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Abstract
This thesis shows the politics, or conflict, cooperation and negotiation over control of
resources, involved in decentralized electricity production in the Lao PDR. This is
exemplified by the case of pico-hydropower technology development in the broader context
of centralized political control. Pico-hydropower units generate electricity on household level
and are completely market-driven. Since there is virtually no empirical information on this
technology in Laos, a detailed technographic description has been made of the hardware,
market and use of this technology. This information has been used as a basis to analyze the
actors and policies active on national level in Laos. Specific attention went to addressing why
these actors neglect pico-hydropower. The analysis makes clear that there are mechanism and
factors that show the politics involved in technology development. This study on technology
in its broader political context marks the first attempt to apply the political ecology of
technology.
Empirical data from three field work areas shows the importance and diversity of picohydropower for peoples’ livelihoods in Laos. An estimated 60.000 units generate electricity
for around 90.000 households in remote rural areas. The most important functions are to
provide light and entertainment. The units are being manufactured in Vietnam and China and
sold commercially at local district and provincial markets in Laos. The location plays an
important role in how the units are being used, deciding whether the units are being installed
either ‘lying’ or ‘standing’ and used throughout the year or not. An important aspect is the
price of the technology compared to other electrification options. The financial analysis shows
that pico-hydropower systems are the cheapest source of electricity, even when the costs for
cables and replacing spare parts are included.
The analysis of the actors and their narratives, based on interviews, shows that there is an
observed disinterest in pico-hydropower, caused by a number of mechanisms and factors. The
narratives of governmental, multilateral, private and non-governmental actors about picohydropower are in sharp contrast with the technographic data collected. The two most
important actors, VOPS and Sunlabob, are mainly implementing solar home systems. This
indicates their path dependency, choice for universally applicable solutions and the effects of
the information poor environment in Laos. Although official government policies support
decentralized pico-hydropower generation, this does not fit in the agenda of centralization and
control over the ethnic minorities in remote rural areas.
This thesis has shown that poor people in remote rural areas are willing and able to pay for
electricity and that a strong transnational network has developed around pico-hydropower in
Laos. However, actors on national level have been only marginally successful in trying to
implement rural electrification technologies, because of political choices and the lack of
empirically-based actions. Awareness of the politics involved in technology development and
increased efforts to make choices based on empirical information are amongst the
recommendations of the author.
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“Communism is Soviet power plus the electrification of the whole country”
“A lie told often enough becomes the truth”
- Vladimir Lenin

1 Electricity and development in their political context
1.1 Problem statement
In his book Oriental Despotism: a comparative study on total power, Karl Wittfogel
(1957) compares different countries with totalitarian regimes, notably communist China and
the former Soviet Union. Building on ideas of Weber and Marx, he named these and some
other states hydraulic societies, because of their strong reliance on large infrastructural works
related to water and irrigation. He argued that building and managing these large
infrastructural projects requires and produces a strong centralized and hierarchical
bureaucratic governance system. This system would exert influence into all spheres of society
and led, according to him, to absolute and despotic state power, without much place for
private property and individualism.
Some of Wittfogel’s writing has proven to be remarkably timely today, because many
Asian states, which was his main geographical focus, still have centralized political
organization. China remains the most prominent one, but most countries in Southeast Asia
have centralized government control as well. Vietnam, Myanmar and Laos are ruled by one
(communist) party and Singapore, Cambodia, Malaysia and the Philippines have only fragile
and superficial democratic structures. Even Thailand and Indonesia are only slowly moving
towards less centralized control and more democracy (Kingsbury, 2007).
Southeast Asia and the Greater Mekong Subregion1 in particular, are also still involved in
large infrastructural projects related to water, the key feature of Wittfogel’s hydraulic
societies. Besides irrigation projects, the planning and construction of large hydropower dams
currently dominate the political agendas in this area (Bakker, 1999; Sneddon and Fox, 2006).
Laos is the country with highest hydropower potential in the Greater Mekong Subregion and a
few big dams have been constructed already and many are underway. The development of this
potential is encouraged by bi- and multilateral donor organizations and funded by private
parties, because it promises great opportunities to generate export revenues, which could
alleviate poverty in this least-developed country. (ADB, 2006).
The development of this hydropower potential is strongly connected to politics. As Bakker
(1999) shows in her case study on the Nam Theun 2 dam in Laos, “the inequities of the
reallocation of control over resources inevitable with any hydrodevelopment project … will
likely deepen tensions between local communities and the state, and maybe serve, if
inadvertently, to deepen the politicization of resources” (p. 228). This empirical observation is
in line with the general definition of politics by Leftwich (1983) as “all the activities of
conflict, cooperation and negotiation involved in the use, production and distribution of
resources, whether material or ideal, whether at local, national or international levels, or
1

The Mekong river runs through China (Yunnan), Myanmar, Thailand, Laos, Cambodia and Vietnam

whether in the private of public domains”. This definition will be used throughout this thesis
and stresses the need to understand politics beyond the way it is used in everyday language
and focuses on the political processes involved in resource distribution on different levels of
governance.
The politics involved in small, decentralized technologies and their relation to the
government control are often underexposed. Wittfogel (1957) pointed out that “[t]he power of
hydraulic despotism is unchecked (‘total’), but it does not operate everywhere. The life of
most individuals is far from being completely controlled by the state” (p. 108). This implies
that there is space for decentralized initiatives, albeit limited by the state’s sphere of
influence. An example of small-scale decentralized technology in the context of centralized
governance are the communal muang fai irrigation-systems in Thailand. Around the Chao
Phraya river delta these traditional seasonal weirs were rebuild in concrete by government
decree in order to save water for Bangkok (Molle, 2007). This fits in the bigger picture in
which “Bangkok tends to dominate the delta, the delta tries to maintain (with some
difficulties) its privileged access to water in the basin” (p. 370). This example suggests that
the balance between centralized state control and decentralized technologies involves politics
of control over resources at various scales. However, there is limited empirical knowledge on
this balance and on the influence of contemporary regional and global politics on this
decentralized technology development.

1.2 Research objective and research questions
This thesis aims to analyze the politics involved in decentralized pico-hydropower
technology development in the Lao Peoples’ Democratic Republic (Laos). The development
of large hydropower dams and rural electrification policies in this country are in line with the
centralized political control in this country. Rural electrification is the provision of electricity
to areas currently without electricity. Rural electrification through the expansion of the
national grid fits within the policies of the government to gain control over the remote rural
areas, because grid electricity is offered centrally and legitimates resettlement of villages
(Baird and Shoemaker, 2007). However, people in Laos have come up with alternative
technologies to produce decentralized electricity. This thesis focuses on pico-hydropower, one
of these technologies. This form of small-scale electricity generation, producing up to 2 kW,
can widely be found throughout the country. This technology is of specific interest, because
virtually no research has been done on this technology in the context of Laos so far. Because
there is hardly any written information on pico-hydropower in Laos, the first research
question is:
What are the hardware characteristics, market distribution, use and economics of picohydropower in Laos?
This descriptive question tries to get a complete overview of the technology in a broad
sense in three target areas in Laos using a technographic approach (Richards, 2001, 2006a).
This includes technical questions, such as: What is the working of pico-hydropower and what
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kinds of pico-hydro units are available in Laos? In addition, other questions are included, such
as: Where can pico-hydropower units be bought and what are the distribution channels?
Especially relevant are the questions that allow for the comparison of pico-hydropower with
other electrification technologies: What are the functions of pico-hydropower? And, what are
the total lifecycle costs of this technology? Answering these questions is a necessary first step
towards the analysis of the politics of rural electrification in Laos. This is guided by the
second research question:
What are the narratives of the actors on national level about pico-hydropower and how do
these relate to their narratives about electrification and rural development?
This analytical question aims to compare the narratives, or, stories that reduce complexity and
uncertainty (Roe, 1991), with the empirical findings from the first question and tries to
explain the differences. This will be done for different types of actors, i.e. governmental,
multilateral, private and non-governmental organizations, on national level. First, this requires
some descriptive questions, such as: Which actors are involved in rural electrification in Laos
and what are their policies on pico-hydropower? After that, the actors and their policies will
be compared to their actions and interview data to trace their narratives. What are the actors’
narratives on pico-hydropower and rural electrification? Additionally, some of the
mechanisms influencing the construction of these narratives will be proposed. The second
question implicitly addresses the issue why the governmental, multilateral, private and nongovernmental organizations on national level apparently neglect pico-hydropower in Laos.

1.3 Theoretical framing of the problem
The framing of the research questions is strongly influenced by socio-technical studies of
technology and political ecology, a politically sensitive social sciences approach to put this
technology in its broader context. Therefore, the questions will be analyzed from a combined
science and technology and political ecology perspective. Both approaches will be shortly
elaborated on in order to theoretically frame this thesis. The first one, science and technology
studies (STS), provides the basis for the broadly defined technographic description of picohydropower in Laos. Political ecology, the second one, is used to compare these descriptions
with the narratives on actors on national level. The study of technology in a political ecology
framework contributes to the plurality of different fields of study within this approach.
1.3.1 Social studies of technology

Social sciences approaches to the study of technology provide the basis for understanding
pico-hydropower in peoples’ livelihoods in Laos in this thesis. The call for more involvement
of the social sciences to study technology has resulted in the rise of science and technology
studies over the past 25 years. The objectives of this field of study are to fight the idea that
“[s]cientists discover facts about reality, and technologist apply these facts to produce useful
things” (MacKenzie and Wajcman, 1999). As a response to this technological reductionism,
many STS scholars took the complete opposite social constructivist stance towards
technology. One of the most notorious examples are Latour and Woolgar’s (1979) account of
15

the “laboratory life” and the construction of scientific facts. This study was followed by
approaches like the Social Construction of Technology, which argues that technological
innovations are a product of society and reflect the power of certain social groups over others
(e.g. Bijker, Hughes and Pinch, 1987; Bijker and Law, 1992). Another well-known approach
is the Actor-Network Theory (ANT), using heterogeneous hybrid networks of human and
non-human artifacts to explain the rise and fall of certain technological actor-networks (Law,
1992; Law and Callon, 1992).
The study of technology from a strong social constructivist perspective has been criticized
for failing to result in real improvements. Although the constructivist approach to studying
technology leads to interesting insights on technology development by uncovering the
complexity and social arenas of innovation processes, it hardly leads to any explanatory
theories or uptake in the policy domain (Geels, 2007). Durbin (1998) states this as follows: “It
is important to understand sociotechnologies, but it is more important to do something about
the social problems associated with them” (italics in original).
In order to come to meaningful explanations of technology development, Richards (2006b)
argues that these explanations should make sense to all actors involved. In an article on the
Green Revolution, Richards (2001) argues for “taking the knowledge of local agents
seriously” and that “[s]cience policy, for the poorest of the poor, should be established ‘from
below” (p. 30). Indeed, much of the STS literature from the 1970s on has been concerned with
the deconstruction of scientific expertise as the only source of innovation and very often local
and laymen knowledge and increased public participation has been put forward as an
important contributor to ‘better’ technology development (Geels, 2007). This message in STS
literature, for increased participation and inclusion of local knowledge, has been criticized by
Collins and Evans (2002) for its repetitiveness of always “the same political recipe” of
increased public participation for all problems concerning technical decision-making (p. 263).
Therefore, they proposed a Third Wave of Science Studies that values expertise and
experience on a case-by-case basis and valuing this without pre-set judgments about scientists
or ‘laymen’. This approach could answer Geel’s (2007) call for a STS-model which would
“make explicit efforts to combine different concepts in an analytical model and it would
search for patterns and explanatory mechanisms” (p. 635).
This thesis will build on the social sciences perspective of technology development and
take some lessons of STS-literature into account. Thus, pico-hydropower will be approached
as a socio-technical system in order to describe the use and networks around this technology.
Local actors have a prominent role in this description, since they are the ones who embody the
skills of using pico-hydropower. Moreover, this approach serves as a basis to analyze the
politics involved in pico-hydropower, i.e. the conflict, cooperation and negotiation. However,
in order to analyze why the actors on national level have neglected pico-hydropower in Laos,
this local development should be understood using a non place-based approach.
1.3.2 Local processes in a broadly defined political economy

Political ecology places local developments in a broader political context and will be used
to put pico-hydropower in the context of rural electrification in Laos. The classic study by
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Blaikie and Brookfield (1987) defines political ecology as “the concerns of ecology and a
broadly defined political economy.” (p. 17). The roots of political ecology are found in critical
approaches to environmental studies and cultural ecology in particular (Robbins, 2004). In its
early period, some 20-30 years ago, political ecology was mainly inspired by neo-Marxist
theories of production and access and control over resources (Bryant, 1998; Paulson et al.,
2003; Walker, 2005). Studies following this line highlighted how ecology (e.g. land
degradation) is a product of class, capitalist production and bureaucracy. Nowadays, the focus
of political ecology has evolved from mainly analyzing structural effects. Forsyth (2003)
states that the aim is to “refocus political ecology from the assessment of capitalism alone as a
source of environmental degradation towards a politicized understanding of environmental
explanation beyond the epistemology offered by the critique of capitalism” (p. 7). Moreover,
progressive insight in the world of smallholders made clear that these people are usually very
creative in coping with these structural constraints and have considerable power themselves,
even to influence these rigid structures. Similar kinds of structure-agency relations can be
found between actors on many different levels (Long and Long, 1992). Effects of structure
and agency do not only relate to the ‘social world’. Instead, the environment also expresses its
‘agency’ in ways that affect the actions and perceptions of people, by adapting and changing
under certain circumstances. Concurrently, there are emerging environmental patterns and
structures that create opportunities or constraints for both humans and other aspects of the
environment. Because of this symmetry and reciprocity in the relationship between people
and their environment, political processes caused by and affecting social and natural
interactions are at the core of political ecology (Forsyth, 2003).
The study of technology development, in this case pico-hydropower in Laos, will
contribute to the plurality within political ecology. Political ecology’s breeding ground is in
cases of land-based resources and how local land degradation is linked through ‘chains of
explanation’ to other social and environmental levels (Blaikie and Brookfield, 1987). Many
studies on land-based resources, such as agriculture, forestry and nature conservation, have
followed. In 1998, Bryant suggested that political ecology research should expand more into
non-land based resources, such as water and air quality, because “unequal power relations are
as likely to be ‘inscribed’ in the air or the water as they are to be ‘embedded’ in the land” (p.
89). Ever since, there has indeed been more attention for these kinds of resources like water
supply (Dubash 2004), industrial pollution (Forsyth, 2004) and fisheries (Bush, 2004a).
However, referring to Peet and Watts (2004), pluralism in political ecology should be
encouraged to test the mechanisms found in different contexts, from different perspectives,
using different methodologies.
This research contributes to this pluralism by applying political ecology to picohydropower to show the narratives, interests and political context of this technology. This
builds on the basis of the description of this technology using STS concepts. In order to
distinguish this approach, it can be labeled the political ecology of technology. Before
proceeding to the description of the specific concepts used, some specific background
information on the history, politics and electrification of Laos is necessary.
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1.4 History and development in Lao PDR
1.4.1 Introduction

Pico-hydropower development needs to be placed within the history and the politics which
has led to the current policies of state control over people and resources in Laos. The Lao
Peoples’ Democratic Republic is a landlocked country in Southeast Asia, bordering Vietnam,
Thailand, Cambodia, China and Myanmar (see Figure 1). Together with Cambodia, it is the
poorest country of Southeast Asia as measured by the Human Development Index of UNDP
(2008) with place 130 out of 177. The country is different from its fast-growing neighbors
Thailand, Vietnam and China in some important aspects. The rugged terrain with mountains
covering approximately 75% of the land’s surface leaves only little area available for
agriculture, on which still most people depend for subsistence. Although the total area of the
country is with 236,000 km2 about the same size as Great-Brittain, the population density is
very small with a little over six million people in total (CIA World Factbook, 2007). The
Buddhist culture, the memory of the war which ended in 1975 and the related rise of the
communist party all contributed to the highly complex socio-economic characteristics of the
country.
Especially the poor, remote rural areas with many ethnic minorities are a point of concern
for the government. There are many of these areas, since Laos is a predominantly agriarian
society depending on subsistence farming. Providing services, such as electricity, to these
areas is one of the development goals of the GoL. In general, production of electricity is
booming in the Lao PDR. The rivers in the country, traditionally providing the country with
water for agriculture, drinking and washing, now bring additional opportunities in the form of
hydropower. In the coming decades, Laos main export product will become electricity from
hydropower, with the near completion of the Nam Theun 2 dam as the first of many big
hydropower projects. Revenues from this dam alone in 2011 will amount to 60% of the
domestic expenditure on education and health in 2003 (UNDP, 2006). At the same time,
efforts are being undertaken to electrify the rural areas of the country. This is happening at
slow pace and grid electricity alone can and will not be able to accomplish this, because of the
high investments and limited expected returns. Although there are alternatives to grid
electrification, implementation by the government and multilateral organizations has been
slow and not very successful to date. As a response, many people in the rural areas have
installed their own electricity generating devices, such as car pico-hydropower systems and
car batteries. This section will discuss the points above in more detail and shows how rural
development and energy policies in Laos are intrinsically connected.
1.4.2 History and political situation

In order to understand the current interrelationship between rural development politics and
the energy situation, a brief introduction of the foundations of the country is necessary. The
country as it is now took shape for the first time in the 14th century when the warrior-king Fa
Ngum united several areas which were previously autonomous politically independent units,
called meuang, into the first Lao kingdom of Lan Xang Hom Khao (million elephants and the
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white umbrella). While these meuang remained relatively independent, they also pledged their
allegiance to the king. The Lao kingdom was built on a strong feudalistic structure combined
with Buddhist religion which was highly prevalent in the region. The kingdom fell apart into
three separate kingdoms around 1694: the North (Luang Prabang), the Center (present capital
Vientiane) and the South (Champasack).

Figure 1 - Country map of the Lao PDR (ADB, 2006a)
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From 1779 onwards, the kingdom was conquered and ruled by other powers, starting with
the Siamese (Thai) domination. This ended with the colonization of French Indochina in
which the territory of present-day Laos was included in 1893. The French remained in
control, with the exception of the Japanese rule during the Second World War, until 1954
when the French were defeated by the Vietminh (Stuart-Fox, 2004).
After its independence in 1954, Laos was entangled into struggles over power in Indochina
related to the Cold War between the United States and the Soviet Union. From 1946 onwards,
there was officially an independent Lao kingdom, but it was not possible to create a stable
government from the US-backed Royal party and the communist Pathet Lao, supported by Ho
Chi Minh’s Indochina communist movement. After several attempts to establish a democratic
government, the Pathet Lao went underground and started a war with the Royal government.
This civil war created sharp divisions between and even within different ethnic groups in the
country and left it devastated and full of UXO (unexploded ordnance). The Pathet Lao seized
victory in Laos and declared the start of the Lao Peoples’ Democratic Republic in 1975
(Economist, 2008).
Since 1975, Laos has a government lead by the Lao Peoples’ Revolutionary Party (LPRP).
The LPRP controls all the power in the country, because it is the only party allowed. The
party and the government show a high degree of overlap and almost all decisions are taken
with consent or directly by the party. However, the heritage of many centuries of feudalist
power division are still apparent in Laos. This means that the imposed Marxist-Leninist
structure perpetuates to a large extent the power of traditionally wealthy families and political
advancement through kinship and connections (Stuart-Fox, 2004).
1.4.3 Economic liberalization and foreign influence

Although the party has retained its power in the government, economic liberalization has
been taking place since the mid 1980s. This process was called chin thanakaan mai (new
thinking), but internationally known as the New Economic Mechanism (NEM). By doing so,
Laos followed the example of its ideologically related neighbors China and Vietnam, where
similar processes have taken place. Integration in the regional and global economic sphere has
also been pursued by means of joining platforms and forums, such as the Association of South
East Asian Nations (ASEAN) and the process towards accession to the World Trade
Organization (WTO). These processes have led to progressive involvement in the global
economy and an open market economy domestically.
One of the main influences of the open market economy is the increased foreign
investment and involvement, especially from countries in the region, like Thailand, Vietnam,
China and Australia. Foreign direct investment is an important driver of growth and
development in Laos and is targeted to rise from 14% of the Gross Domestic Product (GDP)
in 2005 to 21% of the GDP in 2010. At the same time, it poses threats to the environment and
sustainable use of natural resources in the country (ADB, 2006a). The visible results of this
foreign influence and investment ranges from activities of large multinational mining
companies to the foreign ownership of small shops at village markets. By contrast, the exports
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of Laos to its five neighboring countries have also grown considerably, averaging 13% over
the period 1992-2003 (ADB, 2006a). This amount of trade would be even higher if all
smuggled goods would be included, specifically to China (Economist, 2008). Besides
garments, wood products, gold and agricultural products, hydropower electricity has been an
important export product and will become even more important in the future with the high
number of big hydropower projects scheduled. This export and integration in the regional
economy has contributed to an average annual GDP growth of 3,6% per capita over the period
1990-2005 (ADB, 2006a).
Trade and foreign investment are not the only foreign influences in Laos. External
assistance, or foreign aid, mainly by bilateral partners and multilateral organizations, has also
contributed significantly to help the government to reduce poverty reduction and develop its
infrastructure. In the years before the 1975, US development assistance amounted to a
staggering 35% of the Lao GDP. After the revolution until 1986, the Soviet Union took over
this role, although the aid percentage of the GDP became lower. Nowadays, the amount of
donor is more diverse, but the total aid still accounted for 17% of the GDP in the period from
1990 until 2005 (Guegan, 2004). The most important bilateral partners during 2000-2003
including their shares in total assistance were Japan (26%), China (6%), Germany (4%),
Sweden (4%), Australia (3,5%) and France (3%). The Asian Development Bank (17%) and
the World Bank/IDA (15%) were the most important multilateral contributors. All
international NGOs active in the country contributed relatively little in monetary sense (3%).
Although donor provide financial and often institutional support, this also makes the
government of Laos dependent on this money (ADB, 2006a).
1.4.4 Poverty and market integration

Although it is widely assumed that Laos has benefitted from the economic liberalization,
regional integration and development aid, it still lags behind on many development indicators,
especially in the remote rural areas. However, progress has been made to reduce food
insecurity, according to ADB (2006a), because of “higher rice production, greater labor
mobility of educated rural youth, urbanization, SME development, improvement in market
access internally and to neighboring countries, and the introduction of commercial
agriculture” (p. 5). The organization also reports that poverty is nowadays mainly prevalent in
the rural areas, especially in those areas where upland ethnic minorities live. These
communities suffer from “high rates of infant and maternal mortality, lower access to heath
and education services, higher illiteracy, lower access to electricity and clean water, and less
involvement in the market economy” (ADB, 2006a). The ADB states that the lack of access
to services and connection to the market economy are the main causes of poverty.
However, The ADB document (2006) also hesitantly acknowledges some downsides of
market integration and access to services by writing that “[r]oads, essential for improving
access to services and developing natural resources, may also bring threats of logging and
unsustainable development” (p. 5). Indeed, whether market integration leads to better or
worse conditions for poor people in Laos cannot be answered in a simple manner. Rigg
(2005) approaches this issue by through the debate whether poverty is caused by a lack of
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market integration, like described in the ADB document (which he calls ‘old poverty’), or
caused by market integration itself (called ‘new poverty’). He draws a complex and dynamic
picture of poverty in Laos with ‘winners’ and ‘losers’ from different structural, contextual and
contingent components related to market integration. For example, market integration creates
opportunities to sell goods in distant markets, but leads to undercutting of livelihoods when
people are pushed out of these same markets by more powerful players. He concludes that
there are large number of people in Laos close to the poverty line whom are very vulnerable
to changes in their livelihoods. A bad harvest, illness or lack of support in the family or
village can easily push people from this group into poverty.
1.4.5 Control over remote areas

Market integration in the remote rural areas is not only an economic issue, but also a
political one in Laos since it can be seen as a way to keep or (re)gain control over remote
areas. In general, one of the main struggles of the Government of Laos is to keep control over
its people and resources in the country. In order to achieve this, a highly centralized structure
has been adopted without much opportunity for participation on any level. Provincial
governors are chosen by the state president and heads of districts are chosen by these
governors. Only on village level there are democratic elections to select the village leader,
although the candidates for this positions are monitored and screened by higher echelons in
advance. Moreover, there is no village council to support him or her, putting the village leader
more in a executive position instead. Thus, the central government, or the party, is de facto in
control of the policies and the leaders at all levels of governance in the country (Stuart-Fox,
2004).
Being in control of all governance levels, does not guarantee actual influence and
successful implementation of policies. There are several reasons why there is limited
influence and control of the central government, focusing on the upland, remote areas. The
first reason for this is the high number of ethnic minorities in these parts of the country,
generally assumed to be around one third of the total number of people. Not all of these
people speak the Lao language, they are not equally represented in political structures and are
therefore not much involved in developing and implementing policies. Another reason is the
remoteness of many areas due to the terrain and the poor transport conditions. For instance,
only 4,500 of the total 35,000 km of roads in 2006 were paved and many dirt roads become
impassable during the rainy season (Economist, 2008). Therefore, many places are literally
very far from the central government and it is less easy to control what going on.
Additionally, government staff often lacks the capacity and motivation to disseminate and
implement government policies. This might be due to low level of facilities and wages of
these government officials. A last reason, and related to the previous two, is the relative
autonomy that provinces or districts (meuang) used to have in the traditional political
structures. This historical reason influences the way power is distributed and carried out in
those areas until today (Stuart-Fox, 2004).
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Figure 2 - Rural and urban population from 1961 to 2004
and projections to 2030 (ADB/UNEP, 2007)

The limited capacity of the government is mainly oriented towards the urbanized areas
where the majority of capital accumulation takes place. Yet, Figure 2 shows that although
urbanization will gradually continue, the rural population will also keep on growing in
absolute numbers. Therefore, control of these areas is important for the GoL as well. The
National Growth and Poverty Eradication Strategy (GoL, 2003), one of the most important
policy documents, shows some means of the government to combine development policies
and control: “Improving access means improving access to production inputs, markets, human
resources, social services and rural finance. These five categories include a wide range of
factors, including rural infrastructure (roads, irrigation), technology, education and health
services and natural resource management” (p. 9) According to Baird and Shoemaker (2007),
this policy of providing access and service delivery is one of the main reasons to promote
centralization of settlements and services in remote areas. The rationale is that improved
access to education and health services is only possible when these services are offered in
central places (development poles) with sufficient people. Centralization often means that
villages have to be resettled near roads and development poles where they can benefit in
higher number from the services offered. However, “resettlement is also conceived as a means
of speeding up the integration of the many ethnic minority cultures into the Lao ‘national
culture’” (Evrard and Goudineau, 2004, p. 398). Thus, the provision of access and services is
a way to keep or (re)gain control over people in the rural areas of Laos. Electricity is one of
these services frequently mentioned in the government’s policy. The development of
electricity production plays an important role in the development of the country and also
affect the rural electrification policies.
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1.5 Electricity situation of Lao PDR
1.5.1 Overview, biomass and fossil fuels

The production of electricity and hydropower in particular are important for Laos, because
the country has very limited access to fossil fuels and other sources of energy. Electricity
from hydropower is booming, but the electricity generated in this way will mainly be used for
export. Electrification of the rest of the country is becoming increasingly difficult and
centrally planned off-grid solutions are not very successful so far. Household electricity
generation is a popular way in off-grid areas to get access to electricity, but difficult to capture
in the national statistics.
Most of the people in Laos, especially in rural areas, still depend mainly on fuel wood and
charcoal for household energy consumption, such as cooking and heating. This fuel wood and
charcoal consumption is about 0,75 m3 per capita per year, thereby making up for 69% of the
average energy use in the country (ADB, 2006b). Energy that is needed for transport comes
from imported fossil fuels, amounting to 485 million liter per year and is expected to rise by
10% annually. Although explorations are still going on, there are no oil and gas reserves
found in the Lao PDR yet (LIRE, 2008). Other fossil fuels are also only available in limited
quantities. There is a current production of 130,000 tons of coal annually and there are
currently unexploited, although economically recoverable, reserves of brown coal (lignite) in
the country (DGS, 2006). Another difficulty is that Laos is a land-locked and has to transport
imported fossil fuels over land.
1.5.2 Electricity production

Electricity is a source of energy which is more abundantly available in the country and is
mostly by generated by large hydropower plants. The mountainous terrain and the Mekong
with its many tributaries renders the country very suitable for this type of electricity
generation. Table 1 shows the total installed capacity for electricity generation in the country,
according to the latest official publication of the Ministry of Energy and Mines (MEM, 2005).
The importance of ‘small to large’ hydropower becomes clear from the 99,62 % of the
electricity generated in this category. The table also shows that the total installed capacity of
this type of hydropower is currently ‘only’ 669 MW, whereas the estimated potential of the
country is much higher. This potential used to be quoted at 23,000 MW (UNDP, 2006), but
the Government of Laos has recently increased this number to 30,000 MW (Vientiane Times,
10-01-2008). This, and the fact that the GoL has approved some preparatory studies for dams
in the mainstream of the Mekong, indicates that the ambitions to expand dam construction are
far-reaching and even include the previously rendered undesirable mainstream Mekong dams
(Baird, forthcoming).
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Table 1 - Total installed capacity in Laos (MEM, 2005)2

Ownership

Small to
large
hydro
>1 MW

kW
EdL
307,548
Province
1,200
IPP
360,000
Other
Total
668,748
Percentage 99,62%

Mini
hydro
100 kW
– 1 MW
kW
951

951
0.14%

Micro
hydro
1–
100
kW
kW

Pico
hydro
<1 kW

Diesel
gen.

PV
Solar

Total
installed
capacity

Percent

kW

kW

kW

kW
307,548
3,465
360,000
297
671,310
100%

%
45,81
0,52
53,63
0,04
100,00

454

860

454
0.07%

860
0.13%

297
297
0.04%

One of the first examples of these ambitions is the Nam Theun 2 hydropower dam in
Khammouane province. The construction of this dam has received worldwide attention for its
size, impact on people living in the construction and basin area and its environmental impact.
The dam is set to be finished in 2009 and will generate 1070 MW of electricity, flood an area
of 450 km2 and directly affect 6,200 people living in the area. Although the Nam Theun 2
dam will add considerably to the current electricity generating capacity, it is certainly not the
only big hydropower project underway. The Lao government keeps a public list of electric
power project projects that are in some stage of development (GoL, 2008b). On the list of
April 28, 2008, there were 62 projects in progress, all but a few on hydropower (bigger than 1
MW).3 These projects are mainly financed and executed by foreign companies, but the Lao
government typically has around 20-25% of the shares in each of these project, sometimes
directly, but also through the Lao Holding State Enterprise (LHSE) or the national utility EdL.
The projects that are currently under constructed, including the Nam Theun 2, amount to
2,100 MW (Vientiane Times, 10-01-2008), but the GoL’s aim is to have 6,000 MW installed
by 2020 (UNDP, 2006). If all the projects that are currently on the list of the government
would be finished, including seven projects in the mainstream Mekong, the total installed
capacity of small and large hydropower would be over 20,000 MW. This would turn Laos in
the role envisioned by the government: the ‘battery of Asia’ (Vientiane Times, 30-10-2007).
Several people are concerned by these far-reaching ambitions of the government for large
dam development, related to their negative impacts Large dams have been widely criticized in
general for their negative impact on the local environment and population. According to these
critics, the benefits of large dams are often overstated and costs systematically
underestimated. Moreover, large dams have serious impacts on the basins where large ecosystem disruptions take place and people have to be resettled. Especially the process of
2

This table is a direct copy from the Electricity Statistic of Lao PDR: 2005 (MEM, 2005), only the lower row of
percentages has been added. The blank spaces are also blank in the original document.
3
Not all project explicitly state that they are on hydropower, but there cannot be more than a few that use other
sources of energy.
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resettlement leads to the impoverishment and socio-cultural and psychological stress.
Furthermore, the basins itself are claimed to increase greenhouse gas emissions and waterborne diseases (Jobin, 1999; McCully, 1996; Scudder, 2005). Also in Laos, there has been
substantial criticism on the far-reaching plans for large hydropower development (e.g. IRN,
2008; Baird, forthcoming). While the government in Laos managed to keep the construction
on the Nam Ngum dam in 1971 silent during the turbulence surrounding the war (Hirsch,
1998), the construction on the Nam Theun 2 and the other plans did not go unnoticed. Apart
from the negative effects already mentioned, high corruption, the absence of civil society
organizations and free press and limited transparency are usually mentioned as the key points
of concern (e.g. IRN, 2008).
1.5.3 Export of electricity

Despite the criticism, large hydropower will play an important role to boost electricity as
export product for Laos in the future, because only a small proportion will be used
domestically. Figure 3 shows that already about half of the current total amount of electricity
produced is exported, mainly to Thailand. In addition, the total generation has gone up over
the past 15 years, whereas the export remained relatively stable, meaning that the domestic
demand is rising.
2,500

2,000

1,500
Total generation (GWh)
Export (GWh)
1,000

500

0
1976 1980 1984 1988 1992 1996 2000 2004

Figure 3 - Total electricity generation and export in Laos 1976-2005 (GoL, 2008)

This figures will change drastically once the Nam Theun 2 and other dams will be finished
and exports will increase again. Most of additional electricity, even from dams where
construction has not started yet, has already been sold. Memoranda of understanding have
been signed with Thailand and Vietnam to deliver 3000 MW and 2000 MW respectively in
2010 (UNDP, 2006). These figures should progressively be increased to 7000 MW for
Thailand and 3000 MW for Vietnam in 2020 (Vientiane Times, 10-01-2008). China and
Cambodia are also expected to sign for the import of electricity from Laos in the near future.
The import of electricity, which is currently necessary because the national grid is split up in
four separate parts, will gradually be reduced and is expected to end in 2009 (UNDP, 2006).
A small part, 10% of all electricity generated by hydropower projects, will have to be made
available for domestic use, as decided by the government. All in all, these hydropower exports
are expected to bring substantial benefits to the macro-economic situation of Laos over a long
period of time, although there are some potential negative macro-economic effects as well,
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such as “fiscal indiscipline, poor debt management, ‘Dutch disease’ and other currency risks”
(UNDP, 2006).
1.5.4 Expansion of the national grid

The abundant availability of cheap electricity from hydropower does not mean that
electrification of the country itself is complete or nearly complete. According to the official
statistics, only 43,1 % of the villages and 48,3% of the households in Laos were electrified in
2005.4 This is still a remarkable increase from 10,6% and 18,9% of 1996 and a major step
towards the ambitious goal of the government to ensure that 90% of the households has access
to electricity in 2020 (MEM, 2005). The main method to reach this goal is to connect 80% of
the households to the national grid and the remaining 10% through various off-grid
electrification technologies.
The jump in electrification rate in the last decade was made possible through major
financial and institutional support from the ADB and the World Bank for the national
electricity utility, Electricité du Lao (EdL). With their help, a big project to expand the
national grid to the southern part of the country has been finished in 2004. Currently EdL is
increasing its efforts to electrify the south while expanding the grid to the center and northern
provinces as well (see Figure 4 for the status and plans of electrification in 2004). Electrifying
the northern provinces will be more difficult, because of the rugged terrain and smaller
population density in these areas. These factors are expected to slow down the pace of grid
expansion and will render it less economically viable (World Bank, 2006).

Figure 4 - Map of electrified areas (brown) and areas planned for electrification (green)
in 2004 (EDL) in DGS (2006)
4

The difference between the percentage of electrified villages and households is probably because the electrified
villages probably have more households than non-electrified ones.
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Grid expansion to remote areas does not have to be the most favorable option to electrify
rural areas. A first reason are the high costs involved in grid expansion and losses of
electricity transport over longer distances. Graecen (2004), for example, shows that the
provision of electricity using village micro-hydro systems are 26-47% cheaper compared to
the national grid in remote areas for Thailand. Nevertheless, in many cases grid expansion has
taken place, mainly due to political reasons in Thailand. Moreover, grid expansion does not
necessarily mean that all people are able and willing to pay for electricity. This problem has
been signaled in the reports of UNDP (2006) and Maunsell (2004). These reports do not quote
any numbers, although the Maunsell report mentions that “not all households are connecting
to the Main Grid when it is extended to new villages. If this rate of uptake continues, then
national household connection rates may be constrained to around 60%” (p. 56). Besides grid
expansion using electricity from large hydropower dams, there are several smaller
alternatives.
1.5.5 Challenges of rural electrification

There are a lot of problems and challenges related to the all the electricity production
technologies smaller than the 1 MW. In many off-grid areas in Laos, smaller locally generated
electricity generation, using micro-hydropower or diesel, can be found (1 kW to 1 MW). This
electricity is distributed through isolated or mini-grids, typically in and around provincial and
district towns. The systems are owned either by the national utility, EdL, or by the provincial
or district authorities. The EdL systems usually designed according to the same standards of
the national grid, whereas those owned by the province or district level generally have lower
standards (Maunsell, 2004, p. 49).
Judging from the available numbers, the current status of many of the smaller systems
(<100 kW) is not very positive. Table 2 shows the official statistics of the Ministry of Energy
and Mines and the functioning of different categories of electricity production available. From
this table, it can be concluded that mostly hydropower plants with lower output tend to be
malfunctioning or even broken down, compared to the ‘small to large’ category for example.
Especially in the category of systems from 1 to 100 kW 70% of the systems is damaged or has
stopped working. A survey of eight of these micro-hydropower systems in Luang Prabang and
Xieng Kouang province in 2000 indicates that the causes of malfunctioning are both technical
and social. All of the systems were built by Chinese, Vietnamese or Japanese technicians
using materials from these countries. These materials were sometimes outdated at the time of
construction or wrongly assembled in the first place. Furthermore, there were many instances
of bad maintenance and lack of spare parts available. Besides these technical issues, there was
a lack of technicians, proper management and participation from the villagers as well
(PADETC, 2001). This study gives some clues of the challenges of maintaining small rural
electrification technologies.
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Table 2 – Damaged hydropower and diesel generators (MEM, 2005)

Type

Size

No.
working

Capacity
(kW)

Small to
large hydro
Mini hydro

>1 MW

10

100 kW
– 1 MW
1 kW –
100 kW
<1 MW
<10 kW

194
297
(villages)
227
671,310

Micro hydro
Diesel
generator
PV solar
Total

Capacity damaged
or stopped working
(kW and %)

668,748

No. damaged or
stopped working
(and %)
-

6

951

3 (33%)

1,980 (68%)

9

454

21 (70%)

723 (61%)

8

860

39 (83%)

7,953 (90%)

5 (3%)

2 (1%)

68

10,658

1.5.6 Village and household electrification technologies

The remaining types of systems that generate electricity for people in Laos is much harder
to trace in the official statistics and overviews of rural electrification. Some examples are car
batteries, diesel generators, pico-hydropower units and solar panels. Car batteries are widely
used throughout Laos for light and small entertainment such as television and CD players.
Villagers can have their batteries charged at small commercial shops at the end of the national
grid or at private shops with a diesel generator. Some people also use a diesel generator for
personal electricity generation, but this is quite expensive and therefore not widespread. Solar
home systems are generally too expensive for people in rural areas to purchase directly, but
are leased and rented out by VOPS, a joint World Bank/GoL initiative and Sunlabob, a private
renewable energy company respectively. Together, this amounts to an estimated number of
around 6000 to 7000 systems at the beginning of 2008 in the whole of Laos (VOPS, 2008;
interview 57). Finally, pico-hydropower systems usually generate less than 1 kW of electricity
and are, just like car batteries and diesel generators, used on a purely commercial basis
(without government or donor intervention) throughout the country but especially in the north.
The remainder of this thesis will discuss the use and distribution of pico-hydro units in
detail.As mentioned before, there are hardly any good statistics on the use of these small-scale
household technologies. The number of PV solar systems mentioned in Table 2 for example,
does not include the systems of Sunlabob. As Table 1 (p. 25) shows, pico-hydropower is
considered a separate category of electricity production but there are no figures known by the
Ministry of Energy and Mines. Car batteries and personal diesel generators do not appear in
the official statistics and overview either, although they provide electricity for people not
connected to the national grid. The inclusion of these technologies would seriously alter the
existing statistics. For example, the report of Maunsell (2004) states that, if car batteries were
seen as electrification, the rate of electrification in Savannakhet was close to 100% before the
national grid arrived (p. 56). The report itself does not argue for the inclusion of car batteries
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in the statistics, but they do for pico-hydropower, albeit only if the systems are equipped with
a controller (p. 65).
Electricity production is very important for Laos to be used for export, but rural
electrification is still a big challenge. Geographical, demographical as well as (historical)
political reasons underpin the current electrification strategies and difficulties. From the data
about electricity production used can be concluded that the smaller off-grid electricity
production systems get, the more difficult successful implementation of these systems
becomes. Moreover, the general availability and accuracy of the data available decreases as
the systems become smaller. Indeed, most of the technologies on household level do not
appear at all in the statistics, because they are privately owned and the government lacks the
capacity to collect this information. This raises the question what should be considered
‘electrification’, what should not and what the criteria are. Because of this lack of data, the
only way to understand how technologies such as pico-hydropower are currently being used,
where they come from and what their functions are in terms of electrification is to do
fieldwork in the off-grid areas.

1.6 Fieldwork areas

Figure 5 - Map of Laos with highlight on the three fieldwork areas
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Fieldwork has been carried out to describe the hardware, use and market of picohydropower in different areas of Laos. Three different areas not connected to the national grid
were selected, in the middle and northern part of Laos (see Figure 5). The main selection
criteria were the different geographical features: the incidence of hills and mountain and the
associated run of river. This has found to greatly influence the way pico-hydropower is
installed and used. The first villages, in Viengthong district, are along a big river which is
relatively flat. The second set of villages, in Kham district, represents a more hilly landscape
with smaller rivers. The villages in Mai and Kuah district, the last group, are situated in a
mountainous area, with many small streams. An additional reason to select different areas in
the center and north of Laos was to account for differences between provinces and the
diversity of ethnic groups in the country. These differences were found to be at best of minor
importance related to the differences found in geographical features. The characteristics of
each of the field work areas will be described in the remainder of the chapter.
1.6.1 Viengthong district, Bolikamxay province

The first fieldwork area is Viengthong in Bolikamxay province, which can be found in the
middle of the country, bordering Vietnam on the east and Thailand on the west. Provinces
connected are Khammouan in the south and Xieng Khouang, Vientiane province and
Vientiane prefecture in the north. The area of the province is 14,863 km2 and the population
density is around 16 persons/km2. The total number of people living in the province is
233,000. In terms of rice production, lowland seasonal wet rice production is the main mode
of production (32,000 ha), followed by upland and irrigated rice lands (both around 3000 ha).
Besides rice, people in Bolikamxay also grow maize, roots and sugarcane and keep livestock
(NSC, 2006).
The area that is included in this research is situated in Viengtong district, one of the 47
poorest districts in the country.5 The district was selected for research, because of the location
of the villages along a big river (Nam Mouan) and because of its relatively low altitude. These
characteristics influence the way pico-hydropower is being used. The choice for the specific
villages was made after consultation with WWF, who carries out a project focused on
fisheries in the area. Rough data with village characteristics gathered using the Participatory
Rural Appraisal (PRA) methodology were therefore already available (WWF, 2007).
Fieldwork in the district was carried out in Mouang Muan, Thadeua, and Phiengton village.
These villages were selected on the presence of pico-hydropower and because they will be
affected by the Nam Theun I hydropower dam. All three of these are situated along the Nam
Mouan river, a tributary of the Mekong. The main livelihood activities of these villages are
lowland and upland rice cultivation, growing fruit and vegetables and animal husbandry.
Some secondary livelihood activities are catching fish, collecting non-timber forest products
(NTFPs) and hunting (WWF, 2007). In 2014 the landscape in Viengthong district will
dramatically change, because by then the Nam Theun I dam will be finished. The basin of this
523 MW dam will fill up the valley of the Nam Mouan river, thereby forcing the villages
5

In the National Growth and Poverty Eradication Strategy (NGPES), the Government of Laos has
selected 47 poorest and 25 poor districts on the basis of five criteria (GoL, 2003)
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situated at this river to be relocated (see . Lak Xao, a town close to the border of Vietnam,
was also visited to collect information about the distribution and markets of pico-hydro in
Bolikamxay.

Figure 6 - Area affected by the Nam Theun 1 dam, Bolikamxay (Norplan/EcoLao, 2007)

1.6.2 Kham district, Xieng Khouang province

The second area for fieldwork is Kham district, Xieng Khouang province and lies in the
Northeast of the Lao PDR, bordering Vietnam on the east and Bolikamxay, Vientiane, Luang
Prabang and Huaphan provinces surrounding it. The provincial area is 16,358 km2 and the
population is 246,153, (15 person/km2). The type of rice production in the province is mainly
lowland seasonal rice (19,000 ha) and there is also a substantial amount of upland rice
production (9,000 ha). However, there are almost no irrigated rice paddies. Maize is becoming
a very important crop in the province (about 10,000 ha), but people also grow vegetables,
peanuts and soybeans. People in Xieng Khouang keep livestock as well: buffalos, cows, pigs
and poultry being the most important ones. The province is situated on a elevated plateau,
which makes the climate considerably cooler than that of the Mekong valley. The whole
province is hilly, but the landscape becomes mountainous towards the border to Vietnam
(NSC, 2006).
Kham district in Xieng Khouang province was chosen because its landscape is more hilly
than Viengthong and thus represents quite different geographical conditions. Instead of one
big river, there are several small and big streams. An additional reason to choose this district
is the presence of Tha village, where a pico-hydropower project has been carried out.
The district is situated in the center-North of the province and the two villages researched,
Khaivieng and Moh village, are along main road no. 6 leading towards Vietnam. Besides the
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use of pico-hydro, the villages were selected because of interesting characteristics: an
irrigation project and resettlement in Moh village and merger of two villages to one in
Khaivieng village.
Most of the people living in these villages are ethnic Lao (Lao Loum). The most important
livelihood activities are growing rice, vegetables and fruit (e.g. garlic and bananas) for
subsistence and to sell at the market. In the last two years, red maize, that is processed into
animal fodder in Vietnam, has become a very important additional income generating activity.
People also keep livestock, but only small numbers of animals are sold at the market. An
important development is the construction of grid electricity on the main road in Kham
district. It is expected that people will have access to this electricity in the course of 2008. To
collect information about trade in and markets for pico-hydro, the provincial capital of Xieng
Khouang, Phonesavan, and the district capital of Kham, Chomthong, were included in the
field trips as well.
1.6.3 Mai and Kuah district, Phongsali province

Mai and Kuah district in Phongsali province are the third fieldwork area and situated in the
north of Laos, bordering Vietnam on the east and China on the west. The total area of the
province is 16,270 km2 and number of people is 168,000, making it one of the least populated
provinces in Laos (10 person/km2). The province is situated at high altitude and is very
mountainous. Rice production is the main livelihood activity and the province has more
upland rice than seasonal (lowland) rice fields, around 8000 ha versus 6000 ha respectively.
In addition, people in Phongsali grow maize, peanut, soybean, mungbean and sugarcane. It is
also one of the only places in Laos where tea is grown. (NSC, 2006)
The districts that were visited for this research are Mai and Kuah, both situated in the
southern part of the province and included in the 25 poor districts of Laos (see footnote on p.
31). In comparison to the two other areas, Mai and Kuah district are the most mountainous
and there are many smaller and larger water resources available in this area. Other reasons for
selecting these areas are the high numbers of ethnic minorities and the close proximity to
Vietnam and China, where the pico-hydropower units are made.
Mai district has a long border with Vietnam on the east side of the district and has an
international border crossing since 2007. Muang Kuah, on the other hand, is an important
junction for traffic coming from Vientiane or Luang Prabang and heading to China or
Vietnam. The villages included in this research are Sop Nhao, Sop Poun, Huay Wang Khao
and Sen Art in Mai district and Huay Phae Ou and Taang Kok in Kuah district. These villages
in Mai district were selected, because they are relatively typical villages for the area that are
still relatively easy to reach by road. To contrast this, the villages in Kuah district were
selected, because they could only be reached by boat.
For their livelihoods, the villages visited in Mai district are mainly dependent on lowland
rice, whereas those visited in Kuah district only produce upland rice. People keep only a small
number of livestock, as a result of many outbreaks of animal diseases in the past few years.
An important influence on Phongsali is a contract of the provincial government with a
Chinese rubber producer from two years ago. An effect of this is that almost all of the villages
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in the province had to start growing rubber trees two years ago. Information about shops and
the market for pico-hydro turbines was collected at the district capitals of Mai and Kuah.
The fieldwork areas, selection criteria, villages, market and type of data collected are
summarized in Table 3.
Table 3 – Overview of target areas included in this research

Province

Viengthong,
Bolikamxay province
• Relatively flat
• Big river
• Muan Muang
• Piengton
• Thadeua

Kham, Xieng Khouang
province
• Hilly
• Small streams
• Khaivieng
• Moh

Market

• Lak Xao (3
interviews)

Type of
data

• Interview with
village leader
• Focus group
interviews

• Phonsavan (10)
• Chomthong (2)
• Interview with village
leader
• Individual interviews

Selection
criteria
Villages

Mai and Kuah,
Phongsali province
• Mountainous
• Streams and rivers
• Sop Nhao
• Sop Poun
• Huay Wang Khao
• Sen Art
• Huay Phae Ou
• Taang Kok
• District capital Mai
• District capital Kuah
• Interview with village
leader
• Individual interviews

1.7 Outline of the thesis
This thesis aims to analyze the politics involved in decentralized off-grid pico-hydropower
technology development in the Lao Peoples’ Democratic Republic (Laos). The theoretical
concepts that have been used to build the analytical framework of this thesis will be presented
in chapter two. This chapter also includes a description of the methods used to collect the
empirical data. Chapter three and four are the core of this thesis, but are methodologically
very different. The technographic description of pico-hydropower in Laos as a socio-technical
system is presented in chapter three. This is guided by the first research question: what are the
hardware characteristics, market distribution, use and economics of pico-hydropower in Laos?
Chapter four uses an interpretive analytical approach to analyze the actors’ narratives on picohydropower and rural electrification and aims to answer the second research question: what
are the narratives of the actors on national level about pico-hydropower and how do these
relate to their narratives about electrification and rural development? Chapter five presents a
discussion of the results, the conclusion and recommendations.
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2 Analyzing technology in its political context
2.1 Introduction
The objective of this chapter is to build and operationalize an analytical framework capable
of analyzing pico-hydropower in Laos in its broader political context and to advance the
mechanisms that account for the non-support of national and international actors. A
combination of the technography and political ecology approach is proposed to meet this
objective. A first step in doing so is the detailed description of the technology in a broad sense
using a technographic approach. The actor-network theory will be used for its ability to
describe human and non-human actors in a symmetrical way. These influences on the local
level will be connected to the national and international level in a political ecology
framework. The actor-oriented approach will be used to identify the actors to recognize the
role of influence of individual actors on pico-hydro technology development. These actors
influence and are influenced by policy narratives that manifest themselves in highly uncertain
conditions, but especially in the information poor environment of Laos. The methods used to
collect the information are structured interview for the fieldwork and unstructured interviews
with actors on national and international level complemented with secondary data. The
analytical framework rests on the realist claims as put forward by Critical Realism to account
for the structures and mechanisms identified.

2.2 A Critical Realist Perspective
The Critical Realist perspective is used to uncover the mechanisms in the analytical
framework that influence the development of pico-hydropower. Critical Realism emerged as
an alternative to both positivism and social constructivist approaches or as “a third way
between empiricism and positivism on the one hand and the relativism that followed in the
wake of Kuhn and Feyerabend’s assault on conceptions of science as a cumulative
foundationalist enterprise on the other” (Sayer, 2000, p. 2). Critical Realism, as put forward
by Roy Bhaskar (Bhaskar, 1975; Collier, 1994), makes use of mechanisms instead of
positivist explanations of causality. The crucial difference between these two is that causality
relies on direct correspondence between measurements and phenomena, whereas mechanisms
lead to outcomes or not depending on the specific context. This context as well as the
mechanisms can include objects, but also thoughts and perceptions. Thus, according to
Critical Realism and in contrast with the social constructivist perspective, structures and
mechanisms can be recognized, although not always through direct empiricism. Or, in the
words of Forsyth (2003): “Critical Realism seeks to understand ‘real’ structures of society and
the world, while acknowledging that any model or understanding of such structure will reflect
only partial experience of them, and social and political framings within the research process”
(p. 16).
The analytical framework of this thesis seeks to identify the possible mechanisms that
account for the non-support of pico-hydropower in Laos. This requires the detailed
description of the context and the way this context is perceived or framed by people. This
context set the conditions for a mechanism to result in a certain outcome or not (Sayer, 2000).

When such a mechanism is presented as an explanation it should relate to both the (real)
context and the perception (interpretation) of the people involved. Or, as stated by Richards
(2006b), referring to Weber: “any explanation involving people and social phenomena needs
to be adequate at the level of social life, i.e. it has to make potential sense to the actors”. The
implication for the study of technology is that local actors, such as villagers in the case of
pico-hydro, should be taken as seriously as, for example, scientists or policy makers
(Richards, 2001). This requires the detailed study of technology, which includes local actors
and other contextual factors.

2.3 Technography
Technography describes the use and networks of technology in a broad sense and
constitutes a first step towards the understanding of pico-hydropower in its wider political
context. Technography is defined by Richards (2006a) as the analysis of skilled making based
on detailed contextual description, including technical details, and the pursuit of mechanisms
of transformation of technologies. It is an approach that builds on fundamental proposition of
science and technologies studies that technologies are not a linear outcome of scientific
endeavor, but that they reflect social relationships, different interests and power relations.
Besides rejecting this technological determinism, technography also recognizes the pitfalls of
the radical social constructivism in which case the only conclusions one can draw are that the
world is intrinsically complex and that values cannot be compared or judged. Therefore,
technography recognizes the social aspects of technology while also looking for ‘real’
structures and powers that influence the development and transformation of the technology.
This shows that the technography approach is heavily indebted to Critical Realism for its
ontological position.
The recognition that technology is transformed by structures and powers, makes it suitable
to be studied as a network. Studying technology as a network extends the definition of
technology beyond the physical hardware as it is used in day-to-day vocabulary. Such a
network consists of hardware, people, physical features, organizations and any other relevant
elements. A way of studying technologies as networks of different ‘actors’ is the ActorNetwork Theory (ANT). The actors in ANT are all treated equal, which implies that no
differences are being made between human and non-human actors. Instead, ANT studies
technologies as hybrid socio-technical systems, thereby crossing the boundaries between the
natural and social world (Law, 1992; Law and Callon, 1992; Latour, 1993). Similarly,
understanding technology in this way should value knowledge and expertise of users as much
as that of scientists, because they interact and shape technology on a daily basis (Richards,
2001; Collins and Evans, 2002).
ANT will be used as a descriptive tool in the analytical framework, although advocates of
the theory usually use it in more explanatory ways. The ANT is integrated in the framework
to study pico-hydropower as a network consisting of interrelated social and natural actors,
such as traders, cables, users and rivers. By using a network approach, it is shown that picohydropower relies on several related actors, markets, water, light bulbs, to finally get to light
as an ‘outcome’ of the system. Moreover, the proposition of hybrid networks shows how
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people and objects have different functions, but that one cannot value one actor over the other.
For example, the material that is necessary is as important as the person that construct the
pico-hydro unit.
Technography as it is used in this thesis, is a highly empirical approach to the study of
technology to describe the hardware, use and markets of pico-hydropower in Laos using the
actor-network theory as a tool. Since there is hardly any information available on picohydropower, this is an important and necessary first step. However, the objective of this thesis
is to identify the mechanisms that explain the non-support for pico-hydropower by national
actors. Therefore, the technography approach must be supplemented with an approach to
analyze technology in its broader political environment.

2.4 Political ecology
To analyze the development of pico-hydropower in its broader political context, the
political ecology approach is used to place the technography approach in an overarching
framework. “At the heart of political ecology research is the notion that politics should be ‘put
first’ in the attempt to understand how human-environment interaction may be linked to the
spread of environmental degradation” (Bryant, 1998, p. 80). This thesis tries to apply this
main idea of political ecology in a case of technology development. Politics, however, should
not be understood in a narrow sense, but can also be expressed through discursive relations,
such as policy narratives (Bush, 2004a). In addition, only certain aspects and methodologies
of political ecology will be used in the analytical framework, because it is not a neatly defined
field of study (Watts and Peet, 2004). First, different levels of analyses will be connected to
explain the developments of pico-hydropower beyond the local level. Then, it will be shown
how the actor-oriented approach is used to break up actors on these different levels into
categories and how to analyze their agency. Finally, narrative and discourse analysis will be
used as a methodology to uncover the prevailing perceptions and lines of thinking of these
actors.
The starting point of most work on political ecology are local ecological or environmental
issues, which can be better explained by moving between different scales. Commonly, a
difference between place-based and non-place based actors (Bryant and Bailey, 1997) or local
and global levels of analysis (Adger et al., 2001) is being made. Also in this study, the
developments on the local level, as being described using the technography approach, will be
connected to actors that are not (only) working at this level, but on national or even global
levels. These levels are analytical categories only, since they are intrinsically connected in
real life. To show the interdependency of mechanisms on different levels, Blaikie and
Brookfield (1987) speak of ‘chains of explanation’. Such a chain of explanation is visualized
in the analytical framework by putting pico-hydropower in the center of the analytical
framework, which connects the local, national and global levels of analysis.
The actor-oriented approach is used to classify actors on these levels on the development
of pico-hydropower in Laos. On each of level of analysis, various actors play a role whom
together create structures, but influence these structures as well. The actor-oriented approach
is a way to operationalize the complexity of these structure-agency relations. In their
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definition, Long and Long (1992) state that “an actor-oriented approach seeks to understand
… conflicts … as an outcome of the interaction of different actors pursuing often quite
distinctive aims and interests”. By attributing agency to both people and institutions, Long
and Long acknowledge that these actors are influenced by interventions from outside groups
or agencies, but that they can also adapt and move freely to pursue their own interests
(Hebinck et al., 2001). The actor-oriented approach has also been applied in political ecology
by Bryant and Bailey (1997) to identify states, businesses, multilateral institutions, NGOs and
grassroots actors as the most important categories of actors. The objective of such an
approach is to “provide a reasonably comprehensive picture of the motivations, interests and
actions of those actors in a manner that is not possible through locality studies” (p. 25). This
classification of actors and objective has been used in the analytical framework to identify the
actors on different levels that play a role in pico-hydropower development.
Discourse analysis is the methodology that is used to analyze the motivations, interests and
actions of actors identified using the actor-oriented approach. A discourse, according to
Dryzek (1997), “rests on assumptions, judgments, and contentions that provide the basic
terms for analysis, debates, agreements, and disagreements” (p. 8). Discourse analysis tries to
find shared meanings of phenomena, such as pico-hydropower and rural electrification, and
the origin of these meaning (Adger et al., 2001). The use of discourse analysis in this thesis is
to show that not only the phenomena themselves (the real in Critical Realism) are important,
but also the way in which these phenomena are perceived (interpretive explanations) have an
important influence on the development of technology.
Tracing narratives is one of the ways to analyze discourses (Adger et al, 2001). A
narrative, as introduced by Roe (1991) is defined as a story that “has a beginning, middle, and
end (or premises and conclusions, when cast in the form of an argument) and revolves around
a sequence of events or positions in which something happens or from which something
follows” (p. 288). These stories present a certain complex problem with high uncertainty in a
simple way, so that it can easily be disseminated. Once such a narrative gains popularity,
multiple actors contribute to underwrite the narrative and use it to legitimize their agendas.
Empirical information that is not in line with the prevailing narrative(s), tends to be neglected
or undervalued (Roe, 1991, 1994). Next to complex and high uncertainty situations, tracing
narratives is also important in ‘information poor environments’ because the lack of
information can be covered up with popular narratives or ‘global orthodoxies’ to present a
solution for certain problems (Bush, 2004a). The situation of small-scale, rural electrification
in Laos can be classified as such, because there is very little information available.
The approach of this research integrates technography as an approach to describe the actornetworks of a technology in a broad sense with the actor-oriented approach and discourse
analysis in a political ecology framework. With this combination of approaches it is possible
to analyze pico-hydropower development in its wider political context. Because of the
information poor environment, the analytical framework of this thesis is strongly focused on
the collection of empirical information.
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2.5 Analytical framework
The analytical framework is built to explain the politics involve in the local development
of pico-hydropower in the context of centralized government control in Laos by analyzing the
narratives of involved actors on different levels. By doing so, the developments of the local
hardware, use and market of pico-hydropower are linked to government policies, development
strategies and regional developments, or, how local developments are influenced by their
wider political context and vice versa.
Development
narratives
Narratives
Modernity
narratives

Environment
narratives

Policy discourses
International

National
State

International NGOs

Private sector

Multilateral institutions

Actors

Practices

Pico-hydropower technology

Practices

Technography

Market

Hardware
Users

Local context
Figure 7 - Analytical framework
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Other
actors

The analytical framework consists of two main parts, the upper and the lower half, that
together account for the explanation of the development of pico-hydropower technology, in
the center of the framework. The lower half of the framework draws on the technography
approach to describe the place-based hardware, use and market of pico-hydropower. The
upper half is mainly based on political ecology concepts to describe the non place-based
actors and their narratives. The framework does not suggest that there is a strict division
between the upper and lower half, but this allows for answering the two research questions.
Technography, the lower half part of the framework, deals with the detailed description of
the technology in a broad sense, as outlined in the technography section of this chapter. It is
designed to answer the first research question of this thesis. This technography is split up in
the categories hardware, users and market. These three categories consists of human elements,
such as villagers, market salesmen and producers, and non-human elements, like rivers, shops
and borders. These elements are interrelated and mutually dependent and form the a network
hybrid network (Law, 1992; Latour, 1993). In addition, the meaning that people attribute to
the technology is an important element as well. These technographic elements of the actornetwork are bundled together in the practices of pico-hydropower.
The upper half of the analytical framework, consisting of actors, narratives and discourses,
allows for the more global or non-place based analysis of technology development. The actororiented approach of political ecology is reflected in the actors’ part, in which the categories
of Bryant and Bailey (1997) are used: State, private sector, international NGOs and
multilateral organizations. The grassroots actors are included in the framework of Bryant and
Bailey but not in this one, because they are already represented in the technography part of the
framework. A division is made between actors on the national level (left) and those that
operate on international level (right), to show the transnational nature of these actors as well
as to analyze international influences on pico-hydropower technology. The other actors
category in the international box has been added, because there are too many potentially
important (groups of) actors to display here. The framework focuses on the practices of the
actors that relate to the development of the pico-hydropower technology.
The practices of the actors are affected and changed by policy discourses, made up of
different kinds of narratives. This approach bears close similarities to the political ecology
model of Stott and Sullivan (2000), who trace the genealogy of narratives concerning the
environment and the accompanying power relations. A difference is that this model is not
specifically aimed at debunking myths, but tracing the policy narratives and discourses in
general. The framework outlines three major categories of narratives that have been used in
this research: environment, development and modernity narratives. Each of these categories
contains several narratives that make up the policy discourse of the actors involved. The
narratives are neither mutually exclusive nor exhaustive and often combined in policy
discourses.

2.6 Methodology
The research methodology for this thesis strongly relies on empirical information and
consists mainly of interviews in the field and with actors of national and international level.
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First, the time frame of the research is described after which the methodology to answer the
two research questions will be elaborated on. Finally, some reflective remarks on the
challenges of data collection in Laos will be made.
The research was carried out over a total period of six months. The first month was
devoted to literature research and proposal writing. Because a four month internship period in
Laos prior to the data collection, there was time to adjust the initial proposal and make
contacts in the field that proved useful during data collection. The data collection took in total
three months, of which the first weeks were mainly devoted to conducting interviews with
national and international actors. The three field trips took about one week each, preceded by
some preparation time and followed by some time to process the data collected. The last three
months of the thesis consisted of data analysis and writing.
Three field trips provided the basis to answering the first research questions. These were
designed to get a complete picture of the use of pico-hydropower in three target areas of Laos,
described in the first chapter. Several methods and techniques were used in order to achieve
this. First, to get an understanding of the living conditions in the villages, general information
was collected by doing interviews with the (deputy) village leader using a standardized
questionnaire. This questionnaire contained both open and closed questions and was used in
all three target areas. After each field trip, the questionnaire was reviewed and adapted to
incorporate new insights and to improve the data collection. Information from the interview
was complemented by observations and pictures made during a walk through every village
and its sites with pico-hydropower.
Information about the hardware, the different types and working of pico-hydropower units,
was collected by observation, interviews and secondary literature. Interviews with
stakeholders in rural electrification provided a basic level of knowledge about the picohydropower units in Laos and two reports on pico-hydropower in Vietnam, the Philippines
and Ecuador, were used as well (Entec, 2000; ESMAP, 2005). Observation in the field
yielded more in-depth technographic knowledge about the type and use of pico-hydro units in
the field work areas.
To gain insight in the market and distribution mechanisms of pico-hydropower units,
interviews, observation and secondary literature were the methods used. Interviews were
carried out with a total of 15 shop owners in the three field work areas to get information on
the prices, origin, type of buyers and market developments. Walking through and making
observations at these markets also provided useful information. The reports of Entec (2000)
and ESMAP (2005) were used to put this data in perspective.
To answer questions about the users and use of pico-hydropower in the villages,
interviews, observation and taking pictures were the methods used. Semi-structured focus
group interviews were conducted in three villages in the first field work area, Viengthong
district. In order to gain more personal information, semi-structured individual interviews
were carried out in Kham district, the second field work area. In the last target area, Mai and
Kuah district, individual interviews with more structure were conducted and some questions
about pico-hydro were incorporated in the interview with the village leader. Thus, the
methods were adapted to the progressing knowledge and experience during the research.
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The methods used to answer the second research question were focused on the actors on
national and international level either directly or indirectly involved in rural electrification in
Laos. Interview and secondary data were collected to get an overview of these actors and their
narratives and discourses. The list of the people interviewed can be found in Table 4 and in
the annexes (p. 110). The secondary information used can be found in the references.
Table 4 - List of interviewed actors on national level

Type

Name organization

NGOs

ACF
CESVI
CIDSE
CUSO
DED
GAPE
Helvetas
Plan International
WWF
Sunlabob

Current activities on
rural electrification
No
No
No
No
No
No
Yes
No
No
Yes

ADB

No

UNDP

No

UNICEF

No

World Bank

Yes

MEM- DoE
Nam Theun II Watershed Management
Protection Authority
National Science Council
STEA/TRI
VOPS
JICA
NUOL

Yes
Yes
Yes
Yes
Yes
No
Yes

SNV

Yes

Business
Multilateral
organization

Government

Other

The actors directly involved in activities related to rural electrification were found by
snowball sampling: asking to interviewees who the main actors in this field are. Searching in
reports and studies on this topic also helped to find the important actors. In this way, it was
possible to do an interview with at least one person from every organization involved. As can
be seen in the table, not all organizations interviewed have activities related to rural
electrification, but were chosen for other reasons. The three multilateral organizations, ADB,
UNDP and Unicef, were included, because they are important development players in Laos.
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NGOs were included because they often work closely with local people in rural areas and
were therefore added to the list as well. Half of these NGOs have been picked using the
snowball method and the other half from the directory of international NGOs in Lao PDR, in
alphabetical order (INGO directory, 2008). A more detailed description of the actors and their
policies can be found in chapter four.
The interviews with actors on national level were semi-structured: a fixed set of topics was
addressed that lead in different directions in each interview. In this way, the interviews were
adjusted to the actor and became conversations rather than question and answer sessions. The
topics of the interviews were: (1) general information about the actor, (2) current activities on
rural electrification (if any) and motivation for doing these, (3) knowledge and opinion about
pico-hydropower, (4) the relation between electricity and development in rural Laos and (5)
the relation between electricity and environment in rural Laos. Most of the interviews were
conducted face-to-face, but some by phone as well. Furthermore, they were all carried out in
English and transcripts were made after each interview.
Secondary literature was important to complement the interviews and for policy analysis.
These sources were obtained from the interviewees, by online searches and in the Mekong
River Commission public library. The documents were used for background information and
construction of the actors’ narratives and discourses.
The data collection was sometimes challenging, because of doing research abroad, the
political system in Laos and the personal network of the author. The most important
challenges will shortly be mentioned here. Research in the country Laos, with a different
culture and a different language has a major influence on the data collected. One of the most
obvious difficulties is working through a translator, because information gets inevitably lost.
Moreover, it is hard to avoid a gender bias in the research, because the village leaders are
mostly male and they are usually the ones to talk first. Also, people in Laos sometimes have
expectations from western researchers, which possible biases their answers. Secondly, doing
research in Laos is complicated by the political system. Carrying out field work requires
government permission, which can cause delay or inhibit the researcher from going to certain
areas. Moreover, the highly bureaucratic system makes it difficult to talk to people without
having the necessary connections. Lastly, the personal involvement of the author with the Lao
Institute for Renewable Energy (LIRE), through an internship, might have biased the results,
because some of the contacts interviewed come from the network of this organization. The
reason that LIRE is not mentioned as one of the actors, is because it is a young organization
still trying to position itself in the field of renewable energy in Laos.

2.7 Conclusions
In order to understand pico-hydropower in the broader context of rural development in
Laos, an integrative framework capable of connecting different levels of analysis is necessary.
A highly empirical technographic approach is used to describe pico-hydropower in Laos. The
next chapter will apply this part of the framework on the data collected in the three field work
areas. The identified actor-networks of the hardware, use and market of pico-hydropower are
then put in a broader political ecology framework. This framework uses an actor-oriented
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approach to analyze the interests, motivations and actions of actors on national and
international level on pico-hydropower and rural development. These interests, motivations
and actions are framed as narratives, which are influenced by assumptions, judgments, and
contentions in the context of the information poor environment of Laos. This part of the
framework is used in chapter four, using the interview and secondary data collected. This
chapter will first identify the actors, before analyzing their narratives on pico-hydropower and
rural electrification in general. However, the first step is to collect empirical data to be able to
compare these narratives.
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3 Technography of pico-hydropower in Laos
3.1 Introduction
This chapter aims to provide a detailed description of pico-hydropower in three target areas
in Laos using a technographic approach. In so doing, it will contribute to two complementary
goals. First of all, it will be the first detailed description of this widely used technology in
Laos, including the socio-technical networks around it. This technology gained ground in a
context where grid electricity is not available in many remote rural areas of Laos. Centrally
planned off-grid electrification technologies, such as micro-hydro and solar home systems,
have failed to provide a substantial number of people with electricity. Therefore, people have
started using alternative ways to generate electricity that are available at the market and can
be installed without much technical knowledge. Pico-hydropower is one of these systems, but
has so far received little attention from researchers and policymakers, although its functions
have greatly benefited many people in rural areas.
A second goal of this chapter is to construct the basis for the rest of this thesis and
contribute to answering the research questions. In order to be able to answer the question why
pico-hydropower has not gained support from the government, multilateral organization,
NGOs and private companies, a detailed description of the local phenomenon is necessary.
This chapter seeks to provide this basis by answering the first research question which
coincides which the lower part of the analytical framework presented in chapter two. Because
of the lack of information available and to be able to judge the existing narratives about picohydro, it is essential to try to give a complete and detailed picture of the technology in a broad
sense.
The set-up of this chapter leads the reader through the many relevant aspects of picohydropower in Laos by means of four distinct, but interrelated sections. The chapter starts
with the introduction of the low-head propeller pico-hydro unit, which is by far the most used
type. Then, the amount of units and the distribution channels, leading from China and
Vietnam to small village shops, are mapped out. The properties and the market distribution
lead into the description of the use and functions of pico-hydropower electricity. This section
shows the variety of geographical factors and the ability of people to creatively adapt to these
circumstances. The last section, a financial analysis, compares pico-hydropower in Laos to
other technologies, which shows that low-cost pico-hydro units provide the cheapest off-grid
electricity. The last part integrates the actor-networks identified and points towards the
broader political context of this technology. However, to understand the technology in its
context, it is necessary to start off with a rather deterministic technological description.

3.2 Pico-hydropower hardware
The first part of this technographical description deals with the hardware of picohydropower: the types available, the vulnerable parts and the electricity generated. Hereby,
this section covers the technology in a classical or technological determinist sense. However,
it is necessary to have a notion of the functioning of the units, before being able to understand

how these characteristics influence the network around the use and market distribution of
pico-hydropower in Laos that follow.
3.2.1 Different types of pico-hydro

The type of pico-hydropower unit influences the way it is used, the civil works needed and
the range of power that can be generated. There are a few different types of pico-hydropower
technology found throughout the world, which all have their own characteristics. The most
prevalent type of unit in Laos is the low-head propeller type (Figure 8). This type of picohydro unit is called low-head, because the unit requires only a small drop of water to function
properly, provided that the flow, i.e. the strength of the current, is sufficient. The water falls
into the propeller or turbine at the bottom of the unit, thereby making the shaft turn. In the
upper part of the unit, AC-electricity is generated by an alternator. The rated capacity of the
unit varies from 200 Watts up to several kilowatts, but the unit producing less than 1 kW are
the most popular in Laos.

Figure 8 - Low-head propeller pico-hydro units

Figure 9 - 'Turgo' pico-hydro unit

Besides the low-head propeller unit there are several other types of pico-hydropower units.
First, there are the so-called ‘turgo’ hydropower units, which require more head and have to
be connected to a penstock, long pipe to channel the water, to function. These units can
generate power ranging from 500 W upwards. Because they need more head they are better
suited for hilly and mountainous areas. The installation is also more complicated, because of
the construction of the penstock (long pipe to channel the water). Although they are far less
popular than the propeller units, they can be found in Laos. Types of pico-hydro not
commonly seen in Laos are high-head ‘pelton wheels’ or ‘peltric sets’ and medium-head
‘cross-flow turbines’. These types are reported mostly in Nepal and Philippines (ESMAP,
2005).
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The type of pico-hydro unit that is most appropriate is influenced by the terrain and by the
ease of installation. In Laos, the low-head propeller type pico-hydro unit is most common,
because the average amount of head is not very high. Moreover, the installation is done
manually, without instructions and sometimes without construction material available, which
also favors the easy-to-use low-head pico-hydro unit. This type of technology is meant
whenever pico-hydro is mentioned in this thesis, unless mentioned otherwise. Still, also
within the category low-head propeller units, there are differences, e.g. the power output and
the quality. These differences can often only be seen from the inside of the units and the
moving, and therefore vulnerable, parts.
3.2.2 Vulnerable parts of the low-head pico-hydropower turbine

The low-head propeller pico-hydropower unit that is most common in Laos has three
essential parts that are vulnerable to damaged or wear. Because the units are working 12 to 24
hours, these parts have to be replaced sometimes, which can considerable add to the costs.
Figure 10 shows a schematic picture of a low-head propeller pico-hydropower turbine and the
different parts. The three parts that have to be replaced regularly, for certain models of lowhead pico-hydro units, will be discussed below.

Generator

Upper bearing

Shaft
Lower bearing

Distributor

Turbine runner
Figure 10 - Schematic picture of low-head propeller type pico-hydropower unit (Entec, 2000)

First, the upper part, or the alternator, is the place where the actual electricity is generated.
Usually, there are three coils inside with copper windings. The magnetized metal inside turns
so that inductive electricity is produced. There are two possible types of failures of this part:
the metal part can become demagnetized, or, more common, the copper windings can wear or
burn out. In the latter case, one or more windings has to be replaced. Second, pico-hydro unit
has two bearings, one in the top and one in the bottom of the unit, that facilitate the spinning
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of the shaft. Both of these can wear out after a certain period of time, depending on usage and
quality of the bearings, but they can be replaced. Finally, the turbine or the propeller itself is
vulnerable, especially when the water runs through it unprotected. Branches, garbage or fish
can get stuck in the turbine and damage it. This can also have an adverse effect on the
generator and on the appliances installed, because the blocking of the turbine causes a sudden
drop in voltage. The use and costs of pico-hydro in Laos cannot be understood without taking
the sometimes failing parts of the unit into account. The quality and possibly damaged parts
also negatively influence the output of electricity.
3.2.3 Electricity output

The electricity output of the pico-hydro units can sometimes fluctuate, which can cause
damage to appliances and lights connected. The electricity generated by pico-hydropower is
not stored and usually not regulated. This means that all the electricity has to be used directly
and that the performance and the quality of electrical output of the unit is directly dependent
on the flow and head of the water, the type and state of the pico-hydropower unit and the
appliances connected. The flow and the head of the water determine how fast the shaft spins
and how much power is generated. The theoretical maximum potential power of a river or
stream can be calculated by using the following formula:
Flow(l / s ) × Head (m) × Gravity (m / s 2 ) ≡ Power (W )

(1)

This formula indicates that the power (W) depends on the strength of the current (or flow)
and the height of the drop of water (or head). These two factors are multiplied by the gravity
to determine the power. Thus, a certain position in a river or stream gives a certain theoretical
maximum power output. An example of the effect of variation in flow and head for a picohydro turbine can be seen in Figure 11. The type of unit and state of maintenance determine
how much of this potential can be transformed into electricity. Typically, low-head propeller
pico-hydropower have a low efficiency, around 30%, compared to other hydropower
technologies. It depends on the manufacturer and the state of maintenance (especially the
bearings tend to wear out very quickly) how much the actual power output is.
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Figure 11 - Power output (Pel) variation for a low-head propeller pico-hydropower turbine with varying
flow (Q) and a different constant heads (colored lines) (Entec, 2000)
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It is not only the power output determines the performance or quality of the electricity, but
the voltage level and fluctuations as well. If the voltage is too high or too low, this can lead to
damage to appliances that are connected. The voltage can be determined by Ohm’s law:
Voltage(V ) = Current ( I ) x Re sis tan ce( R ) (2)
This formula shows how the voltage is determined by the current and the resistance.
Simply put, if the resistance changes, e.g. fewer or additional appliances, this leads to a
change in voltage level. This is the same effect as when one connects high powered electrical
appliances and the lights dim for a second in a situation with grid electrification. However,
because the total power is much less for pico-hydropower and a small drop has more impact,
this effect is more problematic. The voltage level can also change as a function of the distance
of the pico-hydropower unit from the applications. This can also be derived from the previous
formula as well. Cables have a certain resistance, depending on the length of the cable, its
diameter and the quality. The longer, thinner or poorer quality the cable, the higher the
voltage loss.
Voltage problems can be overcome by connecting a volt regulator to the pico-hydropower
unit. This is a device that adjusts the voltage to a certain level in order to prevent damage to
electronic devices when the voltage level becomes too high or too low. Some pico-hydro units
have integrated voltage regulators, but these are more expensive than the ones without. In
Laos, the overwhelming majority of the pico-hydropower units installed do not have
integrated or external voltage regulators.
3.2.4 Conclusions about hardware

The description of the hardware of pico-hydropower units provides the basis for the
understanding of the pico-hydropower technology in Laos. First, the overwhelming majority
of low-head pico-hydro type of unit can be related to the geography of the country and the
independence of the people when installing the unit. Moreover, the electricity output and the
voltage fluctuations have a strong impact on the potential damage to light bulbs and devices
connected. This and the replacement of vulnerable parts, bearings, windings and propeller, all
add to the total lifetime costs of the system. However, this has also created a network of
traders and shops around pico-hydropower in Laos whom are involved in trading and selling
units and spare parts.

3.3 Markets and distribution of pico-hydropower units
This section of the technography describes the number of units in Laos and the network of
shops, traders and merchants around it. By doing so, it extends the description of the
technology outside the realm of technical details only into the networks of the market. This is
necessary to understand how pico-hydropower has been able to spread to many place, even in
the remote areas of Laos, what kinds of people are involved and what kinds of channels are
being used. In addition, it also shows why the price and quality of pico-hydropower units is
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currently very low. This adds another layer of information about the under described
phenomenon of pico-hydropower in Laos.
3.3.1 Number of pico-hydropower units in Laos

Although it is difficult to make an accurate estimation, there is evidence that there are ten
thousands of pico-hydropower units in Laos, making it easily the most used renewable energy
technology in off-grid areas. The lack of information available makes it hard to come up with
reliable numbers though. The government does not keep track of the number of units installed
in the country, given the empty column of ‘pico-hydro’ in their National Electricity Statistics
(MeM, 2005). An associate Professor on Renewable Energy Technology of the National
University of Laos estimates that there are over 100,000 pico-hydropower systems in the
north of the country only. He bases this on his experience, and some small research activity
on pico-hydropower (interview 13). The only quantitative source of information comes from a
training that has been carried out by the Village Off-Grid Promotion and Support Enterprise
(VOPS). The training was carried out in a selected number of districts and villages in five
northern provinces of Laos, where people use a lot of pico-hydro. In 337 villages in 20
districts, a total of 7051 working pico-hydro units were found, providing electricity to 10.683
households. From these numbers, it can be derived that 27% of the households have a picohydro unit, providing electricity for 41% of the people in these villages. In general, the
northern provinces of Laos are more suitable for the use of pico-hydro, because it is more
mountainous than the middle or the south. Fieldwork in Bolikamxay in this thesis, however,
shows that the units are not only used in the north. In addition, there is evidence about use of
pico-hydropower in the south as well (e.g. Baird, forthcoming).
An estimation of the number of pico-hydro units and electrified household has been made
for this thesis as well. The VOPS data has been taken as a starting point, but used in a
conservative way. It is assumed that in the off-grid villages in mountainous provinces 20% of
the households own a unit that provide 30% of the households with electricity and 4% and 6%
respectively in the other provinces.6 This would mean that there are around 60.000 picohydropower units in Laos, providing 90.000 people with electricity. Because of the expansion
of the national grid since 2005, the number might be lower. However, the numbers of picohydro units in the villages surveyed for this research are much higher than this, with over 60%
of all households owning a unit. When you include people sharing their unit, the total
electrification rate of some surveyed villages approaches 100%. These figures are probably so
much higher, because the villages were specifically chosen for their high pico-hydro
occurrence, whereas the VOPS survey probably also covered villages without many units per
village.
There is some information available on the use of pico-hydro in Vietnam as well. This
country, neighboring Laos, shares many characteristics (same type of terrain, similar ethnic
groups) with Laos and can therefore provide useful comparative information. A report of
6

The northern mountainous provinces are Phongsaly, Luang Namtha, Oudomxay, Bokeo, Luang Prabang,
Huaphan, Xayabouly and Xieng Khouang. The village data come from MEM (2005).
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Entec (2000) estimates a number of 120,000 pico-hydropower systems in the range of 100 to
500 Watt supplying 130,000 households in the whole of Vietnam. These estimations,
however, are also based on limited and extrapolated sources of information. Similar numbers
can be found in reports of ESMAP (2005) and DFID (2004), which estimate a range of
100,000-130,000 and 120,000 systems respectively. Given the lack of empirical data, the
latter two publications might have based their estimations on the figures of the Entec report.
The development of low-head pico-hydropower units in Vietnam is said to have started in
the course of the 1980s (Entec 2000; ESMAP 2005). Field work data on shops for this thesis
indicates that the development started somewhat later in Laos. Shopkeepers indicate that in
the course of the 1990s the sales picked up and reached its height around 2000. After 2000,
the sales stabilized or went down, especially because of the grid extension program in certain
areas.
3.3.2 Shops

Pico-hydropower units can be bought from shops in almost every place with a small
market. Shops selling pico-hydropower units are usually those selling all kinds of tools,
equipment, machines and hardware. Like most shops in Laos, they are typically to be found at
or around markets. These markets commonly consist of permanent stands or small stores that
are closed at night. In the larger centers, markets are sometimes specialized in single types of
goods, but in smaller towns all products are sold at the same market. Similar kinds of shops
are usually located in close proximity to each other. Generally, the shops are small in size and
ran as a family business. All products are on display and fixed prices are rare. Shops in Laos
are mainly owned by Laotians, but sometimes by Chinese, Vietnamese or Thai people as well.
Most interviewed shopkeepers were of Lao nationality, although especially in Phongsali there
were some Vietnamese people running shops, because of the proximity to the Vietnamese
border.

Figure 12 - Typical shop selling pico-hydro units, Lak Xao, Bolikamxay province
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There are many shops in Laos where one can buy low-head propeller pico-hydropower
units in the range of 300 W to 1 kW. The number of places generally depends on the size of
the town or city, but even more on the demand in the region. A good example is the biggest
city and capital of Laos, Vientiane. In this city there are only a few shops selling pico-hydro,
because the surrounding area is almost completely electrified by the national grid. The areas
that are included in this research have demand for pico-hydropower and can therefore be
classified by size (Table 5).
Table 5 - Overview of shopkeepers interviewed

Province

Place

Type of place

Bolikamxay
Xieng Khouang

Lak Xao
Phonesavan
Chomthong
Mai
Kuah

District capital
Provincial capital
District capital
District capital
District capital

Phongsali

Number of
shops
3
8-10
2
3
4

Number of shops
interviewed
3
6
2
2
2

In the provincial capital of Xieng Khouang, Phonsavan, there is a lot of choice in terms of
pico-hydropower. Pico-hydro can be found at the Nam Ngam market and at the thalat mai
(new market) near the city center. The former market has only two shops selling pico-hydro,
but the latter has no less than eight of them. The number of units being sold varies between a
few and more than 80 units per month. Because the shops sell approximately the same range
of models, one seller mentioned that the place in the market could might explain this
difference (interview 33). In addition to these shops at the market, one big shop outside the
market areas was found, selling over 200 low-head propeller pico-hydro units per month.
Besides these conventional types of pico-hydro, the shops also sold other types: propeller
types with higher power output (up to 3 kW) and ‘turgo’ pico-hydro turbines, some from
China and some from Vietnam.

Figure 13 - Three shops in a row selling pico-hydro units at
‘thalat mai’, Phonsavan, Xieng Khouang province
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In each of the four district capitals included in this research, Lak Xao (Bolikamxay),
Chomthong (Xieng Khouang) and Mai and Kuah (Phongsali), there were between two and
four shops selling pico-hydro. The proximity of Lak Xao and Mai to the Vietnamese border
seemed to have little or no effect on the number of shops and the price of pico-hydro. The
district towns are not the smallest centers where pico-hydropower units can be found. Many
small shops in small towns or even villages in rural areas have at least a number of units for
sale. These shops tend to have fewer options and sometimes sell only the most popular type of
pico-hydro (the 500 watt low-head pico-hydropower propeller unit). Thus, pico-hydropower
units can be bought in most rural areas where there is no grid electricity and even in remote
areas in poor districts, e.g. Viengthong, Mai and Kuah district. These shops almost completely
depend on traders for their supplies.
3.3.3 Traders

Chinese and Vietnamese traders are key actors in the distribution system of pico-hydro
units in Laos, because they supply shops and markets, but also people directly. All but one of
the shopkeepers interviewed for this research obtained their products from these traders,
whom are of either Vietnamese or Chinese nationality; none of them were from Laos. As
mentioned before, shops selling pico-hydropower turbines commonly sell all kinds of
equipment, tools and machines. Different traders come by to sell different kinds of products,
including pico-hydro units. Most shops have fixed traders for fixed product categories, such
as pico-hydropower units. The payments to these traders is always in cash, but some traders
allow shops to pay later or in terms as well. Traders commonly pass by at periods ranging
from every few days up to a month, depending on the volume of sales and the size of the
shop. In addition, some shopkeeper have the phone number for their traders, so they can order
in advance or place additional orders if necessary. Only one shopkeeper interviewed, of
Chinese nationality, actually drives across the border to get his products there.
The shops selling pico-hydro are not always the last stop before they reach the end-user.
About half the interviewed shopkeepers indicate that they also sell to other merchants
sometimes. These merchants in turn go to villages in remote areas to sell the units to the endusers. This is attractive for people in remote areas, because it saves them time and money to
go and buy the units themselves. Thus, there is a fine network of traders supplying shops, but
also supplying individual customers, based on supply and demand. No advertisement was
observed, indicating that word of mouth is the most important source of information for picohydro customers. The people interviewed often said they chose a certain shop or trader on the
advice of friends or family. This is also a way to limit the risk of bad quality systems.
3.3.4 The origin and quality of pico-hydro units according to shopkeepers

Discussions about the origin and quality of pico-hydropower units with shopkeepers shows
the limited knowledge and influence they have on the products they sell. Instead, Chinese and
Vietnamese traders determine the kinds of pico-hydropower units that are being sold in Laos.
The limited and opaque information that is available about the origin and quality of the units
confuses the shopowners and favors the position of these traders even more.
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The shopkeepers are by no means found to be experts on pico-hydropower and usually
don’t know where their products come from. None of the interviewed shopkeepers knew
where, in which city or factory, their pico-hydro units were produced and sometimes even the
country of origin seemed unclear. There are three different factors that can explain this. First,
some shopkeepers think the nationality of the traders indicates the origin of their products, for
example, that Vietnamese traders only sell Vietnamese products. A shopkeeper at the market
of Phonesavan stated this directly: “ I only trade with Vietnamese people, so I only have
Vietnamese products” (interview 30). Other shopkeepers, however, seem to be aware that this
does not necessarily have to be the case, because another shopkeeper at the same market said:
“the producers are Chinese, but they often come through Vietnam” (interview 28). Thus, the
shop owners are not always a where of the country of origin of their products, because the
relate this to the nationality of their traders.
Secondly, there is uncertainty over different types and colors of pico-hydro units and their
relation to the country where they are produced. There are different types of low-head picohydropower turbines that look more or less the same, but are in different colors, usually green
or metallic. Some shopkeepers seem to think that the color explains the difference in origin:
“If you go to the border of China, you can buy the green picos” (interview 29). However, a
fellow shopkeeper a few meters away says that “the green color does not mean anything. You
can just order any color you want” (interview 30). Again, two completely contrasting opinions
from shop owners who are only a few meters away from each other.

Figure 14 - Different types of low-head picohydro units at market Phonsavanh, Xieng
Khouang

Figure 15 - Chinese characters on Vietnamese
pico-hydro unit, market Phonsavanh, Xieng
Khouang

Finally, the labels and absence of instructions and labels also causes confusion among the
shopkeepers on the country of origin of the pico-hydro units. None of the interviewed shops
supplied instructions and many units do not have labels. But, even if they have them, this
information might not reveal the true origin of the unit. Most of the pico-hydropower units
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with labels contain Chinese characters, but several interviewed shopkeepers indicated that
they still originate from Vietnam: “In the Vietnamese factory, they put the Chinese labels”
(interview 29), “Even if there is a Chinese sticker on them, the products are still Vietnamese!”
(interview 32). This type of copying and relabeling is common in Asia, as mentioned by a
project coordinator of VOPS: “Copyright doesn’t really exist in Asia” (interview 25). This
makes it difficult for shopkeepers to know where their products really come from.
Thus, there are several factors that cause confusion and contradictory opinions about the
way to trace the origin of pico-hydro units in Laos. Some of the quotes show that certain
shopkeepers are well aware of the problem of tracing the origin of their products and use it to
their advantage7. The owner of the big shop in Phonesavan explains that the preference of
people is very important: “Some people like Chinese products, some like Vietnamese. That’s
why I sell both” (Interview 27). Not many shops claim to sell both types of units though. In
the district capital of Kham district, Chomtoong, there are two shops selling pico-hydropower
units. One of them is owned by a Chinese family and sells Chinese products, including picohydropower units. The other shop is owned by a Laotian family and sells Vietnamese ones.
Discussions about the quality of the Chinese versus the Vietnamese pico-hydropower units
also provides mixed answers. Some shopkeepers claim that the quality of Chinese pico-hydro
units is better than the Vietnamese ones, while others claim the opposite or say that there are
no differences. This might have to with the confusion about the origin, since some
shopkeepers might be under the impression that their products originate somewhere else.
Another factor is that not all shops are selling the same type of products. Although differences
cannot be observed by looking at the labels, careful observation shows that not all products
look the same, probably indicating a difference in quality as well. Lastly, the shopkeepers are
probably claiming that the products they sell are better than the ones they are not selling,
thereby biasing the discussion. Even a project manager of VOPS with pico-hydro experience
could not tell which pico-hydro systems were better (Interview 25).
Turning again to pico-hydro research in Vietnam gives some further perspective on where
the pico-hydropower units in Laos probably come from. The ESMAP (2005) report states:
“Pico-hydro systems in Vietnam are imported mostly from China, illegally, where they are
manufactured near Nanning City.” Entec (2000) also mentions that “Chinese low-cost MHU
[micro-hydro unit, same as pico-hydro unit, MS] are manufactured at a small family-business
workshop in the city of Binh Lac, north of Nanning City” where “[t]he workshop produces
about 1000 units of pico hydro within a month (output 180W, rated 300) with 30 workers”.
Nanning city is a place in Southern China about 150 km northeast from the Vietnamese
border and 300 km from Hanoi. According to the report of Entec, the pico-hydropower units
are bought by traders from China, Vietnam, Cambodia and Myanmar. In Hanoi, there is
supposed to be a big trader who redistributes low-cost pico-hydro units via a complex
network of smaller traders over Vietnam and probably Laos as well.
The same Entec report also mentions that “the Chinese low-cost units dominate the market
with over 90% coverage.” and that “[a] small number of Vietnamese private workshops had
7

A seemingly reliable tip from one of the shopkeepers to know where the pico-hydro unit comes from is to look
at the number of wires coming from the unit: Vietnamese units have four, whereas Chinese ones only have two.

55

copied the Chinese MHUs and sold them through the same outlets as the Chinese originals.
The units did not have a name plate or a brand name. The quality was said to be even lower
than that of the Chinese low-cost units.”. Unfortunately, the information from the Entec report
is outdated and seems to be the only document of its kind. Moreover, it only talks about
Vietnam and not about Laos. Still, it confirms, for example, that there are low-cost picohydropower units from both China and Vietnam. Furthermore, it also states that the quality of
both Chinese and Vietnamese products is very low and that some of them do not have labels.
The project manager of VOPS estimates that 60% of the low-head propeller pico-hydropower
units come from China and 40% from Vietnam. (Interview 25).
The extensive discussion around the origin and quality of pico-hydropower units shows the
strong integration of the Lao economy in the region and the influence of low-cost products
from China and Vietnam in particular. The limited information from the shop owners and
sources on pico-hydro in Vietnam shows that producers in China started manufacturing lowcost pico-hydro units and that manufacturers in Vietnam followed in a later stage. There are
no indications any units are produced domestically. Some Vietnamese producers use Chinese
labels in the hope to suggest the products are of better quality. In general, the lack of
information and labels demonstrates the lack of importance of quality standards and the focus
on cheap mass production. Because of the confusion about the origin and the quality,
shopkeepers hardly play any other role but passing on products from the traders to the endusers. Therefore, especially the smaller shops, have limited, if any, influence on the quality.
The traders, instead, play a more important role in deciding which kinds of products end up
where, although they might also get their products from bigger traders as well. No traders
were interviewed in this research, because of difficulties in tracking them down and the
language barrier.
3.3.5 Conclusions about market networks

The analysis of the distribution and sales of pico-hydro in Laos puts the technology into
national and even international perspective. An estimated 60.000 pico-hydropower units can
be found even in the remotest areas of Laos, supplying a projected 90.000 households of
electricity and is thereby the most important renewable energy source in off-grid areas. This
large number of units are spread all over the country by a fine network of traders that extends
into China and Vietnam where all the production takes place. Interviews and observations at
shops show that it difficult to discern between different types of pico-hydro units and to assess
their origin and quality. Therefore, these shop owners are not really in control of their
products, but mainly pass on the units to other merchants or to the end-users. These market
dynamics are important to understand how the technology fits in the local social and
environmental reality of the users in Laos, which is the next topic of the technographic
description.

3.4 Use of pico-hydropower technology
The description of the practices of the user to install, maintain and use their pico-hydro
system and its function for peoples’ livelihood will explain the widespread use of the
technology in rural areas in Laos. The description of the installation of the system will show
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the strong link between social and natural factors of the systems and the flexibility of people
to adapt to their local environment. Numerous small and inventive strategies are used to
optimize the benefits using locally available knowledge and materials. The functions of
electricity will be elaborated on and compared to show the benefits of pico-hydro vis-à-vis
other available technologies in rural areas of Laos.
3.4.1 Purchasing a pico-hydro unit

Pico-hydropower units can be bought from shops or directly from traders and the choice is
influenced by the availability of systems, willingness and ability to pay and references from
friends and family members. As outlined in the previous section, people who want to buy a
pico-hydropower unit have several options. They can either buy their unit at the provincial or
district capital, or they can order or buy it directly from a merchant passing through their
village. From the data collected for this research, the former way seems more common. The
latter, however, was frequently mentioned in Mai district, Phongsali province.
When it comes to deciding which type of unit to buy, several factors play a role. First, it
depends on what kinds of systems are available. In many smaller shops the choice is usually
limited to one type of unit, Chinese or Vietnamese, and two or three different sizes: 300, 500
and 1000 Watts. Another factor is the electricity demand and the willingness and ability to
pay accordingly. Naturally, 300 Watts systems are cheaper than those of 1000 Watts. The type
of unit depends on the potential at the envisioned site of installation as well. A third and
important factor is the experience of fellow villagers and family members. Many of the people
interviewed indicate that references from others made them choose a particular kind of unit or
shop. Observations that very often the same type of units are found in a certain village
underlines this point. The price differences from the market surveys are not very big, so this
factor is expected to play only a minor role in the selection process.
3.4.2 Types of installations

Pico-hydropower units in Laos are installed ‘standing’ or ‘lying’, but the actual installation
can be anything in between and depends on the local geographical circumstances and the skill
and creativity of people to adapt to these. Since the shops do not provide any instructions or
manuals, people have to manage the installation of the pico-hydro unit on their own.
However, as for the purchase, people in the villages depend a lot on the help and experience
of others, notably family and friends. Most pico-hydropower units are installed by two or
more people. On average, it takes about two days to install the system, including the
construction of the civil works and the cables.
The time it takes to install depends on the type of construction used. Roughly, there are
different two types of installation, with many variations in between. The difference is in the
type of water resource and, related to that, the angle at which the pico-hydro unit is installed.
The first type of installation is to have the pico-hydro unit in a small creek or river with the
pico-hydro unit standing straight up (Figure 16 and Figure 17). This type of installation is
suitable at places where there is enough head, but limited flow. Water has to be channeled to
the pico-hydro unit through a canal and then drops on the turbine to make it spin. The water
can be a diverted from a river or come from a small dam or weir made in locally available
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materials. This type of installation was frequently observed in the mountainous districts
Kham, Mai and Kuah, where there are plenty of suitable small streams.

Figure 16 - Schematic figure 'standing' picohydro unit (Entec, 2000)

Figure 17 - Standing pico-hydro unit in
Khaivieng village, Kham district, Xieng
Khouang province

The other type of installation is used in bigger streams or rivers with the pico-hydro unit
‘lying’ down at certain angle. This type of installation is suitable for places where there is not
much head, but a strong flow (Figure 18). The little bit of head which is needed comes from
existing rapids or small dams, sometimes not more than a couple of boulders. The units are
sometimes put in the middle of a river, so there is need for a strong construction to keep the
unit in place. This is often done by making a tripod construction (Figure 19), with or without
additional weir to create more flow at the place of the pico-hydro unit. Sometimes, also raftlike constructions are used (Figure 20 and Figure 21). The tripod construction was the only
construction used in Viengthong district, where there is a big river. It was also observed at
some sites in Mai and Kuah district.
For both types of installations, people use simple solutions to protect their pico-hydro unit
from being damaged. To protect the unit while it is in use, people install small nets or grids to
‘filter’ the water from branches, leaves and fish, which can potentially damage the unit. When
the unit is not in use, the water inflow is sometimes regulated by blocking the flow. This is
particularly easy at sites where water is diverted into a small canal, because this can be closed
using a small floodgate. Other measures are simply to lift up the pico-hydro unit or to move it
to the side.
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Figure 18 - Schematic figure 'lying' pico-hydro
unit in River

Figure 19 - 'Lying' pico-hydropower unit in
Nam Muan river, Bolikamxay

Figure 20 - Schematic figure pico-hydro on raftlike structure

Figure 21 - Pico-hydropower unit on a raft-like
structure, near Sop Nhao, Mai district,
Phongsali province

Another improvement often observed is to use an extension shaft for the propeller picohydro unit (see Figure 22). The longer shaft makes it easier to keep the alternator out of the
water when it is installed at an steep angle. Therefore, this type of addition is mainly used for
units ‘lying’ in bigger rivers. However, this improvement can also be observed in units
installed in smaller streams (Figure 23). The use of boat propellers, normally used for speed
boats, at the end of the turbine is often combined with the extended shaft. These can easily be
installed at the end of the shaft to improve the performance of the extended pico-hydro unit.
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Figure 22 - Pico-hydro unit with extended shaft
at the Nam Muan river, Bolikamxay province

Figure 23 - 'Standing' pico-hydro unit in Sen Art
village, Mai district, Phongsali province

The type of installation that people use is dependent on the type of water resources
available at different villages. The specific place of installation in the village itself is an
important decision as well, since the pico-hydro unit will not perform equally well in all
places and it influences the amount of work during and after the installation. To begin with,
the flow and the head of a site have a direct effect on the performance of the unit. However,
people who install a pico-hydropower unit do not have the means and knowledge to obtain
this information. They have to use their experience, copy others and rely upon trial error to
select a suitable site. Shopkeepers and traders can play a role here as well by sharing their
experience. In addition, people will try to limit the amount of civil works needed. In case of a
standing pico-hydro site, this means looking for natural weirs or small waterfalls to limit the
work of constructing an artificial one. Finally, proximity to the house(s) is an important
selection criterion as well. The closer to the house, the lower the costs for cables and the
shorter the distance one has to cover to check the unit.
A last remark about the place of installation is related to sharing of the water resources for
other purposes and with other users of pico-hydro. Water resources are very important in rural
areas of Laos, because streams and/or rivers nearby villages have multiple functions, such as
washing, cleaning, transportation and fishing. Pico-hydropower users have to take these into
account when installing their units. However, all interviewed people indicated that it was
possible to combine power generation with other river functions without generating conflicts.
Still, the number of available sites is sometimes limited and, as mentioned before, some sites
offer more favorable conditions than others. Usually, this problems is ‘solved’ by a firstcome-first-served system, where at some point villages run out of viable spots for pico-hydro
units.
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There is a lot of skill involved in the installation of pico-hydropower systems. Although
there are certain tricks which can be seen at many installations, all sites offer specific
possibilities and challenges. Besides the very necessary parts, the pico-hydro unit and the
cables, the ‘civil work’ are usually carried out with locally available materials. Although the
selection of the site is not always easy, people usually find creative ways to make their system
work. Sometimes even irrigation channels are used to install pico-hydro units (see box).

Pico-hydro systems in irrigation channel

A special type of pico-hydro site can be found in Moh village, Kham district, Xieng
Khouang province, where pico-hydro units are placed in an irrigation canal. The construction
of the irrigation scheme and the two meter wide concrete canal running through the village
was finished in 2003. The government was responsible for initiating this project, executed by
a Vietnamese construction company. The canal is used to provide water to the fields adjacent
to the village. No engines are necessary to pump the water, because simple plastic pipes and
gravity can do the job. Another use of the irrigation canal is water supply and bathing. The
third usage of the irrigation canal is to generate electricity using pico-hydro. At points where
there is sufficient head in the canal, people have constructed small dams to channel the water
through their propeller pico system. Poles and wires along the canal transport the electricity to
the households. Interestingly, the irrigation canal was not made for pico-hydro and this use
was not envisioned at the time of design and construction. There are also pico-hydro systems
to be found in the stream running nearby the village. Installing pico-hydro units in irrigated
rice paddies is known in Vietnam as well (ESMAP, 2005)

Figure 24 - Irrigation channel in Moh village,
Kham district, Xieng Khouang province

Figure 25 - Pico-hydro unit in irrigation
channel in Moh village
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3.4.3 Seasonality

Pico-hydro units cannot be used all year around in many areas, because of fluctuating
availability of water during the year. This change of seasons has different effects on each kind
of sites in different terrains and accompanying types of installations. Pico-hydropower units
do not generate enough power when there is too little water and are in danger of being swept
away when there is too much of it. In general, the water flows in Laos are very dependent on
seasonal fluctuations: the dry and rainy season. The Mekong, the largest river running
throughout the country, transports five times as much water at the end of the rainy season
compared to end of the dry season. Similar kinds of fluctuations are common for other rainfed rivers and streams in Laos as well. However, those river or streams that are mostly springfed are much less sensitive to these changes.
Table 6 - Generalized classification of terrains, water resources and seasonality

Terrain

Type of water
resource
Mountainous currents and
streams
Streams and
Hilly
small rivers

Main water
source
Spring-fed

Seasonality effects on
pico-hydro
Usage all year around

Spring- and
rain-fed

Flat

Rain-fed

Cannot use in rainy
season (May to
September)
Cannot use in rainy
season (May to
September)

Rivers

Area in thesis
Mai and Kuah
districts, Phongsali
Kham district,
Xieng Khouang
Viengthong
district,
Bolikamxay

In Table 6 you can see a highly generalized overview of available terrains, water resources
and effect of seasonality on pico-hydro use in Laos, although many variations exist. Areas in
the mountainous north, such as Phongsali, have more spring-fed water flows, whereas the
central and southern part of the country, e.g. Bolikamxay, have bigger and mostly rain-fed
water resources. The former areas are thus generally less sensitive to seasonal changes when it
comes to water flow. This affects the place where people install their pico-hydro unit and the
way they use it as well. In those areas with rain-fed streams and rivers, people have to take
out their pico-hydro unit in the rainy season (roughly from May to September), whereas
people using spring-fed currents do not have this problem. For example, the time that people
cannot use their pico-hydro varies from the whole rainy season to just one or two months.
Sometimes the situation is inverted, i.e. people have to take out or move their pico-hydro unit
in the dry season due to lack of water.
3.4.4 Cables

The electricity cables are probably the most dangerous part of the pico-hydropower
system, because of unprotected cables and damage to the improvised pole constructions. The
cables are used to transport the electricity from the pico-hydro unit to the house(s). The length
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of these cable ranges from 20 meters to more than 1.5 kilometer. In the latter case, the cable
quickly becomes the most expensive part of the investment of a pico-hydropower system. The
quality of the cables used is highly variable. In most villages visited for this research, people
used wires with plastic insulation. However, some cases of cheap unprotected wires were
observed as well. Besides the dangers of touching them, these cables are also more difficult to
see. VOPS pico-hydro safety instructors indicate that the usage of uncovered cable varies
from 30 to 60% in the areas they were working (interviews 37, 44, 45 and 47). Moreover,
some people use cables with a small diameter, which can lead to considerable loss of voltage
in the cable.
There are two main ways in which the cables are put up. Some people use poles made out
of bamboo or wood to connect their cables. In other cases, people just hang the cable in the
trees or bushes. In both cases, the cables can lead to dangerous situations, because they are
often hung very low, making it easy to touch or break them when walking or driving by.
Moreover, the cables tend to break, when there is a storm for example.

Figure 26 - Broken cables at Thadeua village,
Viengthong district, Bolikamxay province

Figure 27 - Cables at Muang Muan village,
Viengthong district, Bolikamxay province

The use of pico-hydropower is known to have caused casualties and even deaths. Although
there are no official figures about the number of accidents, there are numerous stories of
villagers and experts about deadly accidents caused by electrocution. Also, during the field
work of this research, these kinds of stories came up. The main causes are probably a lack of
knowledge about the dangers of electricity and unfortunate accidents with loose cables.
However, the situation is said to have improved over the past few years. The interviewed
Associate Professor of the National University of Laos thinks that this is because people have
heard the stories and know better about the dangers of electricity now (interview 13). The
field observations confirm this trend, because in the large majority of the cases, insulated
cables were used. This points to a tough learning effect, but also to the persistence and value
of the functions of electricity for people.
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3.4.5 Functions of pico-hydro electricity

The most important functions of pico-hydropower electricity are light and entertainment.
Although there are some other technologies for people in off-grid areas in Laos to produce
electricity, most of these function can be performed by pico-hydropower as well. Both the
uses of pico-hydropower and these other technologies will be compared. First, the results of
the surveyed villages are shown in Table 7.
Table 7 - Figures about pico use and applications in studied villages

Province

District

Bolikamxay

Viengthong

Mouang Muan
Thadeua
Piengton
Average villages Viengthong

46
140
59
82

Xieng
Khouang

Kham

Moh
Khaivieng
Average villages Xieng
Khouang

38
68
53

Mai

Phongsali

Village

Sop Nhao
Sop Poun
Huay Wang Khao
Sen Art
Kuah
Huay Phae Ou
Taang Kok
Average villages Phongsali

Average of studied villages

Households

Nr.
Pico
23
50
45
39

Pico/
hh
50%
36%
76%
54%

TV
(& CD)
0
1
0
0

TV/hh

23
55

61%
81%

12
14

32%
21%

39

71%

13

26%

85
84
42
51
45
31
56

49
60
30
26
40
10
36

58%
71%
71%
51%
89%
32%
62%

12
15
20
7
25
5
14

14%
18%
48%
14%
56%
16%
28%
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37

61%

10

20%

0%
1%
0%
0%

The first and main application of electricity generated by pico-hydropower is to provide
light. All pico-hydro units that were studied for this research were connected to at least one or
more light bulbs. For many households using pico-hydro, lighting is also the only use of picohydro. In the three village surveyed in Viengthong district, Bolikamxay province, for
example, all but one of the households used pico-hydropower for lighting purposes only.
Light is also one of the only possible function if people share one unit. Sometimes people
buy the unit together and use equal shares of electricity, but in other situations people share
part of their electricity with family or neighbors, sometimes asking them for a monthly fee or
help with the construction and maintenance of the unit.
People use the light at night for dinner, to find their way to the toilet, to do housekeeping,
for reading, homework and income generating activities (e.g. weaving and making bamboo
mats, see Figure 28). In addition, people charge small batteries with the pico-hydro units and
then use in flashlights (e.g. for catching frogs). Finally, those houses with light tend to
become places for social gatherings, where people meet, talk and drink.
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Figure 28 - Men and women preparing bundles of garlic after sunset using light
from a pico-hydro unit, in Huay Wang Kao village, Mai District, Phongsali

Most people in rural areas use energy saving light bulbs, because these sometimes use as
little as 7 Watts. However, voltage fluctuations, caused by floating branches getting stuck in
the propeller for example, can lead to burning out of light bulbs (sometimes up to three light
bulbs a month). Energy saving light bulbs are particularly vulnerable to this. Of course, this
figure depends a lot on the quality of the bulbs, the quality of the pico-hydro unit and the
place of installation. It is not uncommon for people to use a lower number of light bulbs in the
dry season, because of there is less water and therefore less power during that period of time.
Traditionally, people in the villages use firewood and diesel lamps for lighting. Saving
time to collect firewood, saving diesel costs and reducing smoke in the house are some of the
collected motivations from interviews to use pico-hydro instead of wood or diesel. An
alternative way to produce electricity instead of pico-hydro power is to use a generator, solar
panel or car battery. Generators are expensive, both in purchase and in use, but generally offer
more stable electricity. Solar panels are very expensive, not everywhere available and require
the use of a car battery as well. In some areas car batteries are widely used and can be charged
at a central point in an (adjacent) village. However, this is not the case in the districts
surveyed for this research. For example, only the village leader in Mouang Muan,
Bolikamxay, was using a battery and paid about four times the regular price to charge it in
other areas.
Entertainment is the second most important use of electricity from pico-hydro in the three
fieldwork areas of this research. Entertainment devices are mainly television, CD-player and
Video CD (VCD)-players. Radios are also used, but these are commonly powered by
batteries. Table 7 shows that the percentage of households with televisions in the case studies
is highly variable, but on average 20% of the surveyed households uses one. The number of
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CD and VCD-players is roughly the same, because people try to acquire a complete set of
entertainment devices. On television, people watch a limited number of channels, including
those of neighboring countries, such as Thai soap operas. In order to receive these channels,
people must own a satellite dish. CD and VCD are used for listening to music and to play
karaoke VCDs. Similar to light, houses with entertainment sets are also likely to become
places with a lot of social activity, such as meetings and gatherings. And since the number of
places with entertainment devices is more limited, this effect is stronger.
The problems with voltage fluctuations are more critical when using entertainment devices
than light bulbs, because they are much more expensive to replace. Therefore, some people
use voltage protectors. These devices, produced in China, check the voltage and disconnect
the power to the devices when necessary. Despite these additional measures, some people in
the areas visited still reported broken entertainment devices. Yet, others claim that regulators
are actually not necessary, because before installing them, they did not have problems either
(Interview 34).
Alternatives for the power needed for entertainment devices are fairly similar to those
already mentioned in the previous section on lighting: car batteries, solar panels and
generators. Provided that a pico-hydropower unit delivers electricity of decent quality, it can
be used for longer periods of time compared to batteries and solar panels (which are also
connected to batteries to deliver AC-power). People in the surveyed villages sometimes use a
generator next to their pico-hydro unit for entertainment purposes. Generator are available all
year around and produce a stable output of electricity. However, the use of diesel puts
considerable pressure on the budget of most households in Laos.

Figure 29 - Satellite dishes at village
in Kuah district, Phongsali

Figure 30 - Entertainment set, including voltage
stabilizer in Khaivieng village, Kham district,
Xieng Khouang province

Besides light and entertainment, there are a few other uses of pico-hydropower, such as
mobile communication, battery charging and for fans. Mobile network coverage is expanding
rapidly over the Lao countryside and being electricity from pico-hydropower enables people
to charge their mobile phones. This could improve their family relations, but also give access
to information that would otherwise take more time to obtain. Batteries can be charged as well
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with a proper voltage regulator and a battery charger. Batteries provide electricity for those
who do not have their own pico-hydro unit or they can be connected to a flashlight for mobile
use. Pico-hydropower electricity is also used for fans. A fan is useful when the weather is
warm. In addition, the air circulation helps to keep mosquitoes away and therefore plays a role
in the prevention of disease (World Bank, 2006).
Some functions cannot be fulfilled by low-head propeller pico-hydropower units, because
they require too much power, such as electrical saws and rice mills. Also water boilers, rice
cookers, refrigerators and the like are problematic because of the high power demand.
Computers were not observed nor mentioned in interviews in the villages surveyed, but there
is in principle no problem to connect these to pico-hydro systems with stable voltage output.
Laptops would be particularly suitable, because of the low power demand and a transformer
and battery is included. If the use of pico-hydropower could be successfully used to power
computers, important new function would be added.
At present, however, light and entertainment are the two most important functions of
electricity generated by pico-hydropower. Especially electrical light is a very important asset
for people otherwise dependent on diesel lamps or firewood for light from 6 o’clock in the
evening onwards. Entertainment is an important additional asset to the livelihoods of people
in Laos and brings modernity to the remote rural areas in the form of soap operas, but also
information about other parts of the country and the world. Because of the important functions
and the limited alternatives, people usually take good care of their pico-hydro system and
maintain it regularly.
3.4.6 Maintenance and repair

The maintenance of a pico-hydropower system is labor intensive and has to be done very
regularly. Most interviewed respondents indicate that they clean and check their systems
every day (Figure 31 and Figure 32).

Figure 31 – Checking pico-hydro unit in the
Nam Muan river, Bolikamxay province

Figure 32 - Checking pico-hydro nearby Sop
Poun village, Mai district, Phongsali province
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Cleaning consists of taking out branches, leaves, garbage and fish that get stuck in the
propeller. Of course, this has adverse effects on the functioning of the unit, but it can also lead
to damage of the pico-hydro or connected appliances, because of the voltage fluctuation. Most
people also run a regular check on parts of the pico-hydro unit and the cables, because some
parts can wear out quickly and the cables are fragile. As mentioned before, people sometimes
place small nets or grid in the current to prevent too much material getting into their picohydro turbine (Figure 33).
Besides daily cleaning, people sometimes choose to stop or take their pico-hydro units out
of the water during the day. In this way, the vulnerable parts wear out less quickly, some
cleaning can be avoided and it can prevent the risks of electrocution. In some areas, people
stop the turbine by closing a small gate and thus stopping the water first (Interview 45).
However, in most cases people just stop the turbine with their bare hands. In Vietnam, people
are take out their pico-hydro-units sometimes to prevent theft as well (ESMAP, 2005). People
in the field work areas of this thesis did not have to do this, although some said they use locks
for the same purpose.
Many people interviewed in the target areas indicate that one of the disadvantages of picohydro is the maintenance required. For example, if the lights go out during the evening,
someone has to go to check what is wrong. This is not very easy and pleasant in the dark,
especially when the unit is far from the house. One of the tricks that people reportedly use, is
to short-circuit their system at home when the electricity breaks down. By doing so,
sometimes, the problem can be solved remotely, albeit not in a very safe way (Interview 13).

Figure 33 - Bamboo grid in Huay Phai Ou, Kuah
district, Phongsali province

Figure 34 - New windings for pico-hydro unit
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If there is a problem with the pico-hydro unit, people always try to fix it themselves or get
help in their village first. In the areas studied for this research, none of the people were given
warranty when they bought their units. However, if they cannot carry out the repair by
themselves they sometimes go back to the shop to ask for help. Most of the time the problem
relates to one of the vulnerable parts: windings, bearings or propeller have to be replaced
(Figure 34). These can be bought at the shops selling the units.
3.4.7 Conclusions about use of pico-hydropower technology

The detailed description of the networks around the users of pico-hydro systems in Laos
shows the importance of the technology for livelihoods in remote rural areas and the skill and
creativity involved in installing and maintaining their unit. Geographical factors play an
important role in the construction that villagers use and the use throughout the year. The skill
to install the system in a place to maximize the head and flow and to minimize the length of
the cables is passed on in and between users by word of mouth. Although there is a lot of
work involved in maintaining and repairing the system, the benefits apparently outweigh this
burden. The most important benefits of pico-hydro electricity are to provide light for cooking,
safety, dinner, small production activities and to make homework at night. In addition to light,
some people can connect entertainment devices, such as a TV or a VCD player, to their
system as well. These benefits explain the driving force behind the networks of the market to
provide the units to the villagers. Compared to other technologies, pico-hydropower matches
the functions of solar panels and diesel generators, but does so at much lowest costs as will be
shown in the next section.

3.5 Financial analysis of pico-hydropower systems
Pico-hydropower is the cheapest source of electricity generation in off-grid areas in Laos.
In this section it will be shown that the initial investment costs of pico-hydro systems are less
important than the additional costs of maintenance and repair. Furthermore, pico-hydro
systems are currently competitive or even cheaper than the subsidized solar home systems
which are being rolled out by VOPS and Sunlabob in Laos. Outside Laos, figures on energy
systems throughout the world show that pico-hydro is by far the cheapest source of electricity
generation as well.
3.5.1 Collected financial data

Table 8 shows the cost, variation and assumed lifetime of different components of a picohydropower system in Laos, using data collected in the field triangulated by the Entec (2000)
and ESMAP report (2005). Because of the difficulty to collect reliable figures and the high
variability sometimes, only very basic financial analyses are applied. For example, no
discount rate has been used and only one exchange rate from Lao Kip to US Dollar has been
applied. 8

8

1 US Dollar = 10.000 Lao Kip (exchange rate January 2008). Before January the dollar was worth more than
this, but has been steadily falling after.
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Table 8 - Overview of components of economic analysis based on average market prices

Part
Pico-hydro
unit
Cable
Spare parts

Light

Specific
300W
500W
1000W
Price (100m)
Length
Bearings
Windings 300W
Windings 500W
Energy saving bulb

Amount9 (USD) Variation (USD) Est. lifetime
22.8
21.5-28 3 years
28.7
26-30 3 years
67.3
66-70 3 years
7.5
5-11 10 years
500 m
50-1500m 1.4
1-3 2.5 per year
11.0
9-13 2 per year
14.4
12-16 2 per year
0.8
0.6-3 3 months/bulb

A couple of remarks have to be made about the table, because some of the figures are
highly variable and others are difficult to make a reliable estimations on. Wherever possible
the average prices collected at the markets were used. Although the prices collected from the
users in the villages are fairly similar, they are more difficult to compare because of time
since purchase and inflation since. Prices cited by some users might also be exaggerated,
depending whether they bought the product from a shop or middle men.
The data themselves also require some explanation. Most important was the difficulty to
make assumptions about the lifetime of the components, notably about the unit itself. Some
people claim not to have replaced their pico-hydro unit in more than ten years. Empirical data
from this research indicates that few of the respondents have ever replaced their unit and it is
more common to buy spare parts. This contradicts information from Entec (2000) and
ESMAP (2005). Secondly, there are different types of pico-hydropower units. The range of
prices is, however, not very big, indicating that the market is highly competitive. There are,
for example, only slight differences between prices at the market in border town Lak Xao and
the more inland market in Phonesavan. The opposite is true for the parts like bearings, light
bulbs and, to a lesser extent, windings. For these parts, there is often the choice between more
expensive products and cheap ones. Finally, the length of the cables becomes the most
expensive part of the initial investment if the pico-hydro unit is more than a few hundred
meters away from the house. There is, naturally, a high variability in the distance of a house
from the pico-hydro unit.
3.5.2 Lifecycle costs of pico-hydro systems

The total costs of a pico-hydropower system in the field work areas depends mainly on the
costs of cables and the annual expenditures on spare parts and light bulbs. By progressively
adding different cost elements to the financial analysis, the most influential variables are
revealed. The cables are the most expensive investment costs of a pico-hydro system in case
of long distances to the house. Figure 35 shows the investment costs based of different sizes
of pico-hydro units and different cable lengths based on average prices as cited in

9

This amount is the estimated amount based on the weighted average of the data collected
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Table 8 8. It is shown that the investment costs of the turbine itself can become relatively
small compared to the cost of cables. It also shows that the biggest unit, rated at 1000 Watts is
more than twice as expensive as the 500 Watts turbine. An often heard explanation for this
from shopkeepers interviewed is that the 1000 Watts units are better quality than the smaller
ones.
120
100

Price in USD

80
60
40
20
0
Turbine Turbine Turbine 100 m 250 m 500 m 1000 m 1500 m
300W 500W 1 kW
cable cable cable cable cable

Figure 35 – Average investment costs for different turbines and cable lengths

500 Watts pico-hydro systems are more expensive on annual basis than 1000 Watts
systems, because of the higher frequency of replacing spare parts. Figure 36 shows the annual
costs related to the use of different types of units, again using the data from Table 8. The costs
for a new turbine or new cables are divided by the average lifetime, to determine the average
costs per year. This makes it easier to compare, although it is not in line with the way people
spend money in reality. The most striking conclusion is the amount people spend on replacing
windings and bearings. These together are easily the biggest average annual expenses. From
individual interviews and the surveys at the market, it becomes clear that there are no spare
windings for the 1 kW pico-hydro turbine, probably again due to the higher quality of this size
of unit. This has, however, big consequences for the annual expenditures and makes the 1 kW
rated unit cheaper than the 500 watt unit on an average annual basis. Furthermore, it has to be
noted that the price of the cables, which is one of the biggest investment costs, does not have
a major impact on the average annual costs, because the assumed lifetime is long (10 years)10.

Average annual costs in USD

35
30
25
Cables
20

Windings
Bearings

15

Turbine
10
5
0
300W

500W

1000W

Type of turbine

Figure 36 - Average annual costs for different turbines, broken down into different parts
10

Cables do break regularly, but this can be repaired or only small parts have to be replaced

71

Replacing light bulbs can also add considerably to the average annual costs of pico-hydro
systems. Figure 37 also includes the costs of replacing light bulbs that break due to unstable
voltage output. Although these figures are not definite, it still shows how much impact this
kind of expense has on the average annual cost if light bulbs have to be replaced every three
months. Because it is assumed that more light bulbs will break if there is more capacity, the 1
kW turbine surpasses the 500W turbine again on average annual costs.
60

Annual costs in USD
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Figure 37 - Average annual costs of different types of pico-hydro including light bulbs11

The crude financial analysis of pico-hydropower shows that the total costs of the system
have to be taken into account in order to be able to compare between different low-cost lowhead pico-hydropower systems. This shows that the distance of the unit to the house, the
replacement of vulnerable parts and light bulbs are the most important cost components on
average annual basis. These analyses can be used to compare pico-hydropower in the field
work areas with findings from other countries and other electricity generating technologies.
3.5.3 Comparisons with other countries and technologies

Different comparisons show that pico-hydropower is the cheapest technology when
compared to other stand-alone conventional and renewable energy technologies. The first
comparison is between the pico-hydro findings of this study and those in Vietnam, because
the countries and the type of pico-hydro units used are quite similar. The ESMAP report
(2005) estimates that the initial investment for a low-head pico-hydro system from China
(rated 300W), including civil works, transmission lines and household electrical system, is
between $65 and $190.12 In comparison, findings from Table 8 show that in Laos a similar
pico-hydro system costs between $29 to $138 in terms of initial investment for similar
expenses.13 However, analyses from the previous sections indicate that installation costs are
not the most important over the lifetime of a pico-hydro system. The ESMAP report does not
make a full lifetime analysis of the low-head Chinese pico-hydro unit, but only for a more
expensive 200 Watts unit. The life-cycle cost of this unit in Vietnam is estimated at $74 to
11

Assumed amount of light bulbs per house per type of unit: 3 (300 W), 5 (500W), 8 (1 kW)
High variability mainly caused by the (unknown) length of the cables ($20-100).
13
For a cable length of 50-1500 meter, with installation costs set at zero.
12
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$150 per year. This is considerably higher than the estimated annual costs of $44 - $55
calculated using the data assembled of this research.
Pico-hydropower is cheaper than the solar home systems offered by VOPS and Sunlabob
in Laos without taking subsidies into account (Table 9). The solar home systems are
distributed by two different organizations in the country. The first one, Sunlabob, is a private
company selling and renting out renewable energy devices. The second one, Village Off-grid
Promotion and Support (VOPS), is an organization supported by the Ministry of Energy and
Mines and the World Bank, offering 100% capital subsidy on the panels. Both of the
organizations offer complete solar home systems (panel, controller, battery, electric system
and light bulbs) for a monthly payment. Including the subsidy of VOPS, their costs are
comparable to pico-hydropower although they provide a much lower power output.
Sunlabob’s private systems are more expensive, even though they use a payback time of 20
years. Only the initial investment in these solar home systems are considerably lower than that
of a pico-hydropower system. In addition and contrary to the expectations, solar home
systems have not become much cheaper over the recent years (IFC, 2007). It can therefore be
expected that pico-hydropower stays cheaper at least in the near future.
Table 9 - Comparison solar home systems and pico-hydropower in Laos (adapted from DGS, 2006)

Type

Solar
home
system

Low-costs
picohydro

Provided by

System

Sunlabob rental
(Interview 57)

Panel, charge
controller, battery,
electric system)

VOPS, 10 years
leasing (VOPS,
2007)

Panel, charge
controller, battery,
electric system)

Traders
(Table 8)

Turbine, cables and
light bulbs

Wattpeak
(W)
20
32
50
75
100
20

Initial
investment
($)
10
10
10
10
10
16

Average
monthly
costs ($)
3.5
4
5
9
13
1.8-2.5

30

19

2.3-3.0

40

22

2.9-3.6

50

25

3.5-4.2

Rated
63
300 W
Rated
70
500 W
Rated
111
1000 W

2.1
2.8
2.4

Pico-hydropower is also cheaper in comparison with other electricity generating
technologies in the world. Figure 38 presents a comparison between small-scale solar, wind,
pico-hydro and diesel generators. It shows the costs at the time the World Bank study was
published, 2004, as well as the expected costs in 2015. This figure shows that both the 300
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and the 1000 Watts pico-hydro provide the cheapest electricity per kilowatt-hour, also in the
future. The two options that are closest to pico-hydro both use wind energy and are therefore
not very relevant in the context of Laos, because of the limited potential in the country. It
should be noted that the use of cost per kWh can be deceiving, because pico-hydro can deliver
power all day long without much use. Diesel generators, on the contrary, are only used when
the electricity is really needed. Therefore, other methods might be more appropriate to
compare pico-hydropower with other technologies.

Figure 38 - Comparison of different off-grid electricity production systems (World Bank, 2005)

A better method to compare energy technologies can be found in ESMAP (2005), which
includes comparisons with several different off-grid electricity production options (Table 10).
The pico-hydropower figures from Laos are added to show that there is a big difference
between the ESMAP-figures from Vietnam and those found in this study. The main reason for
this difference is the lower equipment costs, because the family pico-hydro mentioned in the
table refers to a more expensive pico-hydro system than the low-cost Chinese or Vietnamese
technology found in Laos. In addition, for Pico-hydro in Laos zero installation costs and
lower operation and maintenance costs are used.
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Table 10 - Comparison of different off-grid electricity production systems
(table from ESMAP, 2005; own data inserted in grey beam)
Technology

Capacity
(no. hh)

Lifetime

Equipment
cost over
lifetime ($)

Installation
cost ($)

Operation &
maintenance cost
per year (est.) ($)

Life-cycle cost
($/year per hh)

Pico-hydro in
Laos14

(rated)
300 W
(1 hh)
200 W
(1 hh)

3 years

29-138

0

25

35-71

5 years

80–200

40–300

50

74–150

Family picohydro
Community
picohydro
3,000 W
(15 hh)

220/110
V AC

3,000

Varies:

1,000–
3,000

200

~31–40

PV-solar home
system

100 Wp
(1 hh)

20 years

600–800

200–600

100

140–170

Small wind
(China)

300 W
(1 hh)

15 years

800

300

80

153

Small diesel/
petrol gensets

1–3 kW
(1–3 hh)

10 years

1,000–
5,000

100–350

40–400
(depends on
hours of use)

150–311

3.5.4 Conclusions financial analysis pico-hydropower

Pico-hydropower is the cheapest source of off-grid electrification technologies, according
to the data collected and the comparisons made. The initial investment costs are very low, but
even when taking the additional costs of maintenance and repair and broken light bulbs into
account, the technology still has the lowest life-cycle cost. However, each of the technologies
has its own characteristics, advantages and disadvantages as outlined for pico-hydro in the
previous section. Moreover, the relevance of these comparisons is at present not very high,
because for people in off-grid areas of Laos there are not many options to choose from. In
fact, besides in those areas in which Sunlabob and VOPS are supporting solar home system
implementation, pico-hydropower and diesel generators are the only types of electricity
generating technologies available. Moreover, the fact that there are existing networks of picohydro sales, is likely to influence decision-making.

14

From data collected for this research

75

3.6 Conclusions
Pico-hydropower is, with an estimated 60.000 units in the country, a very important and
widely used electrification technology that plays an important role in the livelihoods of people
in off-grid rural areas of Laos. This can be concluded at least for the areas surveyed, but it is
likely to be similar in comparable areas as well. The technographic descriptions in the chapter
show the variety of different actor-networks involved that all contribute to the hybrid sociotechnical system of pico-hydropower in Laos. These networks are summarized in Figure 39.

Hardware
Quality
Vulnerable parts:
• Windings
• Bearings
• Turbine
Low-head
propeller
pico-hydro
unit

Voltage
output

Market
Shops/traders
(village, district,
province)
Merchants
(Vietnamese, Chinese)

Picohydro
unit
Economic
analysis

Risk
s

Producers
(e.g. Nanning)
Household

Installation
• Standing/Lying
• Poles & cables

User
Function
• Light
• Entertainment

Arrow legend
Relation unit to key actor
Intra actor-network relation

Location
• Seasons
• Type of stream

Inter actor-network relation

Figure 39 - Actor-networks of pico-hydropower technology in Laos

The figure shows the three different sections of this chapter: hardware, use and market and
shows the most obvious links. Of course, this picture cannot capture the detail and the
complexity of the interactions that have been touched upon in the chapter. However, it gives
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an indication of the complex networks that have been formed over the past twenty years
around pico-hydropower technology.
Driven by the demand for electricity in the off-grid rural areas and the ability to produce
cheap hydropower technology, this network has gradually taken shape to become what it is
now. Different production facilities have been set up in China and Vietnam to meet the
demand that has risen in their own countries and Laos. Traders, crossing the borders regularly
to sell all kinds of products, have seen the market potential for pico-hydropower and started
delivering systems to markets in large cities and small villages, even in the far outposts of
Laos. Villagers in off-grid areas, keen on reaping the benefits of modernity, such as electric
light and television, but constraint by their small budgets, started buying pico-hydropower to
improve their livelihoods, especially at night. The focus on low-cost solutions have lead to the
development of inventive constructions using locally available material whenever possible.
However, this low-cost orientation in Laos and Asia in general has led to low quality hard to
trace equipment, which needs regular repair and maintenance and can even leads to dangerous
situations. Yet, there are indications that people learn to mitigate these risks and problems of,
for example, voltage fluctuations and frequent breakdowns. This technography is a first
attempt to bring all these developments together in a systematic description that does justice
to the complexity of the natural and social interactions around pico-hydropower.
Treating the pico-hydropower as a closed system as done in the previous paragraph, would
seriously neglect other forces that influence pico-hydropower development in Laos.
Moreover, it would lead some questions unanswered. For example, why have solar home
systems been subsidized and promoted instead of the cheaper pico-hydropower units? Why
has there been little attention for pico-hydropower in general, whereas it plays a significant
role in providing electricity to people in remote rural areas? Some of the potential
mechanisms that shed light on these questions have already been touched upon in this and
previous chapters. However, to get to a deeper understanding of these mechanisms, the focus
should shift from the descriptive account of the technology to the broader political context in
which these developments take place.

77

4 Actors, policies and narratives
4.1 Introduction
This chapter will show that the apparent neglect of pico-hydropower by national actors can
be understood by analyzing their political background and interests. In other words, this
chapter seeks to explain why the government, multilateral organizations, private sectors and
NGOs in Laos have not embraced the positive contribution of pico-hydropower to rural
electrification and integrated it in their activities. To answer this question, statements in
interviews and policy documents will be compared to the findings from the previous chapter.
First, it will be shown that small-scale renewable energy technologies fit very well within
the official policy objectives of all actors interviewed. This is the background for the second
section in which the narratives that these actors bring forward on pico-hydropower are spelled
out. This leads to the conclusion that there are more interests involved and that the actors are
essentially guided by mechanisms that are sometimes far away from the reality on the ground.
This point is tried to be proven by first explaining narratives play an important role, especially
in information poor environments such as in Laos. Finally some of these narratives and
mechanisms are advanced to show how these show political background and interests rather
than appropriate choices based on empirical information. The background of the actors in the
political context of Laos is therefore an important starting point.

4.2 Policies and activities of actors involved in rural electrification
There are a large number of organizations that could, according to their mission and
policies, be involved in a wide range of rural electrification activities, although in practice
there are only a few and the number of technologies supported is very limited. To prove this
point, the different governmental, multilateral, private and non-governmental actors in Laos
will shortly be described, focusing on their policies and activities on rural electrification.
Special attention goes out to the domination of solar home systems as the technology of
choice and the virtual neglect of pico-hydropower.
4.2.1

Government

Official government policy states that all technologies that lead to electrification are in
principle supported to reach their target of 90% electrification in 2020. This becomes clear
from policy documents as well as from statements during interviews with the head of the
Rural Electrification Division of the Ministry of Energy and Mines: “it doesn’t matter which
technology is used, as long as it leads to rural electrification” (interview 49). These kinds of
statements can be expected from a person within the Ministry which is main responsible for
energy and electricity related issues. The Ministry is in involved in the World Bank funded
Rural Electrification Program (REP). The Rural Electrification Division within this Ministry
deals with the separate off-grid component of this program. The overall objectives of the REP
include “[1] to provide electricity to villagers in remote areas of Lao PDR, [2] to provide
support to renewable energy utilization for rural villages in order to protect environment and
natural condition and [3] to help poor people by providing electricity for income generation
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activity in order to improve their quality of life.” (VOPS, 2008). Another policy statement can
be found in the National Growth and Poverty Eradication Strategy (NGPES), which mentions
the goal to “facilitate access to electricity for people in all areas and regions of the country in
order to foster integrated economic development” (GoL, 2004). These objectives shows the
focal points on (economic) development, electricity provision and environmental
sustainability. Besides the Ministry, there are a few other organizations involved in rural
electrification, such as the Technology Research Institute (TRI), the National Science Council
(NSC) and Renewable Energy Services Development Association (RESDALAO). However,
the REP, implemented with the help of the World Bank, is the most important contribution of
the government.
4.2.2

Multilateral organizations

Multilateral organizations active in Laos also have policies to support rural electrification
and the development of renewable energy technologies. The two most important ones are the
Asian Development Bank (ADB) and the World Bank. The focus will be on the World Bank
and the off-grid component of the Rural Electrification Program. Whereas, the ADB has been
involved in some grid extension projects, the World Bank is, as mentioned, supporting the
Rural Electrification Program.15 This program is probably the most influential project on rural
electrification in Laos, covering grid extension as well as off-grid electrification. In the first
phase of the REP, from 2001 to 2004, the World Bank gave the responsibility for the off-grid
component completely to the Ministry of Industry and Handicraft (predecessor of Ministry of
Energy and Mines). This was changed at the start of the second phase, when the off-grid
component was outsourced and the Village Off-grid Promotion and Support (VOPS)
enterprise was set up. The international tender to run this organization was won by the French
NGO Innovation Energie Développement (IED) and SV Consultants for the period from 2006
to 2009. These organizations are now responsible for managing and implementing the off-grid
component of the REP, although the World Bank and the Ministry are still involved as well.
Thus, when it comes to off-grid electrification, the activities of the government and World
Bank are focused on VOPS.
4.2.3

Village Off-grid Promotion and Support

VOPS is the largest national provider of off-grid electrification technologies in rural Laos
and focuses mainly on solar panels. When VOPS started in 2006, it took over existing solar
home systems (SHS) and village hydropower pilot projects of the first phase of the REP, the
Japanese development agency JICA and a few other projects. Since the start the project has
expanded considerably to 6000 solar homes systems (SHS) in 2006 and 2007 and the planned
implementation of another 9000 systems in the course of 2008. Their SHS are heavily
subsidized, up to 100% of the capital costs (DGS, 2006; VOPS, 2008). In addition, 1000
households have to be connected to micro-hydro systems before the end of the 2009, but this
has proven to be more difficult so far, because of problems of finding suitable sites (interview
15

The project was financed through the International Development Association (IDA) and partly by the Global
Environmental Facility (GEF)
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14). VOPS works on various levels. Besides the head office in Vientiane, they have
contracted private Provincial Energy Service Companies (PESCO) and Village Electricity
Managers (VEM).
VOPS is probably the only organization that has been actively involved in projects with
pico-hydropower in Laos. They have set up community pico-hydro systems in two
demonstration villages, of which one stopped functioning already.16 These projects were
designed to break-even without subsidies, although soft loans were provided by the World
Bank. Another pico-hydropower project VOPS carried out was focused on safety issues of
pico-hydropower. A video with safety instructions was made and instructors were trained and
sent to 20 districts in five provinces to give safety trainings about pico-hydro. Still, these
activities are very marginal compared to their activities to provide solar home systems.
4.2.4

Sunlabob

There is not much involvement of the private sector on rural electrification in Laos.
Sunlabob Renewable Energy Systems is the only company actively seeking off-grid
customers. Besides, there are the PESCOs, linked to VOPS, and a few companies working on
grid expansion on contract basis. Sunlabob is a private Lao-German company17, set up in
2001. Their mission on their website states: “We have been committed since our inception to
providing our solutions at affordable and competitive rates and devoted to finding new ways
of providing energy to all” (Sunlabob, 2008). The company sells and rents out renewable
energy technologies, such as solar panels, solar water heaters, lighting systems and other
components. Part of Sunlabob’s business is aimed at rural electrification of remote rural areas.
This mainly involves renting out of small solar home systems (about 1250 throughout the
country), but also setting up hybrid village grids, consisting of multiple renewable energy
sources. The monthly fee people pay for a rental system includes service and maintenance. A
difference with VOPS is that people do not have to carry any costs, such as new batteries, by
themselves.
Although Sunlabob is a private company, they try to cooperate with non-profit
organizations, especially in the field of rural electrification. In case of hybrid village grids, for
example, they work together with a Swiss NGO Helvetas. Sunlabob invests in (the
rehabilitation of) micro-hydro schemes and the other renewable energy sources and the NGO
covers the costs of the village grid, the training of the operators and supplementary programs
on capacity building. By doing so, they try to turn the idea of a public-private partnership in
concrete projects. The implementing of off-grid technologies other than solar home systems,
remains limited to a handful of projects.

16

The project in Ban Tha, Kham district, Xieng Khouang province uses four low-head propeller pico-hydro units
(two of 500 Watt and two of 1 kW) that provide electricity for 63 households. The project included poles, cables
and central volt regulators. Groups of households lease one of the systems and pay a monthly fee of $0.9 to $1.4.
17
Full foreign owned companies are not allowed in Laos. Besides this official requirement, it is also helpful, if
not necessary to have influential Lao nationals to support the company.
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4.2.5 International NGOs

International NGOs are numerous in Laos, but are hardly involved in rural electrification.
These NGOs are allowed to work in Laos if they have a memorandum of understanding with
the authorities and Laotian NGOs are not allowed at all. According to the association of
international NGOs there are 67 international NGOs registered in Laos, but none of them
focus on energy issues only (INGO directory, 2008). Activities that involve rural
electrification, such as Helvetas is doing, are rare amongst other NGOs. In addition, there has
been some activity from development-oriented organizations involved in rural that are no
NGOs. SNV has started a biogas program in Laos in 2006 and seeks to diversify their
activities on renewable energy. Furthermore, JICA commissioned a comprehensive study on
small hydropower in the Northern provinces of Laos that was finished in 2005, but failed to
provide any follow-up (Interview 10). Lastly, the Faculty of Engineering of the National
University of Laos does research on renewable energy technologies as well. In the short run,
none of these actors is expected to provide significant contributions to rural electrification
though.
4.2.6

Actors’ policies on pico-hydropower

The overview of actors on national and international level shows that the activities on offgrid rural electrification are limited and mostly focused on solar home systems. The GoL and
the World Bank use VOPS as their unit of implementation, which has tried to maintain and
expand the number of solar home systems in Laos. The other major player, Sunlabob, uses a
commercial approach to sell solar home systems as well. Both actors are very marginally
involved in supporting other off-grid electrification technologies, such as pico-hydropower,
although their policies indicate otherwise. According to the National Growth and Poverty
Eradication Strategy, the government also wants to “[c]ontinue mini-developments (microhydropower, solar and wind energy projects) for off-grid power supply in remote areas …
[and] … [t]he use of renewable energy based on local and regional conditions has to be
promoted” (GoL, 2006). According to Sunlabob, these kinds of mini-developments are even a
necessity, because “[a] large number of villages in the Lao PDR will not be hooked up to the
grid for many years to come. Their only resource of electricity will be decentralized small
systems, i.e. solar systems or micro-hydro.” (Sunlabob, 2008). Additional and more precise
arguments can be found in a World Bank comparative assessment of electrification
technologies, stating that “micro- and pico-hydro systems are simple, reasonably reliable, and
low cost, they provide a source of cheap, independent and continuous power without need for
environmental safeguards” (World Bank, 2005). Thus, although the general policies of the
most important actors are in support of pico-hydropower, there have been virtually no
concrete activities. The following sections try to explain this by tracing the policy narratives
on pico-hydropower, rural electrification and rural development.

4.3 Tracing and comparing narratives about pico-hydropower in Laos
This section shows that the narratives of the actors involved in rural electrification
illustrate conscious or unconscious disinterest in pico-hydropower in Laos. By analyzing the
statements made about pico-hydropower during interviews, the knowledge of these actors will
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be evaluated and compared to the empirical findings. This reveals that the knowledge of these
actors is often simplified and sometimes contradictory to the findings in the field. Four
important themes, risks, quality and cost, location and seasonality and the function of picohydropower electricity will be analyzed in this way. The outcomes of this exercise also show
that the narratives of actors that work on a higher level show less resemblance with the
fieldwork findings and that power relations should be analyzed in addition to the narratives.
4.3.1

Risk narratives

The interviews make clear that there is a general awareness about the risks of pico-hydro,
but that there is a lack of knowledge on the type, extent and development of these risks
amongst some actors involved. Especially the people who are less involved with work on the
ground, seem to have a less nuanced and accurate perception about the dangers of pico-hydro
than those with more experience with pico-hydro in the field. During the interviews, the risks
related to pico-hydro were mentioned as one of the main reasons why pico-hydropower is not
supported, although there are different ways in which different actors formulate this. Very
general statements come from the head of the Rural Electrification Division of the Ministry:
“pico-hydro is not supported, because it is not safe” (interview 49). A similar statement was
made by the energy consultant of the World Bank who also said that pico-hydro is unsafe and
the representative of JICA heard from others that the technology is dangerous (interview 9
and 10). The uncertainty about the number of casualties, because these do not exist, adds to
this narrative. This indicates that one of the narratives is that pico-hydropower is unsafe,
especially amongst those that are not very familiar with this technology in the context of
Laos.
The perception that pico-hydropower is unsafe in general and that there are many
casualties are probably overstated. Indeed, there are some indications that the number of
casualties is limited. The operations manager of VOPS, for example, claims that there are
“very limited accidents with pico-hydro in Laos in comparison with Vietnam” (interview 14).
The learning effect, already elaborated on in chapter three, were mentioned by the associate
professor of NUOL: more people use insulated cables nowadays, because they have heard
about the risks of electrocution and want to prevent them (interview 13). This is in line with
the vast majority of the covered cables observed in the field compared to bare ones. Thus,
there is little evidence that there are many deaths caused by pico-hydropower system.
The cables are however, as shown in chapter three, a serious risk, but only some actors
seem to be aware of this specific problem. The director of Sunlabob and the associate
professor of NUOL (interview 1 and 13) point specifically to this risk. The ways the cables
are put up are frequently mentioned as a point of concern. ESMAP (2005) reports, for
example, that “there have been serious safety issues including some recorded deaths by
electrocution from poorly installed equipment”. The report of Entec (2000) and the deputy
operations manager of VOPS both make a direct link between the dangerous installations and
a potential solution by stating that pico-hydro is “[d]angerous due to lack of proper
installation instructions” (Entec, 2000 and interview 25). The observations in the field
confirm the problems related to the cables and their installation. Cables showed often signs of
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having been fixed, sometime several times, and during one visit a tractor with trailer got stuck
into the pico-hydro cables near a village.
The risks associated with pico-hydropower are real, but the prevalent narrative is
sometimes too negative and arguments tend to be conflated. The installation and maintenance
of the cables is the most dangerous part and accidents have caused some deaths. Other than
that, people sometimes mentioned getting small shocks when touching the unit, but nothing
serious. This is not to suggest that the risks of pico-hydro should be neglected, but just to
point to the specific and actual risks related to the technology.
4.3.2

Quality and cost narratives

The narrative about the quality and costs of pico-hydro does not do justice to the pricequality ratio, which is well-adapted to the means of people in rural areas. Reports on picohydropower in Vietnam show that the quality of pico-hydro systems is often poor, people
have to replace certain parts quite often and light bulbs tend to break regularly (Entec, 2000;
ESMAP, 2005). This narrative was also brought forward during the interviews, but varied
amongst different actors. A former employee of VOPS, currently working for SNV, states that
“the quality of the equipment is not always that high and often unreliable” (interview 15). The
assistant professor of NUOL points to a more specific problem of the use of pico-hydro:
“[pico-hydro] has a relatively short lifetime. Sometimes people have to buy two generators a
year” (interview 13). Yet other interviewees point to the problems with the cables or the volt
fluctuations in relation to the quality of the systems. Additionally, the high costs associated
with the quality problems were brought forward during some interviews. According to the
director of Sunlabob, the operational costs of pico-hydro are very high, due to the large
amount of light bulbs that have to be replaced (Interview 1). The website of the company even
claims that in villages without grid electricity: “[the] only resource of electricity will be
decentralized small systems, i.e. solar systems or micro-hydro, but these require high initial
investments and continual servicing, which makes them not affordable to many villagers.”
(Sunlabob, 2008). Thus, a narrative about the low quality and high costs of pico-hydro in
Laos emerges.
However, findings from chapter three show that the quality of pico-hydro units is often
acceptable, especially given the low prices. The outcomes of the fieldwork show that the
quality of the low-cost Chinese and Vietnamese pico-hydropower units is indeed an issue,
especially with the 300 and 500 Watts units. Parts have to be replaced regularly and the
fluctuations in voltage output leads to many broken light bulbs. Yet, the data also shows that
people do not have to replace their entire unit very often and people prefer to pay regularly for
replacing certain parts instead of buying completely new units. These spare parts are often
abundantly available at the local market. The costs associated with these repairs and the
broken light bulbs add substantially to the total life-cycle costs, but the analyses in chapter
three show that pico-hydropower is still the cheapest source of electricity and affordable to
many villagers. The time spent on maintenance and repair is not accounted for though, which
is justifiable given that many activities in Laos and in the countryside in particular don’t have
a monetary value.
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Thus, the prevailing narrative about the quality and costs of pico-hydropower in Laos
needs to be nuanced. Although there are additional costs that people might not take into
account when buying their unit, the price-quality ratio for electricity is still good compared to
other renewable energy systems. Arguably, the high turnover of spare parts can be deemed
unsustainable in the light of increased pressure on resources, even though most valuable
materials get recycled in Laos due to the low costs of labor. This leaves the narrative about
seasonality and geography.
4.3.3

Location and seasonality narratives

The geographical and the seasonal limitations of pico-hydro are very material barriers to
the use of pico-hydropower in some areas. However, the common narratives are too
simplistic, given the highly variable nature of these limits.
The season limitations in particular are brought forward during the interviews and framed
as a big problem. Most of interviewed people state that pico-hydropower cannot be used in
the rainy season, dry season or even both e.g. three to six months. Another problem which is
frequently mentioned is that pico-hydropower cannot be used everywhere, because suitable
river or streams are not always available. These kinds of statements show that the leading
narrative is that geographical limitations and seasonal dependency makes pico-hydropower
unworthy to support.
Both the site and seasonal dependency arguments are confirmed by the case studies from
chapter three, but these are also very variable. The simplified answers of some interviewees
about the amount of months in which the pico-hydro units cannot be used do not do justice to
this variability. The field data show that between and even within the three areas surveyed for
this thesis, the types of sites and the influence of the seasons are very different. In some areas
people install units in perennial streams providing steady flows all year around, whereas in
other areas people suffer from too much or too little water in the rainy or dry season
respectively. In villages where people take out their unit during the rainy season, there are
even differences amongst people when to do so. This depends on their specific location in the
river, the strength of their construction and their attitude to risk. Risk means something
different in a livelihood with high chances to get sick or injured and little access to health
care. In the dry seasons, there is sometimes not enough water to use the full capacity of the
pico-hydropower unit, but people do not necessarily stop using it altogether. Instead, they can
use less light bulbs or build small weirs to mitigate this effect. Furthermore, site dependency
in itself does not seem a valid reason to not support a certain technology. For example, also
solar home systems perform better in sunnier areas than in cloudy ones.
4.3.4

Productive use narratives

The narrative that pico-hydropower does not contribute to productive use of energy, is
rejected by most actors except for the World Bank. Whilst this might be attributed to
diverging definitions of productive use, the consequences of this narrative by the World Bank
are no less real. Productive use for income generation, in various definitions, is generally an
important justification to engage in rural electrification. According to policies of the
government, electricity is one of the basic needs and one of the six aspects that can lift people
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out of poverty (interview 49). The NGPES document states the GoL wants to “facilitate
access to electricity for people in all areas and regions of the country in order to foster
integrated economic development” (GoL, 2004, p. 3). The third objective of the Rural
Electrification Program (REP), mentioned earlier, also refers to economic development “[t]o
help poor people by providing electricity for income generation activity in order to improve
their quality of life” (VOPS, 2008). The World Bank project document on the REP mentions
the goal of realizing “poverty reduction and an enabling environment for growth and
development”, to justify their plans of provision of electricity for poverty alleviation (World
Bank, 2006). Although it is unclear what constitutes productive use for income generation, the
discussion is here about whether or not pico-hydropower electricity can contribute to this
goal. The World Bank seems the only organization to promote the narrative that pico-hydro
does not contribute to productive use of electricity. In the interview with an energy consultant
of the World Bank, solar home systems are compared to pico-hydro units on productive use.
According to him, productive use is possible with SHS, but not with pico-hydro, since “there
are limited opportunities for productive usage of electricity from pico-hydro, because of its
low power output” (interview 9).
The other actors interviewed and findings from chapter three, put up a different narrative.
The head of the Rural Electrification Department of MEM states that the main function of
electricity is to provide light (interview 49). In some of the interview productive uses to light
were brought forward as well, such as battery charging, education, handicraft and household
chores. All representatives of NGOs, usually working close to community level, identified
entertainment and light as most important benefits of rural electrification as well. In addition
to these function, they also mentioned the convenience and social function of light and
entertainment, because houses with electricity tend to attract people that do not have access to
it (interview 54). Another interesting observation was made about the symbolic value of
electricity: “Electricity is a powerful symbol of modernization. For people, the light bulb is a
very important step toward development” (interview 50). Field data confirm the importance of
light and entertainment as the most important functions too. People said they were happy to
have light during dinner. This effectively increases the time people can work during the day
and makes it possible to do work at night as well.
Because light enables people to do more work during the day and night, most interviewees
agree that electricity from pico-hydropower contributes to productive use. The representative
of the World Bank seems to be the only exception to this. However, the definition of
productive use is not the same for everyone. The deputy operations manager of VOPS
explains that “productive use often framed wrong. One should not think of industrial
practices, such as ice making and rice milling, but about weaving, basket making, cooking,
information, education and cleaning” (interview 25). Thus, the definitions about productive
use seem to vary amongst actors. Still, the World Bank, as main financer of the REP, takes in
an important position and their narrative is likely to influence the decision-making about the
promotion of specific technologies.
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4.3.5

Interpreting narratives about pico-hydropower

The narratives about pico-hydro point to a combination of conscious or unconscious
disinterest in this technology and reveal the importance of power and knowledge. In general,
the arguments about pico-hydropower brought forward by the people interviewed reveals their
limited knowledge about this technology in Laos and are not in line with the general policies
of the organizations on the support of renewable energy technologies. Moreover, the findings
from chapter three show that the actual situation is often more complex and different than
what is brought forward during the interviews.
More specifically, the last example, on the discussion about productive use, also shows the
importance of power relations. The World Bank is the only one stating that pico-hydropower
does not contribute to productive use, but is arguably in a much stronger position to promote
this narrative than some other actors. On the contrary, the associate professor of NUOL
showed most in-depth and detailed knowledge, but has apparently not been able to influence
the narratives of other actors. In addition, the first example shows that higher-up policy
makers have a less accurate and nuanced opinion about the risks of pico-hydropower. This
points to the mechanism that the further actors are from the work in the field, the less accurate
their narratives are.
The lack of knowledge of most actors can indicate a unconscious disinterest in picohydropower in Laos, i.e. actors don’t have detailed knowledge and therefore unaware of their
inaccurate narratives. Another explanation is that some actors consciously promote certain
narrative to promote certain interests over others. This chapter does not seek to make a
definite judgment about this alleged consciousness, nor would this be very relevant. Instead,
the other narratives of the actors are discussed to better understand the actors’ disinterest in
pico-hydropower.

4.4 The broader political context of pico-hydropower development
There are a number of mechanisms that contribute to the non-support of pico-hydropower
by actors on national level. Most of these mechanisms enable for better explanation and build
on the narratives on pico-hydropower outlined in the previous section. These mechanisms are
also related to the history and wider socio-economical developments of the country elaborated
in chapter one. The path-dependency of Sunlabob and VOPS will be analyzed in the light of
this absence of empirical information and the related domination of universally applicable
ideas. It will also be shown how the government’s decisions to focus on large scale
hydropower are influenced by foreign investment and the promise of export revenues. Lastly,
it will be argued that the decentral independent characteristics of pico-hydropower do not fit
within the centralization and control policy narrative of the government. These mechanisms
and narratives occur in a context where good empirical information is rare. This information
poor environment is therefore important to better understand these.
4.4.1

Information poor environment

The information poor environment facilitates the emergence of policy narratives, which are
a blend of the interests of actors from international narratives. Tracing narratives is especially
insightful in ‘information poor environments’ because the lack of information can be covered
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up with popular narratives or ‘global orthodoxies’ to present a solution for certain problems
(Bush, 2004a).
There are a few circumstances that illustrate the information poor environment in Laos a
country related to rural electrification. First of all, the limited knowledge and information
available, on pico-hydropower, has been demonstrated in the previous section. Some of the
actors involved in rural electrification have not even seen the units. Secondly, as the overview
in chapter one shows, there are limited numbers available on rural electrification in general.
Reports are often citing the limited amount of sources available, which are sometimes
obviously flawed, outdated or incorrect. An example of such a frequently cited report is the
Country Paper on Rural Energy Development and Utilization of the Technology Research
Institute (TRI). This document, which can easily be found on Google, gives an overview of
many forms of (renewable) energy in Laos, but omits to even mention pico-hydropower (TRI,
2004). Reports that do mention pico-hydropower, they do so often at the bottom of all other
technologies on the basis of anecdotal information. Related to this, the lack of up to date
statistics about the situation regarding off-grid electricity production in general, but on picohydropower in particular. The Ministry of Energy and Mines is not able to retrieve these kinds
of figures from its provincial and district offices although they would like to. The head of the
Department of Rural Electrification explained that he repeatedly asked to his staff in the
provincial and district offices to come up with data on pico-hydropower, but that they had
failed to respond to his request so far (interview 49).
The effects of the information poor environment and the way different actors use the
narratives to fill up this void, have been studied by Adger et al. (2001) on prevailing global
environmental discourses that frame alleged problems in a certain way and promote certain
intervention strategies. They argue that these framings and intervention strategies are not
always in line with the location-specific circumstances. Stott and Sullivan (2000) describe
similar phenomena to show that often popular narratives dominate discussions around
environmental problems, rather than properly grounded local research. The point of these
studies is that global orthodoxies can become the prevailing narrative, especially in situations
where there is no good alternative information or counter-narrative (Roe, 1991) available.
This effect has been studied in Laos by Bush (2004a) on the impact of domestic and
international development agendas in the formulation of fisheries policy and management. He
argues that the “[k]nowledge of living aquatic resources in Lao PDR is constructed and
controlled by a small number of both government and non-government organizations. Limited
public debate means that policy and planning reflect knowledge that has gained political
prominence rather than the needs of resource users. As government funds are limited, data
collection often reflects the agendas of externally funded projects rather than the need for a
broad and detailed understanding of the importance and extent of natural resources” (p. 267).
A similar effect seems to occur with rural electrification in Laos, where the information poor
environment promotes certain narratives that are a mix of global orthodoxies and actors’
interests rather than based on local empirical information.
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4.4.2

Universally applicability and path dependency of VOPS and Sunlabob

The information poor environment seems to lead the VOPS and Sunlabob to opt for
solutions that are universally applicable over those that are more locally adapted and
developed, such as pico-hydropower. Related to this is the path-dependency of these
solutions, meaning that the choice for particular solutions are guided by previous models or
experiences. The path-dependent choices are not necessarily the best or appropriate in new
situations, but are still often favored over new or location-specific ones. (Nelson and Winter,
1982). In Laos, both effects, the application of universally applicable solutions and pathdependency can be illustrated by the choice for solar home systems rather than picohydropower by actors active on national level, VOPS and Sunlabob.
Pico-hydropower has a number of advantages over solar home systems in Laos. Chapter
three shows that pico-hydropower and solar home systems can perform more or less the same
functions. Both technologies are used at household level and produce enough electricity for
light and small entertainment devices. Pico-hydropower, however, has the advantage that it is
cheaper, even when taking the additional costs into account. Moreover, a whole network has
been developed around this technology, which is completely market based. The advantage of
this is that there are incentives for traders to go to the remotest places to sell their hardware.
Solar home systems, on the contrary, are heavily subsidized by VOPS and distributed
centrally. The systems of Sunlabob are distributed on a commercial basis, but are therefore a
little more expensive. Moreover, because both organizations have central coordination of their
activities, it is more expensive to spread the solar home systems over the country and more to
collect the monthly fees and perform maintenance. The amount of SHS of VOPS is rapidly
expanding, because of new capital injections of the World Bank, but will still be much lower
than the number of pico-hydropower units.
Despite the advantages, pico-hydropower systems are all different and not universally
applicable like solar home systems. Pico-hydropower systems require more location-specific
adaptations to make it work. People have to build their own constructions, in order to make
the system work. The precise construction depends on the season, skill of user, the size of the
unit and other specific local circumstances. Each pico-hydropower systems is therefore
unique. Solar home systems, on the contrary, are standardized and work exactly the same in
each context. The systems are completely sealed, so that people cannot ‘mess’ with the
system, e.g. disassembling them for other purposes. Therefore, SHS can be used in the same
way in many different areas or countries.
The World Bank has experience with the implementation of solar home systems in other
countries and uses a similar implementation model in Laos, indicating their path dependency.
The model of the World Bank, in Laos implemented through VOPS, builds upon thes
experiences. Although the original plans were to include other electrification technologies as
well, this has not resulted in many activities besides those involving solar home systems. This
also has to do with the hierarchical and bureaucratic nature of multilateral organizations like
the World Bank. National programs have to fit in regional programs that in turn have to be in
line with world-wide strategies. A concrete example or this stems from interviews with people
from the ADB and UNDP. Both of them expressed interest for developing small-scale
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solutions, but said this would not fit within the frameworks in which they had to operate, e.g.
five-year plans (interview 3 and 4). This limited flexibility makes these large multilateral
organizations particularly vulnerable to path-dependency.
Sunlabob and their choice for rental schemes of solar home systems are also subject to path
dependency effects. The company’s decision to get involved in PV solar when the company
started, has led them down the path of using these systems in rural electrification projects ever
since. Only recently, the company has started to diversify more into hydropower and other
solutions for rural electrification. Ironically, this only company involved in rural
electrification experienced difficult times because of the subsidized competition of VOPS.
VOPS and Sunlabob both implement mainly solar home systems, despite some of the
advantages of pico-hydropower. Besides the already mentioned influence of the narratives
and the information poor environment, the choice for universally applicable solutions also
seems to play a role. Ducourtieux et al. (2005) have argued that local specificities must be
taken into account when designing land laws in Laos, because general laws will not fit in the
highly diverse context. Not taking this diversity into account would inevitably lead to failure.
Parallels can be drawn here with the case of universally applicable electrification models,
since these also fail to acknowledge this same diversity in livelihoods and environmental
factors. In addition, VOPS and Sunlabob are influenced by the mechanism of pathdependency, leaving less options to choose other technologies. Still, the narratives on solar
home systems for rural electrification and their alleged successes have received little critical
empirical reflection so far (e.g. Green, 2004; IFC, 2007), probably leading the World
Bank/VOPS and Sunlabob further down this path.
4.4.3

Influence of foreign investment on the government’s objectives

Foreign investment is likely to influence the government’s objectives towards large scale
hydropower at the expense of small-scale rural electrification technologies. Chapter one
shows the large number of big hydropower projects that are currently underway in Laos,
which are mostly constructed using the Build-Operate-Transfer model by foreign companies.
These large hydropower dams bring the promise of cheap electricity that has the potential to
boost the export market tremendously. This promise, and the growing concerns over the
sustainability of large hydropower dams, put pressure on the government to develop this
potential in a sound way.
The promises of large hydropower is likely to influence the narratives of the government
on electrification towards more large scale hydropower dams. This development needs a lot of
attention from various departments within the government, thereby shifting the focus. This
would be at the expense of the focus on small-scale rural electrification options, such as picohydropower for a number of reasons. Besides the large sums of money involved in large scale
projects, these can also easier be planned and controlled from a central place as opposed to
many small projects in different areas.
The situation of the villages surveyed in Viengthong district, Bolikamxay province, can be
taken as an example for the shifting focus towards large hydropower dams. Downstream on
the river at which the villages are situated, the Nam Mouan, the Nam Theun 1 hydropower
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dam will be built. The Lao Holding State Enterprise (20%), the Malaysian company Gamunda
(40%) and the Thai company EGCO (40%) have invested in the project. The capacity of the
dam will be 523 MW and part of the electricity will be sold to Laos. The dam will cause the
villages at this river to be relocated, because their current location will be flooded. During the
focus groups discussions, it became clear that the villagers heard that they had to leave their
villages to be relocated once the dam is finished. They were not involved in any decisionmaking and were hardly informed about the details of the plans so far. In addition, there were
no plans to provide the villages with electricity from the dam or from other sources.
The Nam Theun 1 hydropower dam is only one of the examples in Laos where large scale
solutions are chosen over small scale. Or, in other words, where the development of the state
is prioritized at the expense of local development. The strong influence of foreign direct
investment and its ability to influence government narratives is mechanism that contributes to
this.
4.4.4

Priority to centralization

The policy narrative of the government towards centralization probably has a negative
effect on the attitude towards decentralized rural electrification technologies, such as picohydropower. The centralized approach in rural development has been propagated by the
Government of Laos for the last few decades. This approach is aimed towards developing socalled ‘growth poles’ or ‘development centers’ within rural areas (Baird and Shoemaker,
2007). People are encouraged to leave their upland areas and resettle in these new centers.
The explanation of the government for this is to be able to provide basic needs services
(water, electricity, schools, health centers) for those groups, including ethnic minorities,
which is not possible to for all small villages separately. However, resettlement of villages to
development centers can also be interpreted as increased opportunities to exert control over
people in rural areas, notably ethnic minorities, and to integrate them in the dominant Lao
culture (Rigg, 2005, p.108). This process, state control to make upland minorities part of the
dominant culture, is not unique in Laos. Li (2002), for example, analyses how the
implementation of Community Based Natural Resource Management (CBNRM) in the
Philippines has lead to “the establishment of control over upland populations by pinning them
in place, regularizing their resource use according to state-defined rules and procedures and,
through the extension of institutions and bureaucratic processes, enmeshing them more firmly
as state clients” (p. 274).
Pico-hydropower does not contribute to this centralization and control approach, because it
can be used to generate decentral electricity. Chapter three shows that even in remote rural
areas people can use pico-hydropower units to generate their electricity. Whereas solar home
systems work in the same way, the use of pico-hydropower doesn’t even depend on central
coordination, as is the case for VOPS and Sunlabob. Instead, the pico-hydro units come from
China and Vietnam through a diverse network of traders and shops. Therefore, picohydropower does not fit in the centralization narrative of the GoL.
Grid electrification, on the contrary, fits very well within a centralization narrative. Grid
expansion is only done when sufficient numbers of people can be reached and would
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therefore be another argument for centralization and resettlement. Still, grid expansion into
remote rural areas is not necessarily the best option. A parallel can be drawn from the PhDthesis of Graecen (2004) on the question why village micro-hydro is losing to the centralized
grid as the technology of choice for rural electrification in Thailand. In his thesis he shows
that village micro-hydro systems are much cheaper and the technical problems of this
technology, which can relatively easily be solved, do not provide a satisfactory answer to his
question. Therefore, he turns into social and historical factors to describe how the centralized
grid model was initially chosen as a response to the decentralized approach of communist
China in the context of the Cold War. Later on, the state-owned Provincial Electricity
Authorities continued electrifying remote areas, because there was abundant money and
capacity available anyway. This example shows that rural electrification is highly dependent
on prevailing political narratives.
The dominance of the centralization narrative of the government of Laos is expected
influence the policies on rural electrification and the technologies supported. Although
centralized grid electrification offers many benefits, especially in a country with a lot of cheap
electricity, grid expansion is not always necessarily the best option. Unfortunately, picohydropower fits better within the characteristics of an upland minority village that is selfsufficient and unaffected by government influence. It is precisely this kind of villages that are
targeted to be centralized and incorporated in the market and the Lao language and culture.
4.4.5

Different development targets of international NGOs

Development targets of international NGOs do not include electricity provision, sometimes
in spite of wishes of the local communities. There are a large number of international NGOs
active in Laos. The provision of basic needs, such as food, water and shelter, are usually the
first priority of them. However, when these basic needs have been fulfilled, they can focus on
a variety of different targets, but rural electrification seems virtually absent from these targets.
Electricity is often perceived as a luxury product and not as one of the development targets
of international NGOs. Most of the representatives of NGOs interviewed think there is a
positive relation between electricity and development, as is shown in one of the previous
sections of this chapter. However, they are not involved in supporting the use of electricity or
promote ways of acquiring access to electricity, because other development goals more
important according to them. An example comes from the interview with the head of mission
of Action Contre le Faim (ACF), who mentions that “if there are no urgent problems in the
village, the villagers themselves usually put access to electricity as their first priority for
development”. According to him, the development of clean drinking water facilities, for
example, is more important (interview 53). Electricity is also perceived as a product that the
people do not really need or only increases the costs of households. The representative of the
Swiss NGO CIDSE states: “electricity is a luxury product that raises the costs of households.
It is more expensive than oil lamps and firewood” (interview 55).
For people in rural areas, however, the choice for electricity does not necessarily come
before other development in their village. A striking example of this comes from three
villages visited in Kuah district, Phongsali province, where people were using pico-hydro for
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light and watching television. More than 50% of the people owned a pico-hydropower unit
and the amount of satellite dishes and TVs was also high. Yet, the World Food Program was
providing food for the children in these villages, because there was a shortage of it. This
example is not to show that people are choosing electricity over food, but it does show that
electricity does not necessarily come before all the other needs have been provided.

4.5 Conclusions
The narratives of the national actors involved in rural electrification show their political
background and interests rather than choices driven by empirical information. The empirical
information from chapter three shows that pico-hydropower is a well-established technology
that performs important functions for people in rural areas. However, this chapter shows
several layers of explanations that can explain why the low-cost pico-hydropower units as
opposed to alternatives are perceived and treated as they are. The description of the actors and
their policies on rural electrification in Laos make clear that, in principle, pico-hydropower
could be supported. Yet, this is not the case, because of the narratives most actors put forward
on this technology. Whereas these narratives are at least partly in line with the findings from
chapter three, the lack of nuance and diversity in these narratives reflects the limited
knowledge and disinterest for this type of hydropower. By triangulating interview and
secondary data and putting this in the historical and political context of Laos, some
mechanisms for this lack of interest emerge.
The mechanisms underline the differences between the different groups of actors. Whereas
electrification is in most countries a task for the state, multilateral organizations are strongly
involved in Laos. As a result, the World Bank has also brought in their solar home system
model into VOPS, thereby choosing for a universally applicable solution, showing pathdependency. Sunlabob also propagates solar home systems in a similar fashion, but without
subsidies. The government, however, is more focused on maximizing foreign investment and
export revenues by making the construction of large hydropower dams possible. The GoL
thereby transfers the responsibility of rural electrification to multilateral organizations, but
tries to steer it as to support their efforts towards centralization and control over the remote
rural areas with ethnic minorities. The NGOs interviewed for this thesis did not see provision
of electricity as one of their priorities. Thus, pico-hydropower does not seem to fit within the
narratives of many of the potential actors in Laos, which reflect their political history,
background and interests rather than supporting pico-hydropower, a proven appropriate
technology.
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5 Discussion, implications and conclusion
5.1 Introduction
The key message of this thesis that decentralized pico-hydropower technology
development in Laos is neglected due to politics of centralized state control. Laos has been
depicted as a hydraulic state aimed at centralized political control (Wittfogel, 1957), in an
increasingly globalized world. The weak state power to exert control over remote rural areas
is complemented by the financial means and capacity of bilateral donors, multilateral
organizations and foreign investors, whom are inclined to follow the centralized government
policies. In the case of rural electrification, this has led the planning and construction of large
hydropower dams and a quick expansion of the national electricity grid to generate export
revenues and provide centralized electricity services. Decentralized individual electricity
generation, such as by pico-hydropower, is largely neglected by the government and
multilateral organizations although it provides electricity to many people in rural areas.
The implications of these and other findings presented in the previous chapters and
reflections on the theoretical concepts used will be presented in this chapter. This will be done
by gradually moving up in the level of abstraction. First of all, it will be shown that picohydropower will remain relevant despite the ongoing grid extension. Next, the integration of
Laos into regional trading networks will be discussed, followed by a discussion of the
contribution of pico-hydropower for the livelihoods of people. Then, moving to the actors and
their narratives, the mechanisms for non-support of pico-hydropower of national actors will
be put in perspective. These discussions give rise to some practical and theoretical
implications and a final comment.

5.2 Pico-hydropower in its broader context
5.2.1 Grid expansion and pico-hydropower

Pico-hydropower fulfills a need for electricity that cannot be met by the national grid or
other decentralized electricity generation. At present, about 50% of all the households in Laos
are not connected to the national electricity grid. Although there are ambitious plans of the
government to provide 80% of the people with grid electricity by 2020, there will still be a
large number of people that will not be reached. Attempts to implement off-grid rural
electrification technologies, i.e. district hydropower, diesel generators and solar home
systems, have ran into difficulties and have had limited impact so far. As a result, people in
off-grid areas in Laos have come up with alternatives themselves. Low-head pico-hydropower
is one of the most common alternatives, with an estimated number of 60,000 units to provide
around 90,000 people in rural areas with electricity.
The expansion of the national grid will not make pico-hydropower obsolete in the near
future. One of the target areas, Kham district in Xieng Khouang province, will get grid
electricity in the course of 2008 and most people interviewed told that they would stop using
pico-hydropower and sell their units to villages that won’t be connected yet. Still, grid
expansion will mostly reach villages along or in close proximity of the main road.
Additionally, not all people are willing and able to pay for grid electrification, because the
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initial costs for connection are higher the further one lives away from the main road
(Maunsell, 2004). Because of the rugged terrain and the low population density, it will take
decades, if ever, before the whole country will be connected to the national grid and even if
that would happen, it is unlikely that people in the remotest areas, whom generally have less
monetary income, will be able and willing to pay for this. Moreover, Graecen (2004) has
shown that grid expansion is not necessarily cheaper and more sustainable than off-grid
electrification options. The big advantage of pico-hydropower in Laos is also the welldeveloped distribution network which is in place.
5.2.2 Regional trade networks of pico-hydropower

The description of the market distribution of low-head pico-hydropower units shows that
there is a strong commodity network around this technology that extends beyond the national
borders of Laos. The production of the units takes place in factories and workshops in China
and Vietnam and a complex and extensive network of traders makes sure that the units find
their way to the remotest areas. These traders respond to demand from the shops that sell the
units to the people, but interviews with shopkeepers demonstrate that they are hardly aware of
the differences in origin and related quality of the units. This points towards the crucial
position of traders in the selection and quality control of the products. Since the quality of the
products is generally low, people often have to replace parts of the unit, mostly the windings
and bearings. Therefore, the sales of spare parts is an important aspect of the commodity
network around pico-hydropower as well.
The integration of Laos in the regional economy of Southeast Asia brings up the threats
and opportunities of legal and illegal trade. Due to the long borders of Laos, illegal trade and
smuggling are widespread phenomena in Laos. Most important goods illegally exported are
timber, livestock and wildlife. Imported are mainly petroleum products, cigarettes and
alcohol, but also other goods from Thailand, Vietnam and China (Stuart-Fox, 2006). Low-cost
pico-hydro units are one of these products that are probably being imported illegally, although
there is limited evidence (e.g. Baird, forthcoming). The official policy of the Government is to
stop illegal trade in order to internalize revenues from this import and export and under
pressure of multilateral organizations (Stuart-Fox, 2006; UNDP, 2006). However, even if it
would be possible to control smuggling in Laos, this does not automatically benefit the
people. Bush (2004b) shows by analyzing the formalization of Cambodian fish trade to
Thailand through Laos, that illegal fish trade was reduced, but that food security became
endangered as well. The former illegal trade networks transformed into legal ones, with less
and more powerful actors, increasing the legal trade of Cambodian fish as well as the illegal
export of fish from Laos. Thus, regional trade relations were improved, but the peoples
livelihoods, highly dependent of local fish protein, were put under pressure. Similarly,
formalizing trade of pico-hydro units could raise the prices for people in Laos, because it
reduces the incentive for Vietnamese or Chinese traders to sell their units in Laos. Sunlabob is
already familiar with this problem, since the company has to pay 10% tax on solar panels
from China, which reduces their competitiveness vis-à-vis the tax-exempted VOPS, for
example (interview 57). On the other hand, evidence from the pico-hydropower market in the
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Philippines shows that the low quality products are less prevalent there, because of the high
transaction costs related to the shipment of the units (ESMAP, 2005). Thus, trade barriers
could potentially improve the quality problem associated with pico-hydropower use in Laos.
5.2.3 Functions of electricity in the rural areas

Electricity from pico-hydropower has an important function in the livelihoods of people in
off-grid areas. In the villages in three case study areas, more than 60% of the people own a
low-head pico-hydropower unit for electricity generation. The most important function of the
electricity generated by pico-hydropower was found to be light for cooking, safety,
production, homework, etc, and entertainment. All of the people that have a pico-hydro unit
use it for light and 25% of the households surveyed owns a television, usually in combination
with a VCD-player. This means one can see many satellite dishes in villages in remote areas
nowadays. Moreover, pico-hydropower systems are often shared, which means the number of
people that benefit from light is even higher. Houses with a television often attract villagers
without one and become places of social gathering.
This research shows that actors included in this research sometimes have unrealistic
expectations from rural electrification. The contribution of pico-hydropower or solar home
system to generate income, brought forward by Sunlabob (interview 1) and the World Bank
(interview 9), were hardly observed, besides some additional activity in the night and longer
opening hours of village shops. These conclusions are supported by the study of solar home
systems in Thailand by Green (2004). Her detailed empirical study also shows that light and
entertainment are the main benefits and she renders strong impacts on income generation
capacity highly unlike too.
An addition opportunity of electricity is the increased access to information and
communication, potentially contributing to opening Laos to more information. In general, the
communist government of Laos does not encourage free flow of information and freedom of
press, for example, does not exist. In the period right after the revolution in 1975, listening or
watching to foreign radio or television was even forbidden by the LPRP. Since the 1980s, the
economic reforms have slowly opened up Laos to more influences from outside, such as
imports and migration of people. Radio, television, mobile phones and internet add more
channels through which Laos could access information and become globalized. Rural
electrification, such as pico-hydropower, is an important enabling factor to realize this
potential. However, there are more prerequisites to developing the potential of information
and communication technologies, like a well-developed infrastructure, a strong educational
system and proper government regulations (Quibria and Tschang, 2001). The off-grid rural
areas cannot meet these requirements yet. For instance, the education of upland minorities
living in off-grid areas is low and lagging behind that of the level of education received by
ethnic Lao people in the lowland areas (Rigg, 2005).
5.2.4 Mechanisms guiding actors’ decision making

The diversity and complexity that arises out of the empirical data from this research shows
a sharp contrast with the narratives of actors on national level on pico-hydropower in Laos.
The narratives of these actors emphasize the risks related to the use of pico-hydro units, its
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seasonal constraints, the high costs involved with repairs and its limited functions for peoples’
livelihoods. These narratives are found to be highly one-dimensional and usually not based on
thorough empirical information. Some of the actors interviewed have never even seen picohydro units in action. The findings from the detailed technographic description do not
completely reject these narratives, but shows the variety and a more balanced picture of picohydropower use in Laos. For example, the alleged dangers of pico-hydro brought forward by
many actors are found to be mainly part of the way in which the cables are put up. These risk
have been reduced, now that people have started to replace their bare cables with covered
ones. Furthermore, the high costs involved in repairing the units are indeed found to
contribute considerably to the total life-cycle costs of the pico-hydropower system. Yet, a
comparison with other electrification technologies shows that pico-hydro systems are still the
cheapest. However, this nuance and diversity does not find its way into reports about rural
electrification and renewable energy, since these often copy prevailing simplified narratives
from the limited information available, thereby reinforcing these narratives.
Actors on national level have had limited success in promoting and implementing off-grid
renewable energy technologies, because the mechanisms guiding their choices are pathdependent, universal approaches and partly politically motivated. Many of the existing island
grid options have broken down and only around 6000 people have been provided with solar
home systems by Sunlabob, a private company and the VOPS enterprise, installed by the
Ministry of Energy and Mines and the World Bank at the beginning of 2008. Although there
are more solar home systems planned in the near future, the amount will not even be close to
the number of pico-hydropower units in Laos. The suggested mechanism why both actors
have chosen for this technology nonetheless is path-dependency. Both actors have experience
with models using solar home systems, which makes it hard to switch or diversify into other
technologies contributing to rural electrification. Moreover, solar home systems do not have
to be adapted to each location, as is the case for pico-hydropower units and can therefore be
universally applied in different areas or countries. For the government specifically,
decentralized electrification technologies, such as pico-hydropower, do not fit within their
policies aimed at centralization and control over the people in upland mountainous areas.
Instead, the provision of centralized services, such as grid electricity, is one of the main
reason for internal resettlement (Baird and Shoemaker, 2007). This argument can also be used
for the decentralized solar home systems provided by Sunlabob and VOPS. However, the
choice of areas for solar home systems are discussed on provincial and district level before
implementation, making control still possible. Moreover, the construction of large
hydropower dams and the promise of export revenues gets much more attention than rural
electrification at this moment.
The highly centralized and top-down oriented governance structure in Laos can explain the
limited success of governmental and other actors to contribute to rural electrification. Most of
the policies come from the capital Vientiane and are supposed to be implemented by the
provincial, district and village authorities. There is limited participation and democracy on
each of these levels of governance, which limits the support for these policies and the
motivation to help formulating and improving policies. This effect is stronger in the areas
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with ethnic minorities, because they feel less connection with the government, because they
are less well represented than the ethnic Lao (Stuart-Fox, 2004). Multilateral organizations
and NGOs probably face similar constraints when they try to roll out projects and programs.
In addition, these organizations have to cooperate with the government, because they need
this support. An example is the study of resettlement policies by Baird and Schumacher
(2007), who show that many MLOs and NGOs support government policies for various
reasons.
5.2.5 Role of public and private sector in rural electrification

The case of rural electrification in Laos shows the limited participation of the private sector
in this sector in Laos. In general, this sector is not well developed in Laos. There are
numerous challenges for private sector development, such as “(i) inadequate labor skills, (ii)
high transport costs arising from the country’s rugged terrain, (iii) the small and fragmented
domestic market associated with the dispersed population, (iv) cumbersome and tedious
registration and licensing procedures, (v) lack of information on input and output markets and
on prices, (vi) limited credit and entrepreneurial skills, (vii) lack of competitiveness in the
manufacturing industry, and (viii) a weak and still subsistence-oriented agriculture sector”
(ADB, 2006, p. 8).
This study also provides some entries for the discussion about the role of the public and the
private sector in technology development and rural electrification or, more specifically,
whether public or donor money is beneficial or detrimental for developing a viable rural
electrification sector. Green concludes in her analysis on solar home systems in Thailand that
“[t]he large state subsidies over the last 15 yr have removed the possibility of energy service
companies from breaking into this market, and so the market for private companies has been
destroyed … [and] … when weighed against the large financial contribution from the state for
these projects, is highly questionable” (p. 759). Strong parallels are noticeable in Laos, where
the subsidies solar home systems of VOPS are competing with Sunlabob’s rental systems.
Pico-hydropower systems, on the contrary, are purely market-driven and that villagers
themselves take on the responsibility of the investment. This transfers the question whether or
not money is used properly from the state or multilateral organizations to the villagers
themselves. Moreover, it shows that market-driven development of appropriate electrification
technologies already exists, even in the poor and remote rural areas of Laos.

5.3 Valuing the approaches and concepts used
5.3.1 Technographical studies

The technographical approach has proven to be useful to get a good overview of picohydropower technology in three different areas in Laos. The detailed description of the
hardware, markets underlines that there is more to technology than just the physical hardware.
This proposition is now a widely accepted approach within science and technology studies,
but remains instrumental to explain, for example, the success of technology transfer.
Specifically, the use of actor-network concept from the ANT has been helpful in making the
connection between the human and non-human actors and to show their linkages. The
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installation of a pico-hydropower system, for example, involves the combination of actors,
such as a suitable stream, a proportionally sized unit and knowledge about types of
installations. A strong point that arises from the technographical approach adopted is the
importance of skill and knowledge involved in installing, operating and maintaining the picohydropower system. This knowledge is passed on between people within and between
villages, thereby, for example, making up for the lack of installation instructions.
The technography approach and the focus on the local level draws to the discussion of
indigenous knowledge versus scientific knowledge or, more specifically, indigenous
technology versus modern technology. These are popular terminologies that often focus on
the merits of the local and the indigenous versus the global and exogenous. Subramanyam
(2008) describes indigenous scientific knowledge systems as “the product of centuries of
experience acquired and developed into a spectrum of information, skills and technology” (p.
2). His book presents a large number of cases to prove that indigenous knowledge systems
bring “significant contributions for the survival of man, but also to address the present market
for its sustenance” (p. 7). Pico-hydropower shows some characteristics of an indigenous
technology, like the fact that the knowledge is generated within the local community and that
it is well-adapted to the specific local circumstances. On the other hand, the hardware is
brought in from outside, made by mass production and has been in use for approximately 20
years. These characteristics relate more to exogenous, modern technology. These
contradictory aspects puts question marks to the usefulness of the indigenous-exogenous
dichotomy, as also argued by Agrawal (1995). According to him “the same knowledge can be
classified one way or the other depending on the interests it serves, the purposes for which it
is harnessed, or the manner in which it is generated” (p. 31). Instead, pico-hydropower
systems, as a mix of local practices and outside knowledge and hardware, shows more
similarities with Schumacher’s (1973) concept of intermediate technology. Intermediate
technologies are low-tech, low impact technological solutions that fit in peoples’ livelihoods.
5.3.2 Tracing narratives

The tracing of narratives on local, national and international level, has proven to be a
useful way to unravel the mechanisms that underlie the policies and actions of actors involved
in rural electrification. The strength of this approach is two-fold. First, this methodology
shows that actors usually rely on simple narratives in order to reduce uncertainty or making
up for the lack of empirical information available. At the same time, it can present complex
problems with multiple actors involved in a relatively easy way. In this way, it is possible to
cover a wide ranges of actors and issues, without relying too much upon secondary sources of
data. Stott and Sullivan (2000) even speak of this methodology as “‘post-structural science of
complexity’, that is, one which explicitly acknowledges that complex systems cannot be
explained and/or modeled effectively by using reductionist or atomistic analytics” (p. 6)
There are some drawbacks of the use of the presentation of narratives. As Adger et al.
(2001) point out in their study on global environmental discourses, there is the risk of
oversimplification and stylization involved in tracing narratives. They deal with this by
arguing that many ‘minority voices’ exist, but these are less relevant, because they did not
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exert much influence. Another drawback is that the way the narratives are presented strongly
rely upon interpretation of the researcher to ‘read’ the narratives. To reduce risks of
misinterpreting actors’ narratives, interpretive social research relies on argumentation and
triangulation of sources (Eyles and Smith, 1988). When tracing narratives, various and
diverse sources should be presented as evidence.

5.4 Implications of this research
5.4.1 Practical recommendations

Political ecology aims to turn findings of its analyses into practical recommendations. This
requires a normative positions, which is indeed apparent in many definitions of political
ecology (e.g. Bryant and Bailey, 1997; Stott and Sullivan, 2000). In this respect, Robbins
(2004) refers to the “Jekyll and Hyde persona” of political ecology (p. 12). On the one hand, it
strives to investigate the status quo by using various methods to uncover the complexity of
issues related to social and environmental interaction. On the other hand, this investigation
should lead to ways to improve the situation or more specifically, how to make it more
socially and environmentally equitable. This research will follow the same path by showing
the practical implications of this study. These recommendations focus on ways to improve
and diversify the ways to produce and distribute electricity (technical) as well as how to make
sure this is done more socially equitable (political).
There are possibilities to improve and further develop pico-hydropower in Laos. Arguably,
some of the specific characteristics of the market for low-cost pico-hydro units make it
difficult to influence the development of this technology. The supply chain is complex and
contains a high number of middlemen, which would make it hard to influence the quality.
However, some other issues, such as the risks related to the cables, the use of volt regulators,
can still be addressed. Additionally, the dependency on the seasons can be reduced in some
areas by diverting rivers or making small weirs or dams. In some areas, these improvements
have already been observed. These and other examples should be the topic of more detailed
studies in order to find ways to contribute to pico-hydropower development.
In addition to pico-hydro, other small-scale electricity provision should be further
developed in Laos. This study has shown that there is a lot of potential for pico-hydropower,
but also for other locally adapted technologies, using hydro, solar and biomass energy.
Hydropower is usually the cheapest technology and should therefore gain priority. For
example, village micro-hydropower systems are capable of electrifying (part of) a village and
can be even cheaper than individual hydropower units. This could constitute a next step
towards the improvement of electricity provision in rural areas and reduce repair and
maintenance time. Contrary to the low-head pico-hydropower systems, these cannot be
installed by individuals using locally available materials, but require more technical
knowledge and organization of the people. Therefore, additional capacity and financial means
are required to help starting up private initiatives supporting small-scale electrification
development.
The government, multilateral organizations and NGOs should focus the challenges to
improve the enabling conditions for private sector development of rural electrification, such
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as improving education, removing import tax on energy technologies and engage in publicprivate partnerships. The case of pico-hydropower and, to a lesser extent, solar home systems
in Laos, shows that there is demand from people for appropriate off-grid electrification
technologies and that they are willing and able to pay for this. However, the private sector in
Laos is currently limited to Sunlabob and the traders and shops involved in the picohydropower, car batteries and diesel generators. The public sector should not try to compete
with the private sector, but help and support were needed.
Actors on national level should base their policies and actions on empirical information,
rather than narratives of other actors or global orthodoxies. This thesis has shown that there is
a lack of detailed information in Laos to base decisions on. Therefore, actors’ narratives tend
to copy the limited information available and complement this with other non-place based
knowledge. The main risk of this kind of policy making is failure to achieve the intended
goals. Moreover, some policies might even prove counterproductive for the people and the
environment. A first step is to recognize the existence and the impact of these narratives.
Secondly, additional efforts should be made to share information amongst actors active in
different areas and fields of expertise, because the lack of information will probably not be
solved in the near future. Moreover, the effects of the information poor environment in Laos
should be studied for additional sectors as well.
Lastly, the centralized political control of the government of Laos should be softened and
transformed from inside, with help from outside, to bring real and sustainable change. In
general, the task of the people in the government is not to slide of into corruption and to strive
for structures less prone to the temptations of power. An important step would be to grant
more autonomy and democracy to the provincial and district level. This transformation is
necessarily a slow and painful process, which is sometimes hampered by the role of donors
and multilateral organizations. These should critically reflect on their support to government
practices which limit the freedom of people, especially those in remote rural areas. Here, the
task of social scientist comes in, to show the effects of seemingly neutral activities on the
control over resources and development, such as the case of pico-hydropower in Laos.
5.4.2 Towards a political ecology of technology

This research connects the study of technology, drawing upon concept from science and
technology studies, with political ecology. Specifically, this study used a novel approach of a
technographic description in a political ecology framework with a philosophical basis in
Critical Realism. The detailed description of the technology and the organizations in different
actor-networks has been successful to understand the socio-technical networks of picohydropower. However, the wider context of technology development has not been
systematically addressed yet within science and technology studies. Therefore, this study has
used a political ecology framework to put emphasis on the politics involved in local
developments. In this thesis, this has been operationalized by looking at the narratives of
different actors on various scales. In doing so, it has been shown that there are various factors
and mechanisms that influence actors’ decision-making in technology development.
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The link between science and technology studies and political ecology has been made in a
few other studies. Forsyth’s Critical Political Ecology (2003), for example, discusses some
theories and concepts from STS in order to come to a more critical approach to political
ecology. He mainly focuses, however, on the social construction of science and how this
influences the environmental sciences and policies, without explicitly referring to technology
development. Bush (2004b) uses the actor-network theory as a tool to map the networks in his
political ecology study on fish trade, but has no specific focus on technology development.
Richards (2001) uses a technographic approach to study some cases in the context of the
Green Revolution, thereby connecting several scales of analysis. However, he focuses more
on the development of alternative to the Green Revolution, rather than putting technology
development in its broader political context.
Both the study of technology and political ecology have developed as mature approaches
to study social and technical phenomena in an integrated way. However, there is room for
more explanatory models within STS (Geels, 2007) and need for diversification and pluralism
within political ecology (Watts and Peet, 2004). This study aims to kill two birds with one
stone by studying pico-hydropower technology in its broader political context of rural
electrification. There is a lot of potential to extend this approach to other technologies and
other contexts. Therefore, this study can be seen as a first attempt to apply the political
ecology of technology, or, the analysis of technology development, by placing descriptive
empirical accounts of a broadly defined technology in its wider political context by tracing the
policy narratives of actors involved at different levels.

5.5 Conclusion
Decentralized pico-hydropower technology in Laos is neglected due to politics of
centralized state control. Hereby Laos is one of the countries that resembles aspects of the
ideal type hydraulic societies with a centralized despotic governance system, as described 50
years ago by Wittfogel (1957). The fact that the decentralized electricity technology of picohydropower has been neglected by the government and other organizations active in rural
electrification, is an exponent of this centralized control of the government and highlights the
politics involved in decentralized electricity production. This top-down bureaucratic style of
governance has led to the limitation of freedom and inequitable development within the
country, notably in the remote rural areas. However, the state itself lacks the capacity and the
financial means to fully exert this control alone. Therefore, financial support and capacity
from donors and multilateral organizations plays an important role to support this centralized
state control. The dependency on these organizations could also play a role in changing this
situation. Moreover, it has also been shown that regional and global integration has profound
transformative effects on the people and institutions in the country, for example by the
exchange of people, knowledge and technology. These signs give hope for a transition to a
more benevolent and less coercive style of governance in Laos that promotes decentralized
initiatives and opportunities for equitable development. A first step towards this could be to
take pico-hydropower serious and seek ways to improve its safety and performance.
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Interview list
# Name

Function and organization

Date

1 Andy Schroeter
2 Pai Jit
3 Sisavanh Phanouvong

Sunlabob renewable energy systems
National Science Council
Environment and Natural Resources,
Asian Development Bank (ADB)
Former head department Environment,
UNDP
Water , Sanitation and Hygiene Section,
UNICEF
Nam Theun 2 Watershed Management
Protection Authority (NT2WMPA)
Stichting Nederlandse Vrijwilligers
(SNV) Laos
Former head of Rural Electrification
Program, Ministry of Energy and Mines
Energy consultant, World Bank
Japan International Cooperation Agency
(JICA)
Technology Research Institute (TRI),
Science, Technology and Environment
office (STEA)
Fisheries expert, WWF
Assistant Professor, National University
of Laos (NUOL)
Village Off-grid Promotion and Support
enterprise (VOPS)
Biogas program, Stichting Nederlandse
Vrijwilligers (SNV) Laos

2008-01-16
2008-01-22
2008-01-22

4 Juha-Pekka Snakin
5 Bandith Leuanvilay
6 Stepthen Duthy
7 Joost Foppes
8 Bouathep
9 Morton Larsen
10 Sota Sekine
11 Bounxou

12 Roger Mollot
13 Khamphone
14 Philippe Arnou
15 Andrew Williams
16 Focus group discussion
Piengton village
17 Interview about Piengton
village characteristics
18 Focus group discussion
Thadeua village
19 Focus group discussion
Muang Mouan village
20 Interview about Thadeua
village characteristics
21 Interview about Muang
Mouan village characteristics
22 Interview shop Lak Xao (1)
23 Interview shop Lak Xao (2)
24 Interview shop Lak Xao (3)
25 Bounthanong Phonethipasa
26 Interview shop Phonsavan

2008-01-22
2008-01-22
2008-01-22
2008-01-23
2008-01-24
2008-01-24
2008-01-24
2008-01-28

2008-01-28
2008-01-28
2008-01-29
2008-01-29
2008-02-06

(deputy) Village leader

2008-02-06
2008-02-07
2008-02-07

(deputy) Village leader

2008-02-07

(deputy) Village leader

2008-02-07

Shopkeeper
Shopkeeper
Shopkeeper
Village Off-grid Promotion and Support
enterprise (VOPS)
Shopkeeper

2008-02-08
2008-02-08
2008-02-08
2008-02-12
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2008-02-17

Nam Nga market (1)
27 Interview shop Phonsavan (2)
28 Interview shop Phonsavan
‘new market’ (3)
29 Interview shop Phonsavan
‘new market’ (4)
30 Interview shop Phonsavan
‘new market’ (5)
31 Interview shop Phonsavan
‘new market’ (6)
32 Interview shop Phonsavan
‘new market’ (7)
33 Interview shop Phonsavan
‘new market’ (8)
34 Interview about Moh village
characteristics
35 Interview end-user pico-hydro
Khaivieng village (1)
36 Interview end-user pico-hydro
Khaivieng village (2)
37 Somphone
38 Interview about Khaivieng
village characteristics
39 Interview shop Chomthong (1)
40 Interview shop Chomthong (2)
41 Sompeth
42 Davon
43 Interview end-user pico-hydro
Tha village (3)
44 Sengvone
45 Chomamany
46 Interview end-user pico-hydro
hot springs resort (4)
47 Bounthueang
48 Samuel Martin
49 Anousak Phongsavath

50 Catherine
51
52
53
54
55

Ali
Wolfgang Schunke
Laurent Romagny
Mattia
Cor Hansen

Shopkeeper
Shopkeeper

2008-02-17
2008-02-17

Shopkeeper

2008-02-17

Shopkeeper

2008-02-17

Shopkeeper

2008-02-17

Shopkeeper

2008-02-17

Shopkeeper

2008-02-17

(deputy) Village leader

2008-02-18
2008-02-18
2008-02-18

VOPS pico-hydropower safety instructor
Phongsali
(deputy) Village leader
Shopkeeper
Shopkeeper
Provincial Energy Service COmpany
Xieng Khouang
Village Electricity Manager Tha village

VOPS pico-hydropower safety instructor
Louang Nam Tha
VOPS pico-hydropower safety instructor
Louang Prabang

2008-02-19
2008-02-19
2008-02-19
2008-02-19
2008-02-20
2008-02-20
2008-02-20
2008-02-21
2008-02-21
2008-02-21

VOPS pico-hydropower safety instructor
Louang Prabang
Helvetas
Head of Rural Electrification Divison,
Department of Electricity, Ministry of
Energy and Mines
Canadian University Service Overseas
(CUSO)
Plan International
Deutsche Entwicklungsdienst (DED)
Action Contre La Faim (ACF)
Cooperazione e Sviluppo (CESVI)
Coopération Internationale pour le
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2008-02-22
2008-03-02
2008-03-03

2008-03-05
2008-03-05
2008-03-05
2008-03-06
2008-03-06
2008-03-06

56 Ian Baird
57 Lloyd Osborne
58 Interview about Sop Nhao
village characteristics (1)
59 Interview about Sop Poun
village characteristics (2)
60 Interview about Huay Wang
Khao village characteristics
(3)
61 Interview end-user pico-hydro
district capital Mai (1)
62 Interview end-user pico-hydro
Sop Nhao village (2)
63 Interview end-user pico-hydro
Sop Poun village (3)
64 Interview end-user pico-hydro
Sop Poun village (4)
65 Interview end-user pico-hydro
Huay Wang Kao village (5)
66 Interview shop Mai district
capital (1)
67 Interview shop Mai district
capital (2)
68 Interview about Sen Art
village characteristics (4)
69 Interview end-user pico-hydro
Sen Art village (6)
70 Interview about Huay Phae Ou
village characteristics (5)
71 Interview about Taang Kok
village characteristics (6)
72 Interview shop Kuah district
capital (1)
73 Interview shop Kuah district
capital (2)

Dévelopment et la Solidarité (CIDSE)
Global Association for People and the
Environment (GAPE)
Sunlabob renewable energy systems
(deputy) Village leader

2008-03-06
2008-03-19

(deputy) Village leader

2008-03-19

(deputy) Village leader

2008-03-19

2008-03-06

2008-03-19
2008-03-19
2008-03-19
2008-03-19
2008-03-19
Shopkeeper

2008-03-20

Shopkeeper

2008-03-20

(deputy) Village leader

2008-03-20
2008-03-20

(deputy) Village leader

2008-03-21

(deputy) Village leader

2008-03-21

Shopkeeper

2008-03-22

Shopkeeper

2008-03-22
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