in the pov:ver sector, partic:ular] y S0 In
RE. EdM focuses on grid-exfension and has almost reacled the current master pian priori:ay of
electrifying all district capitals {some of which are supplied by off-grid systems). The |
go‘\fémmemal foundation Funae (Fundo de Energiz, initiated in 1997), o;;erati'ng und{.:r the
Mlmstry of Energy, has the objective of improving access to energy in rural and_ urban areas
including the promotion of private sector involvement and increased use of RETs {'ll‘lﬁ\Li\F7
2007). In practice, Funae is responsible for off-grid electrification which is mainly carrie.d ou;
by supplying solar PV systems and dieset generators to remote areas, following directions
from central and regional authorities.

Mozamquue has few NGOs invoived in the power sector bit, just as in Tanzania, doners
and international consultancies play an important role.

6. Method

011 two separate occasions in 2010 and 2011, one or two researchers carried out interviews -
with energy sector actors in Tanzania and Mozambique. 1n addition 1o the interviews, some of

the electrification projects that had been referred to by the actors were visited in the field in
order to make personal observations. '
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The number of actors exceeds the number of organizations because separate divisions and
provincial head offices within large power utilities were considered different actors.
Moreover, some actors were represented by more than one respondent during the interview.
The authors were assisted by colleagues from the University of Dar es Salaam and the
Universidade Eduardo Mondlane in the identification of appropriate actors to be part of the
study. The full details of interviewees are undisclosed, to svoid personal exposure. As a brief

. indicatar of professional responsibitity, the actors were categorized either as policy-makers

(involved in central planning) or implementers (nvolved in field surveying or detailed
planning of implementation), For some actors, the borders between these categories are
vague. For exampie, consultants are employed both o perform detajled planning in field and
10 develop sirategic planning documents,

7. Resulis

7.1. Views on the role of productive use of electricity in RE

In both countrics, the RE strategy is outlined in power distribution master plans which direct

rural electrification fowards district capitals, and emphasizes potential for productive -

eleciricity use as an important selection criterion of where to extend the grid. When asked
about the operational RE strategies, that is the actual thinking and doing in RE planning and
implementation, all fcspt)nééng actors in Tanzania emphasized economic-growth-relaied
aspects, including the selection of areas with productive use toads. Social — equity-based —
aspects of RE were only mentioned by MEM, REA and-EWURA — none of them involved in
ground-level implementation. In Mozambique, social and economic aspects were equally
emphasized as important when planning for grid-extension. The actors who did not emphasize
economic-growth-refated aspects were thase engaged in RE in the most remote areas (EdM-C
and Funae). As an illustration of the difference between central and remote Mozambican
provinees EdM-A, operating from the capital Maputo, explained:

What we [EdM] electrify is, for example, a cashew factory or some cotton processing
factories ... we visif a district and see the potential, then we prioritize.

while BdM-C, aperating from a remote province of the same country, stated that:

Large consumers ere not the main purpose, the village is the priority ... the motivation is
to increase guality of life for rural people.

When asked about which loads are most important for successful RE, all Tanzanian aclors
pointed out productive use loads (seo Table 2) as impertant if RE is to lead to socioeconotnic

development of the rural areas.

-

Table 2.

Tanzanian and Mozambican actors” opinions on which Joads that are most important for successful
outcomes of RE projects. Four types of Joad were mentioned in interviews They have é)ee

. . . - i it
categorized as productive uses, public services, households and village adminisiration

"Actor © Productive Public

0 e Heuseholds Village
uses services " )

administration

MEM
 Tanesce-A
Tanesco-B
Tanesco-C
REA
EWURAS®
NGG .
Donor
Consultancy-A

& 8 @ § 2

Tanzania -~

F 8 &

EdM-A
EdM-B
EdM-C e
EdM-D

Funae
Consultancy-B
Consuitancy-C

e &
@

Mozambigue

2% e 8
L]
@

@ ®

h;}ndt;s;’;es, mills, irrigation, r'nan‘ufa?turing, fish markets, business and tourism
. calt cenires, schools, public Hghting and wells
the interview did not cover the topic

Ot‘ner\thar_: pro@ctive use, joads were only mentioned by twe Tanzanian actors (Tanesco-C
and REA). This should not be interpreted as if other loads are not valued — after al} RE:
undertakings strive 1o connect communities, but doubtless the incorporation of pz‘oductiv; use
loads is considered particularly important for success. As framed by REA: '

[What E.s important is] first and foremost the load for productive use, since we know thai
p.r(?ductwe use is the most important component that can provide [higher] standard of
iving for the rural people. The livelihood of rural people cannot be increased by onlj

using electricity for lighting ... So, first and foremost, [electricity] for productive use, and
secondly also for households, ‘

The perceptions on most important loads were mare diverse in Mozambique. Most actors

mentioned productive uses, but public services and administrative buildings were given more

importance than in Tanzaniz. The attention o bath productive use and social aspects can be
exemplified by EdM-B;

11
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has to pass through the cabinet, which directs the resources and strives to coordinate projects
on infrastructure, agriculture, water, health, communication and electrification. This indicates
that there is coordination at higher level although this was never mentioned by the

interviewed actors working at lower levels.

7.2. 1 External experis’ reflections on productive use in RE

According to Ilskog, not enough attention Has been given to what happens after electricity is
mtroduced. As opposed to the experience of some of the actors she argues that just
electrifying an arez does not produce much development. There is generally some
development of micro- and small-scale businesses, but the level of productive use is very low,
and for the poor majority there is little change. For development to take off there should be
investments to enhance productive uses, market development and generation of local
employment. Donors need to look beyond their connection targets, and take responsibility for
what happens after implementation. With reference to the economic and social depression that
took place in Zanzibar dusing 1o the blackouts in recent vears (liskog 2011), she thinks that
actors need to handle the economic vulnerability that comes with dependency on stable
etectricity supply. The transition fo a rural economy based on electricity-dependent activities
must also inciude developing proper back-up systems, or the cost of blackouts can be
detrimental, '

Hindman, Perssen also emphasizes the importance of stable clectricity supply. For RE to
result in economic growth, the indusfries must be given access to high quality supply.
Unreliable supply is devastating for any industry. Hindman Persson argues that access to
electricity quiekly increases micro- and smali-scale business activities and income for their
owners. But actors should be more open o various models for delivering the same service
(electricity}, both in terms of ownership and management arrangements, models that could
vary between communities and regions. . ’

Based on her work in- Mozambigue (Akesson and Niate 2006}, Akesson concludes that RE
has positive effects on local incomes and business, but also that people use electricity mostly
for basic houschold needs. She stresses the need for integrated development initiatives, so as
to achieve positive synergies and maximize the benefits from RE. Grid-extension projects
could integrate off-grid solutions and modern cooking technologies, and should be
coordinated with other sectors right from the planning stage.

7.3 Views on private sector involvement in RE

The private sector not only uses electricity but may also plays a role in contributing to RE by
engaging in generation, ransmission or distribution. The energy sector reforms have made all
levels of the power market legally available for the private sector in both Tanzania and
Mozambique. But general eriticism among scholars has wamed of low interest by the private
sector in taking any responsibility for RE {Wamukonya 2003, Karekezi and Kimani 2004,
Haanyika 2008). Regarding the actors’ views on private secior involvement the result comes
out different for the two countries (see Table 3), :
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Table 3. Tanzanian and Mozzambican actors” reflect
{(powsr generation, transmission and distribution).

invelvement.

Trrzania

Mozarmhique

e
—

Tanesco-A

Tanesco-B

Tanesco-C

REA

EWURA
NGO

Donor

Consuitancy-A

EdM-A

EdM-B
EdM-C

EdM-D

Funae
Consuhtancy-B

Consultancy~-C

*the interview did not cover the topic

PS s encovraged; PS5 has large
potential; PS involvement is low

PS is involved; P8 has large
potential

PS is invalved

P8 is encouraged; cogeneration is a
research focus area

PS is encouraged; PS has large
potentiai

_PS is encovraged; PS invalvement
is fow; PS interest is low

PS is encouraged: PS involvement
is jow

P8 interest is low; competition with
the gas industry is not encouraged

PS involverhent is fow; there is no
incentive for PS -

PS involvement is Jow
PS involvement is low

PS involvement is low

PS invelvement is low; there is no
meentive for PS

PS involvement is low; there is no
incentive for PS

PS invelvemem_is low; there is no
incentive for PS

10DS On private sector (PS) involvement in RE
Actors also give examples of private sector

Examples

. AU
ﬁongas and a few cogencrating
industries and smal] private
producers

Cugenerating industries self 1o
mam grid, or by using own grids

Songas and Cogenerating indusiries
sell 1o main grid

Qogeneratjng ndustries sell to
main grid, small private producers
sell to neighboyrs

Cog,enerating industries seli to
main grid, the church provides
seme distribution

Songas and a few smalj private
producers

A few private producers and
churches

A few cogenerating industries sel;
to neighbouring villages

A pas company and a coal mine
sell electricity, but not in cur
province

Few cogenerating industries; fas
and railway companies have not -
succeeded

Cogenerating industries self during
excess periods
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agreements was the main barrier which stopped many smail projects. This sxmatlon has now
improved. She sees good opportunities for private actors 10 engage in small~ “and medium-
scale RE projects, particularly in off-grid projects. The slow process of tender is & bamr:l.' that
still remmains, and much would be pained #f it could it be simplified. For large-scale projects,
there are international investors with interest in African markets and natural resources.

* A reason why RE has been so costly in Tanzania is the subsidized tariffs, w?;ich ar'e aven
below the cost of power production. Hindman Persson believes. that cost—rcfh.actwe tanffs‘ are
necessary and will open for more privale sector engagement. Stl, t.he prev-aﬁn_a_g expectfitmns
of short pay-béck petiods for private investments are not realistic considering the size of
investment and long life-time of large electric power systems.

7.4. Views on off-grid electrification

The role of off-grid sysiems in providing eleetricity access in rural areas was discusse(.i during
interviews. Among inlerviewed actors, the Tanzanian NGO and Funae in Mozambigue are
implementing small- and micro-scale off-grid solutions, particuiarl}.' so.lar.lanter’ns, so}ar home
systems and diesel generators, In Tanzania, churches have been active in instailing micro- andr
small-scale hydropower plants, and the NGO mentioned a few small v'vmd-powcr projects. it
was also reporied that mines, copeverating indusizies, and a railroad comlpanyq have
undertaken off-grid RE at a few locations. Among Tanzanian actors off-grid RE was
considered important by the NGO, and by MEM and REA, who all bave more or less of a
responsibility of promoting of-grid. The Tanesco actors simply regarcl'ed off-grid as a costly
but necessary part of RE without giving the issue much reflection. ‘Tl}(.: Donor aTui
Consultancy-A associated off-grid RE with complications concerning organizational capacity
and low abitity to pay.

Also the Mozambican consultancies regarded off-grid electrification as a rather peripheral |

part of RE, although Consultancy-B saw benefits of letfing rural people get used to electricity,
prior to getting connecied to the main grid. EdM-B and EdM-C, who are responsible for
electrification in remote provinces of Mozambique, reparded off-grid RE as necessary for
reaching ouf to rural communities — but they both declared that off-grid is the responsibifity of
Funae, Their main experience of off-grid comes from situations where EdM has had to take
over existing, but not weli functioning, off-grid generators from distrzc.l-ievel actors and
Funae. E4AM-D), who has an overarching responsibility for RE in Mozambique, clearly stated
that off-grid is the wrong way of using available resources. EdM-D showed little interest in
remote area electrification on the whole, and argued that few peopie five under conditions
where off-grid can be justified. Contrary to that, EdM-A, wub iong‘ experience of
implementing RE, eas rather enthustastic about the potential for off-grid solutions:

There is one thing that has fascinated me: off-grid elecirification ... You can do ?t with
mini- and micro-hydro, § think this is the future for Mozambigque, we have a jot of rivers.

The opinion that off-grid should be based on RETs to be successful was repaata§ by
several zctors in both countries. When deductively analysing the actors’ reflections on diesel
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generators, it was found that none had referred to these systems in positive terms {although it
was often undersiood as necessary); most actors brought up diese] generators as a problem.
The mentioned setbacks with diesel were high runming costs and difficulties with maintenance
of large generators. EdM-A expiained how diesel-based off-grid genération is far too
expensive for economic viability. EAM-I simply declared:

T don’t want to listen to diese! more in my life.

Although RET-based off-grid was clearly preferred among actors, the actua) trustin RET
systems other than mini/micro-hydré was not very high. Almost ali actors regarded
hydrapower as having high or very high potential and as being suitable for productive use.
Also, solar PV was considered valuable, but several actors also associated solar PV with high
costs and restricted usefulness as it can hardly support productive use bevond the micro tevel;
use of machincry requires a higher capacity fhctor thar provided by small-scale solar PV
systems. Larger installations are currently rarely considered in this context, due to its capital
cest. This has also been noted in previous studics (Holland et al, 2001, Jacobson 2007). Wind
power was regarded with scepticism in Mozambique but more positively so in Tanzania,
which may be relsted to current pians for a large wind power plant in central parts of the

country {Ng'wanakilala 2010). Overall, the Tan7aman actors appeared more open-minded to
RETs than the Moezambicans.

in summary, off-grid RE is considered problematic as-it is ofien based on diesel generators,
which are expensive and sometimes hard to maintain. Tanzanian actors seems Lo acknow! ledge
the necessity of off-grid RE to a higher level than their Mozambican colieagues, and the
potential of RET is'recognized. Partly, this may be due to the successful use of RET-hased *
off-grid systems initiated by several churches. Both oflf-grid and RET ere less familiar and
fess appreciated among Mozambican actors, and the issue is in practice handed over to Funae .

alome. In both courtries, however, there are actors who advocate an increased use of RETs
and particularly small-scale hydro,

7.3.1 External experts reflections on off-grid electrification

According to all three experts, off-grid solutions are necessary if REE is 1o be compieted within
the foreseeable future — a wide range of solutions are needed. Based on her experience, ilskog
thinks off-grid RE can be economicaily vizhle in terms of running costs. What is important is
o make sure always to have people who can manage the systems ;jmperly, as corruption and
mismanagement are common problems. Hindman Persson notes that there are many examples
of off-grid projects in African countries that are viabie, although seme initial support may be
necessary. Akesson regards maintenance and access to financial capital for local actors as the
most important issues for off-grid. Currently, Mozambican banks are not- interested in
supporting entrepieneurs 1o engage in small-scale RE,
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8.3 Powering off-grid systems with renewable energy -
Rural populations are scattered, angj off-grid RE is the f)nly _op?ion if maq?/l small. cc;;ﬂen::;z]:t:;
are to gain access to electricity in a nearby future. This even mcludes‘ v.1 ages u;; ey
of ransmission Hnes beczuse substations are expensive, A.m(mg the' mtervmwe z%c or,s; t
grid RE s a recognized part of remote area electrification i both counm.es, used 12 OI;TEI' <d>
fuifil the strategy of electrifying district capitals. But current use of dlesimt};ﬁi aief:W
systems was clearly regarded as problematic among actors, and Funag an
promoting alternatives based on RETs, T
RET-based off-grid systems were enthusiastically promoted by some act?r§ w‘ ile eﬂ:::e
were sceptical. Policy-making actors in Tanzania expressed great expgct;tjén; ]o]:icmr "
systems as 2 means of combating the low RE levels. By contrast, the rr-mst influential
‘Mozambigue, EdM-D, was alse the most sceptical. N
Throughout discussions with the actors, small/micro-s_caie hydropower was seenu?sm ©
most well-favoured of RETs. This technology is old and well-known, fmd the power o pWith
predictable. Experiences from ncighbouripg Kenya show that even p;co»h:\:ldro ‘iylj;enr:s{} -
capacity of only a few kW can be cost-cffective (Maher et al. .2903). YE,'; a 1?0; one o, he
many smatl rivers and streams in Mozambigue have beeft utilized sohar. ; fanvani ;Vere
technology is sporadically used by some churches. lmerestn‘.lgiy, lhfcse cxzrc m e were
refeérred fo by several of the interviewed actors, despite their bem% very .“e] B
insignificant_from 2 national perspective. Ev.en thOi‘.lgh these sysjms f}rz i1':5;1 yaﬂmnz
independent (they have received support from mtg*nanonai donors), the enthus:
RE actors indicates that such off-grid initiatives are warmly we]comed: S
. Many aitors also regarded solar PV s a technology of high potendial, but s limitations i

] . noted
respéct lo productive use, other than at household-lfevel, were remarked. it should be no

though, that solar PV systems i the range of 1-25 kW have been shown to Sc;:;sﬁ;ﬂz
increase rural production and development in. other parts eof the werld‘(Cha a ‘ i
Chakrabard 2002). : N .
In Ta.niania the economic incentives for off-grid systems are now substantial. Ele](itrlc;?‘/L
that is sold to Tanesco’s off-grid systems is purchased at a fixed prlce. ca]‘culated clm H e’:[ 'cu '
of the alternative energy source, which is diesel. Hence the purchase price is a:;)oul tlz;e\i] Ll}r;;
i ieit ‘o0 Tanesco’s main grid, based on hydropower and gas .
as high as electricity sold to Tanesco’s main grid, . : R
2011§ b). This way, RETs stand ‘a chance of becoming an 6COD0!’§}1C8§‘1}? cqmpctxt;:e
a]temzltive in rural areas of Tanzénia. As this feed-in incentive is new, evaluation will have ic
wait. _ . ' o
The results ‘fhdicate a stronger belief in RET-based off-grid sys_i;;ns ‘m ;‘anz?}rln;i t];ant ;z;
i ich “is : the “Cahora Bassa effect’. Nonetheless,
 Mozambique, which is likely related to : !
undertakir[zgs of Funae aré growing, and a solar PV factory for domestic supply of the
téchnoiogy is urider establishment (AEA 2011).

T

22

9. Conclusions

This study is based on interviews with powar sector actors in two of the poorest countries in
the world - Tanzania and Moezambique. Three themss were addressed, the importance of
- productive use of electricity, private sector invoivement in RE, and off-grid solutions in the
RE undertakings of their respective countries. The results were then discussed with thres
Swedish RE researchers. The aim is to reveal how these important matters for successful RE
are perceived by policymakers and implementers of RE in respective country,

and to contrast
actors’ perceptions to the experts’ views and earfier research,

Productive use of electricity is understood as highly important, but is not strai ghtforwardly
encouraged dus to the poor rural markets and limited coordination between electrification
strategics and other rursi development. Some actors ask for a stronger focus in RE projects on
the development of economic aclivities, such as small-scale
Mozambique, Tanzania has taken measures ta get the privaie sector involved in the power
sector and RE — but aciors in boih countries perceive the private sector to be litde involved at
the moment, and there is a risk of putting unvealistic faith in getting help from the private
sector. The interest from private investors to be involved in RE js low due to poor markets,
low tariffs and difficulties of getting funding from banks. Recent subsidies and feed
for off-grid generation in Tanzania may,
power gencration.

agriculture. In contrast to

however, result in more private actors engaging in

It is suggested by the authors that more attention should be given to the private sector in its

role as productive electricity consumer and pr

can be directed towards productive electricity use in rural agricutture and suchlike; both (i) by
supplying the means for increased production and refining among smallkolders and (i1} by
investmenity in Jarge-scale units such as processing factories, particularly those that can
provide electricity by co-generation. Increasing the economic return on power infrastructure
investments will increase the political incentives for further RE developments.

Furthermere, the study shows that slmost al

1 actors have a negative experience of diesel
‘generators —

which is Hable to develop into a negative opinion of off-grid electrification in
general. However, some actors are enthusiastic about the opportunities of off-grid systems
based on renewable energy, more 50 in Tanzania than in Mozambique. Solar PV ig
appreciated for its benefits at. household level, but not seen as a good alternative for
productive uses requiring higher output. Hydropower is the preferred option among renewable
energy technologies, as it is well-known and can be used productively

in conclusion, the study indicates that policy-

makers and donors should give.increased
attention to co-

development orfented RE strategies, support private sector actors in their
multiple roles in RE, as producers, consumers and service deliverers, without relying too.
much on private sector investments in RE. The stady also indicates support for better étiiizing

the potential of small-scale RETs for off-grid systems in remofe regions. : EEe
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-in tariffs .

ovider of energy-related services. Investments |




Y i 243 Fuowe Auaunagz op ssame PISEIIIU) SLL0LDL J009s IBmad BAEH HOOT ULy

57
EST-THTIIE Amog Adiaug paysina. UOIEI 103 ey EEST A Ueyleupduey
) ) ) O9LVESLYILE Adijog ABiaug epuemy
u 1uau}do[an§p 4amod eipAy-oopL a3eald daRAGULY ‘8007 "seld 1ap uea Ty pu'e ‘Woyedyg
i T-BEET Wawdo|aaag FAGRUIRISHS Joy ARaug SR3ABS Agzusws)duwon
UM spedu ﬁugmaga:)::v usheaRINIBE ;E.mg ‘600T isdmz 4 pue ‘popsiey WM sueyag
BEE-GTEIST Adjog
‘q93m W pue Q) ‘axieay
SUEMY ] T pue H ousiip
BITOTOE 0 E i
mﬁm éﬁﬁﬁﬁ%ﬁ?ﬁﬁ%ﬁi’%%m oo 'CH89'_S>}:{;§2:
'SMt USipg saainay ‘Waosd samod PUIM AN 05_‘uogiggw 02TS suejd BjUgzue] pTO7 "4 ’e;e,;xeuem,ﬁ‘m
L - - E6T-E41°89 28uey) (e1a0g pue Suyisedsloy jeadojouyaag
ga/\g;eum;;? Lg ‘aug_ﬁ%‘m;ciefl 5§ tEOLY ¥SE3 jeany ug _i.lc_:us_ueu Adisua 243 Bupyeiy 1oz LT Aydangy
= ' o | VELZ-SBLT:OE Adiog ASrauy snbiglugzop
SHSTEI ¥ ppom pepadun ue Ui Uoliednasia jemy BO0T aquay T opue 4 ‘13pipg
- UIpUOT 'Suanenqng sdeg
BASD J0g Spouylaiy copz 8 UBsiEIN
R ) "S86-LL610E ANiog ABusuy
- uenEdnage {204 s BlURTUR | U wBksaAY ateaud [ea0) 1oy sjaadsord AL "T00Z "3 -3 ‘npusiey
. oo . BYET-L5ET:87 Asaug Aqemauay ehusy uy Uanedyse
. pu&_u_yo o4 unndo ue sp ofphy ood jo WIBLUSSISSY "E007 SULBTM v oy pus UBE Y g N “d Byen
: TLCIBOTT LT 1uamdog?f\?qumm ‘BAUY Wioy a2UapiAy udwdolanag jeiny oy INGUIVGY
§ YD PR S salg adeg. Aninwwion BOOT "SHI "y Pue "uswiwey w g “uosgoser v "3 Gqnury
: "OSOZT-THOZ'ET smainay Afraug
Jamod PRZHRIIUBIED 10 sweisAs ASiaus -
600Z “Yieueipuiney - ‘N pue 'upﬁegz}meg d “da ‘BALIBUNEY

- Aflaug fesiziddess y | sauunos Budolanap a) HOREIYID2)2 j2iny /95T
“iee ‘Hzaq;apggH Lgdunds BILY 1587 Uy s90nosay Adreug 9007 2

2id 10y 'aping meu ¥ YEessas pue wiom awdo;

ajewIeIsNS pue é\]qemaua‘d BAMEIBY] JO MBIABS Y-
Juoie-guess snsian PIDULOI-PLD

1aaue

- S 'P00Z esmAuepy 1y pue “298ueMm T g ‘Zaaey
'ST-0T'8 Wswdoaaaq sjgeuiersng 40p Afraua gedrigy 1se3 v sood

U YSE0-NA 'eau){v W donduinsuo] ARisuy BIGELEISN!

[ pue g 1zaysiey

_ o . . . SPEETEE Ajog
v @JQU':J .';Qo'd 13 uc._we_du;g.:e:u;,v Ul tWogad i51933 remod 40 STHRIS 2007 ey T PUE S fizayauey
A K ‘BLETTZIET WswWdajanag 3qeutelsng oy AZ1auy suoyn EELIFANTSTY]
"0y sHosde Quaudayanep Jran: 104 uoneznn gue Alanyap ABiauy ‘gooy UR0G N 3 pue 5 weyuey
o . . TITEi5E Wauidojanag
Plom AUy ui a8uwyn [BO65 pue uolRaLIsely 1BI0S damod amlasuu0n LO07 Y 'uosgoder
YRITBHT 9% Ax0g Afsauy SHEAPUI JO SURBW AG sases UOREIIS
[BIN 30, WidlIgsassy - 1oe Jans mqeu!es,sns. penit Aay uawy puy BOOT nuonsyely g pus -3 "Hoys))
. e . L afuluEy ‘Uyeay pus Afomiuoay FOUODUDT (1
Lo SIS ASMod Aoursse ue Woly seusnbiesuod uo Apngs ases e - Wonserg maruey oy 1107 g ‘Baysy
o L ) SlOWeg Ssaig Ausiasun
sug)gq:p;.g. suyar VEGE-0ERT "ABisot ws1sam Ul UDREIND8(R uemnd #0 DUDMISHN HET g ) 'seydng
c e s ' TE-BTNE SNI0LRY "ODN Ue Lo saduRsadxe pue SHADEL S5ETONg
iF 24t pasienuesaq toor UBSUDIIAA 1 puR Z5yduRg L masiag vy ‘puBlOH
. ' BECT-VYOT 9E
i [BLeNnsy; pue Adijod v ‘BIGLUEZ uf uonee Y 2007 "I D ‘eAueey
EL8-96/17% Aiaug 3jGemalay zigluey TEepung
SPRC| PASESIIU! SBWeD s UHM Q2002 N ‘Uossaesn

o . . ‘BETT-ZEETISE Adljog
ey anrold LiRlsea wWoy seavanadis 'SPUNNOI ABMS SUSIPIE U sadueys pue

) s_aagn.:séis SHIRE deies 01 s5920y-Afojouydag 18108 Woy sieuag feuciesnpy BLOOT W uossaelsng
“oindeyy ‘erdisug 2P epuny (0107-3007) Arwng uey nfazeng L00Z "IN

EARI05 JO SISARYE Uy

i S S

‘zsi"svm? Aaijed AS1au3 “proms Silde|aaap a4l Ut LDNEIERIA|3 (RN ZE6L B ARied
BTY-TIt ST .'\5_||od oo, BIpUL (RN U3 5ie0d Lonead)|e Auaacd pue qu\o'lﬁ efsag;;;:&e s s
03 auoz |Edooae-oide Ag sjuaunseaul aygnd Sunsfieg . peoz Cenbed 'L pue-yeien d 'S
' wieeies 53 1eg ‘Aoyiny AioleinSay Jatep pue ABiaul
‘BIUBZUE | Ut SJuaRRIBe aseyound Jamod jjews paziplepuels Japun.e!ua:wel 1] sp];‘é‘-{u;g ar\;;‘VHnMa
01. AUoL09e Jo afEs Byl 104 TTOZ 1B9A JO) SUOHRENIEDY Yuel paiesq ‘gz xpuaddy “qiTo
- wieres 5a 1 ‘Aloyiny Alojeinday 1aean pue Adieul
‘Blupzue} U siuallseide ssevpund ssmod (|24 PIIDIEDUEIS I1SpUN BIVEIUE | ugdpg.n_ﬁ ugeu{\;Hnma
étil-oz A301139|9 JO B(BS 23 104 TTOT JBSA IO SUONEMND|ED jJIe] pajiEIag Y7 xipusd g eamgs
'Eéé[-‘;izt:sz ARiou3 ajgemauay 109(0:d 0D53-Ad BIGIEZ 341 WOy Sé”jualﬂ XE"\;’.?‘JV A
- ' : £ ‘RUBILLN|EMN."S 'O ‘WOIISPION "W "UOSPIAY 283
103 Aed ajdoad |einy ponT “ezuemp D pu wn| e anson
: : - ny 1503 MOT 2007 CWRY
dodsy | Yesq - anbhiQuIgZo uBld UORE3IHAIST (Y
Sp IpEPRLIEG “Modsy . Y | L Ter 0TS Ko KBS et NS WD |
e ABiauz pjoyasnoy [einy "866T W SiAR(
E --AL01I102(3 0} 55B0JR O S1oBYES By [ uondwnsuad
PSR ‘G BE-998 768 AMi0g AJuy easeepey LWIRISaMULIoU

. . K o W ‘exeq
U1 ApMS 35D Y IUOREILIBE SWOL pUE UCHEDND SUBIPIKD TICZ Il T PUE Y N ‘B

‘TY-EE.0F Adljod ABiaug pueist ue L Apnls ased e—uci§ad

: - . G pUR S BRGRBYD
BI0OS YIM AuiuRIFod UORENNAIR(S [InY "TO0T TLRgREYD S
Ao fRiRE sees ZT19-E09:01 smainey Adlaug sjgqeulelsns pue

: A ) Bledng
HULMBUDE “MTAD) § 1ediy Ul Juawdoaasp amqeuielsns 1o ABiaus a|gemausy 8007 W 1 aledng

‘88-£8:T AUHGEUIZISNS |BIUBWUOLAUT U) uod ()
: : Y -Mal
W8N 148G 01 10U 40 ag 03 - LY U jje 40} ABuaul 6007 Jonsneway 4 pue 'y puox.u’Li,ireH I}
'$97-/GTRE ABIBUT B|gEMaLRY TINBIUOD UBIY Y] Ul SWBISAS {EDiBojouydan pud-yo ngc? q o
-IUW O JUBLLSSISSE ABBUIRISNS (UONEI IO |2IN) 3[gemaudy 0102 'sIedoy 3 (3 pée 36\1 2
e IRLT-PLATFEABISUT 9jURMBUY "BILSY JO SBBIE 210WS) UD SN0 ¥ 1s3i8ojouynas 4 ;.au. s
Figemauas O 43)JSURIL S(CRUIRISNS YL PUR SBSAIBUR SWSISAS 6007 'Jai’ifm>| 17T "M pue :)g v ‘aig
FE-OFTT ABAM 1831 0d PUB JUCUOYT "D8ET-006T ‘seduey) Rinyniudy soueg
) : 1aduemsuig 4 H pue 4 °Q
Uo 2UNIONNSELL PUE UONEMMIDE [einy 4O 1edw ggs-z AR
'(';Sé-k.i 4d4M) 55314 24N BYL 10} S32INOSAY UCIEDNIHT [BINY Jo »3us|eyn Ay s007 44 satlieq
. . ) Ul e | "EIBURISER BAuBUL JudwWdO|SAB(] 103 JA3URT YRIEITAL iA Q)
FINGISUE $INUN0SIY PHOM “=IpUL Ul plruziAd Byl jo eseq ayi ioy Aﬁmua'ueap u!lﬁu'!:;s(?'\g:uegumg
'a[doéd 3yl 01 Jamagd "GTOZ "yauws 'S pue ‘|87 g 'ajuand ¢ 'osq v 3 ‘Sunayd 'y g‘ uelues
ojnde ‘P1e1013311G $109101d puR uaENNIAT ‘anbiguiesoly 9p RPERDLIISL .
; ’ : NSEIAL- 18 e ‘o
ClIIY) PAIBIIU UONEIYLIGSIE UBMY BUL O} UGHELIISId WE|d 1a)sei-d DGU-(: . ‘epewy
o S DOEE =N T ST PEE I NUOT I e S, Ui
'SABN A.ﬂJaua BAlRwe)Y "Aleioei Jejos sanbiquezop Jop Aud sawedwon usipd] TTI07 VIV

§30URIRI9Y

-aoueladxe pUR QUIN JI2U3 JO pairys A(pury oym s[euolssajord
pama;}uawg Y3 ot aprnesd [ amo am ‘e Jo 180y duostuew oy uo swawuu;o
slden(es iof uossqooer uejiels o1 [yemad am apy uoddns pue Sunsoy §[qen|ez\if!l; ,i
OQQUUIBTETY "W "7 HSqUIND PUR OJWISED) ') [SYBS] PUR BQUIERD) - mn;ua‘x\eag 5¢ ;;sm sg }gug 1
pley w Bunedioned lop uossyeisnsy jouqen) pue $si0, onydog-nuyg uauBSHG) E[:Bd );S[ i3
O] 91} OS[E PIOM SIOYINE U 2Iming UdSJoylg wo spesd wo jno perues sem Apris SIGL

SIS P AMOUNDY




REA. 20711 Rurat Energy Agency. Page available at: hip://www.rea.go.tz/

Sanchez, P, G. Denning, and G, Nziguhaba. 2008.%The African Green Revolution moves forward, Food
Security 1:37-44.

Spalding-Fecher, R. 2005. Health benefits of electrification in developing countries: a fuantitative
assessment in South Africa. Energy for Sustainable Development $:53-62,

Svensson, ). and N. §. Farina. 2010. Investigation of productive use by solar PVs in rural Tanzania,
Chalmers University of Tachnology, Gothenburg.

Wamukonya, N. 2003, Power sector reform in developing countries: rmismatcherd agendas. Energy

* Policy 31: 127’3 1285

Warmukonya, N, and M. Davis. 2001. Socio-economic apacts of rural electrification in Mamibia:
comparisons between grid, solar and unelectrified lmusehmds Energy for Sushmabke
Development 5:5-13.

WE. 2007. Project Paper on a Proposed Restructuring “of the Energy Reform and Accass Project for
the Republic of Mozambigue. The World Bank.

W3, 2008, The Welfare impact of Rural Electrification: A Reassessment of the Cosi_s and Benefits.
World Bank Independent Evaluation Group, Washington DC.

Weisser, D. 2004, Power sector reform in small, istfend developing states: what role for renewablo
energy technologies? Renewable and Sustainable Energy Reviews §:100-137.

witkins, &, 2002, Tech'rfcséogv transfer for renewable energy. Overcoming barriers in developing
countries. Farthscan Publications Lid, London.

VPC. 2008 Productive Uses of Energy. Vattenfall Power Consultant, Maputo.

Akesson, G. and V. Nhate. 2006. Study. on-the socio-economic and poverty impact of the rural
slectrification  project Ribaug/lapala, Nampule, Mozambique. Swedish Fmbassy in
Miozarnbique, Maputo,

25

Paper 3



1
¥ wosqro) Aunnios sazibax prasy 9[EDS 310J21Y) PUE “IPRI SUOHKHIEOD ) puz usas aq ueo
uaf;m $2UBN LU 1 “JaAI83G0 Ay sanuoud pus 2N 3FpI[MO a1 sioum S[B3S Jo ac10ys
PUL UOHEAISQO JO S3[ms [emeds pus jesodurn a2 -uo Furpuadap Apusiainp pocisiapun
a3q ue5 uonsanb ﬁg aomosas ayl e sg. (GARIND 1asuefeusw somossy [eireu o5 wajqosd
[BUSLRPURY © “maigey ualxe o uonnosal Jo waiqoud e Aduns jou s1 apeas g0 A {010z
‘18 10 o L 9007 e 1o Sunmnsy ‘9007 '[® 1 yseDy) $aeas fegads pue terodway- snousa
- Ssouow sassaooud wonyjed pue eros ‘[eotBo[00s usamiaq AoeLml xa[dwan ayl 1940 swesueo
1 @i WBn01g sey s0vzemy msumoAu-A1000s a1 e safuojjeys {2qo[§ 2] 01 pasu éq L

uonsnposny g

5198 BIED UBIMIN) S30US[IS
puz sdef o a1ojidxe o1 JuewnSeuew asmosss FRINIRL UF PIAJOAUE SIauonneid pup siayoleasas
Burjqeus ‘asuafiaap o) vonemSusLy Susn yoroxdde [e2tdojopoyows v jusserd sm ‘$3[B35
{PUOTEARSG0 ojdnnut pug spoatu paxil: 10 asn i) ‘yovoxdde feordojowasids sy wodn
IR 2101E Y “1oypn g syys Adray] pue-oises “rapued THOM U0 paseq sueonwpas [esrod
“[BE3CS 4O SUOKBISIIUOD U1 puR ‘Sa0inossy 159404 Jo a8kt s301300ud stjoquuds pus [2U21EW Jo
S0BLIaRUE 3L} 18 “Anysaio; Ayumunuog wt peonpaados Juaq o a8psimoty Jo sa(eas pug samod

-9 J0 axliuexs a)a10u00 € st aseo asafedan 21, 9152 pug Axe1o] “1apuad se yans suoneRy -

'_ Tamod pue JSWUOIAUS [RINEL 21 usomiag HORORIBIUL SLUBUAD & Aq pajewiue “159.40f auyp
0} suotRial pue jo ssn 5 adoad UBnouyy efoun suomised 89Uz moy pue SWorsAs aFpajmouy
Te30f unpa suomisod apdynu age 2oyl Moy (Bosal opy JsULTeURL A0mosar [RInEU
HFpasiolaxs st samod moy o red st pue suoneatidun Lorjod sey ‘PHOM a3 Apmis pue aunsesw
O SISAULIDS £ pasn suolsuatIp sAneIuRnD 10 [eyeds ‘RIcdwum 31 31 “23r08 [euonBALISqO
Jo oaofoya AP e sn3E oM opmIe sip) W passnasip Ajppm ueoq sey uswsSeusw
JAMNOSI [BINBU JO $2U0MN0 10) SUDIBISIUL 3]3S pup saneudp aens o douetiodun oy

o as'sIeyoEhRIoqye-auaoy UL 008741 16 Op+ ta] “omne Fupuodsanoy,
A puepoog ‘gys ‘
S “YBmquipg ‘yRinquipy Jo Aisaaaupn ‘SITUNIFOID) S0 [00Y2g “JWABURIALY Dy Audeifoan z0 Snsey,
‘wapamg ‘Ficqmog ‘ASojounee 1,10 Ajismaatun) sspwimysy “SARY SwolsAg (o LA,

AESunydiN eaipuy L l?}iOq[qV UISLF

suolieadun Adljed pue samod ‘ASojowsside
-~ Alisauo; ssajedap ul afpamouw; Jo $3[EDS UsaMIaY Yazewisip




al. 2000, Cumming et al. 2006, O'Flaherty et al. 2008, Rangan and Kull 2009). In this paper
we argue that the cﬁoice of observational scale, ie. the temporal, spat'ial or qgantitative
dimensions used by scientists to measure and study the world, has policy implications and is
part of how power is exercised in natural resource management, in the following case study,
we illustrate the ways that different temporal and spatial scales of knowledge become part of
the emergence of power afid ecological change in the social-ccological systems of Nepalese
f-oreslry. We reveal how there are multiple positions within focal imowledge systems and how
these positions emergé through people’s use of and relations to the forest, animated by a
dynamic interaction between the natural environment and power relal;iAons such as gender,

literacy and caste.

This article thus aims io interrogater (1) the problem of cross-scale processes and scale
mismatch, taking the case of forestry and (2) the limits of observation and interpretation,
framed as a discussion about knowledge scales and scale of observation. Knowledge
scales};éales 6f knowledge we define as the tempaoral and spatial exient and character of
knowiedge held by individuals and collectives. We do so through 2 case study of community
.forestry in Nepal, illustrating how aciors’ understanding of the forest is based on: a.) different
needs, interests and values, and alse b.) knowledge derived from different temporal and
spatial scales. As a resuli, actors interpret both the forest and the rationale of forest

management through specific, and often conflicting, frames. We argue that disparaie ::cales of

kiowledge are an important ‘scele mismateh’, which together with scale politics, lead w0

conflicts in Nepalese forest management. We demonstrate how such- mismaiches can be
illuminated through the use of mixed methods that both a.) employ multiple observational
scales and b.) allow triangulation for divergence, that can reveal the silences and gaps

between data sets and give equal weight to different knowledge systems.

Our discussion of scale concepts takes place in the context of society-nature interactions, or
social-ccological systems {SES) and in relation to the managerent of natural resources.
Forestry in Nepal is home to scale mismatches between social, ecological and political
processes. But it is alse an arena for conflicts between and within different knowledge
sys{ems with important implications for policy. To support cur argument, we eritically

d
TEVIEW dxﬁ"m ent conceplualizations of scale, cross-scale processes and scale mismatch, an

tigi engage an episternological diniéhdion ~ the mismatch Hatwskns

‘fsets eniscalds of kiowledge helps us undérstand “conilicts between actors in Nepalese
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forestry. This is the realm where s:cientiﬁc and local knowledge systems meet on unequal
footing. As many scholars are well aware, the choice of observational scale is not neutral, The
political implications of scale choices have led to use of multi-scale assessments, 10 increase
the credibility and relevance of findings. Building on these discuséions, we present a

methodoiogical approach to triang‘u]é‘tion that helps to explore mismaich between seafes of
knowledge in the Nepalese case.

Z. Crogs-scale dynamics and forestry

Scale has been concepiualized in many disciplines (e.. Peterson and Parker 1698, Gibson et
al. 2000, Manson 2008, Rangan and Kull 2009, Termeer et al. 2010, and has long been
considered a fundamental problem in ecological science. Understanding processes that oceur
on different scales of space, time, and organ.izational complexity, is crucial both in theoretical
and applied ecology (Levin 1992). O’Neill and King (1998) define scale as physical
dimensions af observed entities and phenomena {see also Reid et al. 2006), which is usually
recorded as a quantity (e-g. spatial extent and temporal duration) and involves {or at least
implies) measurcment and measurement units. ‘Cmss scale studies® tend to e;thcr take both
temporal and spanal scales inte account (MA 2005), or study the interactions between
ecological and soma] processes (Cash et al. 2006, C Cumming et al. 2006}, Clearly these are two

quite distinct agendas, and point to the diversity of issues that can be subsumed under
‘questions of scale’. )

It order to undérstand how scale mismatch emerges in natural resource management; we need
to recognize %hat in ecalogy, scale is different from the céncept of level. The latter refers fo
level of organization in a hierarchical system, characterized by the rate of a process. Level of
organization is therefore a relative characterization of systemn organization, or as Allen (1998)
calis it, “definitional”, i.e. relationships that derive from definitions employed by the observer.
The rate of a process that defines a specific level also has a temporal and spatial scale over
which that ﬁrocess operates (O'Neill and King 1998), résulting in confusion when the

concepts of scale and level are used interchangeab]y.

Confusion may also stem from conceptual dszcrences between disciplines, such as when L?}e
temporal rates of processes at various levels in social hierarchies are not necessarily ordcred
like rates in ecclogical hierarchies. In ecology, higher levels have slower rates and lower

fevels have faster rates of change (i.e. cellular processes vs. those of an’arganism as & whole)
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from sociology of science, feminist critiques of science (Haraway 1991), the works of Kuhn
{(Kuhn 1962/1970) and Foucault (1980) among others have created debates for reflexivity on

and atknowledgement of the normative underpinnings in how we do science.

Social soientists have engaged with these issues through the of “politics of scale’ (Buizer et al.

20113, showing how acters exert power through “shifting the agendas or shaping the contexis

in which knowledge is organized or decisions are made” (Lebel 2066, 37). According 8

Rangan and Kuil (2008), the preconceived ideas held by social and natural scientists on
scological change influence the delineation of a system, which plays a crucial role in
determining the outcome of change. They sec scale as the means by which ecological change
becomes poljtical. According to them, scale i3 produced to explain or argue for or against the
processes and outcomes of ccologjcal change in words like transformation, degradation or

evolution, good, bad, alien, invasive, native, or benign.

In ecology, scale of observation has alse received much critical attention. Ecologists often talk
about the ‘characteristic” scale 'of ecosystem processes and services, i.e. the typical exteat o
duration over which processes have their impact (MA 2005), this should not be taken as
saying thai there is a correct scale of ohservation (ONeill and King 1998, Cash et al. 2006,
Termeer et al: 2610). As Levin (Levin 1992, 1947) writes, “... the problem is not te chose the
cosrect scale of 'descfiption, but rather o recognize that change is taking place on many scales
at the same time, and that it is the interaction among phenomena on different scales that must
occupy our atiention”, Geﬁer&ﬂy, giverse processes are likely to be importani on different
scales, and ecologists need ways to integrate them. O*Neill and King (1998, 6) write, “if you
move far enough across séale, the dominant processes change. [t is not just that things get
bigger or smaller, but the phenomena themselves change. Unstable systems now seem stable.
Bottom-up control turns inic top-down control”. Moving between scales is a trade-olf
between detail of variation and statistical prediciability. According to Levin (1992}, this
" makes it clear that there are no natural levels of description, although some scales are more
appropriate to study phenomena than others. This is a crucial point, and we adhere to the idea
that some scales are more appropriate than others for scientific study of phenomena, however,

we also argné that scientists need to reflect upon the policy implications of their scale choices.

To a certain extent, differing scales of knowledge help explain conflicts between how

disparate knowledge systems understand  socio-ecological processes. Here, scales of

-knowledge refers to the spatial and temporal character of that knowledge, not to be confused

the knowledge content per se, or with the organizational level at which stakeholders hoiding

) that knowledge are active,

A knowledge system has been deﬁned as a body of propasi.tions adhered to that are routinely .
gsed to claim truth (Reid ot al. 20606, 11). Western scienceis one such knowledge system with
its norms and proceduses for “ruth-making’. Western science is said to work through a
process of validating, absiracting and generalizing knowledge, white local knowledge is seen
as embedded i’ people and institutions and characterized by being contextual and applied
(Agrawal 2002). Traditional ecological knowledge is according to Berkes and Folke (1998, 8)
& “eumulative body of knowledge, practice and beliefs, evolving by adapiive processes and
handed down through generations by cultural transmission™. It may or may not be indigenous,
but “has roots firmly in the past” (Reid et al. 2006, 11). Local knowledge is then referring to
-place»based experiential knowledge, oral and practice-based, as opposed to formal education.
These cumulative ‘bodies’ of imowiedge_evolve over time and individuals may very well

accept some parts and question other,

This way of contrasting science and, local knowledge risks seeing them as two internally
homogenous knowledge systems. Local traditional knowledge is not Jimited 1o local gca]es of
knowledge, but rather invoives muitiple time frames and geographical scales; # is only the
level of the actors that is ‘local’, Ané. much science is both contextual and based on local -
scz.ales of observation, making the process of absiraction and generalization carry a risk of
improper applications in other contexts, However, science and other knowledge systems are

distinet i that they are still unequal in terms of legitimacy, political influence and economic
power.

Scale of observation is thus inherently political because ecological assessments that give
pref:edcnce to expert knowledge may discriminate against indigenoﬁs, local knowledge
minerities or marginalized groups {MA 2005, Reid et al, 2006, Termeer et al. 2010). As a way

1o deal with the Emitations qnd biases imposed by the scale of oi}scwation, studies ecoiegyh

common property and related SES work agree that there is need for multi-scale assessments

zm.d cross-scale studies (Levin 1992, O'Neill and King 1998, MA 2005, Allen and Holting
2010). According to the Millennium Ecosystem Assessment report on multi-scale

assessments, “an effective assessment of ecosystems or human well-being - cannot - be
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to allow developing couniries to se]i carbon credits generated from forest conservation
programmes. In Nepal, a coalition of actors bas been working to try to distribuie potential
revenue from this programme 1o individual community forestry user-groups. The desire to
bring direct benefits to the ordinary péoplﬂ widely believed to be most responsible for the
tremendous gains made in forest cover dver the past thirty vears is laudable, but throws into
relief scale issues. To understand the challenges posed by current climaie change concerns,
we will first illustrate how mismaich between scales of lmowledge and scale polisics have

played out in the past.

The development of community. forestry (CF) in Nepal, beginning in the 1980s and galning
momentum af.tef 1994, quickly became a programme wherein scieniific ‘expert knowledge’
was given priority over local knowledge systé:ns_ This development took place through a set
of organizational, symbolic and material praclices embedded in existing power relarions

clearly seen in the process of copstituting a group. In order 1o take over the management of a

communily forest, a user group must first map the forest and develop an operational plan -

{Shrestha et al 1995). The District Forest Office (DFO) staff and, where relevant, foreign-
donor project ;tafﬁ provide substantial assistance to user groups during this ph;clée. Once the
forest has been s‘urveyed, mapped and the operational plan approved, the govermment
continues to legally own the land but villagers have the fight to manage, use and sell all forest
products (GON/MFSC 1995). Development practitioners in community forestry programs
promote the diffusion of knowledge to local peopie with an underiying assumption that
ordinary villagers are ‘backwards’ and need to be ‘sensitized’ to proper forest management
and more recently, climate change. Knowlédge. is understood as professional/expert
knowledge, aﬁd something different from local traditional knowledge and in many respects,

sits at the core of decentralization goals.

Decentralization in this context is based on the idea that common resources need i be
privatized ané reguiated through collective management. Such property arrangements assume
the existence of a recognizable and uncontestabje local community that can own and manage
the forest (Zimmerer 2000, Nightingale 2005). For people to be legitimate managers of the
forest they. need to be trained by officials and gain the ‘right” type of knowledge. The maps
and operational plans required to constitute 2 community forest user-group thus take on

significance beyond simple management documents. They become symbols of ‘professional’

-forestry and scientific knowledge and-as such are strategically used by opatattorstoeonitol ~

- ' 19

resources (Nightingale 2005). In Mugu district, knowledge claims intersect with power
relations within user-groups such that literate, lugh caste, usually male members use their
superior abilities to read, interpret and “understand’ these documents to-assert their right to
contirol the group. Meanwhile, the knowledge of illiterate, usually lower caste and female

members is margisalized.

impéﬁantiy, the management pl.ans and maps are based on different temporal and spatial
scales than knowledge held by focal users, The map represents 2 detached position, at a larger .
spatial scale and without the detail of local conditions on the ground (Rocheleau ]§95, 5t
Martin 2005), Management rules are based on génerai knowledpe pained in other contexts,
usvally from monoculiure forestry for timber production rather than multi-use forestry.
Monoculiure forestry does not provide the biodiversity required Tor multi-use forests that are
currently needed for sustainable rural livelihoods in Nepal, Déspite this, industrial forestry
guidelines are given priority over local knowledges. As a result, CF becomes a lerrain
wherein the scale of forestry ranagement both in terms of kn(;wledge and social organization
is produced and rescaled to the interests of the local elite. Within the local cémmunity, people
with more everyday experience of the forest are dismissed as iTliterate and ignorant, while

high caste men who do not werk in the forest claim to be the ones knowledgeable.

Scientific representations of- forest change - eg remote sensed data - are becoming .
increasingly dominant for determining changes in forest cover, land use and environmental
degradation (Nightingal.e 2003, 80). These developments have implications both in terms of
the quality of information and the credibility and legitimacy of &ifferent knowledge systems
for forest policy, a trend which is compounded by concems over climate change in the
Himalayas. Ignoring the mismatch between scientific scales of observation and the scales of
knowledge mobilized by local actors may lead to misinterpretation of results, misdirected
policy, and conflicts between stakeholders. Community forestry user-groups are well aware of
changes occurring in their -environment even if they do not cast such knowledge in the
language of *climate change’. As one donor supported user-group member said after listening

to 8 FM radio programme on climate change,

.In carlier times, ! used to hear the news about drought after hail, hunger
problems, firebreaks and sometimes floods. But now, I find less rain, and there
is change n the timing of rair too. The days are becoming hotter and hotter.
Water flow level is alse deereasing in rivers and stféams,.." 65 year old man,

11
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When we bring this aralysis to climate change and programmes like REDD+, it Is clear scale
politics pose some chalienges for participatory CF. Decentralization of foresf management is
attributed with giving village users a greater sense of ownership and thus a willingness o
ensure the long term viability of th.eir forests. In order to sell this ‘carbon’ on a global market,
however, a mechanism is required that can bring together thousands of user-groups into one
package that can be marketed-to a global buyer. A coalition of donor and civil society leaders
are keen-to see such a mechanism reflect the participatory, inclusive practices that have been
institutionalized within community forestry, but exactly how to achieve that is far from
obvious. Most user~-groups presently use annual assemblies of all members to deliberate key
decisions, but the demands of a global carbon market will necessitate the formation of a core
of ‘elites” who can act as an intermediary between the grassroots and national and
international contexts. The proposals under consideration bring forest department staff as well
as user-groups and civil society representatives into such a forum. If we examine this issue in
terms of scale politics, we see tremendeus potential for ‘local’ knqwleége to be superseded by
‘national’ and ‘giobal” understandings of clir_}}g}'e change, as well as for local interests 1o be
subsumed in order to sequester ‘carbon’. j{ﬁfbitiqns to include local kmowledge m such
negotiations are likely to ignore the multiple scales of knowledge within communities, seeing
partial and political claims to knowledge by eliies as representative of local needs and

interests.

4. Conclusions
By exploring the mismatch between scales of knowledge held by actors in relation to each

other and in relation to the forest ecosystem, we are zble to explain hqw various actors
perceive forest change, why there are struggles over implementation of community forestry in
Nepal, and why-the expert position taken by researchers is not an objective or neutral one, but
of strategic interest for actors invelved in forestry and for resulting policy making, Nepalese
forests and forestry have undergone tapid changes since the 198Gs, and ene way .to egp]ain
this is by saying that the social and ecological systems have not aligned properly, resulting in
scale mismatch and disruption in the functions of _the social-ecological system. However,
whether the change is positive or negative depends on what functions are of interest;
questions that are highly contested. As we demonstrate in the case study, the current
promotion of ‘expert knowledge’ by the DFO is strategically used by local elites to’ assert

control over forest resources, leading to ecosystem change, a redefinition of the forest as a

source of timber rather than a multi-use forest for local livelihoods and places of meaning,

gradual disappearance of local knowledge, and changes in peopie’s access to the forest and

forest resources.

The use of mixed methods and data sefs with different observational scales helped reveal how

the forest signifies different things to the actors involved, but it also heiped illustrate how
these differences came about. We want to emphasize that such an understanding can only

emerge by taking the epistemological position of situated, political and partial knowledge, -
which tums the eye on the researcher and her or his underlying assumptions about the world.
Instead of seeking a coherent view of reality, the position allows us to expiore the gaps
between worldviews. By using mixed methods, the incompatibilities between data sets
become evident, When, we scrutinize thes:e gaps from a scale pérspcctive, it becomes clear
how these data sets — and knowledge held by actors - are based on different temporal and
spatial scales, influencing the defineation of the forest as associated value, and as problem;
creating multiple stories of fofest change. This is particularly important because
acknowiedging multiple and divergent stories has policy implications. It requires a different
organization of the NRM process, one which can allow open dialogue between actors without

striving for a single dominant story as output.

The approzach by scientists to these questions is crucial as the choice of observational scalé is

part of creating preferential rights of interpretation and giving legitimacy o certain actors and

- perspectives. Attention to mismatch between knowiedge scales is an Important challenge for

NRM that aims at bottom-up development and empowerment of marginalized groups. The
objectives of such programmes are potentially undermined by scale politics and scale

mismatch such that forests are not managed weil, the poorest of the poor do not benefit

* adequately, and livelihoed benefits are compromised,

While efforts to integrate Jocal and scientific knowledge are laudable, such integration
requires caution and questioning of the improper applications of science w0 new contexts as
well as an interrogation of how different knowledges may be fundamentally embedded in
different scales, influencing problem definition and solutions. Local traditional knowledge is
contextual and applied, which also means fhat it is diverse and inherently multi-scalar. Scale
politics and mismatch between scales of knowledge exist within local communities, mesning

that scientific knowledge will necessarily intersect politically as well as epistemologically
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